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ABSTRACT 

Chronic Pain (CP) is a widespread problem in today's societies in terms of health 

costs and lost productivity and negatively affects the physical and emotional 

wellbeing of those affected. Multidisciplinary pain management programmes 

addressing the complex social, physical and psychological experience of chronic pain 

provide patients with the skills necessary to improve and maintain functioning and to 

self-manage their pain. In addition, technology-based interventions (e.g. a pain diary 

application) provide a cost-effective way to extend support for self-management 

outside clinical settings, though they are currently underused. Recent developments in 

Personal Informatics systems (PI) that include wearable body sensing technology able 

to capture objective physiological, affective and contextual parameters, together with 

a move to provide a more collaborative, data-driven, and personalised provision of 

healthcare, point to an environment in which self-monitoring systems may be used to 

facilitate self-management in patients outside of clinical settings.  

This study explored potential uses of Personal Informatics systems for the 

management of CP. We conducted a focus group with three physiotherapists and 

semi-structured interviews with nine people with chronic pain to uncover their desired 

functionality for assisting pain management. We used a Thematic Analysis 

methodology to examine the most prevalent themes within the transcripts for both 

studies. The results provide an insight into the functionality required to support people 

with CP that are not currently addressed by available technologies. Among these are 

the potential for the technology to assume a supervisory role, to obtain objective 

records with which to contrast physical and emotional states, and the feedback and 

communication styles preferred by participants. Our results also suggest areas for 

further research to confirm and extend our findings and to address potential issues that 

may arise in the implementation of the ideas uncovered. Among these are issues to do 

with the interpretation of biometric feedback, reconciling information needs of 

practitioners and patients, and the effect that the depth and breadth of information 

available for review may have in increasing self-knowledge and to maintain 

engagement and adherence. 
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 INTRODUCTION CHAPTER 1.

Long-term conditions such as diabetes, heart disease, stroke or chronic pain (CP) 

are considered as the primary causes of disability and death in the developed world 

(McDermott & While, 2013). Barriers to access to evidence-based treatments have 

made the use of technology-based interventions for long-term conditions promising 

(Keogh, Rosser, & Eccleston, 2010). While these have proven to offer potential for 

improving clinical outcomes (McDermott & While, 2013), the majority of technology 

interventions has had a focus in supporting the recovery of movement or addressing 

behavioural and lifestyle factors (e.g. diet, physical exercise) (McDermott & While, 

2013). Although these are common problems to most long-term conditions, people 

with CP are also confronted with unique emotional and psychological barriers such as 

pain-related fear and anxiety when approaching activities (Vlaeyen & Linton, 2000), 

which can result in fear-avoidance behaviours and withdrawal from daily activities 

leading to increased disability and depression (Crombez, Eccleston, Damme, Vlaeyen, 

& Karoly, 2012). 

Recent developments in wearable body sensing technology, pervasive computing, 

and movements like the Quantified Self (Ramirez, 2013) has meant an increase 

availability of commercial devices to support self-tracking amongst the general 

population (“apps Archives | Quantified Self,” 2011). Grouped under the umbrella 

term of Personal Informatics (PI) (Li, Dey, & Forlizzi, 2010), life-logging, self-

tracking, or self-monitoring systems are defined by the activities of collecting, 

visualising and reflecting on personal information to increase awareness of individual 

behaviours to facilitate behaviour change and promote wellbeing (Thomaz, 2013). 

Given the inherent focus on self-reflection of PI systems (Li et al., 2010), and because 

of the situatedness characteristic of the technology, they show potential to help people 

with CP to better understand their pain condition and provide guidance to improve 

self-management practices outside of clinical settings (Rosser, Vowles, Keogh, 

Eccleston, & Mountain, 2009).  

This study investigated user needs of PI systems to facilitate the management of 

chronic pain. To this effect, a literature review of chronic pain theory, 

multidisciplinary CP treatments, and PI systems for CP is described in Chapter 2. 

Chapter 3 describes the research methodology of the two studies carried out, a focus 

with three physiotherapists and interviews people with nine people with CP. Chapter 4 

describes the results from the analysis of the data obtained. In Chapter 5, we discuss 

the results and limitations of the study together with identified areas for future 

research; and Chapter 6 is the conclusion. 
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 LITERATURE REVIEW CHAPTER 2.

 Chronic Pain Theory 2.1

Chronic pain is defined as pain that last for more than twelve weeks, or when pain 

persists beyond the time of healing (Harstall & Ospina, 2003). From a physiological 

perspective, the decrease in physical functioning because of persistent pain may result 

in a reduction of muscle strength and flexibility. However, the impact of CP extends 

beyond a person’s physical wellbeing, often disrupting many other aspects of a 

person’s life (Geisser, Robinson, Keefe, & Weiner, 1994).  

The Fear-Avoidance (FA) model of Chronic Pain (Vlaeyen & Linton, 2000) is one 

of the most established multifaceted frameworks for the understanding and treatment 

of persistent pain. It moves away from trying to ascertain the origin of pain, and 

focuses instead on the cognitive, emotional and behavioural responses to it. The FA 

model builds on the recognised role that beliefs about pain have on avoidance 

behaviours, and therefore is of great utility to understand pain chronification (Norton, 

2003). That is, for most people acute intermittent pain is a non-threatening event that 

will be resolved by adopting temporary protective behaviours (e.g. resting) and 

progressively returning to normal levels of activity once pain subsides. However, 

when pain is persistent, it can be interpreted as a sign that serious bodily harm has 

occurred and lead to fear of pain and (re)injury (Crombez et al., 2012). Following this, 

the person adopts protective behaviours by directing attention to bodily signals (hyper 

vigilance), and avoiding any movements that are thought to risk more pain 

(avoidance). Avoidance behaviours may be exacerbated by temporary increases in 

pain, for example, due to muscle tension associated with anxiety, or because the 

person may try movements that have been evaded for a long time. As a result, a cycle 

may take place that progressively limits the amount of physical activity, participation 

in daily life, leading to increased disability and depression (Vlaeyen & Linton, 2000).  

Together with fear and avoidance, one of the main cognitive processes recognised 

as strengthening the link between persistent pain with depression and disability is 

catastrophising about pain (Geisser et al., 1994). Feelings of anxiety and of 

hopelessness regarding the pain condition will act as additional limitations to 

resuming normal levels of activity, even discouraging from the pursuit of activities 

that are personally valued. Catastrophising thoughts can occur without changes in pain 

levels, and are deeply rooted in the person’s understanding of pain, which has been 

demonstrated to influence the transition from acute to chronic pain (Crombez et al., 

2012).  

 Chronic Pain Management 2.2

Because of the wide reaching effects of persistent pain on an individuals’ 

wellbeing, a multifaceted methodology for the treatment of pain has been formulated 
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taking into account the social, economic, physical and cognitive aspects of the 

experience of CP.  Given that addressing changes in the individual’s environment is 

more difficult, there is a focus on facilitating the acquisition of pain management 

skills and promoting behaviour change in line with long-term goals for self-

management (McDermott & While, 2013). Cognitive-behavioural techniques (CBT) 

are used to change the person’s beliefs about pain and to facilitate the adoption of 

adaptive coping strategies (Jensen, Turner, & Romano, 2007; Flor, Fydrich, & Turk, 

1992).  Among these are facilitating and increasing awareness through self-

observation, belief reappraisal, and affective regulation (Ruehlman, Karoly, & Enders, 

2012). This way, patients are taught to identify and challenge unhelpful beliefs behind 

maladaptive behaviours and catastrophising thoughts (Sullivan & Stanish, 2003)  

Another important skill taught to patients is the pacing of activities. Learning how 

to distribute activity across the day but also while performing activities, for example 

by taking breaks, becomes critical to confront maladaptive cycles, in which periods of 

inactivity because of increased pain are followed by sudden bouts of activity when 

pain diminishes. These will, in return, lead to increased pain and a restart of the 

maladaptive cycle (Rosser et al., 2011). In this sense, it is recommended that the 

person increases activity gradually regardless of current pain levels (Harding & 

Williams, 1995). Patients may be also taught relaxation techniques, for example, to 

facilitate movement-based activity, counterbalance physical tension or to increase the 

positive effects of taking rest breaks (Harding & Williams, 1995). Furthermore, one of 

the main goals of pain management programs is for patients to learn to gain 

independence and control in using these skills on their own, which can sometimes be 

difficult, since they might feel less safe when away from the support of specialist 

(Harding & Williams, 1995).  

However, despite evidence for the effectiveness of cognitive behavioural 

approaches (Rini, Williams, Broderick, & Keefe, 2012), not all people living with CP 

will have access to these. Barriers to appropriate treatment can sometimes be the result 

of insufficient pain assessment and treatment skills of primary care professionals 

(Breivik, Collett, Ventafridda, Cohen, & Gallacher, 2006). For instance, a large-scale 

survey of people with chronic pain carried out in 15 European countries in 2005 found 

that there was a tendency to treat pain using pharmacological approaches, and only 

2% were managing their pain using a pain specialist service (Breivik et al., 2006). 

Barriers to specialised treatment can also be the result of personal or social barriers 

such as disability or living in remote places (McGeary, McGeary, & Gatchel, 2012). 

Furthermore, for those that do have access to specialised treatment, there may still be 

a need to understand better their pain condition, which in some cases current medical 

knowledge might not be able to fulfil (MacLeod, Tang, & Carpendale, 2013).   

 Technology and Chronic Pain 2.3

Technology-based interventions have been used to deliver treatments in line with 

multidisciplinary approaches to pain management. These include features for helping 

patients with exercise and stretching, relaxation, goal-setting, or cognitive 
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restructuring (CBT) (Rini et al., 2012). An increasing numbers of studies have 

confirmed the potential of these programs, for example, in relation to improvements in 

functional activity, pain intensity, and self-efficacy (Bender, Radhakrishnan, Diorio, 

Englesakis, & Jadad, 2011); or to reduce pain severity, pain-related emotional distress 

and fear, catastrophising and perceived disability (Ruehlman et al., 2012).  

Similar to practices used in traditional pain management programmes, one of the 

core components of technologies for CP is the collection of pain-related information. 

Data from questionnaires and pain diaries is often used to evaluate therapy outcomes 

(Huang et al., 2011). When this information is shared with practitioners, it provides a 

richer picture for assessment and monitoring, enhances patient-carer communication 

and facilitates prevention (Pombo, Araújo, & Viana, 2012). Moreover, the act of 

collecting and reflecting on this information can help patients to increase awareness 

about the characteristics or sources of their pain (e.g. intensity, location, triggers) 

(Rini et al., 2012), and to become more engaged in self-management practices 

(MacLeod et al., 2013).  

Considering the above issues, we now discuss how different technologies have 

served to address the needs and barriers of people with CP according to the core 

activities of PI systems, namely, the collection of personal information, and the ways 

in which that information can be represented back to the user to facilitate self-

reflection leading to increased self-knowledge and understanding of behaviours (Li et 

al., 2010).  

 Collecting personal information 2.4

In the context of CP, collecting personal information has been influenced by what 

available technologies (e.g. web, mobile, and body sensing) have afforded to measure, 

and by how easy and reliable the process of data collection could be made. For 

instance, the use of web-based tools to report at the end of the day on pain episodes, 

triggers or levels of activity, has the advantage that they can be used by patients at 

their own pace and time, can be tailored to the individual and made easier to complete 

(Huang et al., 2011). In addition, practitioners can evaluate the data to provide timely 

feedback or send alerts when considered necessary (Martel, Thibault, & Sullivan, 

2010). However, systems that rely on self-reporting generally have low rates of 

adherence due to the time and effort required to enter information (Bardram et al., 

2013), and inaccuracy of information completed retrospectively (Huang et al., 2011).  

Given their small size and portability, the widespread use of smartphones has 

helped overcome some of this issues, since they allow people to report events as they 

happen (Perera, 2012), and to recording pain parameters such as pain intensity, 

symptoms or pain location more intuitively using touch-enabled interfaces (e.g. 3D 

rotating human figure, sliders for pain intensity) (Spyridonis, Hansen, Grønli, & 

Ghinea, 2013). As an example, in a study carried out in a group of 120 women with 

widespread chronic pain, participants used a smartphone diary app to daily report on 

their feelings, thoughts and activities. A therapist would then send personalised 
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feedback based on CBT techniques. The study found that the intervention group 

reported less catastrophising when compared to the control group, and the effect was 

still visible after a period of 5 months (Kristjánsdóttir et al., 2013). 

This way, a recent review of pain management apps by Rosser & Eccleston (2011) 

(see Figure 1) found these applications include generic information for learning and 

help reduce pain (e.g., Habit Changer: Pain Reduction, www.habitchanger.com), but 

were more suited to acute patients. Other apps provide training exercises and 

relaxation techniques (e.g., Pocket Therapy, www.scavomed.com), or incorporate 

pain-tracking features such as appointment and medication reminders (e.g. Chronic 

Pain Tracker, www.chronicpaintracker.com). More recent apps (e.g. WebMD 

PainCoach,www.webmd.com/webmdpaincoachapp), developed in collaboration with 

healthcare professionals allow users to monitor pain, set goals and receive support 

messages.  

Table 1: A review of the content of smartphone applications for pain management (table layout 

adapted from original) (Rosser & Eccleston, 2011). 

Primary function and content of pain applications  

Self-

management 

component 

Application content Application focus Number of 

applications* 

Education 

skills 

training 

Information 

provision 

Electronic manual 

(a) Condition/disease 

information 

(b) Symptoms and trigger 

information 

(c) Treatment information 

(d) Exercise training 

(e) Relaxation/meditation 

training 

(f) Other non-medical (e.g. 

acupressure) 

 

56 

Self-

monitoring 

Diary tracking 

 

 

 

 

Pain scale only 

Posture monitoring 

(a) Condition tracking over 

time 

(b) Medication 

(c) Appointment reminder 

 

Pain intensity assessment 

Body angle reading and 

response 

25 

 

 

 

 

2 

2 

Relaxation 

training 

Audio relaxation 

(e.g. 

binaural/isochronic 

tones) 

 

Vibration massage 

Relaxation 

Meditation 

Hypnosis 

 

 

Physical massage provision 

18 

 

 

 

 

3 

http://scavomed.com/
http://www.chronicpaintracker.com/
http://www.webmd.com/webmdpaincoachapp
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Light/colour 

therapy 

 

Light/colour therapy 

provision 

3 

 

* Figures exclude trial apps replicating the content of full applications on the same platform. A small 

number of apps documented dual components that could not be reduced to one primary. 

 Monitoring movement-based activity 2.4.1

Smartphone technology developments have enabled the automatic collection of 

other types of objective information such as movement-based activity. Activity 

recognition using smartphones involves interpreting raw data from sensors (e.g. 

accelerometers, gyroscopes, GPS tracking) using machine-learning techniques to infer 

what the user is doing (e.g. running, walking), or to infer other lifestyle parameters 

such as sleep or calories burned. While these techniques have been proved to offer 

high accuracy rates in research carried out in lab-settings (Martín, Bernardos, Iglesias, 

& Casar, 2012), there are still limitations when used in normal everyday scenarios 

(Ustev, Durmaz Incel, & Ersoy, 2013). However, continuous advancements in 

technology capability together with novel techniques in experimental research means 

that human activity recognition can be expected to keep improving (Ustev et al., 

2013).  

Continuing in the effort of measuring movement-based activity, a recent wave of 

commercial products aimed at the general population has integrated motion sensors 

into wearable devices. These have the advantage of being worn on the same part of the 

body (i.e. bracelet), so the room for errors when inferring activities can be 

significantly reduced (Atallah, Lo, King, & Yang, 2010). Wearable devices are 

usually combined with smartphone apps and web visualisation dashboards for 

reviewing progress based on fitness (Nike+), wellness goals (Jawbone UP, Fitbit 

Flex), or for more specific tracking such as correcting posture (LUMOback, Figure 2). 

In addition, research keeps advancing the recognition of activity beyond more usual 

types of activities such as walking or running. For instance, the authors of the RecoFit 

systems used an arm-worn inertial sensor to automatically monitor repetitive exercises 

(e.g. weight training), able to recognise types of exercise, count repetitions and 

segment between exercise and non-exercise periods (Morris, Saponas, Guillory, & 

Kelner, 2014). 

Besides the facilitation and promotion of physical exercise, sensors have been 

used with other clinical purposes, for instance, to support gait rehabilitation in patients 

with Parkinson’s disease. For example, the ABF system (Figure 3) uses inertial 

sensors embedded on a patient’s shoes to estimate gait events (e.g. cadence, step 

length), compares these to reference values on a mobile phone, and returns support 

messages whenever the person is below or above a target zone (Casamassima, Ferrari, 

Milosevic, Rocchi, & Farella, 2013). 
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Figure 1: The LUMOback monitors posture and gently buzz when the person is slouching. The 

smartphone app allow users to review data such as seating time vs. active time, slouch vs. straight 

sitting, sleep position, and overall activity levels (“LUMOback
TM

 Posture Sensor | LUMOback 

Online Store,” 2013). 

 

 

Figure 2: The ABF system for support of gait rehabilitation in patients with Parkinson’s disease. 

It monitors gait and sends audio messages to provide support and help users re-learn effective 

patterns and postures (Casamassima et al., 2013). 

 

In the context of CP, collecting data to measure movement-based activities 

becomes a valuable resource due to the recognised importance that decreases in 

functional activity can have in chronification (Harding & Williams, 1995). Several 

studies have looked at how the monitoring of physical exercise can be used to promote 
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physical activity in people with CP (Consolvo & McDonald, 2008; B. A. Rosser et al., 

2011), or to motivate and maintain adherence (Singh et al., 2014). When designing 

systems to facilitate physical activity in CP, it is important to consider the stage of the 

pain management journey in which the patient is, including aspects such as 

acceptance and understanding of pain, and the expectations that patients may have 

about recovering (Singh et al., 2014). Moreover, people with CP are encouraged to 

aim for maintenance of activity, rather than focusing on progress according to fitness 

goals or improvement. Therefore the technology must account for aspects such as the 

occurrence of pain-flare ups and realistic levels of physical activity decided in 

collaboration with a physiotherapist (Rosser et al., 2011).  

With regard to collecting data for activity monitoring, minimising the amount of 

self-reported information required from users, while also increasing the types and 

amount of data collected automatically, is generally seen as increasing reliability and 

reducing the burden of data input placed on users (MacLeod et al., 2013). However, in 

the context of CP this may not always be optimal. For example, in interviews with 12 

people with long-term conditions using various tools to capture personal information, 

MacLeod et al. (2013) discovered that those participants collecting information 

manually (e.g. using a notebook), reviewed and reflected on the data as they were 

writing,  which provided a source of insights that could be lost if it was automated 

(MacLeod et al., 2013). In light of this, self-monitoring systems for CP may require a 

balance between reducing the effort of manually inputting data and providing the right 

incentives for engaging in the process of self-reflection through the practice of data 

collection itself. 

 Beyond the monitoring of activity 2.4.2

Emerging body sensing technology able to gather physiological data such as heart 

rate, blood pressure, or muscle activity has also been seen as an opportunity to 

facilitate the remote monitoring of older adults and patients with long-term conditions 

(see Figure 4) (Patel, Park, Bonato, Chan, & Rodgers, 2012). In addition, other 

developments in on-body sensing technologies, for example, using intelligent fabrics 

to measure bio signals are also gaining traction in academic research, for example, for 

the prevention of lung disease (Enokibori et al., 2013), to promote a correct posture in 

children (Harms et al., 2009),  or the monitoring of body temperature of new-borns in 

intensive care units (Chen, Dols, Oetomo, & Feijs, 2010). 
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Figure 3: Illustration of a remote health monitoring system using wearable sensors to detect 

physiological data (Patel et al., 2012). 

 

While advances in research for CP using body sensing technology have had a 

focus in rehabilitation (Schonauer & Pintaric, 2011), or promoting physical activity 

(Singh et al., 2014), technologies capable of inferring affective states have also 

offered an opportunity to address emotional barriers on CP (Singh et al., 2012). For 

instance, the emo-pain project (www.emopain.ac.uk) is developing an intelligent 

system to detect a user’s affective state to provide appropriate psychological and 

motivational support during physical activity. The system uses video and microphones 

to automatically detect facial and vocal expressions, together with a motion capture 

body suit and EMG probes for detecting pain-related body behaviour and muscle 

activity (Cella et al., 2012). Similarly, another study developed a system for the 

automatic recognition of protective or avoidance behaviour in order to provide 

tailored support during physical exercise (Aung, Bianchi-Berthouze, Watson, & A. C. 

de C. Williams, 2014) 

Until recently, the size and complexity of monitoring devices used in lab-based 

research limited their use in everyday settings, but recent advances in the 

miniaturisation of electronic components and sensors has helped to overcome some of 

these problems (Patel et al., 2012). This way, bio-sensing devices able to infer 

affective states and that are comfortable enough to be worn during everyday activities, 

are starting to be commercialised aimed at the general population.  

Considering this, it is important to review the basics of emotion recognition using 

biosensors and to discuss the issues that might arise in the context of their application 
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for supporting people with CP. The automatic recognition of emotions using sensor 

involves measuring changes in the autonomic nervous system (ANS).  The ANS is 

responsible for initiating physiological responses that are associated with activation 

(sympathetic activity) and relaxation (parasympathetic activity) (Cacioppo et al., 

2000). ANS activity is generally measured in terms of electrodermal activity from the 

body surface (i.e. sweat), or by quantifying changes in blood circulation (e.g. heart 

rate, blood pressure) (Mauss & Robinson, 2009). Furthermore, several measures used 

to detect ANS activity differ in how they are associated to activation or relaxation. For 

example, skin conductance level (SCL) can be usually associated to activation, while 

heart rate (HR) and blood pressure (BP) are associated to both activation and 

relaxation responses (Cacioppo et al., 2000). Considering this, the idea that a single 

emotion is able to produce distinct physiological responses has been contested by 

some researchers, in favour of seeing ANS measures as corresponding to dimensional 

aspects of emotions (Mauss & Robinson, 2009). For example, rather than considering 

ANS activity as related to a discrete emotion such as fear or sadness, they should be 

regarded as a combination of broader constructs such as arousal (i.e. how alert the 

person is), and valence (i.e. pleasantness of the stimuli).   

In the context of CP, measuring emotion in real-time may offer opportunities to 

challenge emotional barriers such as fear of pain and anxiety during challenging 

activities. However, given the mentioned ambiguous correspondence of physiological 

responses with inferred affective states, there should be careful consideration for how 

affective feedback on PI systems is interpreted, particularly in a population such as 

people with CP where emotional barriers are a so crucial to the management of pain. 

These concerns will be discussed in more detail in the Discussion chapter. 

 Uses of personal information 2.5

Besides the actual collection of personal information, it is also important to think 

of the motivations that people may have for engaging in self-tracking (Li et al., 2010). 

In a recent study by Rooksby, Rost, Morrison, & Chalmers (2014), the authors 

identified five styles of self-monitoring: directive tracking, when the person is driven 

by a goal, for example, to maintain weight or  aiming to walk 10,000 steps a day using 

a pedometer; documentary tracking, in which users are motivated to document 

activities so they can  have a better understanding of things such as how many steps 

they take to work;  diagnostic tracking, which is used as a means to establish cause 

effect relationships, for example, the reasons why a person may feel tired in the 

morning after a normal night sleep; collecting rewards, for example, to comply with 

the recommended activity of an insurance policy; and fetished tracking, by life-

logging-enthusiasts or people with an interest in technology and gadgets.  

While these five styles of tracking were studied from a sample of users from the 

general population, there are some similarities with key aspects identified through our 

literature review on technology for CP. For instance, the importance that maintenance 

of activity (i.e. directive tracking) or documenting pain-related physical or emotional 

parameters has for CP management (i.e. documentary tracking). Moreover, after 
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judgments regarding styles of tracking, another important decision in the design of PI 

systems involves determining how the data will be displayed to users so they can gain 

a better understanding of themselves and the parameters being measured (Li et al., 

2010). Focusing on this later aspect, we identify three important broader threads in the 

context of tracking for CP: everyday awareness, review and long-term awareness, and 

promoting mindfulness.   

 Everyday awareness 2.5.1

Generally, displaying information on a personal device during everyday activities 

poses challenges because the feedback needs to quickly convey meaning from 

monitored parameters (Consolvo & Klasnja, 2008). Furthermore, the information 

could be considered too private or sensitive, and so it will need to be communicated in 

a discreet manner (Consolvo & Klasnja, 2008).  Several studies to promote wellbeing 

in healthy people and other commercial devices aimed at the general population have 

provided insights into how this can be achieved. For example, the Bewell+ mobile 

application (https://www.bewellapp.org/) uses a glanceable display to increase 

awareness throughout the day about several aspects a person’s wellbeing, such as 

sleep, activity and social interaction. To do this, the mobile’s screensaver is designed 

as a non-literal visual metaphor of an aquatic ecosystem (Figure 5), in which several 

types of fish and the colour of the sea represent the parameters being monitored (Lin 

et al., 2012).  A similar approach to the display of feedback during everyday activities 

is used in the Ubifit system (Figure 6). In this case, the metaphor of a growing garden 

is used to promote awareness of physical activity, with the amount and size of flowers 

in the virtual garden representing activity, and butterflies denoting goals met.  

 

 

Figure 4: Bewell+ Awareness Display uses an aquatic metaphor to represent various lifestyle 

dimensions. A clownfish moves faster or slower depending on the user’s activity levels during the 

day. A small group of fish conveys the social interaction, while the ocean’s lights represent the 

amount of sleep (Lin et al., 2012). Retrieved from: http://idl.cornell.edu/projects/bewell/. 
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Figure 5:  The Ubifit glanceable display uses a garden's metaphor to increase user’s awareness of 

their activity levels throughout the day. The flowers represent activity levels, while butterflies 

indicating met goals (Consolvo & Klasnja, 2008). 

 

Aside from using screen-based graphical displays, real-time feedback can be 

communicated through other means.  For example, the LUMOback device for 

correcting posture uses haptic feedback (a gentle vibration) when the person slouches, 

so they can correct their posture and learn to maintain a healthy stance over time. 

Other fitness devices such as the Nike+ wristband (Figure 7), makes use of a uses 

coloured LED lights that move from red to green as the users gets closer to their daily 

fitness goal. 

 

 

Figure 6: The Nike+ wristband interface uses a row of coloured LED to show daily fitness goal 

progress, and a white LED display to show the time, calories burned, and steps taken. © 2013 

Nike Inc. All Rights Reserved. Retrieved from http://nikeplus.nike.com/plus/. 
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Similarly, in regard to displaying feedback for management of CP during everyday 

activities, Rosser et al (2011) recommend finding ways in which the information can 

be accessed and viewed by users easily, in a discreet manner to avoid unnecessary 

attention, and to provide real-time response. Following this, a monitoring device for 

supporting people with CP during everyday activities might provide feedback in 

several ways. A graphical display using a visual metaphor may be appropriate for 

promoting awareness of several facets of wellbeing, including a glanceable overview 

of movement-based activities. In addition, feedback may be used in ways that serve to 

guide the person during challenging activities by providing real-time awareness of 

emotional and physiological parameters. 

 Review and Long-term awareness 2.5.2

Given the inherent focus of PI systems on self-reflection, the visualisation of 

personal information is most commonly used to increase self-knowledge over the 

long-term (Li et al., 2010). When considering chronic illnesses, the monitoring of 

health parameters is generally seen as providing patients with increased knowledge on 

how to manage and coping with everyday life, rather than curing the condition (Faisal, 

Blandford, & Potts, 2013). That is, as MacLeod et al maintain, the process of self-

monitoring is seen as a  means to become successful enough at managing the 

condition that collecting personal information is no longer needed (MacLeod et al., 

2013). In addition, some people may be motivated to engage in self-tracking practices 

because aspects of their condition are still not well-understood by the medical 

community, and the insights gained through self-monitoring can help both patients 

and practitioners fill the gaps in its current understanding (MacLeod et al., 2013). 

Considering this, Faisal et al., (2013) conceptualise illness perception as a 

promising field of information visualisation systems for health promoting 

technologies. This is because the ways in which a person manages and deals with their 

condition are associated to the beliefs they have about their illness, but also because 

those individual beliefs may differ from the ones that other people with the same 

condition or their therapists have (Faisal et al., 2013). In the case of CP, unhelpful 

beliefs, for example that pain equals harm, can result in fear and avoidance, and are 

typically addressed in pain management programmes using CBT techniques such as 

cognitive restructuring (Crombez et al., 2012). In light of this, PI systems may offer 

potential to increase understanding of the condition in ways that enable patients to 

self-correct unhelpful beliefs and ultimately to become more successful at managing, 

and as proposed by Faisal et al. (2013), help to bridge the gap between differing 

illness perceptions that patients and practitioners may have. As an illustrative 

example, a study with bipolar patients using the Monarca system provided users with 

visualisations of both self-reported information (e.g. mood, sleep, alcohol intake) and 

objective parameters for monitoring activity collected via smartphones, also 

permitting the introduction of triggers for adherence to medication (see Figure 8). 

Participants in the study rated visualisations and the setting up of ‘triggers’ and ‘early 

warning signs’ as very useful, because it allowed them to investigate illness patterns 
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and increase awareness about how their condition developed over time (Bardram et 

al., 2013).  

 

 

Figure 7: The MONARCA smartphone application provides users with self-assessment tools that 

take into account individual facets of daily life that are considered important for the patient (e.g. 

sleep, or alcohol intake), as well as activity monitoring, the set-up of early warning signs, 

medication management, and visualisations of the self-assessment and automatic sensed data 

(Bardram et al., 2013). 

 

 Promoting Mindfulness 2.5.3

Aside from promoting an understanding of the person’s own behaviour, a mindful 

approach in PI systems may be used to help increase the person’s capacity to self-
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regulate. For instance, in a study looking to promote mindfulness and strengthen the 

sense of self of vulnerable women in a secure hospital, the authors designed the 

‘Spheres of Wellbeing’ as artefacts to engage with aspects of one’s inner self (Thieme 

et al., 2013). For example, the Mindfulness Sphere measured the person’s heart rate 

and visualised it using colourful lights and pulsating vibrations (Figure 8). This way, 

when relaxing their breathing and heart rate, the lights and vibrations on the sphere 

would also change. The authors propose that learning how to auto regulate one’s heart 

rate could result in a sense of achievement and that change is possible, which could 

then translate into a sense of control over other aspects of the person’s emotions, 

behaviours and thoughts (Thieme et al., 2013). Following this, feedback from 

monitored bio signals may be used as a tool for training people with CP to self-

regulate their pain-related experiences, in order to promote psychological flexibility 

and acceptance, given that interpreting both pain sensations and a greater flexibility in 

pain coping strategies are associated to an increased perception of control over pain 

(Haythornthwaite, Menefee, Heinberg, & Clark, 1998). 

 

Figure 8: Visualisation of physiological signals from the Mindfulness Sphere (Thieme et al., 2013). 

 

 Summary of Literature Review 2.6

The recent availability of commercial wearable devices for tracking fitness and 

well-being parameters represents a step forward in the effort to monitor aspects of a 

person’s behaviour, physical and emotional experience, moving beyond the automatic 

tracking of movement-based activity and overcoming subjectivity issues with self-

reported information. Moreover, because these devices can be worn in naturalistic 

settings (i.e. during everyday activities), they offer opportunities for the design of 

interactive technology that can help people with CP gain a better understand of their 

pain condition and provide guidance and support to improve self-management outside 

of clinical settings (Rosser et al., 2009). However, the majority of available self-

tracking technology is targeted to the general population, and do not address the 

specific needs and barriers of people with CP, such as pain-related fear and anxiety 

when approaching challenging activities that may result in fear-avoidance behaviours 
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and catastrophising. Academic research on this area has showed promising results on 

addressing these issues. For example, by using sound as feedback to shift attention 

from aspects of a feared movement to a pleasurable and informative signal (Singh et 

al., 2014), or by inferring affective states from user’s facial and body movements to 

provide appropriate psychological and motivational support to help with physical 

exercise (Singh et al., 2012). 

Drawing from literature on chronic pain management, e-health, and a growing area 

of research within HCI on personal informatics systems, the present study used a 

wearable bio-sensing device to explore how people with pain may integrate the use of 

these technologies in their everyday lives. For example, continuous monitoring of 

movement-based activity may help people with CP become more aware of overall 

activity levels to challenge maladaptive cycles. In the other hand, long-term 

monitoring may help users gain a better understanding of their pain condition, for 

example, by helping uncover insights into aspects that may have an influence on pain 

episodes, or the relationships that might exist between those parameters and associated 

emotional states. This knowledge may facilitate the engagement of patients in self-

management practices and foster future implementation of adaptive coping strategies 

(MacLeod et al., 2013), and help bridge the gap between differing illness perceptions 

between patients and practitioners. 
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 METHODS CHAPTER 3.

In this chapter, we describe how the literature review carried out served to inform 

the research question and the design of the study, including the PI technology 

demonstrated to participants to elicit their ideas regarding the use of these systems to 

help with current pain management strategies. We also describe the methodology of 

the two studies carried out for a focus group with three physiotherapists, and 

interviews with nine people with chronic pain. 

 Research Question 3.1

The literature review of CP theory and PI technology carried out in the previous 

section served to offer insights into the aspects of PI systems that are of relevance to 

address the needs and barriers of people with CP. Two main areas of interest formed 

the basis for the topics to explore with participants during interview sessions: the 

monitoring and display of physical and emotional changes to help during challenging 

activities, and monitoring over the long-term to increase awareness of the person’s 

own patterns of behaviour and pain-related emotional and physiological states (Rosser 

et al., 2011).  

In light of this, we explored user needs of wearable bio sensing technology for a 

population such as people with CP to determine the type of functionality that would be 

considered useful, but also to understand the reasons why these would be beneficial. 

Participants’ ideas in regards to types of communication and styles of the feedback, 

interaction with the device and information were also explored. 

 Ethics 3.2

The UCL Research Ethics Committee approved the study as part of the Emotion & 

Pain Project. This included approval for documents outlining the study methodology, 

compliance with the Data Protection Act for use of biometric data from patients 

sessions, and of supporting documents, such as a summary of PI systems (see 

Appendix B) explaining the device and procedure to be used in the study that was sent 

to participants prior to the sessions via email. In addition, the study methodology and 

interviews questionnaire was reviewed by a senior clinical psychologist with 

experience working with chronic pain patients to ensure that procedure and questions 

were appropriate and did not cause any distress to participants with chronic pain. 

Informed consent was obtained from all participants prior to the start of each session 

(see Appendix A for information sheet and consent form). 
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 Choice of bio sensing device 3.3

Given that PI systems are still a nascent area of technology, there was a need to 

include a practical demonstration during sessions with participants. We aimed to 

provide an overview of these types of devices and its possibilities, so participants 

could start thinking about how these could be useful with their individual pain 

management strategies. To do this, we used the Empatica bio-sensing device 

(https://www.empatica.com/) because of its ability to demonstrate the two main 

categories of uses identified through our literature review. 

 

Figure 9: The Empatica bracelet for measuring physiological signals and visualisation 

applications for smartphone and web. © Empatica S.r.l - All rights reserved. 

https://www.empatica.com/. 

 

The Empatica system is designed to measure movement and activity using an 

accelerometer and gyroscope embedded on a bracelet, and to track location using GPS 

mapping. The bracelet sensors also track several biomarkers such as heart rate, 

temperature and galvanic skin response (GSR). The sensors positioned on the wrist 

provide real-time continuous feedback to a smartphone application, in which users can 

also manually add log notes or how they feel at a precise moment. In addition, a 

“stress-o-meter” function on the smartphone application uses an algorithm to infer the 

user’s level of stress or relaxation in real time from biomarkers collected on the 

bracelet. This data can also be uploaded to a web visualisation dashboard (see Figure 

8), allowing users review previous sessions retrospectively.  

 



 - 27– 

 Interview preparation: Focus Group with physiotherapists 3.4

Given the sensitivity of the interviews and that the Empatica device was originally 

designed for the general public, its intended uses will not necessarily be the most 

appropriate for a population such as people with CP. Considering this, a user-centred 

approach to design of interactive systems starts by understanding as much as possible 

about the ‘problem space’. This requires learning about users, their tasks, goals, and 

contexts of use, but also learning from stakeholders within the bigger socio-technical 

system (Rogers, Y., Preece, J., 2011). In light of this, a focus group with 

physiotherapists was conducted prior to the interviews with people with CP, to 

incorporate the therapists’ perspectives and domain knowledge into the interview’s 

methodology. In addition, we were interested in understanding potential differing 

perspectives in regards to the use of these systems between the two main stakeholders 

of technology interventions for CP, namely, those who experience pain, and those that 

better understand pain and have expertise on pain management and treatment. 

Three physiotherapists were enlisted from the Pain Management Centre, Queen 

Square, at University College London Hospitals, London. Table 2 provides details for 

participant, their assigned ID in a PT# format, professional experience and areas of 

expertise. 

 

Table 2: Profile of physiotherapist that participated on the focus group 

 

 Procedure & Analysis 3.4.1

At the beginning of the focus group, researchers demonstrated the device and 

answered general questions regarding PI systems. The conversation revolved around a 

 

Participant 

 

Professional Experience 

PT1  Chartered Physiotherapist - Chartered Physiotherapist  

 Specialises in neuro-musculo-skeletal physiotherapy and 

Cognitive Behavioural Therapy techniques in pain management. 

 18 years experience. 

PT2 

 
 Specialist Physiotherapist in Pain Management (Abdomino-Pelvic 

Pain) and Cognitive Behavioural Therapy techniques in pain 

management. 

 11 years experience. 

PT3 

 
 Specialist Physiotherapist in Pain Management and Cognitive 

Behavioural Therapy techniques in pain management. 

 10 years experience. 
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semi-structured questionnaire focusing on their views about the identified potential 

uses for the management of CP (see Appendix C for the focus group methodology). 

The conversation was audio recorded, transcribed, and underwent a manual 

Thematic Analysis by grouping issues into themes of similar subject.  Thematic 

Analysis is a recognised qualitative research methodology that aims to group ideas 

into themes of similar subject. The technique will be explained in more detail in the 

coding and analysis of the method for interviews with people with CP in the next 

section. 

The analysis of the focus group transcript revealed four groups of themes. The full 

findings from this focus group are reported in chapter 4 together with the results from 

the study with people with chronic pain. We now briefly report on some of them to 

illustrate how those insights were used to improve the methodology of interviews with 

patients. For example, physiotherapists expressed concerns that the use of these types 

of devices may lead to some patients become more focused on pain, or about the risk 

of patients becoming sensitised to negative concepts such as ‘stress’. These concerns 

can be in part explained by the Empatica system focus on measuring stress in healthy 

people, because this is a functionality being tapped commercially by the developers of 

the device, since stress on corporate environments is becoming an issue to which 

many companies are looking to find solutions for. This way, insights from the focus 

group were incorporated into the methodology to be used in the interviews with 

people with CP. For instance, by adding references to the monitoring of positive 

physical/affective experiences, as opposed to only those with more negative 

connotation such as stress levels, so participants had a more balanced view of what it 

is possible to measure and review using PI technology. This is explained in more 

detail in the Procedure section of interviews below.  

 Interviews with people with chronic pain 3.5

The sessions focused on the potential uses for facilitating current pain 

management strategies of wearable bio sensing technologies, and the types of 

information that would be useful to do so, while assuming participants were motivated 

enough to improve their coping strategies given the constraints that persistent pain 

imposes in many aspects of their lives. 

 Participants 3.5.1

Participants were enlisted by UCL researchers from local pain groups, or by 

contacting participants who had previously taken part in other studies. Although there 

was a target for interviewing 10 participants, availability and time constraints meant 

that the final number of people with CP taking part was nine, five men and four 

women with an average age of 49. Table 3 provides details of the each participant 

number, gender, age, years living with pain and the length of each interview. 
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Table 3: Profile of participants with chronic pain interviewed. 

 

 Procedure 3.5.2

The interviews aimed to understand participant’s desires for the future of these 

technologies, exploring their potential for facilitating pain management strategies, and 

the types of information and reasons behind why these would be useful. Each 

individual session started with a light physical exercise (i.e. bending) in which 

participants were asked to wear the device in order to review the collected data during 

the following part of the session. Following this, researchers gave participants an 

overview of Personal Informatics systems and answered questions. After this, the 

Empatica mobile application was demonstrated to explain how manual tagging could 

be used for adding types of activities, self-reporting mood states, or linking these to 

the automatic tracking of bio-signals, time or location (see Figure 10). 

Following this, the visualisation aspect of PI systems was demonstrated by 

showing plotted graphs of the biometric data collected by one of the researchers 

during an afternoon session (see Figure 11). The aim was to give participants a sense 

of how monitoring throughout the day and later reviewing the data could be a valuable 

source of insights into the relationship between pain-related physical/affective states 

and everyday activities. This part of the demonstration was developed in response to 

the physiotherapists concerns about using the device to measure certain bio signals 

such as stress levels in real-time, which they saw as potentially leading patients to 

become more focused on their pain. Therefore, it was considered necessary to 

emphasise the possibility of also tagging positive feelings in relation to activities 

throughout the day, and to make sure that participants understood this particular 

device had a focus on measuring stress, but that similar devices developed with CP 

users in mind did not have to do so. To finalise the demonstration part of the session, 

participants were shown the data collected during their previous stretching exercises 

on the Empatica online dashboard (similar to Figure 11). 

Participant 

Number 

Gender Age Years living 

with CP 

Interview 

Length (min) 

P1 Female 25 16 25 

P2 Male 47 25 35 

P3 Female 40 4 31 

P4 Male 58 9 45 

P5 Male 59 20 65 

P6 Female 67 6 35 

P7 Male 36 - 54 

P8 Male 54 19 51 

P9 Female 57 28 41 
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Figure 10:  The Empatica smartphone application receives data from the bracelet sensors and 

displays the user’s emotional state (stress) next to positive or negative tags (image left). Adding 

location and manual logged in notes (image right). © Empatica S.r.l - All rights reserved. 

https://www.empatica.com/. 

 

Following the demonstration, a semi-structured interview was carried out to 

explore how participants may use this type of technologies for pain management. In 

order to make it easier for participants to think about practical applications of PI 

technology, interview questions were framed around their personal experiences, 

prompting them to think of those activities they found most challenging (e.g. 

repetitive tasks) and current strategies they used (e.g. taking breaks). Participants were 

also allowed to not feel constrained by a particular device or monitoring method when 

thinking about their responses.  

Finally, while questions on the semi-structured interview served to give a 

comparable structure for subsequent analysis, participants were also allowed to 

expand on their responses whenever they felt they have something important to say, or 

when researchers considered that an interesting insight was worthy of further 

exploration. 
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Figure 11: Biometric data from Empatica’s online dashboard, showing a 3-hour session collected by one of the researchers to demonstrate the reviewing 

data aspect of PI systems to participants. The graph showed how stress levels were higher during working hours (A), and then decreased when 

the person walked to an after-work social gathering in the park (B). Also, how heart rate increased (C), and the data from motion sensors 

changed to denote movement as the person walked briskly to get home (D).
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 Materials, Coding 3.5.3

All interviews were audio recorded and transcribed. The total length of audio 

recorded was 6.398 hours (383.92 minutes), with an average of individual interviews 

of 42.44 (+/- 12.60) minutes (see Table 3). The qualitative data obtained from 

interviews transcripts underwent a Thematic Analysis (TA), a technique for 

identifying prevalent themes within a data set (Joffe & Yardley, 2003). In a TA, 

themes refer to the patterns of meaning that are more prevailing across all participants. 

Following Joffe & Yardley (2003) methodology, the interviews transcripts were 

imported into a qualitative data analysis software (ATLAS.ti v.5) and categorised 

(coded) using a coding framework developed by researchers. The final version of the 

coding frame can be seen in Appendix F. Four versions of the coding frame were 

iteratively refined by two of the researchers
1
. One of the researchers (re)coded the 

content of the full set of transcripts following deliberations with the second researcher 

to define what counted as a code, code family, or whether existing codes could be 

combined together or spliced apart. The goal is for a coding frame to be as 

unambiguous as possible, so an independent coder would be able to use it to identify 

the same meaning in the data extracts already coded (Braun & Clarke, 2008). In our 

case, the second coder had read the transcripts and was involved in the discussion 

around codes and code families, but did not work on the coding of the transcripts 

herself. 

As a final step to this process, the coding frame was applied to a randomly chosen 

subset of three of the transcripts (25%) by the second coder. This involved removing 

all codes from the randomly selected subset, then having the second coder identify the 

same patterns of meaning (i.e. codes) on the un-coded data extracts using the final 

version of the coding frame as guidance. The final inter-rater reliability score 

produced was of 73%.  

 Data Analysis 3.6

Once the data set had been coded, it was explored for emerging themes. The 

analysis step in a thematic analysis involves the organising of codes into prospective 

themes and establishing relationships between them to identify what the predominant 

themes are (Braun & Clarke, 2008). As a starting point, a table of code frequency was 

created (see Table 4, also found in Appendix H). While this offered a quantitative way 

                                                 

 

 
1
 An excerpt of the four versions of the coding frames for the code-family “Pain Management 

Strategies” can be found in Appendix G.  It illustrate how the process of coding the data-set starts by 

giving each data extract equal attention, thus coding for as many potential themes as possible. Later, the 

themes are refined by combining codes of a similar nature into a broader code-family, or splicing them 

into differentiated ones, depending on their relative importance for answering the research question 

(Braun & Clarke, 2008).  
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to look at the occurrence of individual codes, the importance of a theme cannot be said 

to necessarily correlate to the number of times that it appears in the data (Braun & 

Clarke, 2008). Following this, prevalence was considered in relation to mentions 

across all participants. This way, a topic mentioned by a participant several times was 

assigned the same weight as a single mention by another participant.   

Furthermore, a thematic analysis allows for identifying themes using both 

deductive (bottom-up) and inductive (top-down) approaches (Braun & Clarke, 2008). 

In broad terms, the data content corresponding to the first part of interviews, in which 

participants were prompted to talk about challenging activities and strategies they 

used, were identified as having more explicit meaning and thus mainly coded 

inductively. In the other hand, data extracts corresponding to the second part of 

interviews, in which participants expressed their ideas for using PI systems, were 

identified as expressing more latent meaning (Joffe & Yardley, 2003). Considering 

the broadness of the research question, the analysis at the latent level aimed to make 

sense of the underlying ideas and concepts (themes) expressed by participants (Braun 

& Clarke, 2008), hence most of the effort in writing up the Results section focused on 

themes associated to this second part of the transcripts.  
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Table 4: Codes Frequency (Thematic Analysis). 

Keys: STR = Strategies, CHA = Challenging Activity, TR = Tracking, TECH = Technology, COMM = Communication 

Themes Frequencies (by participants mentions) Total % 

BARRIERS -  Emotional 1 1 1 1 1 1 1 1 1 9 100% 

STR - Planning/Pacing/Props 1 1 1 1 1 1 1 1 1 9  

TECH - Outcomes 1 1 1 1 1 1 1 1 1 9  

VALENCE - Negative 1 1 1 1 1 1 1 1 1 9  

COMM - GP/Specific Pain/Other 0 1 1 1 1 1 1 1 1 8 89% 

FEEDBACK- Interface 

(Content/Form/Interaction) 

1 1 1 1 1 1 1 0 1 8  

IDENTITY - Pain as Self 0 1 1 1 1 1 1 1 1 8  

IDENTITY - Self Acceptance 1 1 1 1 1 1 1 0 1 8  

VALENCE - Positive 1 1 1 1 0 1 1 1 1 8  

STR - Exercise/Stretching 0 1 1 0 1 1 1 1 1 7 77.78% 

TR - Body Pattern Detection 0 1 1 1 0 1 1 1 1 7  

TR - Objective Record 1 1 1 0 0 1 1 1 1 7  

TR - Physical Signals 1 1 1 0 1 1 1 0 1 7  

TR - Safe Zone 1 1 1 1 1 1 0 1 0 7  

CHA - Getting Around 1 1 0 1 1 1 0 1 0 6 66.67% 

TECH - Needs 0 0 0 1 1 1 1 1 1 6  
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TIMESPAN -Long Term Monitoring 1 0 0 0 1 1 1 1 1 6  

TR - Emotional Signals 1 0 0 1 0 1 1 1 1 6  

TOOLS - Mental 1 0 1 0 1 0 1 0 1 5 55.56% 

CHA - Planning/Pacing 0 0 0 1 1 1 0 1 0 4 44.45% 

CHA - Sport/Exerciser 0 0 1 0 0 1 1 1 0 4  

FEEDBACK- Graphical 1 0 0 1 1 0 1 0 0 4  

STR - Don't focus on pain 0 0 0 1 1 1 0 0 1 4  

STR - Mindfulness/Relaxation 0 0 1 0 0 1 0 1 1 4  

TIMESPAN - After 0 1 1 1 0 1 0 0 0 4  

TIMESPAN - During 0 1 1 1 0 1 0 0 0 4  

TOOLS - Self Monitoring 

Experience 

0 1 0 1 1 0 1 0 0 4  

TOOLS - Social 0 1 1 0 1 1 0 0 0 4  

TR- Confidence/Reassurance 1 0 1 1 0 0 0 1 0 4  

BARRIERS - Societal 0 1 0 1 1 0 0 0 0 3 33.33% 

CHA - Repetition 0 1 0 0 0 1 0 1 0 3  

FEEDBACK- Advice 0 0 1 0 1 0 0 0 1 3  

STR - Awareness of Body 0 1 1 0 0 0 0 1 0 3  

TOOLS - Other 0 1 0 1 0 1 0 0 0 3  

TR - Reduced Effort Planning 1 1 0 0 0 0 1 0 0 3  

BARRIERS - New Situation 1 0 0 0 0 1 0 0 0 2 22.22% 
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STR - Avoid 1 0 0 0 0 0 0 0 1 2  

TIMESPAN - Before 0 0 1 0 0 1 0 0 0 2  

TR - Reduced Pain Focus 0 0 1 0 0 0 0 0 1 2  

TOOLS - Pain Management Info 0 1 0 0 0 0 0 0 0 1 11.11% 

TOOLS - Reminders 0 0 0 1 0 0 0 0 0 1  
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 RESULTS CHAPTER 4.

 Results: Focus Group with Physiotherapists 4.1

The analysis of the focus group transcript revealed four main themes in relation to 

the use of bio sensing devices for the managing of CP. Table 5 offers an overview of 

the emerged themes, subthemes, together with illustrating quotes made by 

participants, which are identified with a Q# format (where # represents the quote ID 

number), and PT# (where # represents the participant ID number). A report of 

findings can also be found in Appendix D.  

The first theme is related to issues with reliability, interpretation and meaning of 

bio signals for patients, for example, how does the device distinguish between 

biomarkers from body signals and external factors such as heat (Table 5: Q1).  

A second theme identified concerns about the practice of self-monitoring, which 

physiotherapists thought could lead some patients becoming more focused on pain. 

Specifically, they were concerned with a focus on monitoring negative affective states 

such as stress, and the use of terms such as ‘stress-o-meter’, because an important part 

of treatments involves teaching patients to become less vigilant of pain and its 

associated body signals, and to focus more on function and activity instead (Table 5: 

Q2). In addition, there was concern that users would understand the feedback as 

providing ‘right or wrong’ types of responses. For instance, rather than interpreting 

feedback as a broad representation of emotion (Mauss & Robinson, 2009), users might 

decide that it is best to avoid an activity (Table 5: Q3). This may also mean that 

patients become less engaged in their pain management, adopting a passive stance if 

they felt the technology is taking care of things, although physiotherapists were not 

sure if this would be a good or a bad thing from the point of view of patients (Table 5: 

Q4). Other issues identified concerned access and technology experience of patients. 

This is supported by previous studies studying effectiveness of using technology to 

promote self-management of chronic illnesses. For instance, some people may have 

low computer literacy skills or have more difficulties understanding the logic of 

interfaces (McDermott & While, 2013). As one of them explained, “I guess I would 

think that it’s very techy, so for a certain generation…” PT1. 

A third theme was identified in relation to issues with prescription and integration 

into current pain management programs. Physiotherapists considered that the 

technology should be prescribed on a ‘right patient, right time basis’, precisely 

because some patients could be more prone to wrongly interpret what bio signals 

might mean for them (Table 5: Q5).  

Finally a fourth theme was identified in relation to beneficial uses of the 

technology, for example, to oversee and prompt activity in patients, and to incorporate 

multiple baselines for monitoring and evaluating outcomes of programmes (Table 5: 

Q6), which could then serve to offer advice on areas that patients could work on 
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(Table 5: Q7). Also, to have an objective way to measure information otherwise 

normally requested through less reliable paper-based questionnaires (Table 5: Q8). 

The results of the focus with physiotherapists provided valuable insights into 

potential problems that may arise with the use of these technologies by patients. As 

explained in 3.5.2 Procedure, these served to inform the development of the 

methodology for interviews with people with chronic pain. Whenever appropriate, 

those issues will be commented further in the next section in order to contrast the 

results from both studies. Additionally, we aimed to investigate potential differing 

views on the use of PI systems between practitioner and patients, which will be 

commented further in the Discussion chapter. 
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Table 5: Themes and subthemes emerged from focus group with physiotherapists, with illustrative quotes made by participants, which are identified 

with a Q# format (where # represents the quote ID number), and PT# (where # represents the participant ID number). 

Themes Sub-themes  Quotes 

Interpretation and meaning of 

bio signals 

 

 Meaning of biomarkers to the 

wearer  (e.g. GSR, heart rate) 

 Could biomarkers be interpreted as 

just another measure of pain? 

Q1: “So if it’s really hot outside and you’re 

sweating, it won’t necessarily assume that you are 

stressed?” PT2 

Concerns about the technology 
 

 Additional stressor 

 Reinforce anxiety and hyper-

vigilance 

 Sensitisation to negative concepts 

(e.g. stress) 

 Right/wrong answers dictated by 

device may encourage avoidance 

behaviours 

Q2: “I worry it will make them more vigilant 

about the stress and we’re trying to make them 

less vigilant.” PT3 

Q3: “I’m a little bit concerned that some of our 

patients would not want any stress at all, and they 

might end up doing very little.” PT2 

Q4: “It’s not that we want them to be focused on 

their pain all the time, but it’s that they have to be 

actively planning and managing it, and I guess, to 

an extent, this is removing that. I don’t know what 

the research would say though, if that’s a good 

thing or a bad thing.” PT1 
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Prescription and integration 

into current programs 

 Personalisation, on a ‘right patient, 

right time’ basis Q5: “If they do too many diaries they start to get 

hypervigilant, and worry ‘oh well the app says do 

that, stop now, don’t do that’, they start to think 

‘oh well that must be bad for me’. Not all of our 

patients but some would definitely do that.” PT2 

Beneficial uses of the 

technology 

 

Multiple baselines for monitoring and 

evaluating of programmes. 

Offer advice to the patients on areas 

they can work on  

Objective information on function and 

activity levels. 

Q6: “This gives us an idea of what you’re doing 

for the week now let’s work out how you could 

spread that out more easily, or pace that a bit 

better.” PT1 

Q7: “That kind of information would be good to 

maybe highlight areas they could work on.” PT1 

Q8: “The ones who fill it [paper questionnaires] 

in the waiting room five minutes before they come 

in! So they’re thinking ‘oh well, what did I do all 

week?’ You know, how accurate is that recall.” 

PT1 
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 Results: Interviews 4.2

The report from the thematic analysis carried out demonstrates an exploration of 

themes emerging in the participant interviews regarding the potential of PI systems for 

assisting pain management. When numbers inside brackets appear (e.g. n=3), they 

denote the number of participants who mentioned the topic associated to the theme 

being discussed, independently of whether the topic was mentioned on a single 

occasion or multiple times by the same participant. Table 6 offers an overview of the 

themes, and subthemes that emerged from interviews, together with illustrating quotes 

made by participants, which are identified with a Q# format (where # represents the 

quote ID number), and P# (where # represents the participant ID number). 

Three key themes emerged from the analysis of the data. The first one, was the 

most prevalent among all participants, and is defined by exploring the supervisory role 

of body sensing devices. It relates to ideas of safety and reassurance about how 

emotional or physical signals develop during challenging activities, and to support 

with the planning and pacing of activities. The second theme, Increasing Knowledge 

and Understanding of Pain, relates to the aspects of long-term monitoring and 

reviewing that have potential to increase self-awareness and understanding of the pain 

condition. It involves the person being able to identify patterns of behaviour, the 

relationship between these and their own pain experience, and the implications that 

sharing this information could have for pain services they use. Finally, a third theme, 

Feedback and Communication Styles, was identified in relation to the ways in which 

participants expected to interact and receive information from the system.
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Table 6: Themes and subthemes emerged from interviews with people with chronic pain, with illustrative quotes made by participants, which are 

identified with a Q# format (where # represents the quote ID number), and P# (where # represents the participant ID number). 

Themes Sub-themes  Quotes 

Supervisory Role of the 

Technology during 

activities 

 

 Receive warnings for knowing 

when to stop 

 Help with planning and pacing 

 Increase sense of control 

 Challenge fear of pain and 

catastrophising 

 Knowing how to go back to 

baseline levels 

Q9: “Knowing when the pain is getting worse, that would be 

the thing, you think - ‘oh I can't do that because this pain is 

getting worse’, just to see something in the body to sort of 

warn you.” P6 

Q10: “Something that would let you know that your body is 

not going to get that far, or is working on it.” P6 

Q11: “So when I get to a point and you’d get like a bleep or 

it comes up with something that says - that’s as far as you 

can go.” P3 

Q12: “You just don’t know how well you’re doing, so it’s 

like they say, you can never see what’s going on inside your 

body, so you can never know what is happening. If you could 

see inside your body, it would make you change your 

lifestyle a hell of a lot. If you had a glass body and you could 

see some of the things that are going on in there, you’d 

probably be able to do more.” P3 

Q13: “If it was connected to my spine and it would tell me 

how much movement I have in my spine. So there’s a trigger 
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point where it would probably say, ‘stop!’” P3 

Q14: “I guess it’s about organisation techniques and having 

things in certain places. I think I am quite visual, but maybe 

even having a map of the house and just being able to look at 

where I’m going; as opposed to just having the thought 

process might feel more comfortable. Being able to track it 

differently or refer to it visually rather than just have it 

cluttering up my head would be helpful” P1 

Q15: “If I was in a position where I might be feeling 

stressed, but I’d like to check myself to make sure I’m not 

being overly emotional about it, then the device could work 

for that I think.” P1 

Q16: “I think if you can see it, rather than just feeling it, it 

might sort of - oh, I must need to de-stress! And maybe help 

to get your stress levels down, be more aware.” P9 

Q17: “Something with physical contact where I would notice 

a vibration, so I’d like [to see] what’s going on, and it would 

trigger that I was getting to threshold. It would be something 

that would help control my day and not be controlled by 

others. When you feel you are in charge, you feel better.” P4 

 

Increasing Self-
 

 Getting better at managing Q18: “I know that from my condition and from my on-going 
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Knowledge and 

Understanding of pain 

pain over time (long-term) 

 Fulfil information needs not 

covered by current medical 

knowledge (long-term) 

 Obtaining objective 

information to change beliefs 

and outlook on pain (long-

term) 

 Discover patterns and cause-

effect relationships  

 Measure everyday life facets 

important for each person (e.g. 

sleep, stiffness)  

 Facilitate a preventive 

approach to the care of 

persistent illnesses 

wellbeing, I do need to stay active, I need to stay moving. I 

probably need to be fitter than I am, because I anticipate in 

20 years’ time, how uncomfortable is this condition going to 

be. And that could be quite useful…Yes, like checking my 

path through.” P8 

Q19: “I’m quite aware of where I am, but I think I’m like 

everyone else and I would like to know what is going on 

inside because as I say I don’t know. I have a deterioration 

of the facet joints and I don’t know what’s happening. I’m off 

the medication and I get pain there, but it’s not as bad as it 

used to be. But I don’t know why - Do I manage it better? 

Has it healed itself?” P3 

Q20: “It might help me to see how things are going and 

where triggers are happening during the day.” P5 

Q21: “I think sometimes you go through quite harsh pain, 

and you think where did that come from? What have I done 

to cause myself to be in this situation? And I feel that, if that 

was recorded, how the body was reacting, and you can sort 

of go back and forth with that to find ‘mm, that was that 

time!’. So maybe you could try to avoid it another time.” P7 

Q22: “When you actually talk to people in pain, when a 

patient sees the doctor or health care professional, they go 

there to look at the pain, they know they got pain. But in 



 - 45– 

actual fact, the biggest problem is sleep, or they are stressed 

out, or they are gaining weight, or they got depression or 

something, they got money worries, all this stuff supersedes 

that.” P5 

Q23: “You know my neck is very stiff today, and it will be 

interesting to know [how stiff my muscles are]. And part of 

[my] treatment is measuring ability to stretch and move. If 

there's a way [to measure muscle stiffness and mobility more 

often] rather than doing it every year. If I could do it in a 

more regular basis that would be really useful.” P8 

Q24: “I always ask myself, ‘ Is the type of shoes I’m wearing 

during the day what makes me feel…?’ Should I use more 

tight shoes, or more relaxed?” P7 

Q25: “I’ve got a pain management app, which to be honest 

is more for my GP, even though I know they will take one 

look at it and just go - you know, whatever. But it's helpful to 

know how to track things, and I suppose it’s just a good tool 

to have everything in the same place.” P1 
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Feedback and 

Communication Styles 

 

 Pictorial and simple visual 

representations of the 

information 

 Real-time feedback to enhance 

sense of control during 

activities (e.g. glanceable 

display) 

 Review aggregated datasets to 

gain insights (easily 

accessible, personally 

relevant, engaging) 

 Focus on progress and 

emphasise the positive (e.g. 

during set-backs or slow 

progress) 

 Advice on what to do (e.g. 

relaxation techniques) 

Q26: “I’m a very visual person, so I think having the graphs 

and stuff would be very helpful.” P1 

Q27: “But very pictorial, personally, what you showed me 

[bio signals’ data as plotted graphs]; I would not be 

interested in that.” P5 

Q28: “The thing with people in pain is we have the attention 

span of a fly, we got very low attention span because what 

happens is the pain is constantly grabbing your attention.” 

P5 

Q29: “I’ve used a mood ring [before]. It’s about having 

something as simple that, it helps me cope. It was 

psychological, it was something you saw, and it was 

something unobtrusive, other people didn’t know anything 

about it, but it was something I could use. It’s a visual 

trigger and that was useful, it was there for me to look at it 

and think - Ok, let’s get off the bus.” P3 

Q30: “If there was some graphical thing, maybe traffic 

lights, you know, green amber and red. But even if it was just 

something that you just dig into, if it was an indicative that I 

can then go - oh, how active was I today? - And then I can 

drill down into it.“ P8 

Q31: “One of the things with people in pain is that the stuff 
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that's produced for us is very boring and non-engaging, and 

in other words we need to sell an idea to people that 

managing pain can be fun, but what tends to happen is we 

give them a leaflet.” P5 

Q32: “We have set backs because we are over achievers. So 

it’s about having a set-back plan, saying ‘ok, so my pain is 

increased, but what emergency stuff do I need to do? Cut 

everything down by a bit? Do I need to talk to the doctor? 

Do I need to increase my medication?’. So it’s important to 

have a setback plan as well.” P5 

Q33: “Stress levels will increase my levels of anxiety. And if 

I could be prepared, or if I could monitor that, and know 

then, gear myself up, prepare myself mentally and physically 

for those parts, then that would be very useful for me, 

because the anxiety triggers virtual paranoia and then pain, 

and that becomes a wicked circle, and it impacts on me right 

there and then.” P4 
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 Theme 1: Supervisory Role of the Technology 4.2.1

During the coding of the data set, a key theme emerged from the predominant 

desire of participants (n=7) for the technology to assume a supervising role, 

monitoring for how pain-related parameters developed during an activity, This way, 

the research team coined the term safe zones to encapsulate the group of ideas 

expressed by participants relating to triggers, safe areas, or the fine line between 

activity and harm (Table 6: Q9). Participants often described it using words such as 

‘trigger point’, ‘warning’, or ‘close to danger’, and conveyed it using expressions such 

as ‘before pains get too bad’, ‘knowing when to stop’ or ‘telling me how far I can go’ 

(Table 6: Q10).  

This way, tracking body parameters in real-time was seen as a way to receive 

warnings while performing challenging activities (n=7) (Table 6: Q11). In this sense, 

some participants (n=2) expressed interest in being able to see inside the body by 

inferring their current physical state from the feedback, and then to be able to establish 

points to know when to stop (Table 6: Q12). This is in contrast to the physiotherapists’ 

view that the technology could make patients to be more focused on pain, and 

therefore reinforce hypervigilance behaviours. While this is certainly a risk that needs 

to be taken into account, the patients’ view appears to be focused not so much on pain 

itself, but rather on understanding the physical experience of pain inside their bodies 

better (Table 6: Q13).  

Furthermore, a similar idea to the supervisory role of the technology was identified 

in relation to help with planning and pacing activities. Although this was a less 

prevalent theme in the data (n=3), it is included because of the importance it has as a 

pain coping strategy used by all participants (n=9). For example, Participant 6 

commented in relation to the planning effort needed because of pain: “It's so much in 

life that you got to plan and do, and it's an added thing to me, you know…” P6. This 

way, while planning activities was considered laborious, the act of mentally 

monitoring pain while doing an activity has a more disruptive effect on the ability to 

function ‘normally’. For example, one of the participants commented in relation to 

one of his favourites hobbies despite pain, playing golf: “I have to be careful with my 

swing and if my back feels stiff or tight, or I’m waiting for the moment for it to ping, 

and I get that sharp pain, then I’m a bit slower than normal in hitting it. I’m trying to 

concentrate on the golf…not fully because all the time in my mind I’m thinking about 

it.” P3. 

This way, for some participants the idea of a tracking device keeping an eye on 

them could be interpreted as a desire to transfer some of the responsibility for keeping 

things in check to the technology, thus freeing themselves from the burden of having 

to continually plan and pace activities (Table 6: Q14). However, participants’ desire 

for this type of functionality may denote a wish to adopt a more passive stance to 

managing their pain. While this can be seen as a reasonable given the effort required 

to constantly having to plan and pace activities, it also poses risks and may lead to 

patients to dangerous situations, as uncovered during the focus group. 
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Further to help with planning and pacing, most participants (n=6) saw potential for 

being able to measure affective states to help them during activities. As could be 

expected, discussion of emotional barriers associated to activities, were prevalent 

across all participants (n=9). For example, as Participant 6 declared,  

“I was doing more aerobics [before]. I try to do another forms of exercise, but 

you’re sort of raring to go, you want to do it and then suddenly you feel you 

can't carry on, it's a bit upsetting”.  

As Crombez et al. (2012) postulate, one of the characteristics of fear and 

avoidance is that pain can be erroneously interpreted as an indication of physical 

harm. This way, some participants identified a value in obtaining an objective means 

with which to contrast pain-related affective experiences in real-time, thus allowing 

them to understand when anxiety, fear of pain or (re)injury start to develop 

disproportionally to an activity that could be considered relatively safe (Table 6: Q15, 

Q16). In this sense, when the supervisory role of the technology is considered in 

relation to recognising effective states, real-time feedback of biometric measures may 

serve to enhance the sense of control when approaching challenging activities, for 

example, by providing means with which to revert to baseline levels such as a 

predefined ‘normal heart rate’ (Table 6: Q17). 

In summary, while the potential of PI systems for adopting a supervisory role 

seemed apparent to participants, its practical implementation might not be as 

straightforward. For instance, as pointed out by physiotherapists, self-monitoring 

poses the risk that patients may become more focused on pain. While our results 

suggest that participants identified the technology as a tool to help them understand 

better what is happening inside their bodies, this is a valid and important concern. 

Therefore, questions regarding how these technologies are prescribed and patients are 

trained to use these systems and interpret their feedback become crucial. We will 

comment further on these issues in the Discussion chapter. 

 Theme 2: Increasing Self-Knowledge and Understanding of pain  4.2.2

As described by Li et al. (2010), one of the core stages of Personal Informatics 

involves thinking about motivations for self-tracking. In this sense, capturing personal 

information for long-term conditions may be understood as a process through wich 

patients aim to become better at managing pain, rather than expecting to find a cure 

(MacLeod et al., 2013). Similarly, Crombez et al. (2012) maintain that when the Fear 

Avoidance model of CP is reinterpreted from a motivational perspective, fear of 

(re)injury and catastrophising could be seen as the result of a persistent search for a 

solution to the pain condition, and of subsequent repeated failures to find one. 

Following this, two of the participants expressed concerns for how pain would 

develop as they get older, and this informed their motivation for long-term monitoring 

(Table 6: Q18). In addition, there could be a need to gain a better understanding of  

the condition that current medical knowledge is not able to provide (MacLeod et al., 

2013), hence for some people self-monitoring may be able to partially fulfill this 
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personal need. However, a majority of participants (n=6) expressed an interest in 

better understanding their pain and its associated emotional states and patterns of 

behaviour in the short and medium term so they could gain insights that they could act 

upon (Table 6: Q20, 21). 

Furthermore, following the need for PI systems to be multifaceted (Li et al., 2010), 

that is, to enable the collection of multiple facets of personal information that are of 

relevance to users, a number of participants (n=3) expressed interest in establishing 

correlations with facets of their lifestyles that could be having an impact on pain. In 

one hand, there are common issues and worries (e.g. sleep) that could have a negative 

impact on the wellbeing of any person, but which in the case of people living with 

pain become even more critical (Tüzün, 2007), (Table 6: Q22). This way, participants 

expressed interest in being able to track other more practical facets of their everyday 

life, such as levels of hydration, diet, stiffness, or whether wearing different types of 

shoes had an influence on their pain levels (Table 6: Q23, 24). In this sense, previous 

research has mainly focused in providing visualisations of medical data for the 

primary use of practitioners (Faisal et al., 2013), and as Faisal et al. argue, there is a 

need to bridge the gap between the types of information needed to support medical 

treatment, and those that can help patients make sense of their own health-related 

experiences, which in many cases are related to their overall individual lifestyles, 

goals, and wellbeing (Faisal et al., 2013). In light of this, three of the participants 

commented on the implications that using the technology could have for specific pain 

services they use.  For instance, being able to collect bio-signal measures may be used 

as an objective record of parameters that patients are requested to keep track of (e.g. 

mood diary, activity levels). This is in contrast to using self-report tools, which are 

problematic because of their low rates of adherence, unreliability of data completed in 

retrospect and the time and effort required to complete them (Bardram et al., 2013), 

(Table 6: Q25). 

Furthermore, one of the outcomes remote monitoring and the sharing of that data 

with healthcare professionals could be to facilitate a preventive approach to the care of 

persistent illnesses. As Participant 5 puts it: 

“What the NHS does it puts out fires…The thing is that they could see before a 

patient burns into flames, they can see some smoke and they can do something 

about it. Not just for pain, but also people like COPD and heart problems, 

[which] are like very close cousins, in the way we overdo things, we don't pace 

ourselves.” P5 

As physiotherapists noted during the focus group, it could be useful to have an 

overview of the patient’s current state, while also being able to prompt them on areas 

they could improve. The goal could be to keep people with chronic pain healthy in 

their everyday environment and to be able to intervene before they need to seek 

treatment (Patel et al., 2012). The challenges in this case, would be in relation to the 

types of information that are captured and shared with practitioners to facilitate 

treatment programs, and whether including other data representing various facets of 
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patients’ lifestyles that they are interested to monitor is effective in that regard (Faisal 

et al., 2013). 

 Theme 3: Feedback and Communication Styles 4.2.3

A third theme emerged in relation to the type of feedback and information 

participants wanted to see, its graphical style or the preferred ways to interact with the 

device. Other requirements of the technology because of specific user needs of people 

with persistent pain, such as ergonomic aspects or accessibility, are also covered. 

In terms of communicating the meaning of the monitored data, some of the 

participants (n=4) expressed a preference for pictorial and simple visual 

representations of the information. Similar to the concept of glanceable displays 

explored in previous studies (Consolvo & McDonald, 2008; Lin et al., 2012), they 

described being able to understand the feedback by looking at very simple graphics, 

emoticons, pictures or colours (Table 6: Q26, 27). 

Making feedback on a wearable device instantly comprehensible is particularly 

needed when monitoring for everyday awareness because it might be necessary to 

understand a complex set of information with a quick glance (Consolvo & Klasnja, 

2008).  In the case of people with CP, this can be even more necessary because pain is 

constantly interrupting the person’s attention (Table 6: Q28). In this sense, the desired 

supervisory role of the technology may be used in conjunction with a glanceable 

display to enhance the sense of control during everyday activities (Table 6: Q29). 

However, making information instantly accessible and comprehensible may not be 

enough. It will also be necessary to make the feedback personally relevant (Malik, 

2013). For instance, if the person decide to capture information about multiple facets 

of their lifestyle, the system must allow visualising these rich data streams together so 

the person can make connections and recognise patterns between them (Fan, 2013). 

One way to do this is by providing users with different levels of data representation, 

such as an overview first, then the possibility to zoom and filter (Craft & Cairns, 

2005), (Table 6: Q30). 

Further to making visualisation of personal information easily accessible and 

relevant to the person, the process of reviewing and reflecting on data needs to also be 

engaging (Khovanskaya, Adams, Baumer, Voida, & Gay, 2013). This is because two 

of the most common problems in PI systems are the high drop-off rates and problems 

to maintain users engaged in using the system (Khovanskaya et al., 2013). When 

considering people with CP, this might be aggravated by the types of non-engaging 

materials typically produced for them (Table 6: Q31). Moreover, visualising data in 

retrospect can serve to better highlight those facets of the data are more needed 

because of pain. For example, similar to the type of support needed for motivating 

physical activity in CP proposed by Singh et al (2014), rather than focusing on 

achievements in the short term, reviewing the data after longer periods of monitoring 

can be used to resurface the progress that has been made until now. However, a 

challenge will be in also accounting for the fact that progress in CP is slow and that 



 - 52– 

there needs to be a focus in constancy and maintaining function despite of pain. 

Participant 5 used a short story that illustrates well this point: 

“I tell you a quick story, you know the streets in San Francisco, they are quite 

high. I read a story once about a guy that walked up a steep hill and looked up 

and said ‘oh my god, look how far I got to go!’. But then, he turned round to 

see how far he’s come. So sometimes, we need that information, how much we 

have progressed. We need to keep thinking ‘I'm ok, I'm a can do person, this is 

going to go ok’.” P5 

In addition to that, three of the participants expressed ideas for functionality in PI 

systems to offer them personalised advice. These varied from help to progress with 

physical exercise, or advice on what to do in case of setbacks (Table 6: Q32). In this 

sense, Fan proposes that users will sometimes need guidance to discover what is 

important among a vast amount of data points interacting with each other (Fan, 2013). 

This means some level of understanding of what is relevant even before the data is 

captured, and then visualising the information in ways that allow the person to 

understand what needs to be done with it (Fan, 2013). In light of this, and given the 

relative prevalence of current strategies used by participants for not focusing on pain 

(n=4) and for mindfulness and relaxation (n=4), feedback advice using a mindful 

approach appears more appropriate for people with chronic pain. For instance, as 

Crombez et al. (2012) point out, together with unhelpful beliefs the equate pain with 

physical harm, pain can also be interpreted as something over which the person does 

not have any control, thus providing users with routes of action to go back to baseline 

levels (e.g. ‘normal’ heart rate) may serve to enhance the sense of control over pain 

during challenging activities (Table 6: Q33). 

In summary, the predominant preference for feedback is to be simple and easy to 

understand, particularly when monitoring in real-time. In this sense, glanceability of 

important information may be seen as providing a sense of control over pain during 

challenging activities. However, similarly to the issues identified with the concept of 

safe zones, there is a danger that this may result in harmful situations if the person 

interprets feedback as providing right/wrong type of responses. In addition, there is a 

need to highlight aspects of the information that are necessary because of CP, for 

example, to emphasise progress so far when there is a setback or because progress is 

slow. Furthermore, feedback must be relevant to the person, and when reviewing in 

retrospective, the visualisations must allow for the discovery of insights between 

various streams of data relating to the person’s lifestyle. However, in that case the 

person might also need some clues about what is important to understand from the 

large amount of information captured. Finally, feedback may be used to provide users 

with advice on what to do in response to pain, for example to help them un-focus from 

pain through the use of relaxation techniques. 



 - 53– 

 DISCUSSION CHAPTER 5.

The present study explored the potential uses of Personal Informatics systems for 

the management of chronic pain. Three main themes emerged from interviews with 

nine people with CP: the supervisory role of PI systems, increasing self-knowledge 

and understanding of the pain condition, and feedback and visualisation of captured 

information.  In addition, a focus group with three physiotherapists provided insights 

in to the use of these systems for the management of CP from the perspective of health 

care professionals. In this section, we discuss what the findings from both studies may 

mean for the future design of PI technology for the management of CP. Finally, we 

discuss limitations to the study and directions for future research. 

 Supervisory role of the technology during activities 5.1

The predominant desire for a PI system to adopt a supervisory role expressed by 

people with pain was identified as offering potential to support them during 

challenging activities, and suggest a new category of self-tracking that is different 

from those uncovered in previous research (Rooksby et al., 2014). Following Rooksby 

et al. categorisation for five styles of tracking (i.e. directive tracking, documentary 

tracking, diagnostic tracking, collecting rewards, and fetished tracking), our results 

suggest a sixth category, supervisory tracking, that arises from specific user needs and 

barriers of people with CP, and that, pending further research, may also be applicable 

in self-tracking for other long-term conditions. 

In the other hand, physiotherapists interviewed in our focus group saw this type of 

monitoring as posing potential risks because it could lead to some patients becoming 

more focused on pain, and thus reinforce detrimental hypervigilance behaviours. Our 

results indicated that this is not necessarily the case from the point of view of people 

with pain. They imagined using the technology as a tool to help them understand 

better what is happening inside their bodies while confronting challenging activities. 

That is, from their responses, we can gather that there is a need for understanding 

better why pain happens sometimes and not others. In this sense, they valued the 

possibility of obtaining objective measures of physical and affective parameters as a 

tool they could use to check back with themselves and act in consequence, for 

example, by knowing how to get their heart rate down to baseline levels. A further 

concern expressed by physiotherapists was in regards to the use of certain terminology 

in the real-time display of biometric feedback. This runs the risk of sensitising people 

with CP to concepts such as stress levels, which could lead to patients adopting a 

passive stance to pain management, for example, by using feedback denoting 

increasing stress levels as validation to avoid activities. 

Considering the above issues, it is vital that technology like this be used to support 

pain management programs’ focus on function and the maintenance of activity levels, 

and to minimise the likelihood of leading people with CP into dangerous situations. 

For instance, the value that participants identified on being able to obtain objective 



 - 54– 

records of physical and emotional parameters during activities may be useful for the 

exploratory phase of the pain management journey (Singh et al., 2014), to help 

patients understand their own capabilities and setting baselines for each type of 

activity, rather than yielding full supervision to the technology. This poses challenges 

regarding its practical implementation. In one hand, the situatedness aspect of 

wearable bio sensing technology may be considered useful for supporting self-

management in unsupervised settings (Rosser et al., 2009). This is because patients 

overcome their fears and unhelpful beliefs, not by repetitive reassurance, but by 

developing confidence as they experience achievements by themselves (Jensen et al., 

2007).  

Similarly, these issues may be solved, at least partially, through a system that has 

been designed following a user-centred approach that takes into account what is 

important for the management of CP from the perspective of both patients and 

practitioners. For instance, a design providing feedback that the person can use as 

reference for how to pace the activity may be considered useful (Singh et al., 2014). 

Sometimes, they may knowingly want to push further, while other times they may just 

need to know if they are overdoing it in order to stop the activity altogether (Rosser et 

al., 2011). In addition, the system may be designed to permit users differentiate 

between parameters such as ‘normal’ levels of stress and stress that is causing over-

contraction of muscles, which they may then use as a tool for improving self-

management in unsupervised settings, for example by using relaxation or breathing 

techniques. In this regard, drawing experience from effective techniques used in pain 

management programmes can serve as guidance. For instance, a recommended 

response from a therapist when a patients reports increasing pain will be to first 

acknowledge the pain, and then offer clear and confident guidance on using 

demonstrable facts and experiences to explain the increased pain while also 

highlighting the patient’s skills to deal with the situation (Harding & Williams, 1995). 

In this sense, a mindful approach to the communication of feedback, which invites the 

person to become aware of their current emotional and physical experience, would be 

better than providing feedback that can be interpreted as prescriptive (B. A. Rosser et 

al., 2011). An example of this type of communication style has been used by  Rosser 

et al. in their SMART-2 pain management system: 

“Check in with yourself for a moment. Are you as at ease as you could be? Is 

the speed or intensity you are using appropriate for what you are doing? 

Notice your ability to choose how you do things.” (Rosser et al., 2011, p. 212). 

 Information needs of patients and practitioners  5.2

With regard to the monitoring of personal information over the long-term, some 

participants expressed a desire to understand better those behaviours associated with 

the pain condition to help them cope better with the pain condition as they get older, 

or because current medical knowledge is not able to fulfil the need they have for 

understanding more about their pain. In more practical terms, the majority were 
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interested in understanding better their behaviours in relation to everyday functioning. 

In this sense, there is a need to support the collection of personal information that is 

relevant in the short or medium-term and may not be directly related to the pain 

condition (e.g. sleep, stiffness, or tiredness). The latter has the advantage of 

supporting user engagement during the process of collecting and reviewing of data, 

because they directly relate to the user’s lifestyle, goals and overall well-being (Faisal 

et al., 2013). In light of this, the situatedness aspects of PI technology may be seem as 

further reinforcing the personal relevance of the collected data because it is captured 

in the user’s everyday environment, which, as posited by Faisal et al (2013), may be 

used to provide a richer picture able to increase their illness perception over the long-

term. 

 

Table 7: Faisal et al. (2013), describe the main uses of health-related visualisation tools 

(horizontal bottom row), their primary users (top horizontal row), and the challenges for their 

design (left vertical column), to highlight how the perspectives from practitioners, practitioners & 

patients, and patients differ from one another. 

 

Following this, the archetypal use of PI systems for collecting and visualising 

personal information over the long-term was seen as offering potential to make both 

users and practitioners aware of activity levels and other relevant measures for the 

management of CP. In contrast, our study elicited contrasting views from 

physiotherapists and people with CP in regards to the real-time monitoring and display 

of bio-signals. In this sense, it is worth noting that perspectives from the various 

stakeholders of a system may not always align with one another. For instance, as 

Faisal points out, practitioners tend to favour the monitoring and visualisation of 

information for examination of medical records, treatment planning, and facilitating 

the communication and sharing of information (see Table 7). At the same time, 

patients are more interested in understanding better their condition, and being able to 

capture health-related lifestyles, goals and facets of their daily activities that might 

have an impact on their overall well-being (Faisal et al., 2013). 

 Practitioners Practitioners and patients Patients 

Data 
visualisation 

X X X X  

Capturing 
lifestyles 

 X  X X 

Goals and 
tasks 

    X 

 Treatment 
planning 

Medical 
records 

Pedigrees Communication 
and shared 
decision making 

Knowledge 
management 
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 Feedback and Engagement 5.3

With regard to the type of feedback and communication styles of PI systems, 

participants in the study declared their preference for visual and simple 

representations of the information. This is particularly necessary when displaying 

feedback in real-time, but also when reviewing data throughout the day so the user can 

be aware of important information (e.g. activity levels) in a quick and easy manner.  

The use of glanceable displays on a wearable device or a mobile application can help 

in this regard.  This type of interface helps to understand complex information with a 

quick glance when it is needed most, which in the case of people with pain may also 

result in an increased sense of control during normal every day activities and to help 

with pacing. 

With regard to retrospective review, the results pointed to participants desire to 

establish cause-effect relationships between monitored parameters (physical or 

emotional) and other important aspects such as activity levels or types of activity, 

which may help discover insights into triggers or pain episodes. Following this, it will 

be necessary to have some prior knowledge of what is important for each person to 

understand (Fan, 2013). In general terms, a system for CP should give prominence to 

the progress made so far and to the maintenance of function, rather than focusing on 

goals for incremental activity, also accounting for the fact that that there will be set-

backs and that progress can be slow. In addition, the system may facilitate "cognitive 

reframing" to shift attention to positive aspects of the data and provide reassurance 

that lack of exercise, for example during a pain flare-up, does not equate to failure 

(Swann-Sternberg, 2011). Similarly, the concept of pain management journey as 

posited by Singh et al. (2014), could be useful to understand what is important to 

emphasise for each person depending in the phase of the journey they are in:  

exploratory phase, in which the person explores capabilities and sets baselines; 

building phase, in which the person aims to build on those baselines; or maintenance 

phase, in which building activity leads to maintenance gains (Singh et al., 2014). 

Furthermore, because participants expressed an interest in tracking aspects of their 

lives that they considered important for their overall wellbeing, such as sleep, or water 

intake, this means being able to visualise the data streams that the persons considers 

relevant together (Fan, 2013). In this sense, some authors have argued for the use of 

narrative storytelling as a way to enhance engagement in the visualisation of data 

(Segel & Heer, 2010). However, in contrast to traditional linear narrative used in other 

media formats (e.g. books, TV), storytelling in interactive systems must allow for 

‘unordered digressions’, so users can stop and explore the information in whatever 

ways are useful and engaging to them, for example, displaying the amount of sleep if 

the person is interested in seeing how this affects their pain. To counteract this, Segel 

& Heer (2010) sustain that effective interactive data stories should have constrained 

interactions at various ‘checkpoints’, so users can explore the data without moving too 

far away from the intended narrative. This involves finding the right balance between 

“author-driven  and reader-driven elements of the [data] narrative” (Segel & Heer, 

2010, p. 1147), which when considering PI systems for CP. Therefore, feedback for 

CP might sometimes require some level of ‘positive nudging’ if it serves to 
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immediately highlight an aspect of the information that is beneficial. For instance, 

when providing positive consequences to help strengthen a new behaviour, such as 

with a previous feared activity during the building phase. 

 Limitations and Future Direction 5.4

As an exploratory investigation of the potential of PI systems for the management 

of CP, this study aimed to offer a starting point for future research in the matter. The 

qualitative nature of the interviews with participants aimed to provide a rich account 

of participants’ challenges and strategies used to manage pain, and how the 

technology might be useful in that regard. However, given the limited number of 

participants interviewed due to time and organisational constraints, the results 

obtained may be limited in assessing the full spectrum of requirements of the entire 

population living with CP. That is, while participants in the study had differing types 

of pain conditions, age, years living with pain, and experience with technology, future 

research should aim to include a larger representative sample of people with CP to 

validate and extend our findings.  

 Furthermore, given that wearable bio sensing devices are a relatively new area of 

technology, available commercial products are still highly priced and not easily 

available to deploy on a larger scale study. We had access to two bio-sensing devices 

for our study, and therefore the focus was on exploring potential functionality by 

using them as example of a broader range of personal informatics systems. Therefore, 

future research may look to carry out a longitudinal study in which several 

participants are able to wear a device during a period of time in their normal 

environment. In addition, a diary study could gather participants’ thoughts about their 

experience using the technology. This would provide richer quantitative and 

qualitative data, and a more accurate account of the type of functionality that people 

with CP might expect from these technologies.  

Some of the concepts that emerged during interviews could also be explored in 

future research. For example, regarding the practical implementation of the 

supervisory role of the technology that was expressed by participants. In this sense, 

our results indicated that people with CP valued the ability to obtain objective records 

of both body and affective parameters during challenging activities, and suggest a 

possible interaction between body and emotional signals when considering the 

supervisory role of the technology. But such a study should be devised also taking into 

account physiotherapists’ concerns for the use of these systems on unsupervised 

settings, namely, their potential to promote more focus on pain, sensitising users to 

negative concepts such as stress, or lead to patients adopting a passive stance to the 

management of their condition. Considering this, a larger study may look at how 

physiotherapist can collaborate with patients during the exploration phase to explore 

capabilities and setting up baseline levels, and whether the technology could be used 

to support patients outside of clinical settings during their everyday activities, for 

example during the building phase in order to support the transfer of skills necessary 

for the adoption of self-management practices. This necessarily involves thinking 
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about issues to do with prescription and training on how to use the system, for 

example, by making clear that biometric feedback should be used as a reference tool 

and not to transfer full responsibility to manage pain to the technology. For instance, 

Singh et al. (2014) have showed that the using sound as feedback tailored to the 

affective needs and physical ability of a person with CP can be an effective, 

informative and engaging motivator in relation to physical activity,  by shifting the 

attention to an external pleasurable representation of a feared movement (Singh et al., 

2014). In their study, Singh et al. (2014) use the concept of self-calibration as a space 

for exploration of capabilities and to provide reassurance of movements. Similar 

terminology may be used to reformulate the concept of safe zone, as the latter may 

imply that full responsibility for monitoring pain can be transferred to the technology. 

Moreover, another area requiring further research relates to the information needs 

of practitioners and patients. The focus group with physiotherapists provided insights 

into the types of information they considered useful, namely, the monitoring of 

activity levels and other baseline measures of pain management programs, but 

considered that other types of monitoring such as real-time measures could be 

detrimental and may pose risks to patients. In the other hand, our results showed that 

people with pain valued the possibility of obtaining objective measures of physical 

and affective parameters to understand better what is happening inside their bodies, 

and for the technology to relieve them of the work to continually having to plan and 

pace activities. Likewise, emotional and physical objective records were connected 

with the discovery of patterns and offering potential to change the person’s outlook on 

pain over the long term. In addition, participants were interested in capturing various 

facets of data that were important to their overall wellbeing (e.g. water intake), which 

may not always be considered relevant for medical purposes. Considering this, there is 

a need to bridge the gap between the information needs of practitioners and patients 

(Faisal et al., 2013). Therefore, future research may consider using experience-based 

design (EBD) approaches (Bate & Robert, 2007) to define a framework that both 

practitioners and people with CP can use to collaboratively reconcile types of personal 

information that are relevant to collect, share and visualise for each of them, so the 

system is relevant to the user’s lifestyle and goals, but can also be partially or fully 

shared with practitioners to facilitate decision-making, monitoring and evaluation of 

treatments (Faisal et al., 2013). 
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 CONCLUSION CHAPTER 6.

This study explored potential uses of PI systems for the management of CP. We 

investigated needs and barriers of people with CP when using technology through a 

literate review on CP psychology theory, multidisciplinary approaches used in pain 

management programs, and of relevant aspects of PI systems in the context of 

assisting pain management, namely, the monitoring and display of body and affective 

parameters to help with pain-related emotional barriers such as anxiety and fear of 

pain during challenging activities, and the review of monitored data to increase 

awareness about patterns of behaviour and pain-related emotional and physiological 

states. To do this, we conducted a focus group with three physiotherapists and semi-

structured interviews with nine people with chronic pain in order to define the type of 

functionality that would be considered useful on these systems for the management of 

CP. In addition, we aimed to map the different perspectives that these two main 

stakeholders in technology interventions for CP may have.  

The focus group and interview transcripts were analysed using a Thematic 

Analysis methodology to examine the most prevalent themes within the data set. The 

most prevalent theme that emerged from interviews with people with chronic pain was 

in relation to the technology adopting a supervisory role, for example, to alert the 

person when they are reaching a threshold level (physical and/or emotional) in relation 

to pain. This type of functionality is connected with a need for reducing the burden of 

continually having to plan and pace activities because of pain, and suggests a potential 

for increasing the sense of control that the person can have over pain in order to 

improve everyday functioning, because it provides them with an objective means with 

which to contrast current affective states during challenging activities, for example, by 

allowing the person to know that they need to go back to baseline levels (e.g. normal 

heart-rate). However, the focus group with physiotherapists uncovered concerns about 

the technology leading some patients to become more focused on pain and thus 

increase hypervigilance behaviours, issues with interpretation and meaning of 

biomarkers, such as patients thinking that the system may be providing them with 

‘right/wrong’ types of responses, or the use of negative concepts such as ‘stress’ that 

could lead patients becoming sensitised to these terms. Considering this, we propose 

that future research in the area may look at accommodating these two perspectives by 

looking at how the type of functionally may be implemented in practice.  In this sense, 

issues regarding the prescription and training of patients on how to use these systems 

are crucial, for example, so patients clearly understand that real-time feedback should 

be used as a reference to check with themselves during challenging activities, rather 

than transferring full responsibility for the management of pain to the technology. 

A second theme identified the visualisation of captured data to increase 

understanding of the pain condition over the long term.  In this sense, a correlation 

was appreciated between the need to obtain objective records to contrast physical and 

emotional states, the discovery of insights, and the potential that this could have in 
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changing beliefs and outlook in relation to pain. Participants also expressed an interest 

in linking self-monitoring efforts to various aspects of their lifestyles such as sleep, 

water intake, or tiredness that may always not be considered relevant to pain 

management treatments. This highlights potential conflicting needs for the types of 

data typically required by health care professionals for treatment purposes, and what 

patients may consider important given their lifestyle and overall well-being goals 

despite of pain. 

Finally, a third theme identified the participant’s needs regarding feedback and 

communication styles. Results indicated participant’s preference for visual and simple 

representations of the feedback. This is particularly helpful when monitoring in real-

time, so feedback can be seen and understood when is needed most, or when using a 

glanceable display to maintain awareness of important parameters such as activity 

levels throughout the day. In addition, interview results corroborated previous 

research findings into the importance of emphasising certain aspects of the 

information because of the needs of chronic pain users, for example, to highlight the 

progress made so far when there is a setback (Rosser et al., 2011; Singh et al., 2014). 

Other aspects uncovered in relation to the visualisation of personal information are the 

need for making feedback and interaction with the system engaging, or to provide 

routes of action in response to pain, for example, to help the person un-focus from 

pain using mindful or relaxation techniques.  

The exploratory nature of this qualitative study will require further research to 

confirm and extend our findings and to address potential issues that may arise in their 

practical implementation. A longitudinal study where participants are able to use these 

systems during a period of time in their everyday environments, together with a diary 

study to elicit their thoughts and ideas about the technology would provide a rich 

amount of both quantitative and qualitative data to validate and extend our findings. 

Therefore, our results provide a starting point for future academic research and 

contribute to the design process of body sensing technologies for the management of 

CP by offering insights into the types of requirements that a population such as people 

with CP would require from these types of systems in order to support self-

management outside of clinical settings. 
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APPENDIX B: PRE-INTERVIEW SUMMARY OF PI SYSTEMS 

SELF-MONITORING: MEASURING OURSELVES TO IMPROVE DAILY FUNCTIONING 

New wearable sensing technology provides us with the ability to monitor different 

processes occurring in our bodies and to observe this output, in real-time or after a 

period of monitoring continually, by using our smartphones. Wearing these devices, 

and reflecting on visualisations of the information collected, can give us insights into 

aspects of ourselves that are important for health, fitness and everyday functioning 

such as stress or activity levels. 

Although the devices and applications vary, they share some common features: 

 A device usually worn around the wrist that collects bio-information or tracks 

movement 

 A smart phone or web application that presents the information collected by the 

device 

 Visual presentation of this information 

 

During our study, we will be using the Empatica bracelet and mobile app 

 Allows wearers to see when they are becoming more stressed in real-time 

 Works out when and where wearers feel most stressed/relaxed from summary 

graphs 

 Monitors overall activity and helps with pacing 

 Set up of reminders and alerts for when bio signals move beyond certain levels 

            

Figure 12: Overview of Empatica system. Left: bio sensing bracelet. Right: smartphone 

application and online dashboard. . © Empatica S.r.l - All rights reserved. 

https://www.empatica.com/. 

 

Empatica is designed to measure stress levels using several biomarkers: heart rate, 

temperature and galvanic skin response. Galvanic skin response is a physiological 

measure of how reactive someone is. Empatica also measures participants’ 
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movement using an accelerometer embedded on the bracelet, and allows them to 

track their movement and location using GPS mapping. The sensor positioned on the 

wrist provides real-time continuous feedback to an application on a smartphone, 

allowing participants to track changes in their body by looking at graphs and 

reviewing summaries of previous activities.  

Empatica offers two additional functions. A “stress-o-meter” function uses the 

information collected on the bracelet to indicate the user’s level of stress in real time. 

Also, users can manually log how they feel at a precise moment with the mood 

tagging application. This creates an easy to access and personal record of a user’s 

physical and emotional states, which could increase self-awareness during every day 

activities. 

 

Other examples of commercial devices used for self-tracking 

JAWBONE UP     

 

Figure 13: Jawbone Up smartphone application. © 2014 Jawbone. Retrieved from 

https://jawbone.com/up. 
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NIKE FUEL BAND 
   

 

Figure 14: Nike Fuel Band and smartphone application. © 2014 Nike, Inc. All Rights Reserved. 

Retrieved from: http://nikeplus.nike.com/plus/. 

 
Devices such as Jawbone UP and Nike Fuel Band do not collect physiological 

measures but are designed to monitor sleep and overall activity by using the 

accelerometers on the bracelet. At the same time, users can manually log a variety of 

activities and body functions on the mobile application, such as food intake or tagging 

their mood. 

All this information is transmitted to a smartphone application for visualisation, and 

can also  be integrated with other fitness or self monitoring apps that the wearer may 

already own (e.g. MyFitnessPal).  

The Nike Fuel Band has a stronger focus on fitness and physical exercise, and allows 

user to set targets of physical activity and visualise their progress to achieve them. It 

can also be linked to social network profiles, so users can compete with friends and 

share their fitness achievements. 

 
 
If you are interested in learning more about self-monitoring, you can find more 
information about what it means and the tools that are available at:  
 
Quantified Self - http://en.wikipedia.org/wiki/Quantified_Self 
Guide to Self-Tracking Tools - http://quantifiedself.com/guide/tools 

http://en.wikipedia.org/wiki/Quantified_Self
http://quantifiedself.com/guide/tools
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APPENDIX C: FOCUS GROUP METHOD 

Demonstration 

 Explain self-quantification with printed examples of current technology and 

answer any questions.  

 Demonstrate Empatica bracelet and applications. Let users try it on, and explain 

meaning of each bio signal measured and give examples of practical uses (e.g. 

GSR can be interpreted as measure of arousal – stress, Accelerometer could be 

interpreted as measure of body movement – stiffness while walking, Mood 

Tagging app can be mapped to exact location and time for later review). 

Semi-structured Questionnaire: 

 How do you see participants using this device?  

 Will it work with the learning element of the program? 

 Will it work with the stress management element of the program? 

 Considering that we are interested in evaluation this technology during everyday 

activities, are these categories appropriate? If not, what is missing? 

 What types of things you think will be useful for participants to measure? For 

what purpose? 

 How do you think these could be presented visually to participants for that 

particular purpose? 

 From a professional perspective, do you think that participants should share their 

measured data or visualisations with you? 

 If so, how much?  E.g. only visualisation summaries. 

 Assuming that the user of the technology granted you total permission, what type 

of patient’s data would you find useful as a practitioner? 

 How should this data be presented to you (e.g. summary of overall activity of the 

participant in a given day/week/month)? 

 Apart from physiological measures, what other things could be useful to measure? 
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APPENDIX D: FOCUS GROUP THEMES 

Theme 1: Issues with Interpretation and meaning 

 What does GSR mean? Is it affected by non-stress arousal also (e.g. hot outside)? 

 What does heart-rate/temp mean? 

 What does the ‘engage-o-meter’ feature seen on the device mean? 

 What is the meaning of these readings to the wearer? What can we expect people 

to understand of them? [It seems unfair to expect people to understand the 

meaning of complex bio signals without guidance]. 

 Would these be interpreted as just another measure of pain? 

 

Theme 2: Concerns about the technology 

 Could these devices act as an additional stressor? Would they reinforce anxiety 

and hyper-vigilance? 

 Issues of accessibility, pain patients access to smartphones/computers. 

 Sensitisation, would the wording/meaning of the app mean that people are 

sensitised to negative concepts such as stress and arousal? 

 There needs to be careful consideration of the use of words in these apps, ‘stress’ 

is a negative word. 

 It could encourage avoidance. 

 Issues of wrong/right as dictated by an app. 

 

Theme 3: Prescription and Integration into Current Programs 

 COPE: focus on FUNCTION and not on pain. 

 These apps would be on a ‘right patient, right time’ basis. Requires flexibility 

(personalisation). 

 

Theme 4: Uses of the technology 

 Useful objective information that could inform physiotherapists on how patients 

were functioning, and their activity levels. 

 Other apps already available: GPS, timers on phones. 

 Could help physiotherapists to analyse better activity levels. 

 App could monitor and prompt activity. 

 It could include multiple baselines. 
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APPENDIX E: INTERVIEW METHOD 

 

Demonstration of the technology, and review of collected data. 

 Ok- have you had enough of a break after your walk? [If testing with others, 

comment that this is a separate study]. If you have, I would like to start the 

interview. It will ask you some questions and then later we will look at a few 

graphs. Today we are interested in your thoughts and feelings and there is no right 

or wrong answer. In addition, if you are not sure what I mean with certain 

questions just let me know. 

 I know that before you may have met with (name of researcher) and discussed 

pain management with her, such as the strategies you use to manage your pain. I 

won’t go over these too much again today. Instead, I’d like to ask you to think 

about technologies (and by this I mean iPhone apps, electrical tools and even 

diaries that you have used or would like to use to help manage your pain)”. 

 Ok so let us get started, do you use any form of tool or aid to help you measure or 

manage your pain (e.g. timer, pedometer, alarms)? Follow on: how well do these 

work? 

 So today, I have asked you to wear the bracelet during your activity. This bracelet 

is an example of new self-monitoring technology. This particular bracelet 

measures your heart rate, galvanic skin response and temperature and it sends this 

information to an iPhone. This means you can view and track these signals, which 

in this case measure stress. So whilst you were stretching, the bracelet sent this 

information back to the phone.  

 So the first part I’d like to show you are the real time feedback that the app 

collects. Here on the phone you can see it is monitoring your heart rate and GSR 

[show data on the phone].  

 The second part of this app I would like to show you, is the diary option. This 

particular app has GPS tracking, so you can add a note about how you feel and tag 

it to a certain place. 

 The app also allows you to track your activity levels over a day, so as an example 

of this; here is some data of mine, which I collected over 3 hours. I was at work 

then went to the park then played a game then walked back briskly, so you can see 

that my GSR and heart rate, as well as activity levels changed throughout the day. 

 Finally, I wanted to give you a little taster of how the app works for you. I’d like 

to show you the data from during the stretching you just did [show uploaded data]. 

 But this bracelet is just an example of this type of monitoring technology and it 

isn’t designed specifically for people with chronic pain but for anyone. The main 

idea behind them is that people can look at the collected measures, in real time or 

after a period of time, and see patterns or relations between how they do things. 

The focus of this interview is on functionality: participant’s desires for the future of 

these technologies. 
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For example, feeling well after swimming sessions or less stressed after meeting 

with friends. It is a prototype so can easily be designed to include or exclude 

different measurements. 

 

Questions 

 So how was wearing the monitor today? Do you have any thoughts on it or the 

feedback? 

 Can you tell me a little bit about any strategies for managing pain that you have? 

 Do you think this type of technology could be used as part of those strategies in 

any way? 

 What types of things you think it would be useful to monitor for helping with 

those strategies? 

 Ok great, so you would like to measure __, can you tell me a bit more about the 

situations in which this information would be helpful? 

 So today, we discussed the different types of information that you can receive and 

record using this device. But I would like you to think about other types of 

information that would be helpful when managing your pain? [If participant is 

stuck: it could be helpful to think of everyday activities or about things that you 

would like to know more about yourself]. 

 Is there anything else that I have not mentioned that you would like to discuss? 



 - 76– 

APPENDIX F: FINAL CODING FRAME FOR THEMATIC ANALYSIS 

 

CODE FAMILY CODE EXPLANATION EXAMPLE 

PAIN MANAGEMENT STRATEGIES 

Strategies – Planning 

 

 

STR – 

Planning/Pacing

/Props 

Mentions the planning and 

pacing of activities, including 

references to physical aids 

and props where the activities 

take place 

“I plan activities and each tiny action and even if I’m 

at home and I need a drink I will literally have a sort 

of step by step guide” 

 

“I do work in short bursts and then take breaks 

between and as the day goes on the breaks get 

longer” 

Strategies – Don’t 

focus on pain 

STR - Don’t 

focus on pain 

Mentions a conscious effort 

to not focus on pain  

 

“Because you’re focusing on something else, because 

you’re thinking how many coffees you can go out 

and buy me because you won the lottery, so if people 

have the cold or virus, they tune in the virus or the 

cold and this is what brings them down.... so for 

people in pain is pretty much the same, where you 

keep focusing what you can’t do or the pain, you start 

going round and round in circle” 

Strategies - Avoid STR - Avoid Participant specifically 

mentions consciously 

avoiding an activity, as 

opposed to planning or 

finding ways to cope with it 

“Yeah I was going to say public transport is horrible 

and my strategy is avoid it” 

Strategies – Awareness 

of Body 

STR - 

Awareness of 

Body 

Mentions a conscious effort 

to be aware of body (not just 

pain, but muscles, tiredness, 

etc.).  Includes references to 

“is being aware of doing a body check for me 

because I have a bad shoulder but I also have refer 

pain going on the other side, so trying to stretch each, 

you know, part of my body, my neck my head and 
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body scanning. my shoulders and my back” 

Strategies – 

Exercise/Stretching 

STR – 

Exercise/Stretch

ing 

Mentions stretching 

exercises/physiotherapy 

techniques, swimming, 

walking, including references 

to moving or changing 

postures 

 

“Well I stretch and exercise every day, in the 

morning and throughout the day, pace my daily 

activities, so one way...I don’t use pain as a.... as a 

guide” 

 

“Yes, I find it’s better to move about rather than just 

sit about, I think you get more stiff” 

Strategies – 

Mindfulness/relaxation 

STR - 

Mindfulness/Rel

axation 

Mentions using mindfulness 

or relaxation techniques, 

include yoga  

“They call it being mindful. So you try to do that and 

think of something else and I’ve got to say it does 

work- if you think of something else it does take your 

mind off that.” 

TOOLS  

Tools - Social  TOOLS - Social Mentions using support 

groups (in person or online) 

to obtain information, learn 

skills, exchange coping 

strategies, socialise, etc.  

“I got online and found support groups and they help 

what is brilliant, and so just talking to other people 

without being judged and not even necessarily 

talking about pain anything like that” 

Tools – Mental 

 

 

TOOLS - 

Mental 

Makes reference to strategies 

being internalised over the 

years and used almost 

automatically, and so there is 

no need to use tools. 

“They’re all in my head.” 

Tools – Reminders TOOLS - 

Reminders 

Mentions using reminders 

(computer, mobile, watch, 

etc.) 

 

“I did used to use something on the computer which 

used to shut the computer off, it would give me a 

warning and then if you hadn’t taken a break it would 

physically shut down and I got exasperated with that 

because although it was something that was good to 

have it was too regimental and frequent for me, so I’d 
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be in the middle of doing something and it would go 

and I’d forget to go back to it” 

Tools – Pain 

Information Sites, 

Newsletters 

TOOLS - Pain 

Management 

Info 

Mentions using websites or 

newsletters to keep informed 

and understand better about 

the pain condition  

“I have written down a form there’s actually a 

fibromyalgia, and you can also get the fibre on, 

fibromyalgia , I think is .co.uk , erm newsletter you 

can get in iPhone as well, so I got that on my phone 

that I can download too,” 

Tools – other TOOLS - Other Mentions using 

physiotherapy, osteopaths, 

etc. sessions 

 

“I do is a session with an osteopath once or twice a 

week. If I know I’m doing something energetic I’ll 

do Monday and Wednesday and if it has been a very 

heavy week I will do Monday, Wednesday and 

Friday. Generally if I have done that I can get 

through the weekend with a level of enjoyment.” 

Tools -Monitoring TOOLS – Self-

Monitoring 

Experience 

Mentions experience in self-

monitoring, including sleep 

app, heart rate monitor, 

pedometer 

“I got a really good sleep app which is really 

interesting because my sleep is mechanical” 

CHALLENGIG ACTIVITIES 

Challenging activity – 

Organisation/Planning 

CHA – 

Planning/Pacing

/Props 

Mentions finding 

organisation and planning of 

activities as challenging, 

including references to pacing 

“OK so for me it’s the challenges that I’m going to 

face with the wheelchair, so what are the levels of 

steepness, are there dropped kerbs? What are the 

pavements like? Are they smooth or are they cracked 

up?” 

Challenging activity – 

Travelling/moving 

CHA – Getting 

around 

 

Walking 

Travelling 

Participant specifically 

mentions getting around or 

travelling to places as an 

activity they find challenging, 

include references to public 

transport. 

“Even walking now I find that I have to go uphill to 

go anywhere, I do have to stop but I have got a 

disabled badge in the car, and try not using it too 

much because of exercising” 
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Challenging activity - 

Repetitiveness 

 

CHA – 

Repetition 

Participant specifically 

mentions activities that 

require repetitive movements 

as challenging, For example, 

housework tasks such as 

hoovering or ironing. 

“I have to stop have a walkabout if I'm standing in 

the same position, so yes you know various things 

that I'm not happy right now because of the pain” 

Challenging activity – 

Sport/Exercise 

 

CHA – 

Sport/Exercise  

Participant specifically 

mentions physical activities 

that require specific 

movements of the body, and 

which might also be limited 

by emotional barriers 

“I’ve stopped playing golf for years and I’ve just 

started taking it up again so I’m just sort of getting 

back into that. So yeah I’m always thinking about the 

pain when I’m doing it but it’s been ok.” 

BARRIERS 

Barriers-New situation 

 

BR - New 

situation 

Specific mention new 

situation/place as a barrier to 

activity 

“it’s restrictive simply because it’s difficult to plan 

for things I haven’t done before and I’m more 

conscious of the limitations” 

Barriers- Emotional  BR - Emotional Participant discusses how 

emotions (fear, anxiety, 

worry) have stopped them 

doing things in their lives 

“It’s mainly physical access and that impact on 

sensory ability and then emotions which then begins 

the spiral of depression and feeling down and pain 

and feeling worse” 

Barrier- Societal BR - Societal Participant mentions that 

either: 

Attitudes of others in society 

How society is set up 

Is a barrier to them living 

their lives 

“people don’t always know how I’m feeling so I 

learned to communicate with people a lot better 

which means a lot of my friends didn’t know how 

much pain I was in either” 

TRACKING 

Tracking – Reduced 

pain focus 

TR - Reduced 

pain focus 

Participant mentions the 

technology as providing 

“anything that takes it away from my head, so if you 

had that you wouldn’t have to think about it all the 
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opportunity to focus less on 

pain 

 

time. So you could concentrate on the things that you 

want to concentrate on, because alright you know 

that you’ve got something wrong but you could just 

carry on as normal and just wait for that moment” 

Tracking – Reduced 

effort in planning 

TR - Reduced 

effort planning 

Participant mentions 

technology as reducing effort 

needed to cope with or 

manage pain 

 

“I personally do stretches every day, … but I'm not 

entirely sure I do, sometimes I might forget, or can't 

be bothered, or I'm tired or a bit fed up, and don't 

bother doing it, so it will be interesting to kind of go  

I told you haven’t done this as well as you thought 

you had, so that's you know part of me for managing 

my pain” 

Tracking - Confidence TR - 

Confidence/Rea

ssurance 

Mentions feeling more 

confident to do activities 

knowing is being monitored, 

and being offered feedback 

that highlights the positive 

“So you know just before there was the sound with 

the stretching, well if you’ve got the sound, I felt I 

could do more because I felt confident about the 

noise going up rather than the flat noise or no noise” 

Tracking – Safe Zone TR – Safe Zone Mentions being able to 

monitor current state 

(emotional or physical) in 

relation to a safe zone, 

including references to 

triggers, warnings, 

approaching danger/harm, or 

pushing over the limits 

 

Differs from TR – 

Confidence/Reassurance in 

that explicitly mentions how 

to achieve the feeling of 

being reassured while doing 

“Knowing when the pain is getting worst, that would 

be the thing, you think oh I can't do that because this 

pain is getting worst, just to see something in the 

body to sort of warn you” 
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an activity 

Tracking – Pattern 

detection 

TR – Body 

Pattern detection 

Mentions being able to 

monitor to establish cause-

effect relationships. To better 

understand their patterns of 

behaviour including 

references to understanding 

the body 

“Yeah and something to tell me if the more I do the 

twisting, is it better for me? Does it relax the 

muscles, stretch them, or make them more flexible? 

Or if I don’t do anything. Or if after I’ve done it, it’ll 

say oh your muscles are quite flexible and relaxed 

and then the next day it tells me how stiff they’ve 

become.” 

Tracking – Objective 

Record 

TR - Objective 

Record  

Mentions being able to record 

and/or see objective mood 

states and bodily states, as 

opposed to just remember or 

feeling them in the moment 

“Seeing it you might you might think more - well, 

why I’m stressing myself over hoovering, you know, 

calm down and just take it slow, slowdown” 

Tracking – Things to 

Track  - Physical 

Signals 

TR – Physical 

Signals 

Mentions being able to record 

and/or see physical/body 

signals; including movement, 

sleep, sudden movements, 

stiffness, or physical bio 

signals (e.g. heart rate) 

 

Differs from “Understanding 

of Body” in that it 

specifically mentions 

physical/body signals to track 

“I would tell me how much movement I have in my 

spine and there was a trigger point, does that make 

sense? So there’s a trigger point where it would 

probably say stop” 

Tracking – Things to 

Track - Emotional 

Signals 

TR - Emotional 

Signals 

Mentions being able to record 

and/or see emotional state 

“For me, it would be my levels of stress because 

stress will increase my levels of anxiety and if I 

could be prepared or if I could monitor that and know 

then, gear myself up, prepare myself mentally and 

physically for those parts then that would be very 
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useful for me because the anxiety triggers virtual 

paranoia and then pain and that becomes a wicked 

circle and it impacts on me” 

TIMESPAN 

Timespan- Need data 

before 

TIMESPAN - 

Before 

Participant mentions a 

preference for reviewing 

collected data before 

activities 

 

Timespan- Need data 

during 

TIMESPAN - 

During  

Participant mentions a 

preference for reviewing 

collected data during 

activities 

“I think during, yeah because then I would take more 

notice of it, yeah absolutely yeah” 

Timespan- Need data 

after 

TIMESPAN - 

After  

Participant mentions a 

preference for reviewing 

collected data during 

activities 

“definitely afterwards because if I had the 

information to say for instance, you coped really well 

with that, but you could do more, you’re capable of 

doing more. Then the next time you would do more, 

until it tells you that you’re at your limit.” 

Time span– Long Term 

Monitoring 

TIMESPAN - 

Long Term 

Monitoring 

Participant mentions being 

able to monitor/review 

recorded activities after a 

period of time (e.g. 

day/week/month/longer) 

“I would definitely go over it, and I think it would 

definitely need to be long term so you could track 

over time and see how things look.” 

 

TECHNOLOGY 

Technology Outcomes   

 

TECH – 

Outcomes 

 

 

Participant discusses the 

personal outcomes of 

reviewing the collected data; 

or makes more general 

references to outcomes of 

using the technology for the 

“Then the next time you would do more, until it tells 

you that you’re at your limit.” 

 

“What the NHS does it puts out fires, it’s a 

firefighter, the thing is that they can say before a 

patient burns into flames they can see some smoke 
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pain community, health 

services, GP, others. 

and they can do something about it” 

Technology – Needs & 

Aspirations 

TECH -  Needs 

 

Participants discuss their 

ideas for how they imagine 

the technology, including 

aspects of the technology that 

are needed because of 

limitations imposed by the 

pain condition 

“I think it would need to be like, you know on 

watches where you can press a button” 

 

“I have a 10 inch screen, I don’t think I can go 

smaller but it’s using things that are helpful. I see 

people who can take photos and move things with a 

little screen, but for me it’s just too small” 

FEEDBACK 

Feedback – Graphical 

Style 

FEEDBACK - 

Style 

 

Participant specifically 

mentions the graphical or 

visual style of the feedback 

Simplified, Emoticons, 

colours, Visual 

“refer to it visually rather than just have it cluttering 

up my head would be helpful.” 

 

Feedback – Content 

and Content Form 

FEEDBACK – 

Information 

 

Overview of 

current state, 

When to Stop, 

You are in a safe 

place, 

Vibration, alert, 

beep, reminder 

Participant specifically 

mentions what the interface is 

telling them, what they need/ 

want to see or be 

communicated to them by the 

device, including references 

to the ways the information is 

communicated (bleep, 

reminder, alert, vibration) 

 

Differs from ‘Tech – Needs’ 

in that it is about specific 

things that are useful to know 

to support a challenging 

“have a little reminder to tell not to do that” 
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activity that they are 

monitoring for 

Feedback – Advice FEEDBACK – 

Advice 

 

In response to 

your current 

state 

To help you 

keep improving 

once your 

current exercises 

have produced 

good results 

Mentions how the technology 

offers intelligent feedback 

and offers options for the user 

to act in response to the 

information provided;  as 

opposed to users having to 

figure out by themselves what 

to do with the information 

provided  

 

 

“the tips would be, if it worked, the more hard it is 

the more I need to carry on doing it.” 

COMMUNICATION 

Communication COMM -  

GP/Specific 

pain/Others  

Mentions communication 

with GP, pain services, 

support groups, partner, 

family or friends, including 

references to sharing 

information, working as a 

team, or how the relationship 

between the two parts 

happens. 

“pain management app which to be honest is more 

for my GP even though I know they will take one 

look at it and just go...you know...whatever” 

 

“This is mine for internalise it, I don't talk to...I might 

say to my wife sometimes, perhaps if it was a 

difficult day, but for me it's something I have to cope 

with. I'm not a sharing person like that” 

IDENTITY 

Identity- Pain as the 

self 

IDENTITY - 

Pain as Self 

Participant discusses how 

pain affects them personally 

 

“People with pain we are overachievers, we do more 

than we have to, we going to try to keep up with 

everyone, but pacing have a graded activity, things 

like that, erm very important to us, very important 
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skills” 

Identity – Self-

acceptance 

IDENTITY - 

Self-Acceptance 

Participant mentions ways in 

which they have or are 

making efforts to accept and 

understand pain  

“Well the pain is there all the time, over the years it 

has changed because I have been able to shut out 

most of it and it’s at a level that I can bear and carry 

on with my life.” 

VALENCE 

Valence- Positive VALENCE - 

Positive 

Participant makes a positively 

valenced judgement 

“it’s good to see other people and there’s a lot of 

people a lot worse than me. It puts it in perspective a 

little bit and really before that you only go to the 

hospital and see the doctors and you think that you’re 

the only person with it.” 

Valence- Negative VALENCE - 

Negative 

Participant makes a 

negatively valenced 

judgement 

“I did used to use something on the computer which 

used to shut the computer off, it would give me a 

warning and then if you hadn’t taken a break it would 

physically shut down and I got exasperated with that 

because although it was something that was good to 

have it was too regimental and frequent for me.” 
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APPENDIX G: CODING DEVELOPMENT (CODE FAMILY: PAIN MANAGEMENT STRATEGIES) 

Key: Changes incorporated into successive versions in bold 

 

Version 1 - Code Family: Pain Management Strategies 

CODE FAMILY CODE  EXPLANATION  EXAMPLES 

PAIN MANAGEMENT STRATEGIES 

Strategies – Planning 

* Planning, also Organising 

 

Planning Mentions the 

planning/organising of a set of 

activities ahead, as an overview 

of what activities are going to 

be done, for example, during 

the day 

 

Strategies – Assessing 

Collapsed into ‘Strategies – 

Planning’ in v2 

Assessing Mentions the assessing 

situations to know what needs 

to be done 

 

Strategies – Not Focus on Pain Not Focus on  Pain 

 

Mentions a conscious effort to 

not focus on pain as an strategy 

used 

 

Strategies – Pacing – All 

Collapsed into ‘Strategies – 

Pacing’ in v2 

 

Pacing All Activities Mentions pacing of activities, 

when looking at a series of 

activities one after the other, 

for example, throughout the 

day 
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Strategies – Pacing- Individual 

Collapsed into ‘Strategies – 

Pacing’ in v2 

Pacing Individual Activities Mentions pacing of individual 

activities, therefore breaking 

down activities into smaller 

steps 

 

Strategies – Pacing- Individual- 

Breaks 

Collapsed into ‘Strategies – 

Pacing’ in v2 

Pacing Individual Activities - 

Breaks 

Mentions pacing of individual 

activities, therefore breaking 

down activities into smaller 

steps, while at the same time 

taking breaks when needed 

 

Strategies - Avoid Strategy Avoid Participant specifically 

mentions consciously avoiding 

an activity, as opposed to 

planning or finding ways to 

cope with it 

 

Strategies – Public Spaces Strategy Public Spaces 

 

Participant specifically 

mentions strategies used to 

respond to events in public 

spaces 

 

Strategies – Awareness of Body 

Awareness of Body, also Being 

Careful 

Awareness of Body Mentions a conscious effort to 

be aware of body (not just pain, 

but muscles, tiredness, etc.) 

 

Strategies – Stretching Stretching Mentions stretching exercises   

Strategies – Heat 

Merged into ‘Tools  – Others’ 

in v2 

Heat Mentions using any form of 

applying heat to the body, such 

as heat pads,  
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Version 2 – Code Family: Pain Management Strategies 

CODE FAMILY CODE EXPLANATION EXAMPLE 

PAIN MANAGEMENT STRATEGIES 

Strategies – Planning STR -Planning Mentions the 

planning/organising of a set of 

activities ahead 

 

Strategies – Don’t focus on 

pain 

STR - Don’t focus on pain Mentions a conscious effort to 

not focus on pain   

Strategies – Pacing  

Merged into ‘Strategies – 

Planning’ in v3 

STR - Pacing Mentions any form of 

pacing/breaking up activities or 

time. Include taking breaks. 

 

Strategies - Avoid STR - Avoid Participant specifically 

mentions consciously avoiding 

an activity, as opposed to 

planning or finding ways to 

cope with it 

 

Strategies – Public Spaces 

Merged into ‘Strategies – 

Planning’ in v3 

STR - Public Spaces Participant specifically 

mentions strategies used to 

respond to events in public 

spaces 

 

Strategies – Awareness of 

Body 

Awareness of Body, also Being 

Careful 

STR - Awareness of Body Mentions a conscious effort to 

be aware of body (not just pain, 

but muscles, tiredness, etc). 

Include references to body 

scanning. 

 

Strategies – Exercise/Stretchin STR – Exercise/Stretching Mentions stretching 

exercises/physiotherapy 

techniques, swimming, walking  
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Strategies – 

Mindfulness/relaxation 

STR - Mindfulness/relaxation Mentions using mindfulness or 

relaxation techniques, include 

yoga 
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Version 3 – Code Family: Pain Management Strategies 

CODE FAMILY CODE EXPLANATION EXAMPLE 

PAIN MANAGEMENT STRATEGIES 

Strategies – Planning 

Includes ‘Tools – Props’ from 

v2 

STR – Planning/Pacing/Props Mentions the planning and 

pacing of activities, including 

references to physical aids and 

props where the activities take 

place 

 

 

“I plan activities and each tiny 

action and even if I’m at home 

and I need a drink I will 

literally have a sort of step by 

step guide” 

“I do work in short bursts and 

then take breaks between and 

as the day goes on the breaks 

get longer” 

Strategies – Don’t focus on 

pain 

STR - Don’t focus on pain Mentions a conscious effort to 

not focus on pain. 

 

“Because you’re focusing on 

something else, because you’re 

thinking how many coffees you 

can go out and buy me because 

you won the lottery, so if 

people have the cold or virus, 

they tune in the virus or the 

cold and this is what brings 

them down....so for people in 

pain is pretty much the same, 

where you keep focusing what 

you can’t do or the pain, you 

start going round and round in 

circle” 

Strategies - Avoid STR - Avoid Participant specifically 

mentions consciously avoiding 

“Yeah I was going to say 

public transport is horrible and 
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an activity, as opposed to 

planning or finding ways to 

cope with it. 

my strategy is avoid it” 

Strategies – Awareness of 

Body 

* Awareness of Body, also 

Being Careful 

STR - Awareness of Body Mentions a conscious effort to 

be aware of body (not just pain, 

but muscles, tiredness, etc). 

Include references to body 

scanning. 

 

“is being aware of doing a body 

check for me because I have a 

bad shoulder but I also have 

refer pain going on the other 

side, so trying to stretch each, 

you know, part of my body, my 

neck my head and my 

shoulders and my back” 

Strategies – Exercise/Stretching STR – Exercise/Stretching Mentions stretching 

exercises/physiotherapy 

techniques, swimming, 

walking, including references 

to moving or changing postures 

 

“well I stretch and exercise 

every day, in the morning and 

throughout the day, pace my 

daily activities, so one way...I 

don’t use pain as a....as a 

guide” 

“Yes, I find it’s better to move 

about rather than just sit about, 

I think you get more stiff” 

Strategies – 

Mindfulness/relaxation 

STR - Mindfulness/Relaxation Mentions using mindfulness or 

relaxation techniques, include 

yoga  

 

“They call it being mindful. So 

you try to do that and think of 

something else and I’ve got to 

say it does work- if you think 

of something else it does take 

your mind off that.” 
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Version 4 – Code Family: Pain Management Strategies 

CODE FAMILY CODE EXPLANATION EXAMPLE 

PAIN MANAGEMENT STRATEGIES 

Strategies – Planning 

 

 

STR – Planning/Pacing/Props Mentions the planning and 

pacing of activities, including 

references to physical aids and 

props where the activities take 

place 

“I plan activities and each tiny 

action and even if I’m at home 

and I need a drink I will 

literally have a sort of step by 

step guide” 

“I do work in short bursts and 

then take breaks between and 

as the day goes on the breaks 

get longer” 

Strategies – Don’t focus on 

pain 

STR - Don’t focus on pain Mentions a conscious effort to 

not focus on pain  

 

“Because you’re focusing on 

something else, because you’re 

thinking how many coffees you 

can go out and buy me because 

you won the lottery, so if 

people have the cold or virus, 

they tune in the virus or the 

cold and this is what brings 

them down....so for people in 

pain is pretty much the same, 

where you keep focusing what 

you can’t do or the pain, you 

start going round and round in 

circle” 

Strategies - Avoid STR - Avoid Participant specifically 

mentions consciously avoiding 

“Yeah I was going to say 

public transport is horrible and 
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an activity, as opposed to 

planning or finding ways to 

cope with it 

my strategy is avoid it” 

Strategies – Awareness of 

Body 

STR - Awareness of Body Mentions a conscious effort to 

be aware of body (not just pain, 

but muscles, tiredness, etc.).  

Includes references to body 

scanning. 

“is being aware of doing a body 

check for me because I have a 

bad shoulder but I also have 

refer pain going on the other 

side, so trying to stretch each, 

you know, part of my body, my 

neck my head and my 

shoulders and my back,”  

Strategies – Exercise/Stretching STR – Exercise/Stretching Mentions stretching 

exercises/physiotherapy 

techniques, swimming, 

walking, including references 

to moving or changing postures 

 

“well I stretch and exercise 

every day, in the morning and 

throughout the day, pace my 

daily activities, so one way...I 

don’t use pain as a....as a 

guide” 

“Yes I find it’s better to move 

about rather than just sit about, 

I think you get more stiff” 

Strategies – 

Mindfulness/relaxation 

STR - Mindfulness/Relaxation Mentions using mindfulness or 

relaxation techniques, include 

yoga  

 

“They call it being mindful. So 

you try to do that and think of 

something else and I’ve got to 

say it does work- if you think 

of something else it does take 

your mind off that.” 
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APPENDIX H: CODES FREQUENCY (THEMATIC ANALYSIS) 

Code Keys: STR = Strategies, CHA = Challenging Activity, TR = Tracking, TECH = Technology, COMM = Communication 

Themes Frequencies Total % 

BARRIERS -  Emotional 1 1 1 1 1 1 1 1 1 9 100% 

STR - Planning/Pacing/Props 1 1 1 1 1 1 1 1 1 9  

TECH - Outcomes 1 1 1 1 1 1 1 1 1 9  

VALENCE - Negative 1 1 1 1 1 1 1 1 1 9  

COMM - GP/Specific Pain/Other 0 1 1 1 1 1 1 1 1 8 89% 

FEEDBACK- Interface 

(Content/Form/Interaction) 

1 1 1 1 1 1 1 0 1 8  

IDENTITY - Pain as Self 0 1 1 1 1 1 1 1 1 8  

IDENTITY - Self Acceptance 1 1 1 1 1 1 1 0 1 8  

VALENCE - Positive 1 1 1 1 0 1 1 1 1 8  

STR - Exercise/Stretching 0 1 1 0 1 1 1 1 1 7 77.78% 

TR - Body Pattern Detection 0 1 1 1 0 1 1 1 1 7  

TR - Objective Record 1 1 1 0 0 1 1 1 1 7  

TR - Physical Signals 1 1 1 0 1 1 1 0 1 7  

TR - Safe Zone 1 1 1 1 1 1 0 1 0 7  

CHA - Getting Around 1 1 0 1 1 1 0 1 0 6 66.67% 

TECH - Needs 0 0 0 1 1 1 1 1 1 6  
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TIMESPAN -Long Term Monitoring 1 0 0 0 1 1 1 1 1 6  

TR - Emotional Signals 1 0 0 1 0 1 1 1 1 6  

TOOLS - Mental 1 0 1 0 1 0 1 0 1 5 55.56% 

CHA - Planning/Pacing 0 0 0 1 1 1 0 1 0 4 44.45% 

CHA - Sport/Exerciser 0 0 1 0 0 1 1 1 0 4  

FEEDBACK- Graphical 1 0 0 1 1 0 1 0 0 4  

STR - Don't focus on pain 0 0 0 1 1 1 0 0 1 4  

STR - Mindfulness/Relaxation 0 0 1 0 0 1 0 1 1 4  

TIMESPAN - After 0 1 1 1 0 1 0 0 0 4  

TIMESPAN - During 0 1 1 1 0 1 0 0 0 4  

TOOLS - Self Monitoring Experience 0 1 0 1 1 0 1 0 0 4  

TOOLS - Social 0 1 1 0 1 1 0 0 0 4  

TR- Confidence/Reassurance 1 0 1 1 0 0 0 1 0 4  

BARRIERS - Societal 0 1 0 1 1 0 0 0 0 3 33.33% 

CHA - Repetition 0 1 0 0 0 1 0 1 0 3  

FEEDBACK- Advice 0 0 1 0 1 0 0 0 1 3  

STR - Awareness of Body 0 1 1 0 0 0 0 1 0 3  

TOOLS - Other 0 1 0 1 0 1 0 0 0 3  

TR - Reduced Effort Planning 1 1 0 0 0 0 1 0 0 3  

BARRIERS - New Situation 1 0 0 0 0 1 0 0 0 2 22.22% 
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STR - Avoid 1 0 0 0 0 0 0 0 1 2  

TIMESPAN - Before 0 0 1 0 0 1 0 0 0 2  

TR - Reduced Pain Focus 0 0 1 0 0 0 0 0 1 2  

TOOLS - Pain Management Info 0 1 0 0 0 0 0 0 0 1 11.11% 

TOOLS - Reminders 0 0 0 1 0 0 0 0 0 1  


