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General introduction

Participation in daily life

Engaging in daily life activities enhances an individual’s wellbeing as well as increases
their participation in society.1 One of the pre-conditions for this engagement in daily
activities is sufficient physical capacity. Physical capacity refers to the ability to perform
activities that require physical actions®® and consists of cardiovascular capacity,
muscular capacity, and balance.*> Another pre-condition, physical activity is defined as
any bodily movement produced by skeletal muscles that results in energy e><penditure.2
Physical capacity and physical activity are strongly linked but not interchangeable.
Sufficient physical activity does not guarantee sufficient physical activity and vice
versa.®” When an individual lacks physical capacity or physical activity, their ability to
participate in daily activities is reduced, which can lead to disablement (i.e., reduced

8-10

participation in or complete withdrawal from society).” A meta-analysis showed that

increasing daily physical activity is not only the most effective method of preventing and
12-15

slowing disablement™ but can also increase physical capacity. Sufficient physical
activity is also associated with a reduced risk of chronic diseases such as psychiatric
diseases (e.g., depression), neurological diseases (e.g., dementia), metabolic diseases
(e.g., Diabetes Mellitus), cardiovascular diseases (e.g., coronary heart disease),
pulmonary diseases (e.g., chronic obstructive pulmonary disease), musculoskeletal
disorders (e.g., osteoporosis) and cancer.'®®
To determine whether an individual is sufficiently active, physical activity norms were
introduced. In 2016, the recommendation for adults in the Netherlands was to be
moderately physically active for 30 minutes 5 days per week.” Another guideline—to
achieve 10,000 steps per day—gained popularity in the media and may serve as an
alternative physical activity norm.” However, recent studies have suggested that the
10,000 steps per day guideline may not be suitable for every population. For instance, it

may be inappropriate for older adults or people with a chronic disease.”

Measuring physical activity: why and how

Physical activity can be measured to gain insight into an individual’s physical activity level
as well as the types, amount, and distribution of physical activity they perform. A study
showed that individuals experience difficulties estimating whether they meet the
amount of physical activity recommended by the aforementioned guidelines; about half
of the inactive participants in this study overestimated their physical activity level and
believed they were sufficiently active.”” In addition to generating insights, measuring
physical activity can also produce objective feedback that can be used to change one’s
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physical activity behaviours (e.g., increase one’s physical activity level). Physical activity
can be measured by numerous variables, such as step count, active minutes, heart rate,
walked distance, type of activity (e.g., sitting), and burned calories. Most variables of
physical activity can be measured in either an objective or subjective way. Subjective
measures include self-report questionnaires and diaries”; the former is currently the
most used method to measure physical activity.24 Frequently used questionnaires are
the Global Physical Activity Questionnaire (GPAQ),” International Physical Activity
Questionnaire (IPAQ),*® Physical Activity Scale for the Elderly (PASE),”” and the Short
Questionnaire to Assess Health-enhancing physical activity (SQUASH).28 In a review, 85
self-reported questionnaires for adults were presented.29 The validity and reliability
properties of the questionnaires were assessed in 76 different questionnaires, from
which only a few had sufficient validity and reliability.”® This review stated that there is a
lack of standardisation among questionnaires and concluded that no questionnaires
could be (strongly) recommended above others. Overall, several studies showed that
using questionnaires and diaries to self-report physical activity tend to result in over- or
underestimations of actual physical activity.30 In addition to their lack of good
clinometric properties, questionnaires, and diaries also lack feasibility; they are time-
consuming and contingent on the participant’s memory.31

Objective measurements of physical activity can be performed with doubly labelled
water or indirect calorimetry.”> Contrary to questionnaires and diaries, these
measurement tools have good validity and reliability and do not rely on the participant’s
memory.32’33 However, these methods also lack feasibility for daily practice; they are not
accessible to the average individual, cost more and require more expertise than
guestionnaires and diaries, and are equally time—consuming.34 Another method of
objectively measuring physical activity involves the use of activity trackers, which are
potentially objective, easy to use, and commercially available.

Activity trackers

Activity trackers are primarily used in research and sports. Recently, however, activity
trackers have become available for commercial use and are gaining popularity. A
distinction can be made between consumer-grade activity trackers (e.g., Fitbit) and non-
consumer grade activity trackers (e.g., activPAL). Non-consumer-grade activity trackers
are predominantly used in research settings and often require special software or
additional licenses. Meanwhile, there is a plethora of consumer-grade activity trackers
from which to choose. In 2016, the top five brands combined sold 102.4 million activity
trackers worldwide.” In 2016, one out of three Dutch citizens was using either an app,
smartwatch, or activity tracker.’® Depending on the type of activity tracker, it can
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continuously and concurrently measure multiple variables, such as walked distance,
heart rate, number of stairs climbed, and time spent in a given position (e.g., sitting).
Activity trackers can be divided into three basic categories: pedometers, accelerometers,
and apps. Pedometers generally only measure the number of steps, whereas
accelerometers can measure more variables such as step count or heart rate. Both
pedometers and accelerometers can typically be worn on several places such as the
wrist, trouser pocket, and brassiere. Most smartphones and smartwatches include built-
in accelerometers. Apps on smartphones and smartwatches can then use this
accelerometer and thus require no additional device (e.g., an accelerometer on the
wrist), contrary to pedometers and accelerometers.

Potential use of activity trackers in healthcare

Insight into a patient’s physical activity level aids daily clinical practice for both
healthcare professionals and patients, since these data can be used for diagnostic,
prognostic, and evaluative purposes.37 Clinical practice guidelines advise healthcare
professionals, such as physiotherapists, to measure the physical activity level of their
patients, most of whom are older adults or people with a chronic disease, with

38-43 - .
Activity trackers can serve as an alternative or

questionnaires and diaries.
supplement to such measurement tools. In particular, consumer-grade activity trackers
have potential, since they tend to be easy-to-use for both healthcare professionals and
patients and, unlike non-consumer-grade activity trackers, do not require additional
licenses or software costs. Consumer-grade activity trackers can offer objective insight
into patients’ physical activity level and could potentially support the clinical reasoning
of healthcare professionals. Next to that, studies have shown that the use of activity

44,45 .
Self-monitoring

trackers can enhance patients’ self-management and self-efficacy.
could also lead to improved patient’s coping, realistic goal setting, and improved quality
of life.* Furthermore, using activity trackers in combination with regular exercise or life-
style guidance has been shown to improve the physical activity level of patients

47-50 .
Healthcare professionals, such as

with a chronic disease and older adults.
physiotherapists,”* nurses,” nutritionists,” and general practitioners,” are trained to
provide lifestyle guidance. Hence, there are abundant advantages to integrating activity

trackers into healthcare, yet they are seldom used.

Validity of activity trackers in older adults and people with a chronic disease

Several validity and reliability studies of consumer-grade activity trackers have been

55-57

performed in healthy adults. A systematic review showed that they offer good

validity for step count, a lower validity for energy and sleep, and a high reliability for step
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count, distance, energy expenditure, and sleep.57 However, these results cannot be
generalised to older adults and people with a chronic disease because such groups often
have altered walking patterns—due to impaired ambulatory abilities—as well as lower
walking speeds (e.g., shuffling) which are variables used by the algorithm.sg'62
Furthermore, the most important source of physical activity for older adults and people
with a chronic disease are household activities, gardening, and Walking,19 and low
walking speed often accompany these activities. It is known that low walking speed

®3%7 Only few studies have examined

(<0.8m/s) decreases the validity of activity trackers.
the validity of activity trackers among older adults and people with a chronic disease.®
However, the results of these studies cannot be generalized, as they did not consider the
activities of daily living (e.g., free-living protocol), did not use a gold standard, or only

. . Lo 68
used non-commercially available activity trackers.

Feasibility of activity trackers for older adults and people with a chronic disease in
healthcare

Another important property concerns the feasibility of activity trackers. Feasibility is a
broad term that includes experiences, acceptability, and usefulness. Studies in healthy

45,69-73 74-76, 77,78 .
' showed that, in

adults, older adults, and people with a chronic disease
general, these target populations are open to using consumer-grade activity trackers.
However, older adults and people with a chronic disease indicate that their limited
technical skills discourage them from using such trackers. Moreover, no studies have
investigated the feasibility of activity trackers or analysed how to embed them in daily
clinical practice. The possibility of using activity trackers in healthcare is new, and no
guidelines or studies are available to support healthcare professionals in selecting and

using activity trackers in their daily clinical practice.

Aim and outline of this dissertation

There is little to no evidence regarding the validity, feasibility, and use of activity trackers
in the healthcare of older adults and people with a chronic disease. This may explain why
activity trackers have not been implemented in healthcare, despite the fact that they
could potentially be of significant value. Therefore, the main aim of this dissertation is to
increase the knowledge about the meaningful use of activity trackers in healthcare for
(older) adults with chronic diseases and for older adults with or without chronic
diseases.
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The word ‘meaningful’ refers to our intention that the use of an activity tracker should
be personalised and incorporated into daily life and healthcare in a manner that the data
support both the patient and healthcare professional. It should provide insight into the
patient’s activity levels, aid decisions, and support the formulation of recommendations
for changing the patient’s behavioural habits towards a healthier lifestyle.

This dissertation has three phases, in which five studies were performed (Figure 1.1).

Meaningful use of activity trackers in healthcare
Towards a personalised use in people with a chronic disease and older adults

Phase one Phase two
Validity and feasibility of I— | Developing an activity tracker |——— Phase three Intergrating the ||

results, implications for
commercially available activity F——— — developed activity trackerin ~ |——— P fe
for older adults with our research, practice and
trackers in (older) adults with a ’ o healthcare
without a chronic disease education
chronic disease

Reflecting and disccusing

Chapter four
The validati ket
e validation of a pocke Chapter six Using an activity
worn activity tracker ) Chapter seven General
Chapter five tracker in the consultation discussion
(Re)design and evaluation of a room
user-friendly interface

Chapter two
Counting Steps in Activities of
Daily Living
Chapter three Patients”
experiences

Figure 1.1 Outline of the dissertation.

Phase One (Chapters Two and Three) studied the validity and feasibility of commercially

available activity trackers in (older) adults who have chronic diseases and are receiving

physiotherapy. Phase One addressed the following two research questions:

—  What is the validity of commercially available activity trackers during activities of
daily living in (older) adults with a chronic disease?

— How do (older) adults with a chronic disease experience the implementation of an
activity tracker into their physiotherapy treatment?

With the results of Phase One, a ‘new’ activity tracker was developed in Phase Two

(Chapters Four and Five), by (re)designing the user interface of an existing activity

tracker and developing an algorithm targeted at older adults with or without a chronic

disease. The feasibility of the developed activity tracker was tested by older adults with

or without a chronic disease. Phase Two addressed the following three research

questions:

— How can a non-commercial activity tracker be developed into a feasible
measurement tool for older adults with or without a chronic disease?
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—  What is the validity of the developed activity tracker in older adults with or without a
chronic disease during activities of daily living?

— How do older adults with or without a chronic disease experience the adapted
activity tracker during their daily lives?

Using the knowledge generated during Phase One and Phase Two, the developed activity

tracker was integrated into the workflow of healthcare professionals in Phase Three

(Chapter 6). Phase Three addressed the following research question:

— How can an activity tracker be integrated into the daily clinical practice of healthcare
professionals?

Chapter Two analyses the validity of the step count in nine commercially available
activity trackers used during the daily activities of (older) adults with a chronic disease.
Chapter Three examines how (older) adults with a chronic disease experience the
incorporation of activity trackers into their regular physiotherapy sessions. Chapter Four
assesses the validity of an adapted algorithm used by older adults with or without a
chronic disease during activities of daily living. Chapter Five describes the user centred
development of an activity tracker for (older) adults with or without a chronic disease
and the feasibility test of the developed activity tracker. In Chapter Six, the developed
activity tracker will be integrated into the daily clinical practice of healthcare
professionals. Chapter Seven summarises the primary findings of this dissertation,
discusses the methodology, and outlines implications for future research, practice, and
education.

This dissertation was part of the Brightlands Innovation Programme Limburg Meet
(LIME),” a programme that facilitates the development of smarter measurement
methods and more efficient data collection for better care and health. LIME also
facilitates and supervises projects that develop innovative measuring products or
processes. Within the LIME program, several themes were distinguished. One of these
themes is ‘personalised wearables,” of which this PhD project was a part. The goal of this
theme was to help new wearables fulfil their potential, produce more personalised care,
and achieve a higher level of self-reliance for clients and citizens by playing an active role
in the further development and implementation of wearables in healthcare.
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Abstract

Background

Measuring physical activity with commercially available activity trackers is gaining
popularity. People with a chronic disease can especially benefit from knowledge about
their physical activity pattern in everyday life since sufficient physical activity can
contribute to wellbeing and quality of life. However, no validity data are available for this
population during activities of daily living.

Objective

The aim of this study was to investigate the validity of 9 commercially available activity
trackers for measuring step count during activities of daily living in people with a chronic
disease receiving physiotherapy.

Methods

The selected activity trackers were Accupedo (Corusen LLC), Activ8 (Remedy Distribution
Ltd), Digi-Walker CW-700 (Yamax), Fitbit Flex (Fitbit inc), Lumoback (Lumo Bodytech),
Moves (ProtoGeo Oy), Fitbit One (Fitbit inc), UP24 (Jawbone), and Walking Style X
(Omron Healthcare Europe BV). In total, 130 persons with chronic diseases performed
standardized activity protocols based on activities of daily living that were recorded on
video camera and analyzed for step count (gold standard). The validity of the trackers’
step count was assessed by correlation coefficients, t tests, scatterplots, and Bland-
Altman plots.

Results

The correlations between the number of steps counted by the activity trackers and the
gold standard were low (range: —0.02 to 0.33). For all activity trackers except for Fitbit
One, a significant systematic difference with the gold standard was found for step count.
Plots showed a wide range in scores for all activity trackers; Activ8 showed an average
overestimation and the other 8 trackers showed underestimations.

Conclusions

This study showed that the validity of 9 commercially available activity trackers is low
measuring steps while individuals with chronic diseases receiving physiotherapy engage
in activities of daily living.
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Introduction

The use of activity tracking to self-monitor physical activity is gaining popularity. In 2015,
1 out of 3 Dutch inhabitants was using apps, wearables, or activity trackers." Physical
activity is the most popular variable measured with these devices followed by nutrition,
weight, and body functions (e.g., blood pressure).” Initially, these activity trackers were
developed for athletes and the healthy population, but they could potentially also be
useful in treating people with medical conditions (e.g., physiotherapy treatments). The
Royal Dutch Society for Physical Therapy composed physical activity intervention
guidelines for the most common chronic diseases seen by a physiotherapistz:
cardiovascular disease’, diabetes mellitus’, chronic obstructive pulmonary disease
(COPD)S, chronic pain6, cancer7, and osteoarthritis.®> In all these guidelines, it is
recommended to objectively measure the physical activity level of a patient outside of
guided therapy.” Frequently used measurement tools by physiotherapists are
guestionnaires or diaries, but they have limited reliability and validity, tend to
overestimate most activities while underestimating low intensity activities, and are time

. . 9,10
consuming to fill out.

For patients and physiotherapists, more objective and feasible
measurement tools are useful, and activity trackers seem to be a good alternative."

To provide guidance in choosing an appropriate activity tracker for people with a chronic
disease, we performed a literature search on the validity of activity trackers, preferably
commercially available ones. The following criteria were taken into account. First, step
count was considered to be the most important outcome, since it is specific to
ambulation and easily interpreted by patients and physiotherapists.'’ Second, people
with a chronic disease should be the target population of the study, as they often have

)12

impaired ambulatory abilities (e.g., shuffling)™*, and activity trackers may measure

incorrectly due to these altered walking patterns.”™

Third, activities of daily living
should be assessed (no laboratory settings), as insight into these specific activities (e.g.,
vacuum cleaning, walking stairs) is needed to monitor and coach participants in daily life,
and activity trackers are not able to measure validly during low walk speeds (<0.8 m/s)",
which is often the case in activities of daily living. Last, published articles were screened
on standardization of the performed activities of daily living by means of an activity
protocol.

Although the literature on clinometric quality of commercially available activity trackers

17-19 . . . . .
, only a few recent studies were found in which almost all criteria were

is growing
met (validity of step count of commercially available activity trackers during free living
conditions).w’20 However, the target population in those studies consisted of healthy

participants.
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Remoortel et al.”® recently published a literature review regarding validity and reliability
of activity trackers in people with a chronic disease. It was confirmed that most
commercially available activity trackers have been studied in healthy populations”’lg’n,
and little is known about which types of activity trackers provide valid results in people
with chronic diseases. In their review, they found that only 12 of the 134 studies on
validity of activity trackers included people with a chronic disease.™® Of the 12 identified
studies, only 3 evaluated activities of daily living (free living or an activity protocol) in
people with a chronic disease’””*; however, these studies only tested noncommercially
available activity trackers and mainly evaluated energy expenditure instead of step
count. Results from other studies with participants with chronic diseases are not
generalizable to daily practice because they did not have step count as the primary

outcome (e.g., mostly energy expenditure)’™"

, involved only walking and no other
activities of daily Iivingszas, or free living conditions were not protocoled (e.g., cardiac
patients® and patients with COPD*’ or cancer™).

As stated before, for both people with a chronic disease and their therapists, insight into
physical activity level and patterns outside of therapy are very relevant. Since no article
was found that matched our criteria, we decided to validate 9 potential trackers
ourselves in people with a chronic disease.

The main aim of this study was to investigate the validity of 9 selected commercially
available activity trackers for measuring step count in people with a chronic disease
receiving physiotherapy during a selected set of activities of daily living. Results from this
study should provide guidance in choosing the right activity tracker for people with a
chronic disease.

Methods

Study design

A cross-sectional validity study with 9 activity trackers was performed in patients with
chronic diseases. The data collection took place over a 1-year period. All participants
provided written informed consent. This study was approved by the local ethics boards
(Atrium-Orbis-Zuyd Medical Ethical Committee, 15-N-48; Adelante Medical Ethical
Committee, MEC-15-07).

Participants

Participants were recruited from 2 physiotherapy practices (Fysiotherapie Schaesberg
and ParaMedisch Centrum Zuid) and a rehabilitation center (Adelante Zorggroep) in the
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Netherlands. Patients were included if they were aged 18 years and older and diagnosed
with at least 1 of the following chronic diseases: cardiovascular disease, COPD, diabetes
mellitus, chronic pain, cancer, or osteoarthritis. Exclusion criteria were insufficient
understanding of the Dutch language, use of a walking aid, and asymmetrical gait (e.g.,
stroke). A power calculation was conducted, and a minimum of 57 participants with an
equal spread among the 6 chronic subpopulations was considered to be sufficient for a
validity study.39

Activity trackers

Researchers and physiotherapists agreed to the following selection criteria for
commercially available activity trackers: costs less than €150 (US $185), no monthly
costs for a subscription, real-time feedback on the tracker to the user, measures number
of steps, and no chest strap to perform heart rate measurements. To ensure that the
scope of different system requirements was covered, trackers were randomly selected in
a second round based on the following criteria: a variety of wearing places (e.g., belt,
wrist) and types of activity trackers (e.g., pedometers, accelerometers). Hence, 9 activity
trackers were selected: Accupedo (Corusen LLC), Activ8 (Remedy Distribution Ltd), Digi-
Walker CW-700 (Yamax), Fitbit Flex (Fitbit Inc), Lumoback (Lumo Bodytech), Moves
(ProtoGeo Oy), Fitbit One (Fitbit Inc), UP24 (Jawbone), and the Walking Style X (Omron
Healthcare Europe BV) (Table 2.1).

Table 2.1 Selected commercially available activity trackers used in this validity study.

Activity tracker Manufacturer Type Wearing Outcome variables
position

Accupedo Corusen LLC App Belt Number of steps
Activ8 Remedy Accelerometer Trouser pocket Number of steps; time spent lying,

Distribution Ltd sitting, standing, walking, running,

and cycling; active minutes

Digi-Walker CW-700 Yamax Corp Pedometer Wrist Number of steps, active minutes
Flex Fitbit Inc Accelerometer Wrist Number of steps, active minutes
Lumoback Lumo Bodytech Accelerometer Lower back Number of steps; time spent lying,

sitting, standing, walking, running,
and cycling; active minutes;
number of sit-to-stand transitions

Moves ProtoGeo Oy App Trouser pocket Number of steps, active minutes

One Fitbit Inc Accelerometer Belt Number of steps, active minutes

UP24 Jawbone Accelerometer Wrist Number of steps, active minutes

Walking Style X Omron Healthcare Pedometer Belt Number of steps, active minutes
Europe BV
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Data collection and procedure

Participants were measured in either of the physiotherapy practices or the rehabilitation
center. Baseline characteristics were reported (gender, age, body weight, height,
diagnosed chronic disease) by 1 of the 10 participating physiotherapists or a
psychologist. For participants with COPD, the Global Initiative for Chronic Obstructive
Lung Disease stage40 was specified. For participants with osteoarthritis, a differentiation
was given for lower extremity (toe, ankle, knee, hip), upper extremity (finger, wrist,
elbow, shoulder), and cervical and lower spine. In participants with cancer, curative and
palliative treatments were distinguished. Two questionnaires were completed with the
participant. The Cumulative Iliness Rating Scale (CIRS) was used to indicate the number

42 Eor an impression of the participant’s physical activity

and severity of comorbidities.
level, a brief physical activity assessment tool was used to determine whether the
participant was sufficiently active.”® After completing the questionnaires a 10-meter
walk test (LOMWT) was performed 3 times to determine the average comfortable walk
speed of the participant.** Thereafter, participants were fitted with 3 or 4 activity

trackers, chosen at random, and asked to perform the activity protocol.

Activity protocol

Tasks representing activities of daily living from protocols in previous validation

. 24,29,45,46
studies

were used to create the protocol for this study (Table 2.2). In order to
match the participants’ physical activity capacity, 2 versions of the protocol were
developed, assuming that the length of the protocol had no influence on the validity of
the trackers. The short version of the protocol did not include lying on a bed, vacuum
cleaning on the spot, and 3 additional periods of standing, shortening the execution time
of the protocol by 9 minutes. Activity trackers not able to classify different postures
were used in the short protocol. Participants were given extra resting periods during the
protocol of they needed them.

Step count was collected from the activity trackers before and directly after the
protocol. The entire activity protocol was recorded on video camera, focusing only on
the lower extremity for privacy reasons. The video recordings were used to determine
the number of steps taken by each participant. Step count was manually counted using a
digital step counter (gold standard). A person was considered to make a step when the
entire foot was lifted from the floor and was placed back on the floor again (detailed
information is published elsewhere®). The 7 raters involved used a standardized written
assessment protocol and were trained by 1 researcher beforehand. The first 2 video
recording assessments per rater were checked by the researcher (DU) to secure
standardization of the measurement method.
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Table 2.2 The developed activity protocol based on principles and free living tasks from other protocols.

Activity type Duration of activity, repetitions or Included in short
walking distance version
Standing 1 minute Yes
Simulated cleaning of windows 1 minute Yes
Walking weaving around cones 7 meters Yes
Sitting in a chair 2 minutes Yes
Standing 1 minute No
Vacuum cleaning on the spot 1 minute No
Vacuum cleaning while walking 1 minute Yes
Walking weaving around cones 7 meters Yes
Walking up and down stair (3 or 4 steps 3 times Yes
Lifting a 1-kg objects and placing it on a table 1 minute Yes
Walking in a straight line 7 meters Yes
Lying in a bed 6 minutes No
Sitting in a chair 5 minutes Yes
Standing 1 minute No
Walking in a line while carrying a shopping bag (2.5 kg) 7 meters 2 times Yes
Walking sideways along a 2 meter kitchen counter 2 ways 3 times Yes
Standing 30 seconds No
Walking in a straight line 7 meters Yes
Cycling (50 to 60 rpms® at 30 watts) 3 minutes Yes
Total time 28 to 33 minutes 19 to 24 minutes

a . .
Revolutions per minute.

Data analysis

Data analysis was performed using the SPSS Statistics version 23.0 (IBM Corp).
Descriptive statistics of the participant characteristics were presented as raw data and
percentages for the categorical variables gender, diagnosed disease, and physical activity

)43

(sufficient/insufficient)™ and as means and standard deviations for the continuous

variables age, CIRS score, and average walk speed.

The video recordings of the activity protocols were analyzed by at least 1 researcher.
One-tenth randomly chosen video recordings were analyzed by a second researcher to
assess intra observer reliability of our gold standard. This was assessed by intraclass
correlation coefficients (ICCs; 2-way random, absolute agreement) and Bland-Altman
plots including limits of agreement‘47 It was hypothesized that there would be a strong
correlation (r>0.90)."®

The validity of the activity trackers was assessed in multiple ways. To gain insight into
step count distribution, descriptive statistics and scatterplots were used for all trackers.
To gain insight into the strength of the relation between measured steps by the activity
trackers and the gold standard, Pearson correlation coefficients were calculated. It was
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hypothesized that there would be at least a moderate correlation (r>0.40)." To assess
systematic differences between the activity trackers and the gold standard, paired
samples t tests were used. With a power of 80%, a P value below 0.05 was considered to
be of statistical significance. To examine the level of agreement between the activity
trackers and the gold standard, Bland-Altman plots were constructed with their

associated 95% limits of agreement.49

To assess if there were difference between the chronic diseases, visual inspection of the
scatterplots were performed. To assess if there were systematic differences between
the average mean differences of the short and long protocols, independent t tests were
used. To test if there was a systematic difference in the mean difference between the
gold standard and the activity tracker between the short and long protocols, a paired
sample t test was used in the case of normally distributed data. In the case of missing
data, pairwise deleting was applied.

Results

Participant characteristics

A total of 130 participants with chronic diseases participated in this validation study
(Table 2.3). Cardiovascular disease, chronic pain, and osteoarthritis were the most
prevalent single conditions, and 26.4% (34/130) of the population had multimorbidity.
The combinations occurring most often were osteoarthritis with chronic pain (6/34,
17.6%), osteoarthritis and diabetes (4/34, 11.7%), and COPD and diabetes (3/34, 8.8%).
Approximately 60% (75/130) of the participants were sufficiently physically active in
their daily life according to the physical activity assessment tool. Of the included COPD
patients, 7.7% (1/14) were diagnosed with stage 1 COPD, 35.7% (5/14) with stage 2,
42.9% (6/14) with stage 3, and 14.3% (2/14) with stage 4. Of the cancer patients, 82.6%
(19/23) had a curative treatment and 17.4% (4/23) a palliative treatment. The affected
joints in osteoarthritis were almost equally spread in upper extremity (22/33, 66.7%),
spine (24/33, 72.7%), and lower extremity (23/33, 69.7%). There were 2 missing values
for gender, diagnosed disease, resting heart rate and body mass index (BMI) (2/130,
2.6%), and 3 missing values for age (3/130, 3.9%). There was 1 missing value for the
number of steps from the Lumoback (1/51, 5.1%) and 1 from the Accupedo (1/50, 5%).
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Table 2.3 Characteristics of the included population.

Characteristics Participants (n=130)
Gender, male, n (%) 55 (43.6)
Age, years, mean (SD) 61.5(11.1)
Body mass index, kg/mz, mean (SD) 27.7 (5.2)
Blood pressure, mm Hg, mean (SD)
Systolic 136.2 (20.3)
Diastolic 80.3(9.7)
Resting heart beat, beats per minute, mean (SD) 74.0 (12.2)
Transcutaneous oxygen saturation, %, mean (SD) 96.4 (2.3)
Diagnosed disease, n (%)
Cardiovascular disease 20(15.2)
Chronic obstructive pulmonary disease 15(11.4)
Diabetes mellitus 8(6.1)
Cancer 15 (11.4)
Osteoarthritis 18 (14.4)
Chronic pain 19 (14.4)
Combination 34 (27.3)
Comorbidity, CIRS? 0 to 52, mean (SD) 6.2 (3.9)
Average walk speedb (m/s) mean (SD) 1.30.3)
Sufficient total activity, n (%)° 74 (56.4)
Physical activity level (0 to 8), mean (SD) 3.8(2.4)
Physical activity with moderate intensity (O to 4), mean (SD) 1.6 (1.6)
Physical activity with vigorous intensity (O to 4), mean (SD) 2.2 (1.5)

3CIRS: Cumulative Iliness Rating Score; bBased on the 10-meter walk test**; “Based on the brief physical activity
assessment tool and its accompanying cut-off value.”

Interobserver reliability

The interobserver reliability of the gold standard, calculated in the random sample, was
high (ICCagreement 0.98, P<0.001, 95% Cl 0.96 to 0.99). There was no substantial offset
(SEMagreement=81.6) and the Bland-Altman plots showed no systematic differences
between the observers (with narrow limits of agreement: —35.3 to 30.8 steps).

Step count

Step count for the gold standard and each tracker are shown in Table 2.4. The average
total number of steps during the short and long activity protocols counted by the gold
standard was 405.4 (SD 84.7). The average total number of steps for the short protocol
was 327.7 (SD 54.3) and the average total number of steps for the long protocol was
446.6 (SD 58.6). There was no significant difference between the mean difference (gold
standard versus activity tracker) in the short and long protocols. For all activity trackers
except for the Activ8, the mean difference with the gold standard was lower than zero,
which indicated an underestimation of the total number of steps. The mean difference
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between the tracker and gold standard varied from —29.7 (SD 155.10) for the Fitbit One
to 252.4 (SD 129.0) for the Digi-Walker CW-700. Overall, data distribution showed a
wide range of observations for all activity trackers. There were no differences found per
chronic disease compared to the whole population. Scatter plots of the Fitbit One, Digi-
Walker CW-700, and Activ8 are presented in Figures 2.1-2.3 to give examples of data
distribution.

Table 2.4 Descriptive statistics of step count by activity tracker compared to the gold standard.
Activity tracker Number of Average mean difference Average median difference in Limits of
participants in step count (SD)a step count (25 to 75 agreement
percentile)a (lower bound—

upper bound)

Accupedo 50 -176.3 (132.1) —174.5 (-251.0to-102.5) —435.2 t0 82.7
Activ8 62 107.3 (251.9) 126.0 (30.5to 243.5) -471.3t0721.0
Digi-Walker CW-700 52 —284.5 (129.0) —253.0 (-383.0t0—-169.0) -537.4to—-31.7
Fitbit Flex 47 —93.5 (126.7) —-111.0 (-167.0t0 3.0) -326.9 to 123.7
Lumoback 51 —-178.5 (96.0) -168.0 (-205.5t0-117,0) —-366.9t09.3
Moves 48 -146.6 (216.3) —215.0 (-279.5t0—-89.3) —-570.5t0277.4
Fitbit One 49 —29.7 (155.1) —8.0 (-160.0t0 128.0) —367.8 to 308.6
UP24 49 —252.4 (104.7) —266.0 (-327.0to-176.5) —457.7 to—47.2
Walking Style X 50 -204.4 (117.7) —206.5 (—256.0 to —105.0) —438.0 to 27.2
3Activity tracker minus gold standard.
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Figure 2.1 Scatterplot of the number of steps counted by Fitbit One and the gold standard.
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Strength of the relation and systematic difference

The correlation between the number of steps measured by the activity trackers and the
gold standard was weak for all activity trackers ranging from r=—0.02 for the Moves to
r=—0.33 for the Digi-Walker CW-700 (Table 2.5). The average underestimation of all
trackers and the average overestimation of the Activ8 revealed a significant systematic
difference with the gold standard for step count, expect for the Fitbit One (P=0.35).

Table 2.5 Correlation coefficient of the activity trackers and the gold standard for step count.
Activity tracker Correlation coefficient (P value) t value (P value)
Accupedo 0.32 (0.02) —9.4 (<0.001)
Activ8 0.24 (0.06) -3.9 (0.001)
Digi-Walker CW-700 —0.33(0.02) —6.2 (<0.001)
Flex 0.31(0.04) —-5.1 (<0.001)
Lumoback 0.19 (0.20) —6.2 (<0.001)
Moves —0.02 (0.88) —3.4 (0.001)
One —0.15 (0.30) —-0.9 (0.35)
upP24 0.09 (0.52) —6.9 (<0.001)
Walking Style X 0.25 (0.08) —12.3 (<0.001)

Level of agreement

In all plots the limits of agreement are high, with the highest limits of agreement (—471.3
to 721.0) for the Activ8 (Table 2.4). In the plots, 2 trends are visible: either an over- and
underestimation of the number of steps during the activity protocols as shown in Figures
2.4 and 2.5 (e.g., Fitbit One and Activ8) or an underestimation of the number of steps
only, as shown in Figure 2.6 (e.g., Digi-Walker CW-700). Depending on the height of step
count, overestimation or underestimation was shown. Overestimation became more
pronounced when participant took more steps and vice versa.

Systematic difference between short and long protocols

Only the Walking Style X, Accupedo, and Fitbit Flex were used in both protocols. For all
trackers, there were no systematic differences found for the average mean difference in
step coun between the short and long protocols.
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Discussion

Principal findings

The results of this study showed that none of 9 selected commercially available activity
trackers was valid for measuring steps while individuals engage in activities of daily living
among a diverse group of patients with various chronic diseases receiving physiotherapy
in the Netherlands.

All activity trackers in this study had an average underestimation in step count except
the Activ8, which overestimated step count. The Digi-Walker CW-700 and Lumoback
consistently underestimated step count in every participant, while the other activity
trackers had a combination of under- and overestimation. For all trackers, the
correlations between step count measured by the activity trackers and the observed
steps were low. On group level, the Fitbit One seemed to be the best activity tracker due
to its low mean difference; however, on individual basis the scatter and Bland-Altman
plots showed a large under- and overestimation in step count.

Several studies have shown that a low walking speed decreases the validity of activity

12,16,50,51

trackers. For an activity tracker to measure the number of steps correct, a

walking speed of 0.8 m/s is required. All of our participants walked faster than 0.8 m/s
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during the 10MWT,; therefore, their walking speed should have been sufficient for an
accurate measurement by the activity tracker. However, the activity protocol consisted
of different household tasks such as vacuum cleaning and washing windows, resulting in
a walking speed below 0.8 m/s. Recently, Nelson et al.”? published the results of a
validation study in which the Fitbit Flex and Fitbit One were assessed during activities of
daily living in a healthy population. They concluded that these activity trackers
underestimate step count by 60% during household activities, but during walking
activities the percentage error was within 4%. Nelson et al concluded that this difference
might come from slow ambulation speed and shuffling during these household activities.
Although the populations differ, these results confirm the findings in our study. Our
standardized activity protocol was based on earlier protocols with activities of daily living
in COPD patientsu’w’45
with a chronic disease. Our protocol consisted of various activities of short duration,

and is therefore comparable to real-life performance of people

since this is more comparable to the performance of the activities in the daily life of
people with a chronic disease. Since the study population had a limited physical activity
capacity and more fatigue, pain, and possibly dyspnea, the requirements of the longer
protocol might not have matched their physical possibilities and might not represent the
daily life of people with a chronic disease. During the execution of the study, all patients
were able to perform the entire protocol, and no patients had to be excluded due to the
effort required by the protocol. However, the results of our study contradict studies
performed in healthy populations in which the 9 tested activity trackers showed good
validity in free-living situations."”® An explanation could be that the walking speed is
faster during free-living situations because patients perform more walking activities in
comparison to an activity protocol with activities of daily living. To the authors
knowledge, only 1 validation study was performed in people with a chronic disease
(cardiac patients) using one of the assessed activity trackers (Fitbit Flex™®). This study
concluded that there was a high correlation between the Fitbit Flex and the Actigraph
for step count (r=0.95).

Limitations and strengths

The chosen activity trackers were the most up-to-date activity trackers at the time.
During this study, several updates were released for the chosen activity trackers (mostly
the exterior instead of the algorithm), and several new activity trackers were brought to
the market. But the chosen activity trackers are still the most popular and most used
activity trackers currently available.”*
In this study design, 2 activity protocols were used. It was assumed that the length of the

protocol had no influence on the trackers’ validity because the removed activities were
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activities that didn’t require walking. There were no systematic differences in average
mean difference in step count between the short and long protocols.

For determining the validity of the step count, the definition of a step is very important.
In this study, a step was defined as when the entire foot was lifted from the floor and
placed back on the floor again. However, shuffling is frequently seen in elderly
populations and in people with a chronic disease.”” If shuffling steps were included in
our analysis (thus more steps during the protocol), more underestimation of the activity
trackers would be likely, implying an even lower validity. In this study, it wasn’t possible
to report validity of the activity trackers per activity. All selected activity trackers were
commercially available trackers, and thus their algorithms and time slots were not
available on request. Without specific information regarding (at least) the timeslots, it
was not possible to disentangle time per activity.

In this study, we used different methods for evaluation of the validity. By using these
different methods, insight was gained on validity on both group and individual levels.
Validity on individual level is important for daily practice for patients and therapists. We
included the P value for the correlation coefficient; however, this is a measurement on
group level and not on individual level. Therefore, the significant correlations are not
clinically relevant. Moreover, the 3 significant correlations (Accupedo, Digi-Walker CW-
700, and the Flex) are still considered weak correlations.®

A strength of this study is the use of observed steps as gold standard. The high reliability
of this gold standard assures very little systematic bias in the analysis method. The
chronic diseases included in this study are those most frequently seen by
physiotherapists in the Netherlands’, implying that the study results might be
generalizable to a broad population. However, this should be confirmed by including a
broader range of patients with chronic diseases not limited to primary care physical
therapy practices.

Clinical relevance

Guidelines recommend objectively measuring the physical activity level of a patient
outside of guided therapy.2 However, underestimation or overestimation of physical
activity by an activity tracker is not desirable. Not only might it demotivate people to
engage in physical activity, it may also influence the advice and intervention of
physiotherapists. This study showed that the trackers are not valid for activities of daily
living performed in this study. Considering this limitation, the trackers should only be
used to measure steps during free living situations in which patients perform more
walking activities.
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Conclusion

This study showed that the validity of 9 commercially available activity trackers is low
measuring steps while individuals engage in activities of daily living among a diverse
group of patients with various chronic diseases receiving physiotherapy. Frequent
underestimation and a wide range of measurements were seen for step count during a
protocol with activities of daily living compared to observed steps as gold standard.
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Abstract

Aim
The aim of this study was to describe the experience with commercially available activity
trackers embedded in the physiotherapy treatment of patients with a chronic disease.

Methods

In a qualitative study, 29 participants with a chronic disease participated. They wore an
activity tracker for two to eight weeks. Data were collected using 23 interviews and
discussion with 6 participants. A framework analysis was used to analyze the data.

Results

The framework analysis resulted in seven categories: purchase, instruction,
characteristics, correct functioning, sharing data, privacy, use, and interest in feedback.
The standard goal of the activity trackers was experienced as too high, however the
tracker still motivated them to be more active. Participants would have liked more
guidance from their physiotherapists because they experienced the trackers as complex.
Participants experienced some technical failures, are willing to share data with their
physiotherapist and, want to spend a maximum of €50,-.

Conclusion

The developed framework gives insight into all important concepts from the experiences
reported by patients with a chronic disease and can be used to guide further research
and practice. Patients with a chronic disease were positive regarding activity trackers in
general. When embedded in physiotherapy, more attention should be paid to the
integration in treatment.

44 | Chapter 3



Introduction

Activity trackers are increasing in popularity, with the top five brands combined selling
102.4 million activity trackers worldwide in 2016." These activity trackers are primarily
targeted at a healthy and athletic population, but they might have potential for other
specific groups such as those in healthcare. In 2016 almost 9 million people in the Dutch
population (52%) suffered from one or more chronic diseases, with neck- and back pain,
osteoarthritis and Diabetes Mellitus in the top three.” Over 90% of the inhabitants who
are 70 years or older have one or more chronic diseases, the prevalence in inhabitants
younger than 40 years is already 35%.” There is a positive relationship between physical
activity and reduced premature death and the prevention of chronic diseases.”” For
example, sufficient physical activity can reduce pain for people with osteoarthritis, can
effectively control fasting and post-walk blood sugar levels in patients with Diabetes
Mellitus and can reduce the risk of emergency admission in patients with chronic lung
diseases.” An adequate level of physical activity is one of the main points stressed in daily
clinical practice, especially in physiotherapy, and recommended in evidence-based
professional guidelines.®” Therefore, people with a chronic disease are a target group
par excellence for additional support through monitoring and objectively measuring
physical activity in daily life.

Physiotherapists provide professional support with tailored advice on lifestyle changes®
based on physical activity level and activity time distribution per day. They use
guestionnaires and diaries to measure the physical activity levels of their participants.
However, questionnaires and diaries are time-consuming, have limited reliability and
validity and depend on the patient’s memory.g’9 A promising alternative to overcome
these limitations is activity trackers. They can provide an objective measurement of the
person’s physical activity level, give insight into the distribution of physical activity levels
during the day, and may motivate people to enhance their daily activity level."” The use
of activity trackers in healthcare can aid in monitoring treatment results in the patient’s
daily life, increasing self-management, saving time and money, while addressing the
actual setting where the lifestyle change should be achieved.

A good quality measurement device is important for implementation purposes. Several
publications can be found regarding the clinimetric properties, validity and reliability of
activity trackers.""™ Activity trackers have been shown to be valid during walking and
running, however in daily living, activity trackers have a lower validity in people with a
chronic disease.”™

Another important property concerns feasibility, i.e., experiences with activity trackers in
healthcare. In this context, feasibility is understood as an umbrella concept, including
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experiences regarding user-friendliness as well as acceptability and usefulness in daily
practice.

Feasibility aspects such as user-friendliness and sustained use of activity trackers have
been studied in healthy adults™? and the elderly.zs'28 From these studies it appears that
in general, healthy adults and the elderly are open and positive towards the use of
activity trackers. However, most studies argue that more attention should be paid to
user experiences and lack of technical skills of the user. This may also lead to a more
sustained use of the activity trackers in daily life.

By contrast, little is known about the experiences with activity trackers embedded in the
healthcare of people with chronic diseases. Only two studies have described several
important experiences and needs of people with a chronic disease, such as wearing

comfort, feedback, validity, reliability and the added value of feedback.”®*°

However,
they did not focus on the experiences with the use of the activity trackers in healthcare.
To incorporate activity trackers in healthcare, like physiotherapy treatment, insight into
feasibility from the perspective of people with a chronic disease who use activity
trackers in a healthcare setting must be generated.

Therefore, the aim of this study was to describe how patients with a chronic disease
experienced the use of commercially available activity trackers embedded in

physiotherapy.

Methods

A qualitative design was used, based on the tenets of qualitative inquiry31, using
interviews and a focus group discussion to collect data. A framework study was used to
analyze the data.

Participants

Participants were people with chronic diseases under treatment by physiotherapist. The
inclusion criteria were diagnosed with at least one of the following chronic diseases:
cardiovascular disease, chronic obstructive pulmonary disease (COPD), diabetes mellitus
(DM), chronic pain, cancer or osteoarthritis. Exclusion criteria were: insufficient
understanding of the Dutch language, use of a walking aid, or an asymmetrical gait.
Participants were recruited via purposive sampling> based on their chronic disease from
two physiotherapy practices (Fysiotherapie Schaesberg and ParaMedisch Centrum Zuid)
and a rehabilitation center (Adelante Zorggroep) in The Netherlands. All participants
provided written informed consent after receiving verbal and written information about
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the research. This study was approved by the local ethics board (METC Atrium-Orbis-
Zuyd; 15-N-48).

Activity trackers

Eight activity trackers were selected based on characteristics such as wearing position,
type of activity tracker and trackable activities, and on selection criteria required by the
physiotherapists (costs less than €150, no monthly subscription, real-time feedback from
the tracker to the user, measures number of steps, and no chest strap to measure heart
rate). The following eight activity trackers were selected: Activ8, Digi-Walker CW-700,
Fitbit Flex, Lumo Back, Moves, Fitbit One, UP24, and the Walking Style X (Table 3.1).33
Participants were provided with an activity tracker by their physiotherapist and asked to
wear it for at least a week. Intentionally, physiotherapists received no specific
instructions regarding to the way activity trackers should be distributed. The choice was
made in consultation with the participant (shared decision-making) or was made by the
physiotherapist solely. At their own request, participants could wear the activity tracker
longer and could also use a second activity tracker. The physiotherapists had two
training sessions: one about the practical use of the activity tracker (e.g., how to install
them) and one about the integration of activity trackers in their therapy.
Physiotherapists did not receive any further instructions about how to use the activity
trackers in their treatments, to simulate ‘real life’ as much as possible.

Table 3.1 Eight selected commercially available activity trackers used in this study.

Activity tracker Manufacturer Type Wearing Outcome
position variables

Activ8 Remedy Ltd Accelerometer  Trouser pocket A,B,C

Digi-Walker CW-700 Yamax Coorporation Pedometer Wrist A,C

Flex Fitbit Inc. Accelerometer  Wrist A,C

Lumo Back Lumo BodyTech, Inc. Accelerometer Lower back A,B,C,D

Moves ProtoGeo App Trouser pocket A,C

One Fitbit Inc. Accelerometer Belt A,C

UP24 Jawbone Accelerometer Wrist A,C

Walking Style X Omron Healthcare Europe B.V. Pedometer Belt A,C

A: number of steps; B: time spent lying, sitting, standing, walking, running and cycling; C: active minutes;
D: number of sit to stand transition.

Data collection

For socio-demographic purposes, the participants’ general characteristics were
collected: gender, age, diagnosed chronic disease, and the highest level of education.
Specific disease characteristics were collected. In the case of COPD, this was the Global
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Initiative for Chronic Obstructive Lung Disease (GOLD) stage34, for osteoarthritis its
location (lower extremity, upper extremity, cervical or lower spine), and in cancer
patients the treatment phase (curative/palliative). Two questionnaires were used: the
Physical Activity Questionnaire (PAQ) and the Cumulative lliness Rating Scale (CIRS). The
PAQ was used to indicate the daily physical activity of the participants>, and the CIRS
was used to calculate the severity and number of comorbidities.**?’

Participants were asked to participate in an individual interview or focus group
discussion. A semi-structured interview guide for the individual interviews was
developed based on the five steps of Kallio et al*®*In step 1, the appropriateness of the
semi-structured setup was verified as a rigorous data collection method in relation to
the research question of this study. In step 2, previous knowledge was retrieved from
the literature and by consulting experts (two participant representatives, the research
team and, two mHealth experts) to understand the phenomenon of feasibility, i.e.,
experiences with activity trackers in healthcare. In step 3, the preliminary interview
guide was formulated. In step 4, the interview guide was tested by means of internal
testing: evaluation within the research team, expert assessment with two participant
representatives, and field testing with the first two research participants. Adaptations
were made, and in step 5, the complete semi-structured interview guide was finalized.
The interview guide is provided in Supplement File S3.1. The questioning route used for
the focus group discussions was developed according to Krueger et al.*® The questioning
route for the focus group discussion was based on that of the individual interviews to
confirm data saturation.

The interviewers were a physiotherapist (EB) or a human movement scientist (KvV). The
interview questions were openended to encourage the participants to talk about their
experiences. If needed, the interviewer asked follow-up questions to gain more insight.
Individual interviews were performed at a location convenient for the participant (either
the participant’s home or the physiotherapy practice). Each interview was audio
recorded and lasted 30-60 min; the interviewer also took field notes. The focus group
discussion took place at the research institute (Zuyd University). The focus group
discussion was audio recorded and lasted for 60-90 min. There was one interviewer (EB),
two researchers took field notes (KvV, AB) and two participant representatives were
present.

Participants were included until no new information was collected (data saturation) on
all topics. This was established by regular agreement sessions within the research team.
Once data saturation had been reached, one focus group discussion was scheduled,
which served to confirm the results.
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Data analysis

The data were analyzed according to the Framework Method.” In stage 1, all audio
recordings were transcribed verbatim by two researchers (DU, KT) and primary
identifiers were de-identified. In stage 2, the entire transcripts were read and, if needed
for the context of the text passage, the audio recordings were reviewed. In stage 3,
paraphrases or labels (a code) were applied to relevant text fragments. Deductive and
inductive content analysis was used.*’ Deductive content analysis was used for the
majority of codes predefined according to empirical information,'®*%2%24293042:47
Inductive coding was applied when the text passages did not fit a predefined code but
were considered to be relevant. An ‘other’ code was defined to include such data.
During the analysis, two subcategories were added to the framework: choice of activity
tracker and discussing results with a physiotherapist. In stage 4, the first two interviews
were coded by both researchers (DU, KT). An alignment session was held with the two
researchers and one other independent researcher (EB) to fine-tune the coding.
Differences in interpretation were solved by a dialog between DU and KT to reach
consensus, because the aim was the find a suitable interpretation grounded in the
original quote. The codes were grouped together into categories and subcategories by
the research team, using a tree diagram. Expert assessment of this working analytical
framework took place in four iterative expert meetings with two participant
representatives, the research team, and two mHealth experts. In stage 5, the analytical
framework was applied by indexing subsequent transcripts using the existing categories
and codes (see Supplement File S3.2). In stage 6, the data were entered into the
framework matrix from a spreadsheet including a summary and a reference to
illustrative quotations. In addition, an analytical tabulation was performed. Finally, in
stage 7, the data were interpreted and presented in a descriptive way using NVivo
(version10).

Descriptive statistics of the participants’ characteristics were presented. Means
(+ standard deviation) or medians (range) (depending on the data distribution) were
given. If data were missing, pairwise deletion was applied.

Trustworthiness

To ensure the quality and trustworthiness of this study, credibility and transferability
were checked in several Ways.31 Credibility was examined by method, investigator and
data triangulation. Method triangulation involved multiple methods of data collection
(interviews and focus group discussions); investigator triangulation was achieved by
having all authors reflect on the design, data collection and analysis process during this
study; and data triangulation used different sources of the same information (multiple
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interviewees and participants in focus group discussions). Transferability was examined
through a thick description of our study population and the study process.**

Results

The framework analysis resulted in eight categories: 1) purchase of the activity trackers,
2) instruction, 3) characteristics of the activity tracker, 4) correct functioning, 5) sharing
data, 6) privacy, 7) use of the activity tracker, and 8) interest in feedback. The number of
quotes per (sub)category is presented in Supplement File S3.2.

Participants

A total of 23 participants were interviewed individually, and six participants participated
in the focus group discussion (Table 3.2); all wore the activity tracker for between two
and eight weeks. The Activ8 was the most used activity tracker (n=6), followed by the
Fitbit Flex (n=5), Fitbit One (n=5), Digiwalker CW-700 (n=4), UP 24 (n=4), Walking Style X
(n=4), the Moves app (n=2) and, the Lumoback (n=1). Four participants used two
different activity trackers, two participants tested three different activity trackers, and
one participant tested four different activity trackers.

Table 3.2 Demographic and health characteristics of included participants.
Characteristics Participants (n=29)
Gender, n male (%) 7(27)
Age (years), median (range) 55 (22-78)
Education, n (%)
Secondary Education 6 (26)
College 9(39)
University 8 (35)

Diagnosed disease, n (%)

Cardiovascular Disease 1(4)
COPD 2 (8)
Diabetes Mellitus 1(4)
Cancer 5 (20)
Osteoarthritis 4 (16)
Chronic Pain 10 (40)
Combination 2 (8)
Comorbidity (CIRS 0-52), median (range) 5(0-10)
Physical activity*
Sufficiently active, n (%) 14 (59)
Insufficiently active, n (%) 10 (41)

* Physical activity was measured by the physical activity assessment tool to determine whether the
participants was sufficiently active.”® There was three missing values for gender (10,3%), age (10,3%), six
missing values for education (20.6%), four missing values for diagnosed disease (13.7%) and CIRS score (13.7%)
and, five missing values for physical activity assessment tool (17.2%). COPD: Chronic Obstructive Lung Disease;
CIRS: Cumulative lliness Rating Scale.
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Chronic pain, osteoarthritis, and cancer were the most prevalent conditions, and 8% of
the participants had multimorbidity. Of the participants with COPD, one patient had
been diagnosed with stage Il COPD, and one patient didn’t know his GOLD stadium. Of
the participants with cancer, 50% had had a curative treatment and 50% a palliative
treatment; this variable was missing for one participant. Of the participants with
osteoarthritis, the most affected joints were the upper extremity (41%), spine (36%) and
lower extremity (23%).

Purchase of the activity trackers

Most of the participants were unfamiliar with activity trackers and had no idea about
their average cost. Some of the participants had heard that activity trackers were
expensive. When asked about how much they were willing to pay, participants said they
would be willing to spend between 20-50 euros but that there should be no other costs,
e.g., subscription fees. Some participants wanted to buy an activity tracker but refrained
due to the perceived high costs.

“I would spend 20-30 euros if | am sure the activity tracker works. But | can get one
for 5 euros of which | am not sure if it works.” Female, 28 years, chronic pain

“We subscribed somewhere so we could get a discount on a Fitbit. My husband
asked if he should buy one for me. But | think it is way too expensive” Female,
57 years, cancer

Some looked for reimbursement options and consulted their insurance company. If
healthcare insurance companies offered some form of compensation, then participants
would consider buying an activity tracker at the average retail price.

“I already called the health insurance company to see if they reimburse it [activity
tracker] but they don't.” Female, 65 years, Diabetes Mellitus and cardiovascular
disease

One other difficulty in purchasing an activity tracker was the lack of information about
them. The amount of effort needed to find information hindered them from buying one.
According to the participants, there was no clear information available on the internet.
Participants wanted an aid that compared several activity trackers. They suggested one
that would specify the characteristics, brand, advantages and disadvantages of a small
number of activity trackers and where they could be obtained. Some participants also
suggested linking this to their physiotherapist’s website or providing information in the
physiotherapist practice.
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“Well a scheme, with the possibilities and for example a picture and where you can
buy it [activity tracker]. Or which brand, what the advantages and disadvantages of
some are. Or the complexity.” Female, 46 years, chronic pain

Participants found that activity trackers did not function on Apple products (MacBook,
iPad) and that some older computers can’t run the activity tracker software. They
experienced this as disappointing. However, they would not buy another computer or
smartphone so they could use their activity tracker.

Instruction and use

Older participants said that if they had received more information from their
physiotherapists about using the activity tracker, they could have used them
independently. Some participants consulted the physiotherapist for additional
information. Almost all had to ask their partner, children, or physiotherapist for extra
help.

“I didn’t understand how to do it, so | called my physiotherapist again and we went
through it together one more time, after that it went fine.” Male, 66 years, Diabetes
Mellitus and cardiovascular disease

“I installed the activity tracker together with my husband. | have to admit, | don’t
have that much technical skills, but together we managed to do it.” Female,
61 years, chronic pain

Most participants mentioned that their physiotherapist installed the activity tracker for
them. Some participants had asked their physiotherapist to read out their data. Others
claimed that by embedding activity trackers in the care process, the physiotherapist
needed to focus on several aspects in daily clinical practice: a thorough explanation of
the activity tracker, advice on the suitable moment(s) of checking individual data on the
trackers and help with the translation of the activity tracker data into a conclusion for
the patient on how he is doing (‘data interpretation’).

“In the light of embedding in healthcare, the physiotherapist should pay more
attention to explaining the activity tracker, and the meaning of it, but he should also
help with the interpretation of the results.” Male, 56 years, cardiovascular disease

With some activity trackers, an instruction guide was included, yet experiences with
these guides varied between participants. Some participants found the instructions very
clear, while others said they were too vague. Many participants would like a clear step-
by-step manual. One major issue was that the guides were written in English instead of
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the participants’ mother tongue (Dutch). But even if the manual was written in Dutch,
the activity tracker itself, the apps and web portals were still in English instead of Dutch,
which still made them hard to understand and operate.

“Well, make it clear, add a Dutch manual with it, how the install it [activity tracker]
and stuff like that.” Female, 57 years, cancer

Most participants felt that their technical abilities were insufficient. The most commonly
expressed explanation was their age. Participants were reluctant to try different settings
and buttons on the activity tracker as they might do something wrong and lose the data.

“No, well, I always think, don’t touch it, you never know what you can do wrong. My
son works in IT, and he always says: Mom, you can’t do that, you can always get it
[data] back.” Female, 66 years, cardiovascular disease and cancer

Some wrote down the data on paper and brought it to the consultation with the
physiotherapist because they feared they would lose data and damage the activity
tracker.

“I think if I do this, | lose everything. Maybe it is very easy if you would do it. But | am
afraid that | would do something wrong. | prefer to watch and write down the time
and date and number of steps. | take the note with me and say: This is what | have
done. | am afraid that | would break something again, and | don’t want that.”
Female, 70 years, chronic pain

Characteristics of the activity tracker

Participants expressed that activity trackers should be as easy to use as possible (e.g.,
one button). It was hard for them to navigate and find their data in the corresponding
app or computer dashboard. Because of the technical and procedural complexity of the
activity tracker, they did not try to understand it fully. Some felt if they had tried harder,
they would have understood the activity tracker better.

“I did find the number of steps, but you had to push buttons to get more
information, so you really needed to search. How do | find what | want and what
does it all mean? | just didn’t think it was practical.” Male, 41 years, chronic pain

This complexity demotivated them to search for the information on the app or
dashboard.
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“Especially number of steps and the walked distance, | had to search for the rest.
You really had to look how to get more information. Sometimes | don’t feel like
searching for it.” Male, 41 years, chronic pain

The activity trackers measure several variables, and most participants were interested in
their number of steps, calories, sleep pattern and walked distance. When specifically
asked, some participants would have liked to have variables related to swimming,
cycling, and a heart rate monitor. The option to register their food and liquid intake was
hardly used.

“It should register all kind of movement, such as cycling and walking, and | would
like to measure my heartrate and blood pressure as well.” Female, 60, chronic pain

Most participants used the interface of the activity tracker itself to check their data and
to receive feedback, provided that the text on the activity tracker was legible.
Participants checked their data regularly, varying from once a day to several times during
the day. Some participants would have liked an overview of their physical activity during
the week, in the form of a graph. Participants appreciated the visual stimulant.

“I saw that | was above the line, which was enough for me. But it would be nice, not
every day, but once a week for example that you can see the difference with
yesterday in a simple way.” Female, 66 years, cardiovascular disease and cancer

Most participants focused on the number of steps as a daily goal, while some used the
number of calories, but the majority took the standard goal of the activity tracker, the
10,000 steps. For many, this standard goal was too high, though almost no one altered
it. The most common personal health goal of the participants was to walk more or lose
weight. Some participants mentioned they did not have a specific goal but wanted to
gain insight into their physical activity or into the relationship between their physical
activity and their chronic disease or rehabilitation process.

“When | used to come home from the clinic where | was treated, | couldn’t do
anything. | could walk three steps. That has a certain progression. | would have liked
to oversee this whole process. What was | able to do yesterday and what am | able
to do now?” Male, 62 years, osteoarthritis

The preferred place to wear the activity tracker was a trouser pocket attached with a
clip, though several women preferred wearing the activity tracker attached to their bra.

“Yes, in my trouser pocket, always in my trouser pocket, like now. It doesn’t bother

me at all, | just have to remember it when | change my trousers.” Male, 62 years,
osteoarthritis
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Most participants reported that the activity tracker should be discrete, easy to attach
without assistance, and comfortable to wear. Sleeping with the activity tracker was
uncomfortable for most participants.

“I liked the Fitbit One better, the small thing, that is because | don’t like it if it
[activity tracker] is visible” Female, 47 years, chronic pain

Some expressed concern that the activity trackers were not waterproof, or could easily
be lost.

“I thought it was a pity it [activity tracker] wasn’t waterproof. We still have to wash
windows and do our dishes and stuff like that.” Female, 60 years, chronic pain

The battery of the activity tracker lasted longer than expected. Participants appreciated
the average lifetime of 3-4 weeks. They stated that there was a chance they would
forget to recharge the activity tracker regularly.

Correct functioning

The experiences with the validity and reliability of the activity trackers varied. Small
movements such as household activities were sometimes not measured. In some
instances the activity tracker measured activities that were not actually performed by
the participants.

“It [activity tracker] registered cycling but | never cycle and yet it popped up, for
example, 20 minutes or something like that and | figured maybe | had made some
kind of movement which is registered as cycling?” Female, 30 years, chronic pain

Participants noticed a lack of validity and reliability more often with activity trackers
worn around the wrist. Sometimes, participants had technical problems such as trouble
logging-in or synchronizing with the activity tracker.

“It could take up to a half hour before the activity tracker made a connection”
Female, 47 years, chronic pain
Sharing data and privacy

Participants were positive about sharing data with their family or friends. This gave them
a confirmation of their physical activity level and simultaneously challenged them to be
more physically active.
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“I used to do this with some friends from the North (of the Netherlands) and from
here. | showed them how much | walked.” Female, 74, osteoarthritis

None expressed reticence about sharing their data with healthcare professionals, and
none wished to share their data with companies, including the manufacturer of the
activity tracker.

“I don’t think the data are privacy sensitive. If he [physiotherapist] can help me by
having insight in the data, | can benefit from that of course.” Female, 61 years,
chronic pain

Use of the activity tracker

Participants used their activity tracker, but over time some of them forgot to wear or
check it. The majority of participants did not discuss their physical activity data with their
physiotherapist, though when asked, some admitted they would have liked to do so.
Only a few discussed their results with their physiotherapist and created new activity
goals together. The data were verbally discussed without using the activity tracker’s
interface. None of the participants wanted to discuss the data during their treatment
session, since they valued the treatment delivered by the physiotherapist more than any
substitution of treatment by the data of the activity tracker. Another reason was that
some of the participants received group therapy and did not want to request extra time
from their physiotherapist.

“If the physiotherapist should read out the data and explain them, that would take
too much time away from my treatment” Male, 63 years, osteoarthritis

Only when asked, participants thought it would be motivating to discuss the data with
their physiotherapist. As this wasn’t the case, most did not recognize the added value of
the activity tracker.

“I: Would it [activity tracker] be an added value to your therapy?” “P: Yes, | don’t
know what could be discussed. Well, it isn’t right or wrong. So maybe some kind of
guideline, | think you have moved too little or something like that? That is always
nice to hear. Whether you do something with it depends on yourself of course. | still
don’t know what average is, that is a nice thing what | would like to know.”

Female, 44 years, chronic pain

Participants found it demotivating to deal with unrealistically high goals. Participants
would have liked to create an individual goal together with their physiotherapist. Some
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became too active for their condition, which led to physical complaints. A few used the
goals as a ‘brake’ to limit their physical activity.

“Well it [step count goal] is not achievable. And you start to think, ‘| won’t make it
anyway’, so it should be achievable goals” Female, 47 years, chronic pain

Interest in feedback

All participants, except one, perceived the feedback of the activity tracker as positive
and pleasant. One perceived the feedback as negative, due to a decline in his health.
They used the feedback as a motivator to reach their goals; almost all stated that they
went for an extra walk or climbed some more stairs to achieve their target. However, it
was demotivating when participants noticed that the activity trackers did not measure
certain activities (cycling, walking stairs).

“I started walking through the gallery and the living room just to... It really has been
a challenge, but at some point it became obsessive. If | open that thing [activity
tracker] at 22.00 and | thought, ‘Oh no, these are not a thousand steps, | should do
a little more’. So | ran at the end of the day through my home just to make more
steps.” Female, 73 years, cancer

Participants also reported that they became more aware of their physical activity level in
general.

“I think when it [number of steps] is visible, it will motivate you to complete the
task.” Male, 66 years, cancer

The visual stimulant of achievement, for instance a growing flower or a smiley, was well
received by almost all participants. It motivated them to gain a reward from the activity
tracker (e.g., fully grown flower). Some appreciated that feedback was an objective

measurement.

“I think it [activity tracker] stimulates you to walk more because it is visible. If you
don’t have it [activity tracker], then you don’t of course.” Female, 75 years,
osteoarthritis

Discussion

The aim of this study was to describe how patients with a chronic disease experienced
the use of commercially available activity trackers embedded in physiotherapy
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treatment in order to increase successful implementation in future care. The
participants used an activity tracker for at least one week and were then interviewed
about their experiences. In general, they experienced the use of the activity trackers as
positive and enjoyed using them. The activity trackers motivated them to increase their
physical activity levels and reach their daily goals, and, they became aware of their
physical activity. However, they experienced certain limitations, such as the complexity
of the activity tracker, doubts about its validity and reliability, the lack of clear
instructions for using the activity tracker by the physiotherapist, and high standard goals
set by the activity tracker. The majority of the participants did not discuss their activity
tracker data with their physiotherapists, as the treatment delivered by the
physiotherapist was valued more than the data of the activity tracker.

223% in which the

acceptance and usefulness of activity trackers in their daily life for people with a chronic

The results of the interviews are in line with previous studies

disease was examined. Mercer et al. concluded that activity trackers were perceived as
acceptable and useful, but the participants needed support in setting up the device and
interpreting the data.” Rosenberg et al. also concluded that men with prostate cancer
perceived activity trackers as acceptable but found several barriers to their use such as
problems with syncing the activity trackers and data inaccuracies.™ Activity trackers
should be as straightforward as possible, with personal demonstrations and written
manuals provided. Mercer et al. and Rosenberg et al. both suggested that usability could
be improved by having more compatible computers and smartphones, comprehensive
paper manuals, and apps that interpret the user data. Studies among the elderly and

2% showed considerable similarities with the results of this study and those of

adults
Mercer et al. and Rosenberg et al. Older people and adults accepted the activity tracker,
found them stimulating, increased awareness, and experienced them as useful.
However, especially elderly stated they would prefer an activity tracker which is easier to
use and adapted to their needs and skills. Adults prefer an activity tracker adapted to
their routines and needs, and like to have a more accurate (i.e., reliable and valid)
activity tracker.

In this study, a framework analysis was used to analyze the data, resulting in a
framework with seven categories: 1) purchase of the activity trackers, 2) instruction,
3) characteristics of the activity tracker, 4) correct functioning, 5) sharing data and
privacy, 6) use of the activity tracker, and 7) interest in feedback. Each category had
several subcategories. The two themes, all categories and sub-categories, except for four
subcategories, of the framework were consistent with the literature used. Two new sub-
categories were added during the analysis of the interviews: choice of the activity
tracker and discussing results with a physiotherapist. A final framework was produced
which includes all of the important concepts from the experiences reported by people
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with a chronic disease after using activity trackers and can guide the use in further
research and practice.

Limitations and strengths

This study has certain strengths and limitations. The activity trackers used were the most
up-to-date at the time of the study. However, some manufacturers stopped producing
these specific kinds of tracker or stopped producing activity trackers entirely, while
several new activity tracker brands and updated versions have been released with new
functions. To the authors’ knowledge, though, none of these activity trackers are
designed for people with a chronic disease or even the healthcare sector in general.
However, the concepts of the framework are general and still applicable to updated
versions and new brands.

The length of time the participants used the activity tracker varied. Every participant
used the activity tracker for at least one week, and they were free to use the activity
tracker for a longer period of time if they desired. This might have influenced their
experience since they would become more familiar with the tracker. Some participants
used more than one activity tracker, which may also have biased their experience since
they might have compared the activity trackers during the interview. This might also
have intensified the experiences, resulting in enriched data in this study.

One strength of this study is the use of the Framework Method, which has been used in
research for over 25 years." Some of its strong points are: data can be easily
summarized, the structure is visually easy to interpret, it can be used with inductive and
deductive analysis, the systematic procedure is easy to follow and has a clear audit
trail.**

Another strength of this study is the implementation of the activity tracker in
physiotherapy treatment. The participants were free to use the activity tracker any way
they liked, but almost none used it in their physiotherapy treatment. One explanation
was that they valued the treatment for their physical complaints more than discussing
their physical activity data. The participating physiotherapists received two training
sessions and no further instructions about the use of the activity tracker in their daily
practice. This information was probably too limited and more training including show
cases is needed. It might be possible that physiotherapists therefore had too limited
knowledge how to imbed the use of activity trackers in their treatment. The participants
may also have not seen the added value of an activity tracker during their therapy, due
to lack of guidance from their physiotherapist. If embedded correctly, activity trackers
can potentially contribute in a positive way to the physical behavior of a patient.
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Clinical relevance

Activity trackers can potentially be of added value to physiotherapy, but the feasibility of
the activity tracker must be optimal to ensure implementation in physiotherapy
treatment. The findings in this study are novel, physiotherapists should be aware of
several factors which might compromise the use of an activity tracker during physical
therapy. First, activity trackers should be easy to use in daily life and during treatment.
An activity tracker should match with the needs and technical skills of the patient, but
currently patients experience them as too complex. Participants who have limited
technical skills need regular guidance from their physiotherapist besides help with
interpretation of activity tracker data for all patients.

At this moment, most of the participants did not see the added value of an activity
tracker, since they didn’t discuss the activity tracker data during their therapy and valued
the physical treatment more. However, when asked, participants could see the potential
added value of an activity tracker. Therefore, if a physiotherapist wants to use an activity
tracker in therapy, they should use it in a meaningful way to support the physical
treatment. An activity tracker can be a good measurement- and motivation tool in
physiotherapy treatment since participants found them motivating to be more active
and to reach their daily activity goals. However, some activity trackers are not yet valid
and reliable during activities of daily living. This should be kept in mind by both the
physiotherapists and patient, since this might demotivate the patient and influence the
advice of the physiotherapists. Furthermore, due to the perceived high costs, most
participants are not willing to buy an activity tracker themselves. A physiotherapist
should keep in mind that therefore the use of an activity trackers might not be
affordable for every patient depending on their finical situation and willingness to buy an
activity tracker.

Conclusion

Patients with a chronic disease were positive regarding activity trackers in general.
However they require an activity tracker adapted to their needs and skills. The
developed framework gives insight in all important concepts from the experiences
reported by people with a chronic disease and can be used to guide further research and
practice. When embedded in physiotherapy, however, more attention should be payed
to the integration in treatment.
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Supplement file S3.1

Interview Guide

Introduction:

e Introduce yourself (name, function)

e  Explain you would like to record this interview with a memo recorder

e  Explain that everything the patients says will be used without their name
e Askif they agree with recording the interview

e Askif they have any question based on the information you just provided

Question 1:
Which activity tracker did you use?

Question 2:
Which information did you receive from your physiotherapist before using the activity
tracker?

Question 3:
Can you briefly explain how you experienced the use of the activity tracker?

Question 4:
With witch purpose was the activity tracker used in your therapy?

Sub question: Did you discussed the results in with your physiotherapist?
Continue with: How did you discussed these results? OR How would you
have liked to discuss these results?

Sub question: How can an activity tracker be used in your therapy to improve

the results of the therapy?

Question 5:
Would you purchase an activity tracker?
In case the participants wants to buy an activity tracker:
- If you would buy an activity tracker, which information you would like to
know beforehand?
- How would you want to compare this with other activity trackers? (for
example wearing location, price and feasibility)



- What would be the main reason whether to buy or not buy an activity
tracker?

- How would an aid to help you choose an activity tracker look appealing to
you?

In case the participants does not want to buy an activity tracker:

- If you could borrow an activity tracker from the physiotherapist practice
which information you would like to know beforehand?

- How would you want to compare this with other activity trackers? (for
example wearing location, price and feasibility)

- What would be the main reason whether to buy or not buy an activity
tracker?

- How would an aid to help you choose an activity tracker look appealing to
you?

Question 6:
Most data of activity trackers is stored online. Do you have any objections if other
people could see your data?

Sub question: If yes, why? If no, why not?

Sub question Who would be allowed to see your data and who isn’t ?

Question 7:
Are there any important issues to you which we haven’t discussed during this interview?

Patients’ experiences with commercially available activity trackers embedded in physiotherapy treatment | 65



Supplement file S3.1

Category Subcategory Number of quotes
Purchase Costs of the activity tracker" 14
Costs of a subscription® 2
Compensation of healthcare insurance’ 3
Possession of a smartphone' 7
Possession of a computerz’3 14
Available and clear information about the feasibility of the trackers™ 5
Instruction Required instruction from physiotherapistl'2 75
Support (helpdesk, blogs, YouTube)*** 0
Required technical skills*® 52
Characteristics of  Installing and receiving data from the activity tracker”™’ 59
the activity Measured variables by the activity tracker™*®”** 108
tracker Interface’ 1
Accessibility™ 104
Wearing comfort™>>7#1% 155
Setting goals”*"" 11
Complexityz’("8 131
Feedback™>*™" 135
Robustness™>" 29
Correct Validitys'7'9'“'13 11
functioning Reliability>"#*"™* 30
Technical errors™ 23
Sharing data |nteroperational“'5 0
Possibility to share data™*”*** 8
Privacy Safely sharing data>”*"" 2
Warrant of privacy2 22
Insight into physical activity level by physiotherapist™ 12
Authorisation, authentication, license® 0
Use of the activity Implementation in physiotherapyl'z"‘ 49
tracker Interface’ 0
Compliance™ 89
Setting goals"'s'15 129
Choice of activity tracker 30
Discussing results with physiotherapist 38
Interest in Added value of feedback***'"1¢ 184
feedback Faith in measurements and measurement procedures >>”** 39

*Subtopics in bold are added after the evaluation of the framework
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Abstract

Purpose

The purposes of this study were, first, to (re)design the user-interface of the activity
tracker known as the MOX with the help of input from elderly individuals living
independently and, second, to assess the use of and experiences with the adapted
Measure It Super Simple (MISS) activity tracker in daily life.

Methods

The double diamond method, which was used to (re)design the user-interface, consists
of four phases: discover, define, develop, and deliver. As a departure point, this study
used a list of general design requirements that facilitate the development of technology
for the elderly. Usage and experiences were assessed through interviews after elderly
individuals had used the activity tracker for 2 weeks.

Results

In co-creation with thirty-five elderly individuals (65 to 89-years-old) the design,
feedback system, and application were further developed into a user-friendly interface:
the Measure It Super Simple (MISS) activity. Twenty-eight elderly individuals (65 to 78-
years-old) reported that they found the MISS activity easy to use, needed limited help
when setting the tracker up, and required limited assistance when using it during their
daily lives.

Conclusions

This study offers a generic structured methodology and a list of design requirements to
adapt the interface of an existing activity tracker consistent with the skills and needs of
the elderly. The MISS activity seemed to be successfully (re)designed, like the elderly
who participated in this pilot study reported that anyone should be able to use it.
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Introduction

Smart health has become increasingly popular in recent years as a method of monitoring
physical activity, as well as health- and lifestyle-related variables." The term smart health
refers to mobile applications (apps), wearables, and smartwatches.” Although activity
trackers are mainly used by a young and physically fit population, the elderly could also
benefit from the use of an activity tracker. In the Netherlands, 53% of elderly individuals
(65+) do not meet the Dutch physical activity guideline™ even though there is ample
evidence that sufficient physical activity can prevent several chronic diseases, reduce the
risk of premature death, and decrease the risk of fractures and falls in the elderly.*”
Barriers that inhibit elderly individuals’ physical activity noted in the literature include a
lack of motivation and self-discipline, the assumption that they are already sufficiently
active, limited knowledge about the positive effects of physical activity, and a lack of
habits.®” Studies show that incorporating the use of an activity tracker into one’s
healthcare can motivate elderly individuals to become more physically active. The
primary explanations for this phenomenon are that trackers provide insight into an
elderly individual’'s amount of physical activity and increase their awareness of their
physical activity.s’13
The user-friendliness of an activity tracker is an important feature to start and continue
using an activity tracker. Several studies concluded that the elderly do not achieve a
meaningful user-experience with existing activity trackers because there is a disparity
between tracker features and the skills and needs of the elderly.lo’16 Frequently
mentioned problems include an imbalance between technical skills and the perceived
complexity of the activity tracker, the lack of a clear manual, complex interpretation of
feedback, excessively high standards for daily activity goals (e.g., 10,000 steps), and
reduced wearing comfort."*"°

Consequently, there is a need for an activity tracker that meets the needs and skills of
the elderly. In this study, we wanted to examine whether the user-interface of an
existing activity tracker could be adapted in order to facilitate a (more) meaningful
experience for the elderly. An example of an activity tracker whose user-interface can be
adapted is the MOX Activity Monitor (MOX", Box 4.1).

Since the algorithm settings of the MOX (including the optimized parameter settings of
MOXwissactiviy) have been validated for an elderly populationls, we wanted to examine
whether the user-interface of the MOX could be adapted for this target group as well. In
this article, the user-interface refers to (1) the design of the tracker’s hardware, (2) the
feedback system and display of the activity tracker, and (3) the feedback provided by a
mobile application.
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Box 4.1  About “MOX Activity Monitor”.

— The MOX Activity Monitor contains a tri-axial accelerometer.

— The algorithm of the MOX was recently optimized and the algorithm settings were validated in an
elderly

—  population.

— The system can measure and transfer physical activity parameters continuously every second for 14
days.

—  Dust & Waterproof IPX8

—  CE-certified

—  Wireless communication Bluetooth LE

—  Battery lifetime 14 days

Based on the recent research of Ummels et al.' regarding the experiences of the elderly
with eight different activity trackers, 53 important characteristics to create a meaningful
user-interface were determined (Appendix 4.1). For instance, three important
characteristics from this list include the wearing location, outcome parameters, and
feedback options. Thus, findings from Ummels et al. that have been broadly supported

HA3AS1932 \yare used as a departure point for the design of the user-

by the literature

interface.

In order to facilitate meaningful user experience and to assess the usage and

experiences of the elderly with the activity tracker, this study was conducted with the

following objectives:

1. to (re)design a user-friendly interface of the MOX, meeting the requirements of the
elderly by using the double diamond method.

2. to assess the elderly’s use and experiences of the adapted activity tracker in daily life.

Methods

This study consists of two methods that aim to answer the two aforementioned research
questions (Figure 4.1) and were approved by a local ethics board (METC-Z Medical
Ethical Committee, METCZ20180012).

Regarding the (re)design of the user-interface, the double diamond method®® was used.
The double diamond method consists of four phases: the discovery, definition,
development, and delivery phase. The discovery phase was completed in a preliminary
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phase (Appendix 4.1) and served as a departure point for the remaining three phases,
which are outlined below.

To assess the use of and experiences with the adapted activity tracker, a sample of
elderly individuals using the activity tracker for a period of 2 weeks. Afterward, all
participants were interviewed.

Re-design the user interface Assessing the use & experiences

MoSCoW* model (n=4) Prototype and Redesign MOX to Interviews about the use and experiences
interviews (n=25) MISS Actvity with the MISS Activity (n=28)

Preliminary study (introduction) This study (methods & results)

Determine important
characteristics for
the user interface

*MoSCoW stands for “‘Must Have, Should Have, Could have and Would have”

Figure 4.1  Schematic overview of the two designs used in this study.

(Re)design of the user-interface

Definition phase

To prioritize the 53 characteristics outlined in the discovery phase, the MoSCoW model
was used.** Four experts in wearables (a professor in the field of smart devices, a
physiotherapist, an advisor from the knowledge centre for sports and physical activity,
and a clinical operator of a human kinetics lab) were asked to prioritize these
characteristics, based on technical complexity and market distinctiveness. When at least
two experts rated a characteristic as a “should have” the characteristic was labelled
critical.

Development and delivery phase

Based on the definition phase, three key aspects of the activity tracker were included:
(1) the design of the activity tracker, (2) the way the activity tracker provides feedback,
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and (3) an app that provides additional feedback. Consequently, each aspect was
designed in co-design, described in a user manual, and tested with the elderly.

Participants

Participants were recruited via several local associations, such as sports clubs and social
initiatives for the elderly. Participants were eligible if they were 65-years-old or older
and possessed a sufficient understanding of the Dutch language. The following
demographic characteristics of the participants were noted: gender, age, knowledge of
technology (between 0 and 10), and use of a computer, tablet, smartphone, and activity
tracker (Yes/No). All participants provided written informed consent after receiving
verbal and written information about the research.

Design of the activity tracker

Three participants were interviewed about their preferences regarding the design of the
activity tracker. They were provided with six distinct activity tracker shapes and clips.
They were then asked to arrange their preferences for these shapes and clips.
Participants were asked to explain why they chose this sequence. The interviews were
audio-taped and summarised, and pictures were taken of the final sequences. Finally,
based on the interviews, a clip and shape were designed.

Feedback system on the activity tracker

Twelve participants (two focus groups) were interviewed about feedback concepts for
battery life, progress to goal, and synchronization status (Figure 4.2). Furthermore, they
were asked about their opinion on how they would like to activate the feedback on the
activity tracker (e.g., tapping or shaking). These interviews were audio-taped and
summarised. Based on the results, the feedback system on the activity tracker was
adapted and implemented.

Additional feedback by an application

Twenty participants were asked to perform several tasks on a designed mock-up app.
The performance was documented by a researcher (DU). Afterward, the participants
were asked about the user-experience. The first 10 participants were also provided with
three alternative designs (Figure 4.3), from which they could select their preference.
After 10 interviews, the app was adjusted based on the feedback of these first ten
participants. Based on the last 10 interviews, the app was adapted to its final version.

74 | Chapter 4



) o
Concepts battery life g
° © 0
»
( ~ ~ P
o
Conceptsprogress to N
oal
P | ovee 0000 = ? * e *
.
Concepts . .
synchronisation status B . o
oroes . g ® g
o

Figure 4.2 Feedback concepts for battery life, progress to goal, and synchronization status.
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Figure 4.3  Alternative designs for the application.

Evaluating use and experiences in daily life

The adapted user-interface was integrated into the MOX. Together with the developed
algorithmlg, the activity tracker is called the Measure It Super Simple (MISS) activity
tracker.”®> To evaluate if the Measure It Super Simple (MISS) activity was indeed
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successfully (re)designed, thirty participants used the MISS activity for 2 weeks. During
this time, two personal visits and two check-up calls were organized (Figure 4.4).

To evaluate the success of the (re)designed MISS activity, thirty participants were asked
to use the MISS activity for 2 weeks. During this period, two personal visits and two
check-up calls were organized (Figure 4.4).

2 days 10days 2 days
|
e O
First personal visit First check-up call Second check-up call Second personal visit
Data collection: First check-up: Second check-up: Data collection:
® Participants’ general Check if participants Check if participants ® |nterview
characteristics. installed the MISS synchronised the ® Check if participants received
® TOMWT. Activity application. activity tracker with all the information and two
the MISS Activity check-up calls.
application. e Number of calls to help-desk.
® Perceived effect questionnaire.
o Number of steps and active
minutes past two weeks.

Figure 4.4 Overview of data collection during the 2 weeks test period. Abbreviation — 10MWT: 10-meter
walking test.

Participants

Participants were recruited through convenient sampling via several local associations,
such as sports clubs or social initiatives for the elderly. Participants were eligible if they
were 65 years or older, had a sufficient understanding of the Dutch language, and
possessed a smartphone. Participants were excluded if they had an asymmetrical gait
that was observed during the 10-m walking test® or used a walking aid.

First personal visit

The first personal visit was located at a convenient location for the participant (e.g., their
home). General characteristics were collected: gender, age, the highest level of
education, living situation, family composition, use of technology, and their hobbies.
Participants received a MISS activity, which they were asked to wear for 2 weeks, and a
user manual. No further instructions about the use of the MISS activity were given.
Participants were invited to call the helpdesk if they perceived any problems.
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Check-up calls

Two days after the first appointment, a researcher called the participant to check if they
had installed the app. The researcher pointed out again, that participants could obtain
support through the helpdesk if they encountered problems. After ten days the
researcher called the second time to ask if participants had synchronized the activity
tracker with the application in the last 2 weeks. If not, they were asked to do so.

Second personal visit

At the end of the 2 weeks testing period, a second personal visit was scheduled during
which the researcher asked whether (1) the participant had received the number of the
helpdesk and the user manual, (2) whether the participant had had two check-up calls
and (3) how many times the participant had called the helpdesk. The step count and
active minutes per day according to the MISS activity app were recorded. Furthermore,
one questionnaire was filled out in which the satisfaction with the MISS activity and the
effect of their physical activity was queried (Appendix 4.2).

Semi-structured interviews with all participants about their experiences with the MISS
activity were performed. The interview guide was based on a framework of a previous
study'®, with the following main categories: purchase, instruction, characteristics,
correct functioning, sharing data, privacy, use of the activity tracker, and interest in
feedback. The interview lasted between 15-30 min and was recorded on audio.

Data analysis

Descriptive statistics of the participants’ characteristics and questionnaires were
presented as absolute numbers with medians (range). The interviews were transcribed
verbatim. To analyze the interviews deductive and inductive content analysis®’ was used,
using NVivo (version 10). The framework' of the interview guide was used for the
deductive content analysis. Inductive coding was used when a text passage, that was
relevant for the research question, did not fit the framework. Therefore, an “other” code
was used to include these text passages. The first interview and every fifth interview was
coded by two reviewers and an alignment session was held to fine-tune the coding.
Differences in interpretation were solved by dialogue to reach consensus.
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Results

(Re)design of the user-interface

Definition phase

From the 53 characteristics, 31 were prioritized as critical based on the MoSCoW model.
Five of these characteristics were related to the algorithm of the activity tracker. The
remaining 26 characteristics were related to the user-interface and used in de
development and delivery phases (Appendix 4.1).

Development and delivery phase

Participants

The participants’ demographic characteristics are presented in Table 4.1.

Table 4.1 Demographics of the included participants of the develop and deliver phase.

Characteristics Participants shape Participants Participants app
and wear location feedback
(n=3) (n=12) (n=20)
Gender, male, n (%) 2 (66) 6 (50) 10 (50)
Age (year), median (range) 66 (66—74) 71 (66—77) 72.5 (65-89)
Knowledge of technology®, median, (range) 7 (5.5-8) 7 (0=7) 6 (0-8)
Use of technology, n (%)
Smartphone 2 (66) 4 (33) 15 (75)
Computer 3(100) 11(92) 15 (75)
Tablet 2 (66) 6 (50) 8 (40)
Activity tracker 1(33) 3(25) 5(25)

° Participant could score their knowledge of technology between zero and ten. Zero representing no
knowledge and 10 a lot of knowledge.

The main features of the development and delivery phase are presented in Table 4.2.
These findings combined resulted in the MISS activity tracker (Box 4.2).

Evaluating usage and experiences in daily life

Participants

The demographic characteristics of the participants are presented in Table 4.3. Two
participants dropped out (n=2: participant’s smartphone was too outdated to run the
MISS activity app and one due to illness).
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Table 4.2 Main finding of the development and delivery phase.

Characteristic Main Findings Remarks
Design of the activity tracker e Activity tracker should be round A round shape was technically not
e Activity tracker should be worn on  possible, therefore a square shape
one’s pants pocket with a clip was chosen
e Clip should be long enough
e Clip should be sturdy
e Clip should be easy to put on
Feedback system on the activity e Colour of the hardware should be It was technically not possible to
tracker neutral activate the activity tracker by
e Battery level on activity tracker tapping, therefore the activity

e Colour of lights on activity tracker is tracker will be activated by shaking
not important

e Feedback as simple as possible

o No feedback about synchronization

o Feedback activation of activity
tracker by tapping on tracker

Feedback by an app e Good user-flow is needed

e Original design was preferred

e App should work both clicking as
well as swiping

e Additional information screen is
needed

Box 4.2 About the MISS activity tracker.

The square design was worn on the pocket and secured with a clip

Algorithm outcome parameters: step count and active minutes

Users can choose whether the standing activity is included as active minutes

Feedback on battery level and progress to goal with LED lights on the activity tracker itself
Feedback is activated by shaking the activity tracker

The app shows total step count and total active minutes

The app shows a graph with the distribution of step count and active minutes during the day
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Table 4.3 Demographics of the included participants during the 2-week testing period.

Characteristics Participants (n=28)
Gender, male, n (%) 11(39)
Age (year), median (range) 69 (65-78)
Education, n (%)

Secondary Education 12 (40)

College 14 (50)

University 3 (10) 14 (50)
Living situation,

Living alone 2 (6)

Living with a partner 23 (81)

Living with partner and child(ren) 4(13)
Housing situation, n (%)

Single-family dwelling 28 (100)
Hobbies®, n (%)

Active 48 (47)

Passive 54 (53)
Use of technology, n (%)

Computer 27 (96)

Tablet 24 (86)

Activity tracker 11 (39)
Operating systems smartphone, n (%)

Apple 12 (43)

Android 17 (57)

° Each participant was asked to name four hobbies, and each activity was categorised as either active or
passive. Based on the MET score, a MET score >3 was considered active.®*

Interviews

All participants received the manual, as well as the number of the helpdesk, and were
called twice. Of the 28 participants, 27 (96%) used the manual, and seven (24%) used it
more than once. Five (16%) participants called the helpdesk. One participant asked a
guestion about Bluetooth, one asked about the graphs, and one asked if he could swim
with the MISS activity. Two participants had a question about installing the app. One
participant did not use the MISS activity for four days since his step count and active
minutes were zero. Fourteen participants chose to include standing as active minutes.
Eleven (42%) participants were absolutely satisfied with the MISS activity, nine (35%)
were very satisfied, four (16%) were somewhat satisfied and two (7%) participants were
neutral (n=26, 2 missing participants). Eleven (42%) participants gained much more
insight into their physical activity level, six (16%) gained a little more insight, and eleven
(42%) did not gain any insight. One (3%) participant increased his physical activity level
much, three (11%) participants increased their physical activity level a little, and
24 (86%) did not perceive any increase. One participant (3%) noticed that he divided his
activities much more over the day, six (22%) participant divided their activities a little
more over the day and 21 (75%) participants did not perceive any change. The results of
the interviews are shown in Table 4.4.
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Discussion

The aim of this study was twofold. The first aim was to (re)design a user-friendly
interface of an existing activity tracker so that it would meet the requirements of elderly
individuals. Within the (re)design process of the MOX, three aspects were (re)designed:
(1) the shape and clip of the activity tracker, (2) the feedback provided on the activity
tracker itself, and (3) the additional feedback provided through the app. Furthermore, a
list of general design requirements that facilitate the development of technology for the
elderly was developed. The iterative character of the user-centred approach enabled
access to a deeper level of user understanding and thereby facilitated the development
of a user-friendly activity tracker, which in turn increases the likelihood that elderly
individuals will have a meaningful experience with the tracker.

The second aim of this study was to assess the use and experiences of the elderly
regarding the adapted activity tracker (MISS activity) in their daily life. The results of this
study show that participants found the MISS activity to be easy to use, needed limited
help when installing the tracker, and thought that anyone should, in principle, be able to
use it. The MISS activity was primarily used to gain insight into participants’ physical
activity levels, and the data it collected was checked multiple times each day through the
app. The most important distinction between this tracker and others is that elderly
individuals experienced the MISS activity as easy to use; they perceived practically no
imbalance between their technical knowledge and the complexity of the MISS activity. In
several other studies in which elderly individuals used commercially available activity
trackers, participants experienced the trackers as technically complex and sensed that

they were ill-suited not fitted for them.**™®

Limitations and strengths

This study contains several strengths and limitations that should be addressed. One
strength of this study is its user-centred design. The goal of user-centred design is to
create a usable system that contributes to meaningful user experience. To achieve this,
(early) involvement of the end-user is indispensable‘”, and offers several benefits, such
as a swifter acceptance of the user-interface, the capacity for users to identify problems
specific to them, and the capacity for users to help define the scope of a project.”’ In this
study, several methods have been used — interviews, observations, and usability
testing"® — to achieve a deeper understanding of the specific wishes and requirements of
the elderly.

Given that a plethora of commercially available activity trackers already exists, a further
strength of this study is the fact that it improved an existing activity tracker for a specific
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target group rather than design a new activity tracker for an overrun market. This study’s
methodology and list of design requirements can easily be used as a generic structured
methodology for improving further eHealth tools for target groups. Furthermore, the
synopsis of key characteristics could also be applied to further eHealth and mHealth
tools for the elderly.

A limitation of this study is the potential presence of selection bias, as the only elderly
individuals who participated already actively used their smartphones. Of all elderly
individuals in the Netherlands in 2019 (3.2 million)*
the elderly participating in this pilot study asserted that anyone should, in principle, be

50
, 60% use a smartphone.” However,

capable of using the tracker. The MISS activity is designed for elderly individuals who are
interested in using eHealth to track their health, and it is, therefore, most likely the
group of elderly who already actively use their smartphone.

Implications for healthcare and research

Activity trackers can be valuable to healthcare because they objectively measure
physical activity throughout daily activities and provide detailed feedback. However,
until now, the benefits of activity trackers had not been fully realized. A potential
explanation for this could be the limited feasibility of current commercially available
activity trackers for both patients and healthcare professionals.'® Additional explanations
include the overwhelmingly broad spectrum of activity trackers, the lack of consumer
and healthcare professional knowledge regarding which activity tracker best suits which
purpose and which group, and the lack of professional knowledge regarding how to
implement tracker data into healthcare treatment. This study, however, provides an
overview of the features that are most relevant for the elderly, and it can be used to
facilitate the process of selecting an appropriate tracker.

Further research could examine whether the MISS activity could also be used by other
target groups, such as people with limited health literacy, and whether the MISS activity
could be used for an extended duration. Ultimately, activity trackers and eHealth could
be better implemented in healthcare.™ Activity trackers may serve several purposes in
healthcare; they can be used to monitor a patient’s physical activity level, to set physical
activity goals, and to evaluate the physical activity of a patient. Therefore, future studies
should explore methods of using activity trackers to support healthcare professionals’
clinical reasoning, as well as their communication with their patients.
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Conclusion

This study offers a structured methodology that facilitates the adaptation of an existing
activity tracker. It also describes a list of design requirements based on the skills and
needs of the elderly. Both can be used by other researchers and designers as a model for
the adaptation and further development of eHealth tools for a target group. The MOX
was successfully (re)designed to meet with the skills and needs of the elderly
participating in this study. Further studies should explore methods of incorporating
activity trackers into the healthcare system.
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Appendix 4.1 Important characteristics to create a meaningful
user-interface for elderly.

Variable® Considered as References
critical

1 Measurements are valid and reliable Yes (algorithm) 101215,19-22

2 Activity tracker measures step count Yes (algorithm) 101%201>21232

3 Activity tracker measures burned calories No 1019,21-24,28

4 Activity tracker measures sleep No 1019,12,15,28-30

5 Activity tracker measures distance walked Yes (algorithm) **2%%

6 Activity tracker measures active minutes Yes (algorithm) '****°

7 Activity tracker measures posture No 1022

8 Activity tracker measure swimming No 1025

9 Activity tracker measures cycling Yes (algorithm) '**

10 Activity tracker measure heartrate No 10,19,28,3031

11 Activity tracker measures blood pressure No 10,28,263031

12 Activity tracker measures walk speed No ©

13 Activity tracker has option to track food and beverage intake No 1012,23,24,31

14 Activity trackers provides real-time feedback Yes 10

15 Activity tracker provides feedback in a day overview Yes 10192311

16 Activity tracker provides feedback in a week overview Yes 10

17 Feedback on the activity tracker itself Yes 1018,23,13,27

18 Activity tracker is compatible with a smartphone Yes 1027

19 Activity tracker is compatible with a computer Yes 10,27

20 Feedback is shown on the activity tracker with a maximum Yes 1028
of one act

21 Activity tracker provides positive motivating messages Yes 10,12,22-24,28,29,27,13

22 Activity tracker provides negative messages No 10

23 Text on the activity tracker is readable Yes 1028,29

24 Buttons on the activity tracker are not too small (operable Yes 10.15,25,28,29
with one finger without pushing another button)

25 Possibility to set an individual activity goal No 10,12,24,28,.29,27,32

26 Possibility for physical help when installing the activity No 10283113
tracker

27 No problems with logging in (not more than one attempt) Yes 1021,2829

28 No problems with synchronizing (not more than one Yes 10.15,21,23,28,29
attempt)

29 Data can be shared Yes 10,21,22,26,32

30 The user can decide what data to share and to whom Yes 1021,25,30.27,32

31 Data is not automatically shared with companies Yes 10

32 A manual is delivered with the activity tracker Yes 10152813

33 Dutch language is available on the activity tracker and Yes 1025
interface

34 Manual in Dutch language No 1025

35 Activity tracker should be small (trouser pocket size) No 10

36 Activity tracker can be attached with a clip No 1025

37 Activity tracker can be worn on trousers, pocket, or bra No 102713

38 Activity tracker can be worn on wrist No 10152713

39 Activity tracker can be independently put on Yes 1028

40 Activity tracker is made from comfortable material Yes 1022,2829

41 Activity tracker should not be visible No 10.19,23,25,28,29,27

42 Activity tracker should be fashionable No 1022,23,28
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43 Activity tracker can be charged by an electric socket Yes 10

44 Battery life lasts 2 weeks Yes 101915
45 Activity tracker is waterproof Yes 1019,12,15,21,22,28.27
46 Activity tracker is damage proof (will not break after one Yes 102513
fall of 1.5-m height)
47 Activity tracker is compatible with iOS Yes 10,2327
48 Activity tracker runs on current and new software version  Yes 10
of smartphones
49 Step count should be visible on the activity tracker Yes 10
50 Interface uses graphs and symbols No 10
51 Activity tracker measures intensity of movements No 1025
52 Activity tracker measures walking stairs No 1023
53 Activity tracker shows (on tracker or app) when the battery Yes 1025

is almost empty

*Variables based on 48 interviews with people with a chronic disease™® (Chronic obstructive pulmonary disease
(COPD), cardiovascular disease, chronic pain, oncology, osteoarthritis, and diabetes mellitus) who received
treatment from a physiotherapist. Variables were propounded and confirmed with four experts in wearables.
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Appendix 4.2. Questionnaire about the perceived effect of the
MISS activity

1. Overall, to what degree did you gain insight
into your physical activity level?

1.1.
1.2.
1.3.
1.4.
1.5.
1.6.

1.7.

o Very much more insight
o Much more insight

o A little more insight

o No change

o A little less insight

o Much less insight

o Very much less insight

2. To what degree did your physical activity
level change?

2.1
2.2
2.3.
2.4.
2.5.
2.6.

2.7.

o Very much more physical activity
o Much more physical activity

o A little more physical activity

o No change

o A little less physical activity

0 Much less physical activity

o Very much less physical activity

3. To what degree was your physical activity
more divided during the day?

3.1
3.2.
3.3.
3.4.
3.5.
3.6.

3.7.

o Very much more divided
o Much more divided

o A little more divided

o No change

o A little less divided

o Much less divided

o Very much less divided
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Abstract

Purpose

The purpose of this study was to validate optimized algorithm parameter settings for
step count and physical behavior for a pocket worn activity tracker in older adults during
ADL. Secondly, for a more relevant interpretation of the results, the performance of the
optimized algorithm was compared to three reference applications.

Methods

In a cross-sectional validation study, 20 older adults performed an activity protocol
based on ADL with MOXwissactivity Versus MOXannegarn, aCtivPAL, and Fitbit. The protocol
was video recorded and analyzed for step count and dynamic, standing, and sedentary
time. Validity was assessed by percentage error (PE), absolute percentage error (APE),
Bland-Altman plots and correlation coefficients.

Results

For step count, the optimized algorithm had a mean APE of 9.3% and a correlation
coefficient of 0.88. The mean APE values of dynamic, standing, and sedentary time were
15.9%, 19.9%, and 9.6%, respectively. The correlation coefficients were 0.55, 0.91, and
0.92, respectively. Three reference applications showed higher errors and lower
correlations for all outcome variables.

Conclusion

This study showed that the optimized algorithm parameter settings can more validly
estimate step count and physical behavior in older adults wearing an activity tracker in
the trouser pocket during ADL compared to reference applications.
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Introduction

In the past decade, activity trackers have been used more frequently by a relatively
young and physically active population.’ In addition to this population, activity trackers
can also be beneficial for older adults (65+). In 2018, only 37% of the older adults in the
Netherlands were sufficiently physically active according to Dutch guidelines.2 Activity
trackers can contribute to overcome this by giving insight into the amount of physical
activity, increasing awareness and motivating older adults to be more physically active.”®
Several studies have shown that older adults are most interested in step count and

3,8-10
Recent

amount of physical behavior as outcome variables for physical activity.
studies have shown that step count and physical behavior are not validly measured by
consumer-grade activity trackers during low walking speeds, which often occur during
activities of daily living (ADL) such as household activities.""*! This lower validity can
partly be explained by the fact that the majority of consumer-grade activity trackers
don’t have older adults as a target group and don’t adjust their algorithms accordingly.
Recently, an adjustable classification algorithm was published to optimize algorithm
performance.”” Through easily adjustable algorithm parameters it is possible to optimize
the performance of this algorithm for different target and tracker wear locations. A
recent qualitative study showed that older adults would prefer to wear an activity
tracker in their trouser pocket.® Consequently, the adjustable algorithm was optimized
to estimate step count and dynamic, standing, and sedentary time for older adults and a
pocket worn activity tracker according to the proposed method by.22

The first purpose of this study was to validate these optimized algorithm parameter
settings for step count and physical behavior expressed as dynamic, standing, and
sedentary time in older adults with a normal pattern wearing an activity tracker in their
trouser pocket during simulated ADL. Secondly, to have a more relevant interpretation
of the validation results, the performance of the optimized algorithm parameter settings
for older adults was compared to the algorithm where the adjustable classification
algorithm originates from and two frequently used activity trackers.

Methods

Study design

A cross-sectional validation study was performed in which the optimized algorithm
parameter settings were validated and compared to the algorithm where the adjustable
classification algorithm originates from and two activity trackers.
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Participants

Twenty older adults were recruited from several local associations for older adults (e.g.,
bridge club or church association) in the South of the Netherlands. Participants were
included if they were older than 65 years and didn’t meet the Dutch physical activity
guidelines (a minimum of 150 min of moderate-intensity per week).”* Exclusion criteria
were insufficient understanding of the Dutch language, use of a walking aid, and a
pathological gait during the 10-metre walk test (10MWT) observed by a

physiotherapist.”* All participants provided written informed consent prior to inclusion.

Activity protocol

A participant-determined sequence activity protocol was developed based on ADL. To
simulate free-living, participants were free to choose the order and duration of a series
of daily activities. The activity protocol, shown in Table 5.1, was based on earlier activity

protocols with ADL in people with chronic diseases and older adults. %%

Table 5.1 The Participant-Determined Sequence Activity Protocol with Activities of Daily Living for Older adults.

Activity type Defined for the gold standard as
Squat® Marks start of the protocol
Organising a cabinet with cutlery, plates, and cups Standing

Reading the newspaper while seated at a table Stedentary

Ironing and folding laundry Standing

Sitting and talking Sedentary

Washing the dishes Standing

Sweeping the floor Dynamic

Changing linens on a bed Dynamic

Setting the table with cutlery, plates, and cups Dynamic

Squat® Marks end of the protocol

° Squat was mandatory at the beginning and at the end of the activity protocol and was not used for analysis.

Activity trackers

The MOX Activity Logger” contains a tri-axial accelerometer (ADXL362, Analog Devices,
Norwood, MA, US). This small, lightweight, waterproof device (35 mm x 35mmx 10 mm,
11 g) measures raw acceleration data (8 g) in three orthogonal sensor axes (X, Y, and Z)
at a 25 Hz sampling rate. The raw data is stored directly on the internal memory. The
MOX has storage capacity and battery life for continuous measurements up to 7 days.
Device configuration, data transfer and charging of the device are possible via an USB
connection. Data analysis is performed offline. The MOX was worn in the front trouser
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pocket, attached with a clip, to secure a fixed orientation of the device with respect to
axial mobility of the upper leg. This wear location is shown in Figure 5.1.

Two commonly used activity trackers, the activPAL*® and the Fitbit Alta HR (Fitbit; Fitbit
Inc., San Fransisco, CA, US) were used as reference for a more relevant interpretation of
the validation results. Based on the recommendations of the manufactures the activ-PAL
is worn on the dominant leg ten centimetres above the patella (activPAL) and the Fitbit
is worn on the nondominant wrist.*!

Figure 5.1 MOX wear location.

Data collection and procedure

Participants were measured at the Human Performance Laboratory of Maastricht
University (Maastricht, NL) or at Zuyd University of Applied Science (Heerlen, NL). Both
laboratories are comparable in size (about 120 mz) and facilities. Demographic data were
collected (gender, age, body weight, and body length) by two researchers, either DU
(physiotherapist) or WB (application engineer). Thereafter, the participants performed
the 10 MWT to calculate their average walking speed. After the 10 MWT, participants
were fitted with the MOX, the activPAL, and the Fitbit. The same MOX, activPAL, and
Fitbit were used for all participants.

The activity protocol was recorded on video and observed to use as a gold standard to
determine the actual step count, dynamic, standing, and sedentary time in seconds
performed by the participants. Step count was counted manually by two independent
observers using the counter application Counter+. 2 A step was defined as: “when the
entire foot is lifted from the floor and when the participants replaced their foot
(forward, backward, sideways or upwards)”.”*> After manually counting the step count,
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the video was re-observed and the time that the participants performed dynamic
(walking and walking during household activities), standing or sedentary (sitting, lying)
time was noted. Physical behavior was assessed by two independent observers (Table
5.1) using the EasyTag app.34

The data from the activity trackers were collected directly after the activity protocol.
Analysis of the raw acceleration data of the MOX took place on a PC after the
measurements (off-line) using Matlab (R2018b, The MathWorks Inc., Natick, MA, US)
with two algorithms. The first one is the activity classification algorithm presented and
validated by® for healthy adults (MOXamegam), where the adjustable classification
algorithm originates from. The second one is the classification algorithm with application
specific adjustable parameters itself.” For application in an older adult target group
wearing an activity tracker in their trouser pocket the optimized parameter settings are:
a data segmentation window size of 2 s, an amount of physical activity threshold of five
counts per second (cps) and an orientation threshold of 0.8 g. This application is referred
to as Miss Activity, the parameter settings as MOXwissactivity. FOr MOXannegarn dynamic,
standing, and sedentary time spent in seconds were retrieved. In addition to these three
variables, for MOXwmissactivity step count was also retrieved. For the activPAL, step count
and dynamic, standing, and sedentary time spent in seconds were retrieved from the
PAL Software Suite (v7.2.32; PAL Technologies Ltd., Glasgow, Scotland, UK). For the
Fitbit, step count and active minutes (by definition: ten continuous minutes long bouts
of moderate-to intense activity >3 metabolic equivalent of task [MET])*®, were retrieved
from the corresponding Fitbit app (Fitbit Inc., San Fransisco, CA, US). From this point, we
refer to the active minutes of the Fitbit as dynamic time.

Data analysis

Data analysis was performed using SPSS Statistics (version 23.0; IBM Corp, Armonk, NY,
US) and Prism (GraphPad Prism 8.2.1(441); GraphPad Software, San Diego, CA, USA).
Descriptive statistics of the participant characteristics were presented as a number
(percentage) for the categorical variable gender and as a mean (95% confidence interval
[CI]) for the continuous variables age, body length, body weight, and average walk
speed.

Inter-observer reliability of the video observations

The differences in step count, dynamic, standing, and sedentary time was calculated
between two observers. If there was more than a 5% difference between the two
observers, a third observer assessed the video. The inter-observer reliability of the two
observers with the smallest difference was assessed by an Intraclass Correlation
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Coefficient (absolute agreement, two-way random) and Bland-Altman plots with limits of
agreement. It was hypothesized that there was a strong correlation between observers
(r=0.90) in order to guarantee a robust gold standard.”’

Validation

To check for outliers in the data of MOXwmiss-activity, MOXannegarn, activPAL, Fitbit versus the
video observations regarding the variables step count, dynamic, standing, and sedentary
time the data were transformed to z-scores and Bland-Altman plots were visually
inspected. In case of outliers, pairwise deletion was applied.

For step count, dynamic, standing, and sedentary time the mean (95% Cl), mean
difference, the percentage error (PE), the absolute percentage error (APE), and the
smallest detectable change (SDC) were used to gain insight into the algorithm’s and
activity trackers’ performance compared to video observations.

Vanab/eGo/d standard-
Variabl eActvity tracker

PE= —— ————*100 .
Var’ableGold standard

vari ab/eGold standard
Vari ab/eActivft tracker

APE = . *100
Var’ableGnld standard (2)

SDC=1.96 * \'2 * standard error measurement (3)

Formula 1 and 2 show the calculation of PE and APE for each variable. A PE or APE of less
than 10% was considered acceptable.38 Formula 3 shows the calculation of SDC.

The level of agreement between step count, dynamic, standing, and sedentary time and
the video observations were examined by a Bland-Altman plot with their limits of
agreement.39 Pearson correlation coefficients were calculated to gain insight into the
relationship between the MOXwissactivityy MOXannegarn, activPAL, Fitbit versus the video
observations regarding the variables step count, dynamic, standing, and sedentary time.
It was hypothesised that there would be at least a substantial correlation (r=0.60).>" A
paired sample t-test was used to determine large systematic differences between the
MOXwissactivityy MOXannegarn, activPAL, Fitbit versus the video observations regarding the
variables step count, dynamic, standing, and sedentary time. A p-value below 0.05 was
considered to be statistically significant. Additionally the sensitivity, specificity and
accuracy are calculated.
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Results

Participant Characteristics

Twenty older adults were recruited for this study. The participant characteristics are
displayed in Table 5.2.

Table 5.2 Participant characteristics.

Characteristic Participants (n=20)
Gender, male, n (%) 10 (50%)

Age, years, mean (95% Cl) 74.5 (70.9-77.6)
Body weight, kilograms, mean (95% Cl)a 86.1(73.7-98.5)
Body length, centimetres, mean (95% Cl) 172.5 (167.6-176.9)
Average walk speed, mean (95% Cl) 1.1(1.0-1.2)

aThere was one (5%) missing value for body weight.

Inter-Observer Reliability of the Video Observations

The inter-observer reliability of the video observations calculated for step count was
high (ICCagreement 0.98, P<0.001 95% Cl 0.95-0.99). The inter-observer reliability of
dynamic, standing, and sedentary time were also high (ICCagreement 0.98, P<0.001,
95% Cl 0.95-0.99), (ICCagreement 0.99, P<0.001 95% Cl 0.98-0.99), (ICCagreement, 1.0,
P<0.001, 95% Cl 0.99-1.0) respectively. The limits of agreement for step count (-58 to
62 steps), dynamic (-49 to 41 s), standing (-49 to 40 s) and sedentary time (-26 to 28 s)
showed no systematic differences. A third observer had to be included in two cases.

Step count

Descriptive statistics for each activity tracker are shown in Table 5.3. The mean step
count during the activity protocol counted by the video observation was 615 (566—664)
steps. The MOXwissactivity had @ mean step count of 602 (537-667) steps, the activPAL had
a mean step count of 385 (336—433) steps and the Fitbit had a mean step count of 731
(590-873) steps. The values of the percentage error and the absolute percentage error
are presented in Figure 5.2. The Bland-Altman plots (Figure 5.3) show a slight
overestimation of the number of steps in the MOXwmissactivity, an overestimation in the
activPAL and underestimation in the Fitbit. If the limits of agreement for the activPAL
and Fitbit Alta HR are corrected for their respective bias they are -141 to 140 and -183
to 183, respectively.
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(a) Percentage Error for Step Count (b) Absolute Percentage Error for Step Count
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Figure 5.2 (a) Percentage error and (b) absolute percentage error for step count. Step count for the

MOXMissActivity is presented in blue, for activPAL in black and for Fitbit in brown.
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Figure 5.3 Bland-Altman plots of the (a) MOXwissActivity, (b) activPAL, and (c) the Fitbit versus the video
observation.
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Physical behavior

The mean dynamic, standing, and sedentary time during the activity protocol counted by
the video observations were 422 (387-457), 668 (579-757), and 1716 (1452-1981)
seconds, respectively. On average the total protocol lasted 45 (40-51) min. For the
MOXuissactivity and MOXannegarn, two outliers were detected for standing time, both
outliers were visible in the Bland-Altman plots. The video recordings were re-watched
and, in both participants, the MOX was incorrectly worn. One of these outliers was also
statistically detected with the z-score (5% with a z-score of >2.58). One outlier for the
activPAL was detected for dynamic time, the outlier was visible in the Bland-Altman plot
and was detected with the z-score (5% with a z-score of >3.29).

The mean dynamic, standing, and sedentary time for the MOXwmissactivity without outliers
was 405 (338-473), 696 (504—889), and 1692 (1383-2001) seconds, respectively. For
the MOXannegarn the mean dynamic, standing, and sedentary time was 152 (131-174),
927 (712-1141), and 1715 (1392-2038), respectively. For the activPAL, the mean
dynamic, standing, and sedentary time was 309 (255-364), 1256 (859-1645), and 1234
(946—-1522) seconds respectively. The mean dynamic time for the Fitbit was 1 (0-3)
minutes.

Descriptive statistics without outliers for each activity tracker are shown in Table 5.4 and
the descriptive statistics with outliers for each activity tracker are shown in
Supplementary Table S5.1. The PE and APE for physical behavior are shown in Figure 5.4.
To gain more insight in validity, not only based on total time but also on window-to-
window basis, additional analyzes in terms of specificity, sensitivity, and accuracy were
performed (Supplementary Table S5.2).

The Bland-Altman plots of the MOXwmissactivity without outliers (Figure 5.5) show a slight
overestimation for dynamic and sedentary time and a slight underestimation for
standing time. When the limits of agreement for the activPAL are corrected for their bias
for dynamic, standing, and sedentary time, they are -141 to 147, -538 to 527 and -1234
to 1130 respectively.
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Discussion

Principal findings

This study showed that the optimized algorithm parameter settings (MOXmissactivity) can
more validly measure step count and physical behavior expressed as dynamic, standing,
and sedentary time in older adults wearing an activity tracker in their trouser pocket
during ADL based on a test combination of PE, APE, correlation coefficients, and paired
sample t-test compared to the MOXannegarn, activPAL, and Fitbit.

The variables step count and sedentary time showed good validity in comparison with
the gold standard. It was hypothesised that all variables of the MOXwmissactivity would have
at least a substantial correlation (r>0.60) and an APE of <10%. Only the variable dynamic
time had a slightly lower correlation coefficient of 0.55 and the variables dynamic and
standing time had a mean APE of 15.9% and 19.9%. These results are supported with
additional analyzes of the specificity, sensitivity, and accuracy (Supplementary Table
S5.2). This can be explained by the fact that the activities in the activity protocol were
classified into dynamic, standing, and sedentary behavior as a whole. For example, by
definition, the video observations classified changing linens as dynamic behavior,
however during this activity it is possible that the participant performed a sequence of
standing and dynamic behavior (e.g., standing still to put the cushion on the bed).

In the current study, MOXannegarn, activPAL, and Fitbit showed lower validity compared to
the gold standard and the MOXwissactivity. It is clear that these target group and wear
location specific classification algorithms cannot be applied outside of their specific
context. The results for the activPAL are in line with a recent study showing a low validity
during short stepping bouts and activities with low walking speeds, such as shuffling,

941 The underestimation for dynamic

picking, transitions, and kneeling in older adults.
time of the Fitbit can be explained by the definition Fitbit uses for active minutes: 10
continuous minutes long bouts of moderate-to intense activity >3 MET. It is reasonable
to assume that activities of daily living weren’t performed with such intensity and/or for

that long during this protocol.

Limitations and strengths

This study had some limitations, the first one being the relatively low sample size (n=20).
Future work could include a larger sample size, although several validity studies have
been performed with a sample size of 20.**

Second, that due to some technical errors, there were five missing values for both the
Fitbit and the activPAL. However, since these activity trackers were only used as
reference this should not have affected the main purpose of the current study. Third,
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the varying MOX wear location relative to the body. To secure the validity of the
algorithm the MOX should always be correctly placed in the trouser pocket below the
waist, this should be addressed in a manual. By re-observing the video recordings, it was
noted that the MOX was placed above the participants’ hip in two cases. Since the
algorithm assumes a wear location on the upper leg, the MOX was not able to correctly
measure within these two participants due to this misplacement. Therefore, it was
chosen to handle these two cases as outliers, since the misplacement, and not the
algorithm, compromised the validity. Fourth, this study was performed in a lab setting
and is therefore not directly generalizable to daily life. However, with the ADL protocol,
daily life was simulated as close as possible to daily life. This is in line with the proposed
standardization methods of Welk et al.**

A strength of this study is the use of the participant-determined sequence activity
protocol to validate the algorithm. This activity protocol simulates free-living since
participants were free to choose the order and duration of the activities they performed.
To simulate the free-living situation as best as possible activities that are frequently
performed by older adults are included in the activity protocol. Furthermore, this study
follows the recommendations made by Welk et al.* for validation studies in wearables:
use a diverse sample, appropriate sampling of daily behavior, an appropriate criterion
measure, standardised protocols and wear locations, and inclusion of reference
applications. To standardise the analyzes they recommend to use relevant metrics,
documenting the error and the direction of the error and to focus on equivalence.*
Another strength of this study is the high inter-observer reliability resulting in a robust
gold standard (range r=0.96—1.0).

Clinical implications

From previous research it is known that consumer-grade activity trackers can’t measure
step count and physical behavior validly during low walking speeds, which often occurs
11-21

in older adults and during ADL. Apparently, daily life of older adults differs that much
from the target group of these consumer-grade activity trackers that their algorithms are
not sufficient for older adults. Therefore, it is important to have an algorithm optimized
for the target group, wear location and their specific activities. If a consumer-grade
activity tracker is used for this target group, the algorithm should ideally be personalised
to the specific target group or at least bias corrections to the outcomes of the algorithm
should be applied. The validity of the optimized algorithm is limited to older adults with
a normal gait pattern. This study shows that an optimized algorithm is indeed more valid
than general purpose activity trackers. As is shown by the smallest detectable change

the optimized algorithm could also detect change in patient’s physical activity level

106 | Chapter 5



sooner. However, this study is performed on a group level and not on an individual level.
Therefore, the interpretation on an individual level must be performed carefully since
the optimized algorithm can both over- and underestimate step count and physical
behavior depending on the number of steps or seconds.

For an activity tracker to be useful in daily life, validity is important, but feasibility is
equally important. In a future feasibility study, development of a user-friendly user-
interface of the MISS Activity will be addressed. The validated algorithm together with
the user-interface will be called the Measure It Super Simple (MISS) Activity.**

Conclusion

This study showed that the optimized algorithm parameter settings can more validly
estimate step count, dynamic, standing, and sedentary time in older adults with a
normal gait pattern wearing an activity tracker in their trouser pocket during a
participant-determined sequence activity protocol with activities of daily living
compared to reference applications with generic activity tracker algorithms. For future
studies and clinical practice an algorithm should ideally be optimized to the target
population. Future work will include the development of a target group-specific user-
friendly application.
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Table S5.2  Sensitivity, specificity and accuracy by MOXMissActivity compared to the gold standard in
comparison with reference activity trackers without outliers.

Behaviour Sensitivity without outliers, Specificity without outliers, Accuracy without outliers,
mean (95% Cl) mean (95% Cl) mean (95% Cl)
MOXmissActivity Dynamic 67.6 (61.7 —73.4) 94.6 (93.3-95.9) 90.5(88.9-92.2)
MOXmissActivity Standing 76.0 (66.1 — 86.0) 91.1(86.0—96.3) 88.3 (85.0—91.6)
MOXmissActivity Sedentary 95.1 (89.7 - 100.0) 94.6 (87.9 —100.0) 95.5(92.3-98.6)
MOXannegarn Dynamic 27.6(23.7—-31.5) 98.3(97.7-99.0) 88.0 (86.4 —89.6)
MOXannegarn Standing 87.1(76.4—97.7) 83.7 (78.0—89.3) 85.2 (81.9 — 88.5)
MOXannegarn Sedentary 95.3 (89.6 — 100.0) 92.6 (83.2 —100.0) 94.5(91.3 -98.6)
activPAL Dynamic® 44.3 (35.6 - 53.0) 95.0(93.8-96.2) 86.9 (84.6 — 89.4)
activPAL Standing® 84.5 (81.5— 87.6) 70.1(57.3—-82.9) 73.5(63.4—83.6)
( )

activPAL Sedentary® 76.5 (59.4 - 93.5) 98.4(97.5-99.4) 85.0 (74.4-95.6
Fitbit Alta HR Dynamic™ - - -

° Five (5/20 25%) missing values for the activPAL and Fitbit Alta HR; ® Not possible to determine for Fitbit Alta
HR, since Fitbit doesn’t provide raw data.
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Abstract

Despite the increased use of activity trackers, little is known about how they can be used
in healthcare settings. This study aimed to support healthcare professionals and patients
with embedding an activity tracker in the daily clinical practice of a specialized mental
healthcare center and gaining knowledge about the implementation process. An action
research design was used to let healthcare professionals and patients learn about how
and when they can use an activity tracker. Data collection was performed in the
specialized center with audio recordings of conversations during therapy, reflection
sessions with the therapists, and semi-structured interviews with the patients. Analyses
were performed by directed content analyses. Twenty-eight conversations during
therapy, four reflection sessions, and eleven interviews were recorded. Both healthcare
professionals and patients were positive about the use of activity trackers and
experienced it as an added value. Therapists formulated exclusion criteria for patients, a
flowchart on when to use the activity tracker, defined goals, and guidance on how to
discuss (the data of) the activity tracker. The action research approach was helpful to
allow therapists to learn and reflect with each other and embed the activity trackers into
their clinical practice at a specialized mental healthcare center.
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Introduction

In the Netherlands in 2019, only 48% of the people with a chronic disease adhered to
the physical activity recommendation." Sufficient physical activity has several well-known
positive effects, such as prevention of premature mortality and primary and secondary
prevention of chronic diseases.” A certain amount of physical activity is also needed to
participate in daily life activities, such as household, work, and social activities.? Insight
into a patient’s physical activity level is an important aspect of daily practice for
healthcare professionals since it is used for diagnostic, prognostic, and evaluative
purposes.” Outcomes of these measurements are a direct aid to the clinical reasoning of
professionals and increase the engagement of patients in treatment.”

Questionnaires are frequently used to measure physical activity levels. A review about
the measurement properties of 76 physical activity questionnaires stated that only a few
had sufficient validity and reliability and none of the questionnaires could be
recommended above others.® Another review found that the reliability was acceptable
for questionnaires (correlation ranging from 0.64—0.79) but the validity of questionnaires
was moderate at best (correlation coefficient ranging from 0.25 to 0.41) mainly due to
patients’ memory and the potential to induce social-desirability bias.”® A study showed
that individuals experience difficulties estimating their physical activity; about half of the
inactive participants in the study of Godino et al. overestimated their physical activity
level and believed they were sufficiently active.” Next to low-to-moderate clinimetric
properties, questionnaires and diaries also have low feasibility because they are time-
consuming to use for both patients and healthcare professionals.”®

Measuring physical activity with an activity tracker has advantages over the use of
questionnaires or diaries. They can, for instance, objectively and continuously measure
physical activity levels during daily life. Therefore, they provide insight and feedback into
real-life physical activity levels, which can guide both patients and healthcare
professionals in establishing and changing routine activity behavior. In addition, several
systematic reviews have shown that activity trackers are effective to increase physical

10-14

activity levels if they are used in combination with an intervention or counseling.

Numerous studies have been performed on the measurement qualities of activity

15-20 21-28 . 10-14,22
and effectiveness. A

trackers, such as validity and reliability, feasibility,
systematic review showed that there is attention to the possible added value of activity
trackers in healthcare.”® These studies researched whether activity trackers were
feasible in healthcare® or can predict certain events (e.g., hospitalization, length of stay

31-33 . . .o
However, in these studies, the activity trackers were only used as an

in hospital).
outcome measure and not used in daily routine care. The research teams performed the

measurements, data analyses, and conclusions, and the results were not used in
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therapy. Despite the attention to and the benefits of activity trackers, to our knowledge,
no studies have been performed in which activity trackers were implemented in health
care. The bottleneck of using eHealth in healthcare is often the transition from pilot
phase to implementation.g“5 Several barriers and facilitators regarding the
implementation of eHealth and activity tracker measurement tools in daily clinical
practice are known from the literature, such as complexity of the tool, privacy/security,
compatibility with existing systems, and digital health Iiteracy.se’39

An action research design could help to transfer eHealth from the pilot phase to
implementation. An action research design is not only used to develop knowledge and to
understand the context but also to purposefully change this context and provide
empowerment for the participants.‘m’43 By active participation, the participants can use
the activity tracker and experience the use in daily practice. In this way, the participants
gain knowledge about how and when they can use an activity tracker. This gained
knowledge about activity trackers is context-specific and can directly be applied to their
daily work.

The main aims of this study were to support healthcare professionals and patients with
embedding an activity tracker in daily clinical practice to aid clinical reasoning and
facilitate engagement of the patients in their treatment and to gain knowledge about
the implementation process in clinical practice. Therefore, the following research
guestions were formulated: (1) How do healthcare professionals and patients use an
activity tracker used in clinical practice? and (2) What are the experiences of healthcare
professionals and patients with an activity tracker in clinical practice?

Materials and methods

By using an action research design, healthcare professionals and patients were given the
opportunity to experience, reflect, and learn about how and when they can use an
activity tracker.” This design allows for collecting more genuine and in-depth knowledge
about the participants’ use and experiences. An action research design consists of four
phases (Figure 6.1): (1) a plan, (2) an act and observe, (3) a reflect, and (4) a revised plan
phase.
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Action research

Needs assessment

1. Plan 2. Act and observe 3. Reflect 4. Revised plan

Testing of
usability in
context

Reflection and
evaluation

Development of Development of

Literature

draft manual final manual

Iterative approach

Figure 6.1  Guideline of the development process

To support the embedded use of an activity tracker in daily clinical practice, in the plan
phase (1), a draft manual including a flowchart (Figure 6.2) was developed by the
research team (DU, EB, SB, AB). The research team consisted of three professors and
one Ph.D. student. All team members have backgrounds as physical therapists and one is
still practicing as a physical therapist. The content of the manual and the flowchart was
based on an earlier developed framework about the feasibility of activity trackers in
healthcare and on literature about the needs of healthcare professionals and patients in

28,36-39,45-51 .
Topics such as

using measurement tools and eHealth during treatment.
characteristics, correct functioning, goal, and use of the activity tracker were derived
from the framework and supplemented with relevant topics (e.g., what, how, when)
from literature. Following, in the act and observe phase (2), the activity tracker was used
in daily clinical practice by the healthcare professionals. The act and observe phase (2)
lasted for at least 4 weeks, in which part of the data collection took place. In the reflect
phase (3), the rest of the data collection took place, and the draft manual was further
developed by the healthcare professionals to their context and the needs of the
therapists based on the gathered experiences of themselves and their patients. The act
and observe phase (2), reflect phase (3), and revised plan phase (4) were iterative cycles
and were planned to be repeated until there was no need for further development of
the manual, i.e., when the therapists were able to embed the activity tracker in their
daily clinical practice. This study was approved by the local ethics board Medical Ethical
Committee METC Z (METCZ20190073).
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Using
activity
l trackers

Monitoring

More Less Divide
physical physical physical
activity activity activity

Figure 6.2 Flowchart on how to use activity trackers in daily clinical practice in the first draft manual. Blue,
start using the activity tracker; yellow, assessment period; green, monitoring period.
Assessment: period in which the physical activity level is assessed in the first three to four weeks
for a short period (<2 weeks) or a long period (>2 weeks) after the initial assessment.
Monitoring: period in which the patient is monitored whether they meet with their goals to be
more or less physically active or to divide physical activity equally over the day.

Setting and context

The study was performed in a specialized mental healthcare center for people with
chronic somatic symptom disorders specific to spinal pain (Het Rughuis Parkstad in the
Netherlands). Therapy is generally provided three times a week by an interdisciplinary
team over a period of six months. The team consisted of a physiotherapist, a cognitive
behavioral therapist, and a psychosomatic therapist. The psychosomatic therapists were
proposed to participate in this study by the specialized mental healthcare center itself
since they need the most information about the physical activity level of their patients
within the multidisciplinary team in order to use the pain functioning model (a
theoretical framework which is used as a departure point for their approach®). This
model describes how chronic pain can originate and can persist or worsen. Together
with the patient, the consequences of their pain and influencing factors are explored.
Both the bio-medical and the bio-psychological aspects are included in this model.” This
model provides insight into the pain belief, the willingness, and possibilities of the
patient to reflect on their role within their pain management. With the use of this
model, psychosomatic therapists divide patients into three pain-coping mechanism
groups: (1) defeatism, (2) catastrophizing, and (3) non-accepting coping mechanism. The
therapists use the following definitions: patients with a defeatism coping mechanism
demonstrate expectation or acceptance of failure, patients with a catastrophizing coping
mechanism view a situation as worse than it actually is, and patients with a non-
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accepting coping mechanism perform activities that are too burdensome for their
capacity. Patients from all three groups were eligible to participate in this study.

Activity tracker
Since important barriers in implementing eHealth as a measurement tool into daily
practice are the complexity, technical problems, and concerns about validity,36’37’39 it was

decided to use the Measure It Super Simple activity tracker™ (in short, MISS Activity;
developed by Maastricht Instruments, Maastricht, NL). The unique features of this
tracker are that it measures activities of daily living more validly than other commercially
available activity trackers™® and that it is user-friendly for an elderly population.27

The MISS Activity measures step count and active minutes. Active minutes are defined as
time spent in dynamic behavior, with the possibility to include standing behavior as well.
The data are presented as the number of steps and active minutes, including graphs
showing progress to goal and the distribution of activity throughout the day (Figure 6.3).
The activity tracker is clipped onto the trouser pocket.

Vandaag Actieve minuten

11 februari 2019 11 februari 2019

Actieve minuten

29

van de 50 minuten

Stappen

3662

van de 6150 stappen

Figure 6.3 Overview of data presentation with (a) activity distribution throughout the day and (b) progress
to goal. The figure shows the active minutes and number of steps per day (left) and the
distribution of active minutes (or steps) over the day (right).
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Participants

Both healthcare professionals and patients were recruited in the specialized mental
healthcare center. Healthcare professionals were selected via convenient sampling and
were eligible if they worked as psychosomatic therapists, were motivated to use an
activity tracker, and were able to participate during at least 12 months (estimated time
of the entire research project). The psychosomatic therapists were recruited by the
manager of the specialized mental healthcare center; no instructions were given to the
manager except the inclusion criteria for the psychosomatic therapists. The
psychosomatic therapists participated in all four phases of the study and recruited
patients through convenient sampling. The recruited patients were individuals receiving
treatment from the participating psychosomatic therapists. No instructions except from
the inclusion criteria were given to the psychosomatic therapists. After giving
information about the research, patients had the opportunity to consider participation
for at least five working days and were included if they possessed a smartphone and
provided written informed consent. Included patients participated in one cycle of the act
and observe phase (2) and the reflect phase (3). New patients were included if a new act
and observe phase (2) iteration was started.

Data collection

Data were collected between May 2019 and April 2020. A multi-method approach of
data collection was used, consisting of audio recordings of conversations during therapy
about the MISS Activity, reflection sessions with psychosomatic therapists, and semi-
structured individual interviews with the patients (Table 6.1). All data reflecting the use
of and experiences with the MISS Activity in daily clinical practice were collected. Use is
defined as how the MISS Activity is embedded in the routine of daily clinical practice
(e.g., with what purpose is the activity tracker used?) and experiences are defined as
how the use of the MISS Activity is experienced during daily clinical practice (e.g., do
patients and therapists experience the activity tracker as meaningful?)

Table 6.1 Overview of used methods and data collection per research question.

Data collection Use Experiences
Conversations during therapy about measuring physical activity X

Reflection sessions with psychosomatic therapists X
Semi-structured interview with patients X
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Conversations during therapy about measuring physical activity

To obtain insight into how the MISS Activity is used during therapy, each conversation in
the consultation room between the patient and therapist involving the MISS Activity
(15—-30 min of the conversation) was recorded with an audio recorder.

Reflection sessions with psychosomatic therapists

After every act and observe phase (2), a reflection session was held with the
participating therapists. The goal of these reflection sessions was to share and elaborate
on how the MISS Activity was used and to share experiences regarding use in daily
clinical practice. The research team (DU, AB) supported these reflection sessions by
leading the session and ensuring that the draft manual and the process of clinical
reasoning were discussed. As a supplementary support tool, the patient journey
method™ was used to create insight into how and when the therapists could use the
MISS Activity. The patient journey method is a method to visualize the points over time
when both the therapists and the patients come in contact with the MISS Activity.
Participants drew a timeline and described when and how they came in contact with the
MISS Activity.

Together with the therapist, the research team (DU, EB, SB, AB) improved the draft
manual by adapting it to the specific context of the specialized mental healthcare center
and the needs of the therapists based on the experiences of the therapists. These group
sessions with the therapists and researchers took place at the specialized mental
healthcare center, lasted 45-90 min, and were audio-recorded. Gender, age, years of
work experience, and the number of years working at the specialized mental healthcare
center were also noted during the first session.

Semi-structured interviews with the patients

After the act and observe phase (2), a semi-structured interview was conducted by DU
with the involved patients to collect information on how they used the MISS Activity in
their therapy and to share experiences. These results were used by the research team to
improve the draft manual. The patients could choose a convenient location for the
interview (e.g., home or specialized mental healthcare center). The topic list and
interview guide for the interview were based on a previously developed framework
which is based on expert meetings and literature.”® This framework was originally
developed to assess the feasibility of activity trackers and was slightly adapted for this
study. Additions were based on literature about the needs of healthcare professionals
and patients regarding the use of measurement tools and eHealth as a measurement
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28,36-39,45-51,55-63 P . . . . .
The initial framework consisted of six categories: instruction,

tool.
characteristics of the activity tracker, correct functioning, sharing data and privacy, goal,
and use, with several subcategories (Appendix 6.1). These categories were also
embedded in the draft manual. The interview lasted 15-30 min and was audio-recorded.

Gender, age, and the number of treatment weeks were also noted.

Data analyses

For the data analyses, the audio recordings of the conversations during therapy, the
reflection sessions, and the interviews were transcribed verbatim. Directed content
analyses® were used to analyze all data using NVivo (version 10). Deductive coding was
based on the used framework (Appendix 6.1). When a text fragment was considered
relevant for use or experiences with the MISS Activity but not matching with an existing
code, inductive coding was used by using an "other" code. In this way, new categories or
subcategories could potentially be identified and registered to the framework. The first
interview and audio fragment and every fifth interview and audio fragment were coded
by two researchers (DU and LH), and an alignment session was held to fine-tune the
coding process. Differences in interpretation were solved by dialogue to reach
consensus; if needed, a third researcher was consulted. Descriptive statistics of the
therapists and the patients were presented as medians (range). Data were organized in
accordance with the analysis framework previously developed (Appendix 6.1).

Results

Three iteration cycles were performed within a total of 28 recorded conversations
during therapy about measuring physical activity, 4 reflection sessions, and 11 semi-
structured interviews.

Therapist’ and patient’ characteristics

Three psychosomatic therapists participated in this research, of which one therapist
(Therapist 3) only participated in the last reflection session. The three therapists were
women (29, 33, and 26 years old) and worked 4.5, 1.5, and 0.5 years, respectively, at the
specialized mental healthcare center. In total, 11 patients were enrolled by the
therapists for participation (Table 2).
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Table 6.2 Patients characteristics.

Characteristics Participants (n=11)
Gender, n male (%) 2 (18%)

Age in years, (median, range) 44 (19-64)
Number of weeks in therapy, median (range) 9 (2-16)

Both the use of and the experiences with the MISS Activity during the iterations are
described below. Two new categories were added: skills and beliefs (only regarding
research question experiences) and goal of the activity tracker (both question use and
experiences) and several subcategories were added to the category, use of the activity
tracker. The results are described following the categories of the coding framework
(Appendix 6.1): instruction, characteristics of the activity tracker, correct functioning,
skills and beliefs, goal of the activity tracker, and use of the activity tracker. Since the
categories goal of the activity tracker and use of the activity tracker were non-distinctive
categories, they are described together. Following inductive analyses, the subcategory
length of use was added. No third researcher was needed during the analyses.

In the use section, we reported the actual use of the activity tracker. During the course
of this study, changes were made in how the activity tracker was used. The rationale
behind these changes is described in the experiences section since these changes were
based on the experiences of the therapists and the patients.

Use of the MISS activity by healthcare professionals and patients

In the first cycle, the therapist started using the activity tracker with the draft manual,
including the summarizing flowchart (Figure 6.2). After three iterations, based on their
use and experiences, several steps were added, and the flowchart was more structured
according to their theoretical framework (the pain functioning model), clinical reasoning,
and context (Figure 6.4). To achieve enough reflection and depth during the reflection
sessions and to create this flowchart and final manual, therapists needed guidance from
the research team.
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Figure 6.4  Flowchart on how to use activity trackers in daily clinical practice in the final version of the
manual. Blue, starting or stopping point for using the activity tracker; yellow, assessment period;
green, intervention period. Increase physical activity: to increase the daily step count or daily
active minutes per day; decrease physical activity: to decrease the daily step count or daily active
minutes per day; divide physical activity: to remain the same amount of steps or active minutes
per day but divide the physical activity moments equally over the day.

Instruction

Therapists introduced the activity tracker to all participating patients and told them they
wanted to assess their physical activity level. They explained why they thought an
activity tracker could be beneficial and why they would prefer an objective
measurement of the physical activity level. During the first reflection session, therapists
decided to adapt the instruction; they explicitly told patients not to change their physical
activity level and explained why the assessment period had value to therapists and
patients as a baseline and for the intervention period. Furthermore, from the second
iteration on, the therapists added more explicitly that after the assessment period, an
intervention and an evaluation period would follow.

“With this activity tracker, we can objectively measure how active you are. The activity
tracker will show us your actual physical activity level.” -Explanation from therapist 2 to
patient 3 during a therapy session (audiotaped conversation).

After the instruction, the therapists installed the activity tracker together with the
patients. Therapists either performed the entire installation (e.g., downloading and
synchronizing the app) or verbally explained step-by-step what patients needed to do
based on the technical skills of the patient. After the application was installed, the
therapist explained the user interfacee to the patients by showing them how it worked.
They did not change this explanation during the iterations.
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Characteristics of the activity tracker

Throughout all iterations, therapists explained to their patients which variables the
activity trackers measured, how to wear the activity tracker correctly, and the ease of
use of the activity tracker.

“The only thing the activity tracker does is measure your steps and active minutes. You
can charge the activity tracker at home; you just need an outlet. It is super simple.” -

Explanation from therapist 2 to patient 11 during a therapy session (audiotaped conversation).

Correct functioning

Therapists explained to the patients that the MISS Activity is more valid and reliable than
other activity trackers patients know. They did not change this explanation throughout
the iterations.

“This [activity tracker] is much more reliable, it measures your steps from the couch to
the kitchen, for example. Other apps and activity trackers don’t measure that
accurately.” -Explanation from therapist 2 to patient 11 during a therapy session (audiotaped

conversation).

Goal of the activity tracker and use of the activity tracker

In the first iteration, the activity tracker was only used as an assessment tool for two
weeks. This was changed during the second reflection session to at least three weeks.
During the first and second iteration, the standard physical activity goal of the activity
tracker (5000 steps and 30 active minutes) was mostly used during the assessment
period, according to the instructions in the draft manual. From the third iteration on,
therapists decided to set the goal of the activity tracker during the assessment period to
zero steps and zero active minutes. During the last reflection session, the therapists
added that having an objective measurement of the physical activity level, along with the
subjective experiences of the patient and themselves, can support them with diagnosing
the coping mechanism of a patient.

“Our goal when using the MISS Activity is to gain insight into your physical activity
behavior during these weeks.” -Explanation from therapist 2 to patient 9 during a therapy
session (audiotaped conversation).

Therapists added exclusion criteria during the second reflection session for the start of
using the activity tracker because based on their clinical experiences and expertise, they
considered an activity tracker not to be suitable for patients with the following
characteristics: perfectionism, depression, trauma, severe physical impairment, and
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when other topics had more priority (e.g., mental health). These exclusion criteria were
added to the manual.

“I have a client with heavy physiological problems and a client with traumas which | am
assessing. There is no room for an activity tracker right now.” -Therapist 2 (reflection
session).

From the second iteration, therapists also started using the tracker as an intervention
tool to support an increase or decrease in physical activity or to divide physical activity
equally throughout the day. The goal to increase or decrease physical activity was
chosen if the step count or active minutes per day was too high or too low in relation to
the physical and mental complaints of the patient. The goal to divide physical activity
equally throughout the day was chosen when the data of step count or active minutes
showed several outliers in relation to the physical and mental complaints of the patient.
Only three patients did not start an intervention period (n=1: due to absence of a goal
related to physical activity; n=1: due to the end of the study iteration cycle; n=1: due to
non-attendance). The physical activity goal was mostly decided by the therapist. The
most frequently used physical activity goal was to divide physical activity equally
throughout the day and was focused on walking a number of steps per day (function
level). During the last reflection session, therapists expressed that they wanted to
connect the physical activity goal of the activity tracker more explicitly to the overall
participation goal of the patient. For example, to be able to walk with friends
(participation goal), you have to be able to walk 6000 steps per day (physical activity
goal). In the last reflection session, therapists decided that the intervention period
should be at least three weeks. Moreover, therapists expressed they could also use the
activity tracker during the intervention period to support treatment options such as
graded activity. Therefore, both utilizations were added to the manual (intervention tool
and support of an intervention).

“For a patient with a catastrophizing coping mechanism you could use graded activity or
graded exposure and an activity tracker would certainly be of added value.” -PS Therapist
3 (reflection session).

During the first iteration, the data of the tracker were seldom discussed by the therapist
and patient. From the second iteration on, the data were discussed after the assessment
period and once or twice per week during the intervention period. Therapists and
patients talked about the number of steps and active minutes and whether the patient
experienced the measurement period as a normal week. The app (data graphs over the
past week) was used as a starting point for the conversation. In the minority of the
patients, therapists and patients discussed how they experienced their symptoms (e.g.,
pain, fatigue) in relation to their physical activity. In only two cases, advice was given to
the patient on how they could reach their physical activity goal.
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“If we look at your data, the step count is really high. 40,000 steps a day is quite a lot. Do
you feel comfortable with that?” -Question from therapist 1 to patient 10 during a therapy

session (audiotaped conversation).

Experiences of professionals and patients with the MISS Activity

Instruction

Throughout all iterations, therapists experienced that it was easy to explain the activity
tracker to their patients. Patients expressed that the instruction of the therapists was
clear enough and sufficient to start using the tracker. Both patients and therapists
experienced sufficient time to give or receive instructions about the activity tracker and
did not mind spending time on these instructions. Moreover, patients appreciated that
the therapists downloaded and installed the app on their smartphones during the
therapy session.

“We have a lot of sessions, so | have enough time to really explain the activity tracker. |
notice that my clients are motivated and don’t mind taking time for the instruction
because they want to know how it works.” -PS Therapist 1 (reflection session).

Characteristics of the activity tracker

Both patients and therapists expressed the ease of use of the activity tracker. They liked
that the activity tracker was not complex and was comfortable to wear. The activity
tracker measured sufficient variables, and the feedback on the activity tracker and app
was clear for both therapists and patients.

‘More than easy, you didn’t have to explain much about it. You push that button and
swipe and it appears. There is nothing hard about jt.” Patient 5, female, 44 years (semi-

structured interview)

Correct functioning

Both the therapists and patients experienced the tracker as being valid and reliable and
experienced no technical problems.

“The activity tracker really measures the number of steps. | counted my steps and looked
on the app and it was the exact number!” -Patient 5, female, 44 years (semi-structured

interview).
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Skills and beliefs

Most patients and all therapists found themselves skilled enough to use the activity
tracker without any support. Already during the first reflection session, therapists
indicated that they believed the activity tracker could be of added value for daily clinical
practice. They thought that an activity tracker could be more useful than some
guestionnaires they used since the activity tracker provided them with objective data
about their patients’ physical activity level. However, during a later iteration session,
therapists expressed that the combination of an activity tracker and questionnaire was
particularly useful when diagnosing a coping mechanism of a patient.

‘I had the opportunity to create insight, it is a nice measurement tool, clients like it in
general, it can be motivating, and | like the app.’ Therapist 2 (reflection session)

Patients found it convenient that the activity tracker measures all their activities since
they mostly were not aware of every single activity they performed and therefore did
not note them in their diary. Patients expressed the convenience of the visual results of
the activity tracker (i.e., data graphs); without it, they would have found it difficult to
explain the physical activity level to their therapists. Patients mainly valued the
assessment period; they liked the activity tracker as a tool to gain insight into their
physical activity, and it confronted them with their own behavior. Other patients
believed that the activity tracker data made it easier to show their therapists their
physical activity level. Moreover, they also thought it was fun to use the activity tracker.
During the intervention period, some patients experienced a positive stimulation from
the activity tracker while others thought that the data from the activity tracker resulted
in negative pressure.

‘I really valued that | could see how my physical activity is related to my pain and fatigue.’
Patient 9, female, 25 years (semi-structured interview)

‘I have to remember keeping my diary and, apparently, | am more active than | thought
based on the activity tracker. | think | wouldn’t write all the activities in my diary. For
example, when | run out of toilet paper, | walk to my basement to get some new rolls. |
wouldn’t write that down as an activity.” Patient 1, female, 35 years (semi-structured

interview)

Goal of the activity tracker and use of the activity tracker

Therapists were positive about the objective insight they got from an activity tracker
during the assessment and intervention period. During the assessment period, they
noticed that, in general, there was a mismatch between the experienced physical activity
level and the actual physical activity level of their patient. During the last reflection
session, they discussed how the use of an activity tracker can support them with

128 | Chapter 6



diagnosing the coping mechanism of a patient and opt for treatment strategies such as
graded activity. The diagnosis of the coping mechanism can be supported by the activity
tracker, since part of the diagnosis is the agreement between the objective physical
activity level (i.e., how physically active somebody actually is) and the subjective physical
activity level (i.e., how physically active somebody thinks he/she is). They also noticed
that the objective measurement provided insight for patients into their own coping
mechanisms.

‘It is important to objectively know how physically active they [patients] are. They tell you
they are very active but, if they aren’t active, that is non-accepting pain-coping. Therapist
3 (reflection session)

Therapists also observed that some patients did not want to talk about their physical
activity level. Therapists suspected that this was because the objective measurement
revealed the actual problem for the patient (i.e., coping mechanism). During the last
reflection session, therapists indicated that they would like to guide the conversation
more towards the activity tracker data even when patients do not want to talk about it.
‘They don’t want to talk about the activity tracker, because it is the core of their problem;
they keep being too active and keep being chaotic. It really can be good to reflect on that’
Therapist 1 (reflection session)

During the first and second reflection sessions, therapists expressed their difficulties in
deciding on an appropriate physical activity goal (i.e., number of steps or active minutes)
for their patients during the assessment period. During the second reflection session,
therapists decided that the standard goal during the assessment period should be zero
steps and zero active minutes for everybody so that patients would not feel the pressure
of the standard physical activity goals during the assessment period.

‘You never know how physically active somebody is, so you always have to guess a goal.
For example, with patient two, | thought he wasn’t active so | set his goal in the
assessment period at 1,000 steps but he walked 9,000 steps.” PS Therapist 1 (reflection
session)

Both therapists and patients explained that there was sufficient time to discuss the data
of the activity tracker. Patients valued these conversations but would like more guidance
on how to reach their physical activity goals. Patients indicated that it was important
that the time interval between measuring their physical activity or goal setting and
discussing the data was not too long (>1 week) otherwise, they started to self-interpret
the data. They felt the need for reassurance that their goal was sufficient.

During the last reflection session, therapists noted that patients did try to achieve the
physical activity goals (number of steps) during the intervention period but often did not
manage to do so and often changed their goals independently. Patients indicated that
due to the experienced lack of guidance by their therapists during the intervention

Using an activity tracker in daily clinical practice | 129



period, they set their own physical activity goals, often to 10,000 steps per day. They
argued that this goal is often communicated in society as a healthy number of steps per
day, but it was hard to reach and when they did not use the activity trackers, they
relapsed into their old behavior. Reasons mentioned by the therapists why patients did
not manage their physical activity goals or altered their goals were, among others, that
patients were not ready for a behavioral change or the intervention period was too
short. Therefore, they decided to expand the intervention period to a minimum of three
weeks instead of the suggested one or two weeks in the draft manual and to tailor the
physical activity goal of the activity tracker more to goals on participation level (e.g.,
increase step count to be able to walk with friends). This was altered in both the manual
and flowchart.

‘We lowered the goal but in some way it didn’t feel right. | just couldn’t do it, | couldn’t
manage to take some rest, being active is part of my lifestyle.” Patient 11, female, 35 years
(semi-structured interview)

‘People were very goal-oriented and kept walking to reach their goal, but they lost
motivation because they got bored, but if they do something they liked it to easily reach
4,000 or 5,000 steps.’ PS Therapist 2 (reflection session)

Discussion

This study aimed to support healthcare professionals and patients with embedding an
activity tracker in the daily clinical practice of a specialized mental healthcare center. It
also aimed to gain knowledge about the implementation process of an activity tracker in
clinical practice. In order to do so, an action research design was used.

Both healthcare professionals and patients were positive about the use of activity
trackers and experienced it as an added value in therapy. The action research approach
with multiple iterations supported the learning and reflection process of the therapists
on their own behavior and in learning from and with each other. In this way, they were
able to discover the opportunities of the activity tracker within their context. In actuality,
the support of the researchers during the reflection sessions was needed to achieve
sufficient depth. The therapists were able to embed the MISS Activity in daily clinical
practice using the pain functioning model as a theoretical framework. They formulated
specific exclusion criteria for patients, adapted the flowchart on when to use the activity
tracker and with which assessment and intervention goals, used the activity tracker to
support identifying coping mechanism, and formulated guidance on how to discuss (the
data of) the activity tracker. During the third reflection session, new insights were
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discussed. Unfortunately, due to the closing of the specialized mental healthcare center
during the COVID-19 pandemic, it was not possible to add a fourth iteration.

Comparison to other studies

Our findings are comparable with another participatory action study that focused on the
implementation of eHealth in specialist nursing teams who case-managed patients with
chronic obstructive pulmonary disease and chronic heart failure and who were using
telehealth to monitor patients’ vital signs and symptoms‘65 They formulated seven main
areas of work in their implementation plan: (1) establishing a telehealth pathway,
(2) improving patient assessment and review, (3) improving service delivery,
(4) improving data sharing and access, (5) raising awareness of telehealth, (6) improving
the evaluation of telehealth, and (7) securing financial investment for telehealth. Some
areas are comparable to this study, and other areas were not within the scope of this
study, such as securing financial investments. However, these topics are also important
and could be further assessed in further research. An important difference between the
study of Taylor et al. and our study is that healthcare professionals already had
experience with the use of telehealth in their daily clinical practice.66 Other studies
showed that if healthcare professionals are already experienced in using eHealth, they
report fewer implementation barriers and experience more advantages (e.g., more
positive attitude towards eHeaIth).Gs’67

Many of the facilitators and barriers for implementation are equal for eHealth
measurement tools and other measurement tools, such as questionnaires.*****%%® The
review of Foster et al. emphasized the importance of involving the target population and
allowing them to learn and reflect on the use of the measurement tool and guide them
through the whole implementation process.”® In our study, we started with a draft
manual, based on literature, on how to use activity trackers/eHealth in daily clinical
practice, which was redeveloped by experience-based testing by the therapists, and
guidance by the research team was given during the reflection sessions. The design and
approach of this study could be used as an example for other implementation studies.
The topics of security and compatibility with existing systems were not within the scope
of this study, and the topics within our coding framework sharing data and privacy (e.g.,
safely sharing data and warrant of privacy) were not discussed by the therapists in this

. . 34,36-39
study but are also relevant factors for implementation.

Methodological quality

This study had some limitations. First, there was a limited number of therapists and
patients included, and the therapists had relatively short work experience. More
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experienced therapists might have integrated the activity trackers faster or differently.
On the other hand, it might be possible that younger therapists are more open to
working with eHealth. Second, by using convenience sampling, there might have
occurred selection bias for the therapists. As mentioned above, the selected therapists
might be already more open to working with eHealth in comparison to their colleagues.
This is an advantage for participation in action research because active participation is
required. In future studies, other therapists should be involved in using the developed
manual. Convenience sampling was also applied for the recruitment of the patients;
however, this could also be beneficial for the action research design since therapists
were free in choosing the patients, based on their clinical expertise, who might benefit
from the use of the activity tracker, a situation that is closely related to the situation in
daily healthcare. Thereby, they had the opportunity to formulate exclusion criteria for
patients based on their experiences during this study. But we cannot rule out selection
bias. Third, due to the COVID-19 outbreak, the study had to be ended after the third
iteration. In the third iteration, therapists expressed additional new methods to support
their clinical reasoning with the use of the activity tracker. One more iteration would
have allowed for the evaluation of these planned changes in their clinical reasoning and
to facilitate the engagement of patients. Fourth, the therapists experienced that patients
did not always show up at the therapy meetings, which potentially affected their own
and patients’ experiences with the activity tracker. It is known that missing therapy
meetings happens regularly in long-term treatments,69 and thus the use of an activity
tracker was not likely to be the reason for the current compliance of the patients in this
study.

A strength of this study was the use of a draft manual based on earlier research and the
use of the coding framework (see Appendix 6.1). The draft manual gave guidance during
the implementation process and could be tailored during the reflection sessions to the
specific context. The framework was based on an earlier framework developed to gain
insight into the important concepts of experiences with an activity tracker.”® However,
not all (sub)categories were used during this study because some did not fit within the
scope of this study. Another strength of this study is the use of the MISS Activity that
anticipated formerly mentioned important implementation barriers, such as complexity,
technical problems, and concerns about validity. By eliminating those barriers, this study
allows for a more in-depth study of the use of the activity tracker in daily clinical
practice, and more genuine experiences could be collected.

To ensure the quality and trustworthiness of this study, credibility and transferability
were checked in several Ways.70 Method, investigator, and data triangulation were used
to ensure credibility. Multiple methods of data collection were used (audio recordings of
conversations, reflection sessions, and interviews); all authors reflected on the design,
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data collection, and analyses to ensure investigator triangulation; and different sources
of the same information were used (multiple interviewees) to achieve data triangulation.
By providing a thick description of our study population and study process,
transferability was assured.

Clinical relevance

This study was performed in a specialized mental healthcare center for people with
chronic somatic symptom disorders specific to spinal pain. However, even though this
study was performed in this specific setting, the approach and results are still
generalizable to a broader context where measuring physical activity is important.
Measuring is an important aspect of almost all healthcare professionals’ daily routines.
The availability of eHealth tools, including activity trackers, is growing and its relevance
has already been shown during the COVID-19 pandemic. Moreover, the relevance of
using activity trackers is already recommended in guidelines for healthcare professionals
such as physical therapists.” In order to use eHealth and thus activity trackers in a
meaningful way, healthcare professionals require new competencies, so-called eHealth
competencies.n'73 Current healthcare professionals have not been sufficiently trained in
these new competencies for optimal use in daily healthcare. It is important not only to
focus on eHealth devices but, in addition, on how to embed them in processes of clinical
reasoning and discussions with the patient and to support and train healthcare
professionals to gain these competencies. An action research design could be beneficial
to achieve this transition. Further research should focus on optimally embedding the
activity tracker in healthcare, and our approach could be an example of how to
implement eHealth in combination with healthcare professionals in their daily clinical
practice. The draft manual and framework can be used completely or partially in other
studies to assess the feasibility and facilitate the use of activity trackers in daily clinical
practice. Consequently, a next step can be to evaluate the effectiveness of embedded
activity trackers in daily clinical practice.

Conclusion

Therapists did identify opportunities to embed the use of the activity tracker into their
clinical reasoning and engage patients in their treatment. Based on their expertise and
experiences, therapists had clear ideas about for whom the use of activity trackers could
be beneficial. They were able to formulate specific exclusion criteria accordingly (e.g.,
depression). An important part of this study was the adaptation of the flowchart. Each
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iteration was a source for improvement, and several times, fine-tuning of the flowchart
took place. The flowchart included when to use the activity tracker and with which goals,
which could either be assessment goals or intervention goals (more physical activity, less
physical activity, or dividing physical activity over the day). Furthermore, therapists
formulated how they could use the activity tracker as a support tool to identify the
coping mechanism of a patient. Finally, the therapists were able to tailor the manual.
The action research approach with multi-iterations was needed to support professionals
and embed the activity tracker in their daily clinical practice within a specialized mental
healthcare center. For future studies and implementation processes, it is important to
remember that healthcare professionals need time to learn how to use such innovation
and reflect on this use in daily clinical practice. It is important that healthcare
professionals can learn from and with each other and receive sufficient support and
guidance during the implementation process and feedback from patients. The design of
this study can be used as an example when implementing innovations in healthcare
settings and parts of the results can be transferred to other healthcare settings (e.g.,
primary care settings).
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Appendix 6.1

Category Subcategory
Purchase Costs of the activity tracker™

Costs of a subscription®

Compensation of healthcare insurance®

Possession of a smartphone46

Possession of a com puter54’63

Available and clear information about the feasibility of the trackers"®
Instruction Required instruction from healthcare professiona|28'39"“3’48'63

Support49’5°'63

Required technical skills
Characteristics Installing and receiving data from the activity tracker
of the activity Measured variables by the activity tracker*>***%
tracker Interface™

Accessibility

Wearing COme rt25,45,46,49,54,56,59,60

. 25,45,61-63
Setting goals
25,36,37,39,55,63

63

25,55,56,63

37,45,46,49,56

36,37,44,49,63

Complexity
Feedback25,46,55—58,60,63
Robustness™***
Correct va|idity39,45,49,55—57,59,60
functioning  Reliability*>*>9%%575960
Technical problems™***
Skills and Beliefs of healthcare professional®****%?
beliefs Beliefs of patient

28,29,31,54

Skills of therapist

Skills of patient®®*”*%%
Sharing data  Interoperational
and privacy Possibility to share data

Safely sharing data® %0

Warrant of privacy®

Insight into physical activity level by healthcare professional®

. . . . . 63
Authorization, authentication, license
39,45,47,48,50,62

37,39,54,63

56,59,61-63

Goal of the Diagnosis™ "
activity tracker Assessment
.. 39,44,45,47,48,50
Monitor
. 28,39,44-48,50
Intervention
. . 28,36,37,39,44,50,63
Use of the Implementation in therapy’
P . . . . 28,36,37,39,44,46,50,63
activity tracker Implementation in clinical reasoning
49
Interface

. . . 28,36,37,39,47,50,63
Compliance by healthcare professional and patient

Setting goals‘r’s'58

Choice of activity tracker

Discussing data”®""**

Data interpretation

Feedback technical problems by patients
Healthcare professional and patient relation from perspective of the healthcare professional
Healthcare professional and patient relation from perspective of the healthcare patient
Added value of the activity tracker®*?>?34>46748:34:35,57,58
Faith in measurements and measurements procedures
Length of use

46,63
47,485862,63

28,47,48

49,56,57,60,63
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General discussion

The main aim of this dissertation is to increase the knowledge about the meaningful*
use of activity trackers in healthcare for (older) adults with chronic diseases and for older
adults with or without chronic diseases. Three phases can be distinguished within this
dissertation (Figure 6.1).

Meaningful use of activity trackers in healthcare

Towards a personalised use in people with a chronic
disease and older adults

Phase one
Validity and feasibility of Devel Izha’e two Phase ""e'; Reflecting and disccusing
commercially available ping an activity ng the results, implications for

actvity trackers n {older) - tracker for older aduts developed activity tracker reseanch, practice ond
adults with a chronic with our without a in healthcare aducation
disease

| | | 1

Chapter four The
validation of a pocket o
worn activity tracker Chapter six Using an Chapter seven General
activity tracker in the
consultation room

chronic disease

Chapter two counting
Steps in Activities of Daily
Living
Chapter five (Re)design discussion
and evaluation of a user-
friendly interface

Chapter three Patients’
experiences

Figure 6.1 Outline of dissertation in three phases, in which five studies and seven chapters are
incorporated.

Phase One focused on the validity and feasibility of commercially available activity
trackers in (older) adults with a chronic disease who are generally seen in everyday
physiotherapy practice. In chapters two and three, the validity and feasibility of
commercially available activity trackers in (older) adults with a chronic disease are
described. Using the results of phase one, an existing activity tracker was (re)designed in
phase Two. The algorithm was adjusted to more validly capture activities of daily living in
older adults with or without chronic diseases, and the user interface was designed in co-
creation with older adults. This ‘new’ activity tracker was called the Measure It Super
Simple (MISS) Activity. Chapter four describes the validity of the adjusted algorithm.
Chapter five illustrates the co-creation process of the new user interface, as well as the
feasibility of the MISS Activity tracker. In phase Three the MISS Activity was integrated
into the daily clinical practice of healthcare professionals. The results of this action

: The word ‘meaningful’ refers to our intention that the use of an activity tracker should be personalised and
incorporated into daily life and healthcare in a manner that the data support both the patient and healthcare
professional. It should provide insight into the patient’s activity levels, aid decisions, and support the

formulation of recommendations for changing the patient’s behavioural habits towards a healthier lifestyle..
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research study are reported in chapter six. Next, chapter seven presents an overview of
the main findings of each phase, followed by general methodological considerations.
Finally, the lessons learned and the study’s implications for research, practice and
education are given.

Main findings

The main findings are described within the three phases of the project.

Phase One: Validity and feasibility of commercially available activity
trackers in (older) adults with a chronic disease

In chapter two, nine commercially available activity trackers were validated with a
standardised free-living protocol in which (older) adults with a chronic disease
performed activities of daily living. The step count from the activity tracker was
compared with video recordings, which is the gold standard." The correlation between
the number of steps counted by the activity trackers and the gold standard was low. All
of the activity trackers showed significant systematic differences from the gold standard
and both over- and underestimated step count, depending on the number of steps
taken. The Fitbit One appeared to be the most valid activity tracker on a group level. On
an individual level, the Fitbit One also showed large over- and underestimations of step
count. A possible explanation for the low validity of these activity trackers is the
generally low walking speed during activities of daily living, since studies showed that
low walking speed reduces the validity of activity trackers.””

Next, in chapter three the feasibility of commercially available activity trackers during
physiotherapy treatment in (older) adults with a chronic disease was assessed. Patients
experienced the use of activity trackers as positive and motivational in terms of
increasing their physical activity levels. However, they mentioned several barriers that
compromised the feasibility and would have liked more guidance from their
physiotherapists. The three most mentioned barriers for (older) adults with a chronic
disease were as follows: the complexity of the activity tracker, ‘pre-set’ goals that were
too high (e.g. 10.000 steps) and a lack of instructions. Furthermore, patients indicated
that neither they nor their physiotherapists integrated the activity tracker into their
physiotherapy sessions. Based on the results of this study, a framework was developed
to examine the feasibility of activity trackers and other eHealth tools (found in the
appendix to chapter three).
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The results of phase one showed that the validity and feasibility of commercially
available activity trackers were insufficient for (older) adults with a chronic disease. In
summary, there seemed to be a need for a feasible activity tracker that can validly
measure activities of daily living in (older) adults with a chronic disease.

Phase Two: Developing an activity tracker for older adults with or without
chronic diseases

In phase two, an existing activity tracker, the MOXG, was (re)designed in co-creation with
older adults with or without chronic diseases. The MOX was selected as a departure
point since both the algorithm and user interface were adaptable. The (re)design of the
algorithm and user interface resulted in the MISS Activity.7 The algorithm was optimised
with parameter settings for step count and physical behaviour of older adults with or
without chronic diseases for a pocket worn activity tracker measuring activities of daily
living. In chapter four, it was shown that the optimised algorithm was more valid during
a non-standardised, free-living protocol with activities of daily living than generic, widely
accepted algorithms (Fitbit Alta HR, activPAL and MOX;nnegran) When worn by older adults
with or without chronic diseases. Next, chapter five describes the process of co-creation
with older adults with or without chronic diseases and four experts in wearables (a
professor in the field of smart devices, a physiotherapist, an advisor from the knowledge
centre for sports and physical activity and a clinical operator of a human kinetics lab) to
(re)design the user interface. This (re)design process resulted in the final design of the
activity tracker (look and feel), a feedback system on the activity tracker and an app for
additional feedback. Thereafter, the user interface using the optimised algorithm was
tested by older adults with or without chronic diseases in their daily lives for two weeks.
They experienced the MISS Activity as easy to use, thought that the additional material
(e.g. manual) offered sufficient support and felt that they could therefore independently
use the MISS Activity. In addition, older adults with or without chronic diseases reported
that the app provided objective insight into their physical activity levels.

Phase Three: Integrating the developed activity tracker into healthcare

In phase three, the MISS Activity was integrated into daily clinical practice, together with
psychosomatic therapists and patients of Het Rughuis, a specialised rehabilitation centre
for people with chronic somatic symptom disorders specific to spinal pain. An action
research design with several iterations was used to experience, reflect on and learn
about how and when the MISS Activity could be used in a meaningful way in daily clinical
practice. Therapists needed guidance from the research team to use the activity tracker
in a meaningful way. This was done by composing a manual together and having several
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discussions about the meaningful use of activity trackers. During this study, the MISS
Activity was mostly used to assess physical activity and to support changes in physical
activity levels by setting physical activity goals. In addition, this information supported
the healthcare professionals’ clinical reasoning (e.g. diagnosing the coping mechanism).
Prior to the recent COVID-19 regulations, therapists expressed an understanding of how
to use the activity tracker in a meaningful way and planned changes to better integrate
the activity tracker in their daily clinical practices. However, the proposed changes could
not be fully applied due to the closing of the rehabilitation centre because of COVID-19
restrictions.

Methodological considerations

Within this section, certain overall methodological considerations are discussed: the
structure of the performed phases, the selection of activity trackers, the target
population, determining the validity of activity trackers and the umbrella concept
‘feasibility’.

The structure of the performed phases

A strength of this dissertation is its structure; the performed phases in the different
chapters form a natural sequential construct. Since little was known about the
clinometric properties of commercially available activity trackers in the healthcare of
(older) adults with a chronic disease and older adults with or without chronic diseases,
this was assessed first. Based on the results of phase one, phase two was constructed,
and the MISS Activity was developed. To use the knowledge acquired, in phase three,
the MISS Activity was implemented in daily clinical practice. For each phase, the research
designs were chosen based on the research question and stage, which led to a variety of
research designs. A common feature of the designs was the active participation of all
stakeholders during the studies. The active participation of relevant stakeholders
enhances implementation in daily practice, as well as the relevance and generalisability
of a product.® One limitation might be that this study did not examine the effectiveness
of activity trackers in healthcare. However, the steps that were performed in this
dissertation were a prerequisite to be able to study this effectiveness in future research.

The selection of activity trackers

The selection of the activity trackers in phase one was based on requirements set in
collaboration with physiotherapists. After an extensive search of all commercially
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available activity trackers that were on the market in May 2015, a total of 72 trackers
were found to be eligible. To ensure that the scope of different system requirements
was covered, trackers were randomly selected based on the following criteria: variety of
tracker location, variety of activity tracker types (e.g. accelerometer) and variety of
tracked variables (e.g. steps and heart rate). By randomly selecting the activity trackers
based on the above criteria, a representative sample of the range of activity trackers in
2015/2016 was used to test validity and feasibility.

Since the beginning of this dissertation in 2016, the commercial market of activity
trackers has exploded, with more brands, more diverse activity trackers, and trackers
integrated into smartwatches and smartphones. The commercial market of activity
trackers mainly targets healthy adults, athletes and people who exercise regularly. With
this focus, more new variables and features were added to current activity trackers (e.g.
guiding breathing sessions, playing music, enabling paying with one’s activity tracker). In
addition, some activity trackers that were used in this dissertation are no longer
available. Therefore, one could argue that the specific results of phase one have become
outdated. However, these results are still applicable because the underlying algorithms
of most activity trackers have not changed or were optimised for an active population
instead of (older) adults with a chronic disease or older adults with or without chronic
diseases. The results reported in chapter four confirmed this statement when three
more recent activity trackers were validated together with the MISS Activity. The latter
proved to be more valid than the three recent activity trackers in older adults with or
without chronic diseases during activities of daily living.

In contrast to these algorithms, the user interfaces of activity trackers have changed in
the past five years. The first activity trackers were fairly simple to use, but adding more
features to them and embedding them into smartwatches and smartphones made them
more complex to use, especially for older adults. However, incorporating them into
smartphones could also be useful, since it might be more appealing to start measuring
physical activity with a smartphone one already owns than to buy a new activity tracker.
It is to be expected that the experiences of (older) adults with chronic diseases and older
adults with current, commercially available activity trackers will most likely be the same.

The target population

In this dissertation, both (older) adults with a chronic disease and older adults with or
without chronic diseases participated in different phases. Within the performed studies,
algorithms were validated in both target populations. There is a strong overlap between
older adults and (older) adults with a chronic disease. In general, both groups have
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10-14 P
and rely on activities

reduced physical activity levels and different walking patterns
of daily living as their primary sources of physical activity."
Within the validity studies in this dissertation, people using walking aids (e.g. a cane or
walker) were exclued because they have differnt gait patterns compared to people who
do not use walking aids.'® Therefore, the results from the validity studies are probably
not transferable to people who use walking aids. The algorithm developed in phase two
could potentially be adapted to people who use walking aids in the same way as was
done for people with low walking speeds in general and/or during activities of daily
living. This could be relevant for a large group of older adults and (older) adults with a
chronic disease, but also for people who are recovering in hospitals or rehabilitation
centres. Another target population might be ‘white-collar’ workers, since their
occupations are generally sedentary, requiring low levels of physical activity."’

The user interface was designed according to the preferences and needs of older adults,
but the main aim was to make a simple user interface. In principle, an uncomplicated
user interface could be used by any target group with a preference for simplicity.
Another consideration regarding the target group was that the group could have had a
selection bias; participants in the studies could have been more interested in technology
and possibly more skilled at using technology. This might have affected the results of the
development study and feasibility studies. However, using technology is becoming more
popular among older adults. In 2019, 76% of older adults were using social media, with
73% online on a daily basis and 62% using the internet to retrieve health
information.’®" Therefore, the results of the development study and feasibility study
might be generalisable for a growing group of older adults, both now and for years to
come.

Determining the validity of activity trackers

One strength of this dissertation is the setup of the validation study; it used not only
activities of daily living, but also a widely accepted gold standard. In several other
studies, activity trackers were validated in lab settings using a gold standard but not a
free-living protocol with activities of daily living (e.g. using a treadmill). Alternatively, a
free-living protocol was used, but validation took place without comparison to a gold

20-24
standard.

In the work for this dissertation, the research team simulated free living as
far as possible, still using the gold standard to validate the activity trackers. The team
also used other commercially available activity trackers as references, and by having
several references, the validity of the activity trackers could be more accurately
interpreted. One recent study proposed a protocol for determining the validity of the

step count of consumer wearables and smartphones." Most of the criteria for this
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protocol were met in the validation studies performed for this dissertation, thus
ensuring methodological and reporting consistency and facilitating comparisons
between activity trackers. Three proposed activities were not included in our study:
computer use, smartphone use and simulated video games. Furthermore, cadence and
gait velocity were not reported.

As stated before, it is important to have insight into the validity of an activity tracker on
both a group and individual level, depending on the goal of using the activity tracker. The
validity on an individual level is important for the end-users (e.g. healthcare
professionals or older adults), whereas validity on a group level is more important to
policymakers and researchers. Two guidelines propose statistical tests when validating a
measurement tool in order to create standardisation.”® In this dissertation both
guidelines were applied to provide information on a group level as well as an individual
level (state-of-the-art validation). One limitation might be that this study did not assess
the reliability of the activity trackers, which is also an important clinometric property.
However, due to the structure of the validation protocols used, it was not possible to
determine the reliability.

The umbrella concept ‘“feasibility’

During the course of this dissertation, a framework was developed in which the
feasibility of activity trackers and other eHealth tools can be examined (found in the
appendix to chapter three). The framework is based on the literature on the feasibility of
activity trackers, the findings of this team’s own studies, and user and expert
assessments. Feasibility is an important trait; if an activity tracker is not feasible, it will
not be used persistently. However, feasibility is a broad term, referring to both patient
and professional use as well as aspects of the measurement tool. It is possible that some
aspects of the broad term ‘“feasibility’ are not fully embedded in the current framework
since it was evaluated within a relatively small group and a limited context. Thus, this
framework is a first step to assess the feasibility of activity trackers in daily clinical
practice and could be a ‘dynamic framework’, where aspects of feasibility in different
contexts are added or adjusted as needed.

Lessons learned

The lessons that can be learned from this dissertation are described in relation to the
following themes: ‘involving stakeholders is the key to success’, ‘measuring with an
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activity tracker in healthcare is not vastly different from what healthcare professionals
are used to’ and ‘implementation in daily practice is challenging but important’.

Involving stakeholders is the key to success

Involving stakeholders is important when creating an innovation. To illustrate this, when
developing the app for the MISS Activity, it was assumed that swiping was too
complicated for older adults and that pressing buttons would be an easier way for them
to navigate through the app. During the initial pilot testing of the app, all older adults
began swiping to navigate through the app. Despite the involvement of older adults in
the look and feel of the app, this team did not ask their opinion on the navigation
options of the app. This example illustrates the need to always involve stakeholders in
every stage of the research. The active participation of relevant stakeholders enhances
implementation in daily practice, including the relevance and generalisability of a
product.s’9

Innovative ways to retrieve information and include stakeholders are co-creation
methods, of which several have been used in this dissertation. These co-creation
methods are frequently used by designers but are also applicable in research.”’ Beyond
retrieving information, these methods are enjoyable to perform and provide an
opportunity for participants to get to know each other’s ideas and find common ground
regarding terminology, which is essential for a successful interdisciplinary
collaboration.”®

To identify all relevant stakeholders in this dissertation, ‘stakeholder mapping’ was
used.”® Stakeholders can participate in all stages of the research and in different roles,
which can vary at each stage. These roles can range from only informing stakeholders to
giving them full control.®® To define which role suits which stakeholder best, the
‘participation matrix’ was used.*® Within this dissertation, the stakeholders participated
to the full extent of the participation matrix. Other co-creation methods that were also
used in this dissertation included the MoSCoW method, the business model canvas,
prototyping and the six thinking hats.>**
To choose and perform the right methods, researchers need adequate support and
training.>® This PhD trajectory was part of the Brightlands Innovation Programme
‘Limburg Meet’ (LIME), a programme that facilitates smarter measurement methods and
more efficient data collection for better care and health.*® Part of this programme was a
co-creation team, with two co-creation experts, that supported the research teams.
Moreover, a collaborating network of researchers, entrepreneurs, civilians and
educators was developed within the LIME programme. This allowed us to collaborate
with several different disciplines throughout the course of this dissertation. For example,
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a hundred students from the education communication and multimedia design study
participated in this research during one of their course modules, in which they had to
work on a real-life case in groups of four—five students. They developed paper
prototypes of the user interfaces for the app for the MISS Activity in collaboration with
older adults and researchers from Zuyd University of Applied Sciences and industrial
designers from Maastricht University. After collaborating with ICT students and ICT
experts from Maastricht University, the former students’ designs were partly used in the
final design of the MISS Activity.

Measuring with activity trackers in healthcare is not vastly different from
what healthcare professionals are used to

There are numerous measurement tools in healthcare that can be used to assess aspects
of health. Several guidelines have been developed to assist healthcare professionals in

. . . 37-39
choosing and using a relevant measurement tool for their purposes.

They all advise
establishing ‘why” and ‘what’ one wants to measure, what the clinometric properties of
the chosen measurement tool are, and how to interpret and use the data from the
measurement tool. The same conditions apply when using an activity tracker in daily
clinical practice; that is, choosing and using an activity tracker does not differ from
employing any other measurement tool. However, healthcare professionals require

4041 Barakat et al. formulated

some new eHealth competencies in order to use eHealth.
five competency themes: ICT attitudes and skills, interpretation and analysis of eHealth
data, support and guidance, communication skills and privacy and confidentiality.*
Current healthcare professionals are not trained in all of these competencies and
therefore struggle to perform these skills in their daily clinical practice. For example,
patients expressed the need for more guidance from their physiotherapists to fully use
the activity tracker (phase one, chapter three). The skill ‘the healthcare professional
educates end-users in the operation and functionality of the technology’ is required to
support patients when asked. In phase three, the healthcare professionals and the
research team often discussed topics related to the skills ‘effectively combine clinical
knowledge with eHealth data in decision-making’ and ‘translate the data effectively
within the context of the client’. These skills are also required when using ‘regular’
measurement tools.”” For both ‘regular’ measurement tools and activity trackers, the
same process is employed in deciding, choosing and using the measurement tool.
Healthcare professionals require support and training to connect their existing skills to
the use of activity trackers and the new eHealth competencies required, such as ICT skills
and privacy and confidentiality. Healthcare education, postgraduate continuing
professional education and master courses should implement these competencies in
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their education programmes since the use of eHealth in healthcare is rising, and the
subject is given limited attention in the current curricula for healthcare

. 42-44
professionals.

To implement more eHealth in these curricula, a first step might be to
teach educators about the meaningful use of eHealth and the similarities with ‘regular’

measurement tools.

Implementation in daily practice is challenging but important

During this PhD trajectory, the research team learned that healthcare professionals need
more support in implementing activity trackers than was foreseen. Several reports on
the implementation of eHealth explain that the bottleneck is the transition from the

45,46
For an

pilot phase to implementation and upscaling in daily clinical practice.
innovation to be successfully implemented, the eHealth tool should fit the daily clinical
practice, but healthcare professionals should also be open to change.”” To achieve these
goals, a systematic implementation approach is recommended, such as that of Grol et
al.,”’ the Consolidated Framework For Implementation Research (CFIR)48 and user-
centred design.”” Important features of these approaches are the thorough problem
analyses (Grol et al.) and the use of an iterative approach (user-centred design).
However, there is a range of implementation methods and strategies. Therefore, it is
important but difficult to choose a method that fits the implementation phase, context
and stakeholders.” Moreover, there are several barriers to and facilitators of
implementation that must be considered,”® some specific to the implementation of
eHealth.”™* To embed all of these aspects in one implementation design is challenging,
which was evident during this study’s action research design. It is important to maintain
a balance between support from the research team and time for healthcare
professionals to experience the use of activity trackers. On the one hand, healthcare
professionals can learn from good examples and studies showing that they need help to
313354 On the other hand, to

sufficiently implement an activity tracker, healthcare professionals must experience

understand how to use eHealth and recognise its benefits.

what works and what does not work in their own daily clinical routines. This team
learned that dialoguing with healthcare professionals about their theoretical
frameworks, routines, and dilemmas, including examples, helps professionals
understand how and when to use the activity trackers. By using an action research
design and including both healthcare professionals and patients, the implementation of

55,56 R . .
A limitation within our action

the activity tracker had a better chance of succeeding.
research design might be that we did not base the approach on existing theories such as

behaviour change theories.
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The implementation of eHealth in healthcare might be more urgent now than in past
years. Due to COVID-19 pandemic measures, a major part of healthcare has recently
been remotely performed. Providing healthcare remotely also means measuring
remotely, and the COVID-19 pandemic has proved to be a huge driver of the
implementation of eHealth.”” To create sustained use, the focus should be on
embedding eHealth in the process of daily care and clinical reasoning. Current
healthcare systems face challenges in keeping healthcare sustainable. It is predicted that
by 2040 there will be 9.8 million people with chronic diseases™ and 1.6 million people
who are 80 years or older” in the Netherlands. eHealth, including activity trackers, could
be part of the solution to keeping healthcare sustainable. It has the potential to reduce
workload, support self-management of patients, and monitor and analyse patients to

. . 46,60,61
proactively intervene.

Implications for research, education and practice

The following section describes the implications of the results of this dissertation for
research, education and practice to facilitate the meaningful use of activity trackers in
healthcare.

Implications for research

For researchers in the field of activity trackers and health technology, it is recommended

that they:

e Focus on further research on the implementation of activity trackers in daily clinical
practice with the active involvement of all stakeholders to the full extent of the
participation roles (informing, consultation, placation, partnership, delegation or
citizen control) by using co-creation methods and participatory action research
designs.

e Use the knowledge and expertise of healthcare professionals regarding daily
routines and clinical reasoning when implementing innovations such as activity
trackers in their daily clinical practice.

e Be aware of the limited validity and feasibility of current commercially available
activity trackers when using them to measure activities of daily living in studies of
older adults with or without chronic disease and (older) adults with a chronic
disease.
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Validate and test the feasibility of commercially available activity trackers in more
target populations, such as people who use walking aids, patients in rehabilitation
centres and hospitals and inactive adults.

Use the developed feasibility framework to evaluate aspects of the feasibility of
activity trackers in different contexts and consider using the results to further
develop the feasibility framework.

Perform effectiveness studies with activity trackers when activity trackers are fully
implemented in daily clinical practice.

Consider using the MISS Activity in research when measuring physical activity in
populations in which low walking speed is evident generally or during activities of
daily living, and/or in populations for which simple technical tools are desirable (e.g.
in older adults with or without chronic disease and (older) adults with a chronic
disease).

Implications for education

For developers and teachers of educational programmes for healthcare students and

healthcare professionals, it is recommended that they:

Teach healthcare students and professionals the required new eHealth
competencies, allowing them to independently choose and use eHealth devices
such as activity trackers in clinical practice.

Teach healthcare students and professionals the similarities between eHealth
measurement tools, such as activity trackers, and ‘regular’ measurement tools.
Provide good examples to healthcare students and professionals to illustrate how to
use activity trackers in their daily clinical practices as support tools for their clinical
reasoning.

Stimulate interdisciplinary collaboration, including co-creation sessions, to develop
strong collaborations and insight into each other’s competencies, with all students
involved in the development and use of an eHealth tool.

Invest in and develop training where healthcare professionals can experience,
reflect and learn with each other about when and how to use activity trackers as
support tools in daily clinical practice. This could be done through on-the-job
coaching, in field labs or learning communities.
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Implications for practice

For healthcare professionals, it is recommended that they:

Consider using an activity tracker in daily clinical practice to support clinical
reasoning and, if applicable, combine the activity tracker with other relevant
measurement tools.

Follow a training programme to learn to use an activity tracker meaningfully in daily
clinical practice.

Be aware of the limited validity of commercially available activity trackers during
activities of daily living.

Use the feasibility framework to choose together with the patient an activity tracker
that matches the patient’s skills and requirements.

Consider using the MISS Activity when matching with the healthcare professional’s
and patient’s requirements and skills.

Provide more support in terms of instructions and problem-solving for patients with
limited technical skills and eHealth literacy when using an activity tracker in daily
clinical practice.

Use an activity tracker to assess and monitor the physical activity level of a patient
and, if applicable, to change the physical activity level, using the following goals:
provide more physical activity during the day, provide less physical activity during
the day or divide physical activity during the day.

Learn from and with colleagues and patients when implementing an activity tracker
or other eHealth tools.
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English summary

Physical activity is key to preventing chronic disease and enabling participation in
activities of daily living. Healthcare professionals, such as physiotherapists, occupational
therapists, psychosomatic therapists, and nurse practitioners, often measure the
physical activity levels of their patients, including older adults and people with chronic
diseases. Currently, healthcare professionals use questionnaires and diaries to gain
insight into their patients’ physical activity levels. However, most questionnaires and
diaries lack validity, reliability, and feasibility. A potential alternative method of
measuring physical activity, both within and beyond the context of healthcare, is to use
activity trackers, which are known to provide objective data and are feasible in use in a
healthy population. However, there is a gap of evidence on both the validity and
feasibility of activity trackers for those with slower walking speeds and activity levels,
such as (older) adults with or without chronic diseases which are often seen in
healthcare. Furthermore, no guidelines have been developed or studies performed to
aid healthcare professionals in using activity trackers in their daily clinical practices.
Therefore, the primary aim of this dissertation was to increase the knowledge about the
meaningful* use of activity trackers in healthcare, particularly for (older) adults with
chronic diseases and older adults with or without chronic diseases.

To achieve this objective, this dissertation was divided into three phases. In phase one,
the validity and feasibility of commercially available activity trackers were assessed in
(older) adults with chronic diseases. In phase two, an existing activity tracker was
(re)designed for older adults with or without chronic diseases by adjusting the tracker’s
algorithm and upgrading its user interface. The ‘new’ activity tracker was called ‘The
Measure It Super Simple (MISS)" Activity. The feasibility of the MISS Activity was
evaluated among older adults with or without a chronic disease. In phase three the MISS
Activity was integrated into daily clinical practice.

Chapter One begins by stressing the importance of physical activity and physical capacity
to one’s possebilities to fully participate in daily life. The chapter then delineates how
healthcare professionals can measure physical activity by using subjective measurement
tools (questionnaires and diaries) or objective measurement tools (doubly labelled water
or indirect calorimetry). Furthermore, the advantages and disadvantages of these

" The word ‘meaningful’ refers to our intention that the use of an activity tracker should be
personalised and incorporated into daily life and healthcare in a manner that the data support
both the patient and healthcare professional. It should provide insight into the patient’s activity
levels, aid decisions, and support the formulation of recommendations for changing the patient’s
behavioural habits towards a healthier lifestyle.
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measurement tools are discussed. Thereafter, the potential use of activity trackers in
healthcare is discussed, as is the aforementioned validity, and feasibility. Finally, the lack
of knowledge regarding the meaningful use of activity trackers in healthcare is outlined.
At the end of the first chapter, the objective, research questions, and outline of this
thesis are described.

Chapter Two describes the procedure and results of a validation study. This study aimed
to investigate the validity of nine commercially available activity trackers for measuring
step count during activities of daily living in people who have a chronic disease and are
receiving physiotherapy. The selected activity trackers were the Accupedo (Corusen
LLC), Activ8 (Remedy Distribution Ltd), Digi-Walker CW-700 (Yamax), Fitbit Flex (Fitbit
inc), Lumoback (Lumo Bodytech), Moves (ProtoGeo Oy), Fitbit One (Fitbit inc), UP24
(Jawbone), and Walking Style X (Omron Healthcare Europe BV). In total, 130 (older)
adults with chronic diseases performed a standardised activity protocol, based on
activities of daily living. The protocol was recorded on camera, and their step count was
analysed through video observations (gold standard). The validity of the trackers’ step
count was assessed by correlation coefficients, t-tests, scatterplots, and Bland-Altman
plots. The correlations between the number of steps counted by the activity trackers and
the gold standard were low (range: -0.02 to 0.33). For all activity trackers except the
Fitbit One, a significant systematic difference with the gold standard was found for the
step count. Plots showed a wide range in scores and an average underestimation was
found for all activity trackers, except for the Activ8, for which an average overestimation
was found. In conclusion, this study showed that the validity of nine commercially
available activity trackers is low regarding their capacity to measure the step count of
(older) adults who have chronic diseases, are receiving physiotherapy, and are engaged
in activities of daily living.

Chapter Three illustrates the experience with commercially available activity trackers
within the physiotherapeutic treatment of (older) adults with chronic diseases. The
qualitative study in question included twenty-nine participants with a chronic disease.
Each participant wore one of the following activity trackers: Accupedo (Corusen LLC),
Activ8 (Remedy Distribution Ltd), Digi-Walker CW-700 (Yamax), Fitbit Flex (Fitbit inc),
Lumoback (Lumo Bodytech), Moves (ProtoGeo Oy), Fitbit One (Fitbit inc), UP24
(Jawbone), and Walking Style X (Omron Healthcare Europe BV) throughout the day for
two to eight weeks. Data were collected using twenty-three individual interviews as well
as a focus group with six participants. A framework analysis with deductive and inductive
content analyses was used to analyse the data. The framework analysis produced seven
categories: purchase, instruction, characteristics, correct functioning, sharing data,
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privacy, use, and interest in feedback. Although the tracker motivated the participants to
be more active, participants experienced the standard step count goal of the activity
trackers as ‘too high’ and the tracker itself as too complex. They reported that they
would have liked more guidance from their physiotherapists regarding the use of the
trackers. Furthermore, the participants experienced some technical failures, were willing
to share data with their physiotherapists, and wanted to spend an average of maximum
fifty euros on an activity tracker. If activity trackers are to be embedded in
physiotherapy, more attention should be paid to their integration into treatment and to
helping (older) adults with a chronic disease use and interpret their data. The developed
framework offered insight into each of the key concepts reported by patients with a
chronic disease and can be used to guide further research and practices.

Chapter Four presents the results of a study, which had two purposes: to (re)design the
user interface of an existing activity tracker (so-called MOX), considering the input of
older adults with or without chronic diseases living independently, and to assess the
daily use of and experiences with the adapted activity tracker the so-called ‘Measure It
Super Simple” (MISS) Activity tracker.

The double diamond method was used to (re)design the user interface. As a departure
point, this study used a list of general design requirements that facilitate the
development of technology for older adults. In co-creation with thirty-five older adults,
the design, feedback system, and application were further developed into a user friendly
interface: the ‘Measure It Super Simple” (MISS) Activity.

Second, the use of and experiences with the adapted MISS Activity in daily life were
assessed. Twenty-eight older adults used the MISS Activity for two weeks. Their user
experiences were assessed through interviews. The participants reported that the MISS
Activity was easy to use; they needed limited help when setting up the tracker and
required limited assistance when using it throughout their daily lives. The participants
also reported that they thought that anyone should be able to use it. This study offers a
generic structured methodology and a list of design requirements, which can be used to
adapt the interface of an existing activity tracker to suit the skills and needs of older
adults with or without a chronic disease. The MISS activity seemed to be successfully
(re)designed.

Chapter Five describes the validation of optimised algorithm parameter settings for step
count and physical behaviour of a pocket-worn activity tracker used by older adults with
our without chronic diseases during activities of daily living (MOXpissactivity). FOr @ more
relevant interpretation of the results, the performance of the MOXuyissactiviy Was
compared to three reference applications: the MOXannegran, the activPAL, and the Fitbit
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Alta HR. In a cross-sectional validation study, twenty older adults performed an activity
protocol based on activities of daily living. Their performance was video recorded and
analysed for step count and dynamic, standing, and sedentary time. Validity was
assessed by percentage error (PE), absolute percentage error (APE), Bland-Altman plots,
and correlation coefficients. For step count, MOXyjssactivity had @ mean APE of 9.3% and a
correlation coefficient of 0.88. The mean APE values of dynamic, standing and, sedentary
time were 15.9%, 19.9%, and 9.6%, respectively. The correlation coefficients were 0.55,
0.91, and 0.92, respectively. The MOXannegran, the activPAL, and the Fitbit Alta HR showed
higher errors and lower correlations for all outcome variables. This study showed that
the optimised algorithm parameter settings can more validly estimate step count and
physical behaviour during activities of daily living of older adults with our without
chronic diseases wearing an activity tracker in their trouser pocket, than reference
applications can.

In Chapter Six, the MISS Activity was embedded in daily clinical practice to aid the clinical
reasoning of healthcare professionals, to facilitate the engagement of patients in their
treatment, and to enhance knowledge about the implementation process in clinical
practice. The study was performed in a specialised rehabilitation centre for people with
chronic somatic symptom disorders specific to spinal pain, and both healthcare
professionals (psychosomatic therapists) and patients participated. An action research
design was used so that psychosomatic therapists and patients could experience, reflect
on, and learn about how and when they can use activity trackers. This process used as a
departure point a draft manual, which the therapist adapted during the iterations to
their specific context. Data collection was performed with audio recordings of
conversations about the activity trackers during therapy, reflection sessions with the
therapists with support from the research team, and semi-structured individual
interviews with the patients. Analyses were performed by directed content analyses
based on the coding framework of Chapter Three. In total, three therapists and eleven
patients participated. Twenty-eight conversations during therapy about the
measurement of physical activity, eleven semi-structured interviews, and four reflection
sessions were recorded within three iteration sessions. Throughout the iterations,
therapists continued to develop the manual in which their theoretical framework and
clinical reasoning were integrated. To achieve adequate reflection and depth during the
reflection sessions, therapists needed a considerable amount of guidance from the
research team. They also required sufficient time and sufficient patients to build up a
knowledge base upon which to act. The therapists formulated exclusion criteria for
patients as well as a flowchart clarifying when the activity tracker should be used, how to
define goals, and how to discuss the (data of) the activity tracker. Not only did this action
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research approach and its multiple iterations helped therapists learn and reflect
together but also embed the activity trackers into their clinical practice. In addition to
demonstrating how to use an activity tracker in a meaningful way in healthcare, this
study can also serve as an illustration of how to implement an eHealth tool in daily
clinical practice.

Chapter Seven describes the primary findings of each of the three phases of this
dissertation. Subsequently, the following methodological considerations are discussed:
1. the strength of the dissertation structure and study design; 2. the selection process
and the relevance of the selected activity trackers; 3. the limitations and possible biases
of the target populations; 4. the strengths and weaknesses of the methodology used to
validate the activity trackers; 5. the umbrella term ‘“feasibility,” including the developed
feasibility framework.

Furthermore, the lessons learned during the dissertation are described, including the
insight that the involvement of stakeholders can be considered as the key to success,
and several methods of involving these stakeholders are outlined. Hence, it is recognised
that the use of activity trackers in healthcare is not totally different from what
healthcare professionals are used to, since healthcare professionals already possess
several of the skills required to successfully use trackers in their practice, but they must
develop additional eHealth competencies if they hope to fully realise this integration.
The final section of the study discusses the implementation of trackers in daily clinical
practice, acknowledges the ways in which it is both challenging and important, and
outlines several methods of achieving implementation.

Finally, implications for future research, education, and practice are provided. Among
such implications, it is argued that subsequent research should focus on enhancing the
implementation of activity trackers in daily clinical practice and should actively engage
the full participation of all stakeholders by using co-creation methods and participatory
designs. Furthermore, education should focus on teaching healthcare students and
professionals necessary eHealth competencies to enable the independent use and
conscious selection of eHealth and mHealth tools such as activity trackers in their clinical
practice. In conclusion, it is argued that healthcare professionals should consider using
an activity tracker in their daily clinical practice to support their clinical reasoning and, if
possible, supplement the activity tracker with other relevant measurement tools
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Samenvatting

Om te kunnen participeren in het dagelijks leven en om chronische ziekten te
voorkomen, is voldoende fysieke activiteit essentieel. Zorgprofessionals zoals
fysiotherapeuten, ergotherapeuten, psychologen en verpleegkundigen meten bij hun
patiénten regelmatig de fysieke activiteit. Vooral bij ouderen of mensen met een of
meerdere chronische aandoeningen is dit relevant. Meestal wordt aan de patiénten
gevraagd om een vragenlijst in te vullen of in een dagboek bij te houden hoeveel ze
bewegen en welke soort activiteiten ze uitvoeren. Uit onderzoeken blijkt dat deze
manieren van meten niet goed genoeg zijn (onvoldoende valide en betrouwbaar) en ook
niet praktisch in het gebruik (hanteerbaarheid). Een andere manier om fysieke activiteit
te meten is met behulp van een activiteitenmeter.

Om activiteitenmeters op een betekenisvolle manier te gebruiken is het belangrijk om te
weten hoe valide en hanteerbaar ze zijn voor de doelgroep en hoe ze het beste kunnen
gebruikt kunnen worden in de zorg. Daarom was het hoofddoel van dit proefschrift het
vergroten van de toegepaste kennis over het betekenisvol gebruiken van
activiteitenmeters in de gezondheidszorg, met name bij ouderen en mensen met een
chronische aandoening.

Om deze doelstelling te behalen is dit proefschrift opgedeeld in drie delen. Het eerste
deel gaat over de validiteit en hanteerbaarheid van commercieel verkrijgbare
activiteitenmeters bij mensen met een chronische aandoening. In het tweede deel is een
bestaande activiteitenmeter (door)ontwikkeld met en voor ouderen met of zonder
chronische aandoening. Hiervoor werden het algoritme en de lay-out van een bestaande
activiteitenmeter aangepast. Deze nieuwe activiteitenmeter kreeg de naam: ‘Meten Is
Super Simpel” (MISS) Activity. De validiteit en hanteerbaarheid van de MISS Activity werd
geévalueerd met thuiswonende ouderen met of zonder chronische aandoening. In het
derde deel is onderzoek gedaan naar de integratie van de MISS Activity in het klinisch
handelen van zorgprofessionals.

Hoofdstuk één begint met het beschrijven van het belang van fysieke activiteit en fysieke
capaciteit om te kunnen participeren in het dagelijks leven. Fysieke activiteit wordt
gedefinieerd als ‘elke krachtsinspanning van spieren resulterend in méér energiegebruik
dan in rustende toestand’. Fysieke capaciteit wordt gedefinieerd als ‘de mogelijkheid om
fysieke activiteit uit te voeren’ en bestaat uit cardiovasculaire capaciteit, musculaire

" Het woord ‘betekenisvol’ refereert naar onze intentie dat het gebruik van een activiteitenmeter altijd
gepersonaliseerd en geintegreerd moet zijn in het dagelijks leven en de zorg, op een manier waarop de data
zowel de patiént als de zorgprofessional ondersteunen. De data moeten inzicht geven in de fysieke activiteit
van een patiént, ondersteuning bieden bij het maken van keuzes en ondersteunen bij gedragsverandering.
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capaciteit en balans. Vervolgens wordt beschreven dat zorgprofessionals voornamelijk
bij ouderen en mensen met een chronische aandoening de fysieke activiteiten meten.
Fysieke activiteit kan worden gemeten door het gebruik van subjectieve
meetinstrumenten (vragenlijsten en dagboeken) of objectieve meetinstrumenten
(dubbel gelabeld water of indirecte calorimetrie). De voor- en nadelen van deze
meetinstrumenten worden verder besproken. Voortvloeiend uit de voor- en nadelen van
deze meetinstrumenten wordt beschreven dat activiteitenmeters een goed alternatief
zijn om te gebruiken in de zorg. Activiteitenmeters worden al veel gebruikt buiten de
zorg, door actieve mensen om bijvoorbeeld stappen, hartslag en calorieén te meten.
Voordelen van activiteitenmeters zijn dat ze objectief en continue meten en ook
gemakkelijk in gebruik kunnen zijn. Er zijn echter nog weinig studies gedaan naar de
validiteit en hanteerbaarheid van activiteitenmeters bij mensen met een langzame
loopsnelheid en/of afwijkend looppatroon en verminderde fysieke activiteit zoals bij
ouderen of mensen met een chronische aandoening. Het hoofdstuk sluit af met de
constatering activiteitenmeters nog nauwelijks worden gebruikt in de zorg. Daarnaast
zijn er ook nog geen handreikingen of richtlijnen voor zorgprofessionals hoe ze
activiteitenmeters kunnen gebruiken in hun dagelijkse zorg. Vanuit deze constatering
worden het doel, de vraagstelling en de structuur van dit proefschrift beschreven.

Hoofdstuk twee beschrijft een validatiestudie. Deze studie onderzocht de validiteit van
negen (in 2016) commercieel verkrijgbare activiteitenmeters bij 130 patiénten met een
chronische aandoening die fysiotherapie ontvangen. De geselecteerde activiteiten-
meters waren de Accupedo (Corusen LLC), Activ8 (Remedy Distribution Ltd), Digi-Walker
CW-700 (Yamax), Fitbit Flex (Fitbit inc), Lumoback (Lumo Bodytech), Moves (ProtoGeo
Qy), Fitbit One (Fitbit inc), UP24 (Jawbone), and Walking Style X (Omron Healthcare
Europe BV). De deelnemers droegen steeds minimaal twee activiteitenmeters terwijl ze
een gestandaardiseerd activiteiten protocol met diverse algemene dagelijkse
levensverrichtingen (ADL) uitvoerden. De activiteiten bestonden bijvoorbeeld uit
stofzuigen of lopen met een boodschappentas. De uitvoering van het protocol is
opgenomen met een videocamera en het aantal stappen op de video-opnames werd
geteld door de onderzoekers (gouden standaard). Het aantal stappen gemeten met de
activiteitenmeters werd vergeleken met het werkelijk aantal uitgevoerde stappen. De
validiteit van de activiteitenmeters werd geanalyseerd door gebruik te maken van
correlatiecoéfficiénten, t-testen, scatterplots en Bland-Altman plots. Het bleek dat bij
alle activiteitenmeters de samenhang (correlatie) tussen het aantal stappen van de
activiteitenmeters en het aantal stappen op de video opnames laag was (tussen de -0.02
en 0.33). Alle activiteitenmeters behalve de Fitbit One, hadden een significante
systematische afwijking van de gouden standaard. Dat houdt in dat alle
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activiteitenmeters tijdens ADL activiteiten altijd anders (meer of minder) meten dat het
werkelijk aantal stappen. De scatter- en Bland-Altman plots lieten een grote spreiding in
scores zien met een gemiddelde onderschatting van het aantal stappen voor alle
activiteitenmeters behalve de Activ8, deze had een gemiddelde overschatting van het
aantal stappen. Deze studie laat zien dat de validiteit van negen commercieel
verkrijgbare activiteitenmeters laag is bij het meten van stappen tijdens ADL activiteiten
bij patiénten met een chronische aandoening die fysiotherapie ontvangen.

Hoofdstuk drie beschrijft de ervaringen van ouderen met een chronische aandoening die
in behandeling waren bij een fysiotherapeut met het gebruik van commercieel
verkrijgbare activiteitenmeters. De geselecteerde activiteitenmeters waren dezelfde als
in hoofdstuk 2. Aan deze kwalitatieve studie deden negenentwintig ouderen met een
chronische aandoening mee. Elke deelnemer droeg minstens één activiteitenmeter
gedurende twee tot acht weken. In individuele interviews en een focusgroep interview is
gevraagd naar hun ervaringen met de activiteitenmeters. Aan de hand van een
framework werden de ervaringen geanalyseerd (deductief en inductief). Het framework
was opgesteld, op basis van de literatuur en een expertpanel. Het framework bestond
uit acht categorieén: aankoop, instructie, eigenschappen, correct functioneren, data
delen, privacy, gebruik en interesse in feedback. De deelnemers gaven aan dat de
activiteitenmeter(s) hen motiveerde om actiever te zijn, maar ervaarden het standaard
stappendoel (10.000) als te hoog en de activiteitenmeter als te complex. Deelnemers
gaven aan dat ze meer begeleiding van hun fysiotherapeut nodig hebben om de
activiteitenmeters optimaal te kunnen gebruiken zowel tijdens de behandelingen als
daarbuiten. Daarnaast ervaarden de deelnemers soms technische problemen met de
activiteitenmeters. Ze waren bereid de data delen met de fysiotherapeut en om
maximaal vijftig euro uit te geven aan een activiteitenmeter. Deze studie laat dus zien
dat als activiteitenmeters ingebed worden in de fysiotherapie er meer aandacht moet
zijn voor integratie van de activiteitenmeter in de behandeling, voor interpretatie van de
data en voor het instellen van de activiteitenmeter voor en met de patiént. Daarnaast
gaf de studie inzicht in belangrijke concepten over hanteerbaarheid voor mensen met
een chronische aandoening bij gebruik van activiteitenmeters.

Hoofdstuk vier presenteert de resultaten van een studie met twee doelen: 1) het
(door)ontwikkelen van een userinterface van een bestaande activiteitenmeter (de MOX)
samen met thuiswonende ouderen met of zonder chronische aandoening en 2) het
inventariseren van het gebruik en de ervaringen van thuiswonende ouderen met of
zonder chronische aandoening met de doorontwikkelde activiteitenmeter de Meten Is
Super Simple (MISS) activity. Om de userinterface te ontwikkelen werd de double
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diamond methode gebruikt. De double diamond methode bestaat uit vier fases, eerst de
‘discover’ fase waarin men zich verdiept in de context van het probleem, daarna volgt de
‘define’ fase waarin de informatie die is opgedaan in de eerste fase bij elkaar wordt
gebracht. Dit samen vormt de eerste ‘diamand’. Vervolgens volgt de ‘develop’ fase
waarin ontwerpen worden bedacht en ontwikkeld op basis van de opgedane informatie
uit de eerste diamant. Als laatste volgt de ‘deliver’ fase waarin het ontwerp wordt getest
en doorontwikkeld. Deze twee fases vormen de tweede ‘diamand’. Als startpunt in de
discover en define fase is een aantal algemene design-vereisten gebruikt die het gebruik
van technologie voor ouderen faciliteren. Door middel van co-creatie met vijfendertig
ouderen in de develop en deliver fase zijn het design, het feedback system en de app
verder ontwikkeld naar een gebruiksvriendelijke userinterface voor deze doelgroep.
Daarna zijn het gebruik en de ervaringen met de MISS Activity onderzocht. Hiervoor
hebben achtentwintig ouderen de MISS Activity twee weken gebruikt. Hun ervaringen
zijn verzameld door middel van individuele interviews. De deelnemers gaven aan dat de
MISS Activity gemakkelijk te gebruiken was; ze hadden minimale hulp nodig bij het
installeren en het gebruik. Deelnemers gaven daarnaast ook aan dat ze dachten dat in
principe iedereen de MISS Activity zou kunnen gebruiken. De MISS Activity lijkt succesvol
te zijn doorontwikkeld. Naast het ontwikkelen van een activiteitenmeter, kan deze studie
ook een voorbeeld zijn hoe op een gestructureerde manier een userinterface van
bestaande activiteitenmeters aangepast kan worden naar de vaardigheden en
behoeften van een doelgroep.

Hoofdstuk vijf beschrijft een validatiestudie van het (door)ontwikkelde algoritme van de
MISS activity (parameter optimalisatie voor draaglocatie, activiteiten en loopsnelheid).
Dit algoritme (MOXwissactivity) Meet het aantal stappen en fysieke activiteit bij ouderen
met of zonder chronische aandoening tijdens ADL activiteiten. Twintig ouderen hebben
een activiteitenprotocol gebaseerd op ADL activiteiten (bijvoorbeeld stofzuigen)
uitgevoerd. Het protocol werd gefilmd en het aantal stappen werd geteld (gouden
standaard) en de tijd die dynamisch (lopend), staand en sedentair (zittend of liggend)
werd doorgebracht werd gemeten. Om de resultaten beter te kunnen interpreteren zijn
de data van de MOXuisactivity vergeleken met de resultaten van drie andere
activiteitenmeters die verschillende onderliggende algoritmes gebruiken: de MOXannegran,
de activPAL en de Fitbit Alta HR. De validiteit werd beoordeeld en in kaart gebracht door
het fout percentage, het absolute fout percentage, Bland-Altman plots en correlatie
coéfficiénten te berekenen. Voor het aantal stappen had de MOXwissactviey €€N
gemiddelde absolute fout percentage van 9,3% en een correlatie coéfficiént van 0,88 in
vergelijking met de gouden standaard. De gemiddelde absolute fout percentage van
dynamisch, staan en sedentaire tijd waren respectievelijk 15,9%, 19,9% en 9,6%. De
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correlatiecoéfficiénten waren respectievelijk 0,55, 0,91 en 0,92 in vergelijking met de
gouden standaard. De MOXannegran, de activPAL en de Fitbit Alta HR hadden allen hogere
absolute fout percentages en lagere correlaties voor alle variabelen. De
geoptimaliseerde parameter instellingen van het algoritme van de MISS activity kan het
aantal stappen en fysieke activiteit beter (meer valide) meten gedurende ADL
activiteiten bij ouderen met of zonder chronische aandoening in vergelijking met de drie
vergelijkende algoritmes.

In hoofdstuk zes werd de MISS Activity geintegreerd in de dagelijkse zorg. Dit onderzoek
had twee doelen 1) het ondersteunen van zorgprofessionals en patiénten bij het
implementeren van een activiteitenmeter in hun dagelijkse handelen, waarbij het
klinisch redeneren klinisch redeneren van zorgprofessionals en de patiéntbetrokkenheid
worden ondersteund, 2) kennis opdoen rondom het implementatie proces van
activiteitenmeters in de zorg. Deze studie werd uitgevoerd in een gespecialiseerde GGZ-
instelling voor mensen met ernstige somatisch symptoomstoornis (wervelkolomgericht
met pijn). Zorgprofessionals (psychosomatisch therapeuten) en de patiénten
participeerden in een actieonderzoek. Dit actieonderzoek werd gebruikt zodat de
psychosomatisch therapeuten en de patiénten tijd hadden om de activiteitenmeter uit
te proberen in de dagelijkse zorg. Daarna konden ze hun ervaringen delen en op basis
van deze ervaringen na gaan hoe en wanneer ze de activiteitenmeter het beste kunnen
inzetten en dit vervolgens weer kunnen uitproberen en evalueren. Als startpunt is een
concept handleiding ontwikkeld die de therapeuten gedurende het onderzoek op basis
van hun ervaringen aangepast hebben. De data collectie is uitgevoerd door middel van
geluidsopnamen van de gesprekken over fysieke activiteit in combinatie met de
activiteitenmeter tijdens de therapiesessies, reflectiesessies met de therapeuten en
semigestructureerde individuele interviews met de patiénten. De geluidsopnamen
werden geanalyseerd door middel van een directed content analyse, gebaseerd op het
framework van hoofdstuk drie. In totaal hebben drie therapeuten en elf patiénten
deelgenomen. Achtentwintig gesprekken gedurende de therapiesessies, vier reflectie
sessies en elf semigestructureerde interviews zijn opgenomen in drie iteratie cycli.
Gedurende de iteraties hebben de therapeuten de handleiding verder aangepast en
daarbij gebruik gemaakt van hun theoretisch denkkader (het Pijngevolgen model) en hun
klinisch redeneren. In de handleiding en het bijbehorend stroomdiagram staat
beschreven voor welke patiénten het gebruik van activiteitenmeters geschikt en minder
geschikt is, welke er doelen er gesteld kunnen worden met een activiteitenmeter, hoe
de doelen kunnen worden toegepast op de patiént en hoe de data besproken kan
worden. Om tot deze resultaten te komen en voldoende reflectie en diepgang te
bereiken hadden de therapeuten aanzienlijke ondersteuning nodig van het
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onderzoeksteam. Door actieonderzoek als onderzoeksmethode te gebruiken hadden
therapeuten de mogelijkheid om samen te leren, te reflecteren en om de
activiteitenmeters daadwerkelijk te integreren in de dagelijkse zorg. Deze studie geeft
enerzijds een voorbeeld hoe activiteitenmeters praktisch in de zorg kunnen worden
ingezet en anderzijds als voorbeeld dienen hoe het implementatieproces van eHealth
zou kunnen verlopen.

Hoofdstuk zeven, beschrijft de belangrijkste resultaten van de drie fasen van dit
proefschrift. Daarna worden de methodologische overwegingen bediscussieerd. Ten
eerste wordt de kracht van de structuur van de proefschrift en de onderzoekdesigns
besproken. In fase één werd er onderzoek gedaan naar de klinimetrische eigenschappen
van commercieel verkrijgbare activiteitenmeters. Gebaseerd op die resultaten is in fase
twee een nieuwe activiteitenmeter ontwikkeld; de MISS Activity. Om de opgehaalde
kennis terug te brengen naar de praktijk, is de MISS Activity geimplementeerd in de zorg.
Ten tweede wordt het selectieproces en de relevantie van de gebruikte activiteiten-
meters bediscussieerd. De gebruikte activiteitenmeters zijn gekozen op basis van een
aantal eigenschappen welke bepaald waren in overleg met fysiotherapeuten. Er zijn
willekeurig negen activiteitenmeters gekozen die verschillende eigenschappen hadden
(draaglocatie, type activiteitenmeter en gemeten variabelen). Hierdoor is er een
representatieve steekproef genomen van de in 2015/2016 beschikbare activiteiten-
meters. Ten derde wordt de mogelijke bias van de doelgroep besproken. Het zou
mogelijk kunnen zijn dat de deelnemers in de studies meer geinteresseerd waren in
technologie en ook meer technische vaardigheden hadden ten opzichte van hun
leeftijdsgenoten. Er is echter een toename in het gebruik van technologie te zien bij
ouderen, waardoor de resultaten van de studies waarschijnlijk te generaliseren zijn voor
een steeds groter wordende groep ouderen. Als vierde worden de kracht en de
beperkingen van de gebruikte methodologie om activiteitenmeters te valideren
besproken. In de validatie studies van dit proefschrift is zo veel mogelijk het dagelijks
leven nagebootst én gebruikt gemaakt van de gouden standaard (video opnames). Er zijn
echter nog geen eenduidig protocollen en analyses om activiteitenmeters te valideren,
maar er zijn wel een aantal studies die een voorstel doen. De studies in dit proefschrift
voldoen aan alle voorgestelde protocollen en analyses. Hierdoor wordt er bijgedragen
aan een consequente rapportages over validiteitsstudies waardoor vergelijking tussen
verschillende studies makkelijker wordt. Ten vijfde en laatste wordt het overkoepelende
concept hanteerbaarheid besproken. Hanteerbaarheid is een brede term waardoor het
zou kunnen dat niet alle aspecten ingebed zijn in het ontwikkelde framework in
hoofdstuk drie. Dit framework is daarom een dynamisch framework en kan wellicht
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worden aangevuld met nieuwe inzichten uit nieuwe contexten zoals bijvoorbeeld een
ziekenhuis.

Vervolgens zijn de geleerde lessen gedurende dit proefschrift beschreven, zoals het
inzicht dat stakeholders een belangrijke rol hebben in succesvol onderzoek en dat er
verschillende methoden zijn om deze stakeholders optimaal te betrekken. De MoSCoW
methode, het businessmodel canvas, prototyping en de zes denkhoeden zijn hier
voorbeelden van die in dit proefschrift zijn gebruikt. Daarna is beschreven dat het
gebruik van activiteitenmeters geen compleet andere competenties vraagt dan die
welke zorgprofessionals al hebben; zij beschikken al over verschillende vaardigheden om
activiteitenmeters succesvol te kunnen gebruiken. Echter moeten ze nog extra eHealth
competenties ontwikkelen om de volledige integratie te kunnen bewerkstellingen. Het
laatste deel beschrijfft de uitdagingen en noodzaak van implementatie van
activiteitenmeters in de dagelijkse zorg en beschrijft verschillende methodes om deze
implementatie te bereiken. Belangrijke aspecten om innovaties te implementeren zijn
onder andere inzicht in factoren die het gebruik belemmeren en bevorderen en
verschillende rondes (iteraties) om te leren de innovatie in de praktijk toe te passen.

Als laatste zijn de implicaties voor toekomstig onderzoek, onderwijs en de zorg
beschreven. Onder andere is beschreven dat vervolgonderzoek zou kunnen focussen op
het implementeren van activiteitenmeters in de zorg waarbij de stakeholders worden
betrokken door middel van co-creatie methodieken en participatieve onderzoekdesigns.
Daarnaast moet het onderwijs meer focussen op de benodigde eHealth competenties
van studenten en professionals zodat zij zelfstandig eHealth kunnen gaan gebruiken in
hun dagelijkse zorg.
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Impact paragraph

This chapter describes how the findings of this dissertation are relevant to society. First,
the aim and main results are presented, followed by the relevance of this dissertation.
Then, the relevance of the findings for stakeholders are reported. Finally, the
dissemination activities are described.

Aim and main results

The main aim of this dissertation was to increase knowledge about the meaningful* use
of activity trackers in healthcare and (older) adults with chronic diseases and for older
adults with or without chronic diseases. This dissertation had three phases in which five
studies took place. Phase one assessed the validity and feasibility of commercially
available activity trackers. Both appeared to be insufficient for (older) adults with a
chronic disease with a chronic disease. In phase two, an existing activity tracker was
(re)designed for older adults with or without a chronic disease by adjusting the
algorithm and upgrading the user interface. The new activity tracker was called the
‘Measure It Super Simple (MISS) Activity. Older adults evaluated the MISS Activity and
found the tracker feasible and easy to use. The optimised algorithm was more valid
during activities of daily living in older adults with or without a chronic disease compared
to the gold standard and three selected commercially available activity trackers. In phase
three, the MISS Activity was integrated into daily clinical practice. Several iterations were
needed for healthcare professionals to use the MISS Activity in a way that supported
their clinical reasoning and patient engagement. The activity tracker was used both as an
assessment tool and an intervention tool.

Relevance of this dissertation

The current Dutch healthcare system faces challenges to keep healthcare sustainable. By
2040, the Netherlands are predicted to have 9.8 million people with a chronic disease
there are expected to be 1.6 million people 80 years or older.™” To keep healthcare
sustainable, eHealth, including activity trackers, could be beneficial.>* Recently, the
number of commercially available activity trackers has grown explosively. Activity
trackers provide objective insight into physical activity levels and can improve physical
activity level if combined with regular exercise or lifestyle guidance.S'8 Healthcare
professionals such as physiotherapists’, nurses', and nutritionists™ are trained to
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provide life-style guidance and require insight into a patient's physical activity level for
their clinical reasoning. For example the new guideline for physiotherapist for patients
with chronic obstructive pulmonary disease (COPD), recommends to us an activity
tracker to indicate whether a patient is sufficient active and describes that
physiotherapists should educate patients about the importance of sufficient physical
activity in relation with a healthy Iifestylelz. Studies show that activity trackers also
enhance a patient’s self-management and self-efficacy regarding physical activity.B‘14
Self-monitoring could lead to improved coping, realistic goal setting, and improved
quality of life for patients.” However, despite their advantages and potential, activity
trackers are only sporadically used in healthcare. This dissertation contributes insight
and tools to use activity trackers in daily clinical healthcare practice in a meaningful way.

This dissertation was part of the Brightlands Innovation Programme Limburg Meet
(LIME)", a program that facilitates smarter measurement methods and more efficient
data collection for better care and health. Within this programme, this project was part
of the theme of ‘personalised wearables’ along with another doctoral project (the
Psymate). Both projects focused on implementing health technology tools in daily
clinical practice. Because these projects overlapped, a collaboration was established. The
results of both projects will be used for further development of the LIME programme.
Further, a network between researchers, entrepreneurs, civilians and educators
developed within LIME. This allowed us to collaborate, share and gain knowledge with
several different disciplines throughout the course of this dissertation and continues to
do so in further research.

Target population and other stakeholders

The results of this dissertation are relevant to several stakeholders: (older) Adults with
or without a chronic disease, healthcare professionals, educators and students,
researchers, and technology manufacturers.

(Older) Adults with or without a chronic disease

The knowledge obtained from this dissertation can benefit (older) adults with or without
a chronic disease. The MISS Activity was designed specifically with and for older adults
with or without a chronic disease. Results indicate that the algorithm developed for the
MISS Activity can more validly measure step count and physical activity during activities
of daily living compared to the three selected commercially available activity trackers.
Older adults with or without a chronic disease experienced the user interface of the
MISS Activity as feasible and could use it without support from third parties (e.g.,
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healthcare professionals). This creates opportunities to measure their physical activity
level in a valid and feasible manner for (older) adults with or without a chronic disease.
Although the MISS Activity is not available for purchase through websites or stores, it is
available from the manufacturer. Healthcare professionals’” meaningful use of an activity
tracker in their daily clinical practice may improve the quality of care for (older) adults
with or without a chronic disease.

Healthcare professionals

Although only physiotherapists and psychosomatic therapists participated in the studies
within this dissertation, the findings are potentially relevant to several healthcare
professionals such as occupational therapists, nurses, and nutritionists. For instance, the
developed feasibility framework (found in the appendix to chapter three) can be used
directly in daily clinical practice. Healthcare professionals also can benefit from the
availability of the MISS Activity. By using a more valid activity tracker for the
measurement of physical activity in (older) adults with or without a chronic disease,
healthcare professionals obtain better insight into their physical activity level.
Furthermore, healthcare professionals can benefit from the easy user interface, since it
takes little time to get familiar and explain the activity tracker their patients. Healthcare
professionals can benefit from the lessons learned from our action research study,
through the manual and course for healthcare professionals in which these lessons were
integrated.

Educators and students

The findings of this dissertation can be used in courses for healthcare students and
professionals that discuss the development and use of activity trackers and other digital
health technology. Although measurement tools are incorporated into healthcare course
curricula, the use of eHealth is typically addressed in a limited way or not at all.16 As the
use of eHealth is a method to ensure a sustainable healthcare system, one might
advocate that the application of eHealth in daily clinical practice should be more
addressed. Competencies in eHealth are a prerequisite for healthcare professionals to
work with all sorts of health technology. In order to incorporate more eHealth into the
curricula, lecturers should receive training focused on the opportunities and use of
eHealth in healthcare. For example, Zuyd University of Applied Sciences pilots a program
to help educators make decisions on implementing eHealth, with specific attention to
eHealth measurement technologies into the curricula of seven health educations
(physiotherapy, occupational therapy, speech therapy, nursing, midwifery, social work
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and arts therapies) and to gain insight into the support needs of educators during the
implementation.

The developed manual can be used as an example of how to integrate activity trackers
and other health technologies and to teach students how to use these tools in a
meaningful way. Students can benefit from the feasibility framework and the important
variables listed when choosing and/or developing an activity tracker for (older) adults
with or without a chronic disease.

Researchers

This dissertation is a first step toward integrating the use of activity trackers in
healthcare. Researchers can use the findings of this dissertation regarding the validity,
feasibility, and implementation of activity trackers in (older) adults with or without a
chronic disease. . The developed feasibility framework also can be used when choosing
an activity tracker to incoporate in their research or to test the feasibility and use of
other activity trackers and other possible eHealth tools. The MISS Activity can be used in
future research; in two upcoming studies the MISS Activity will be used as a
measurement tool for physical activity in older adults and patients with COPD.
Additionally, researchers could learn from the phases of the studies performed in this
dissertation and the designs and methods (e.g., action research and co-creation
methods). For future research focusing on the use of activity trackers in other healthcare
settings, the design and results of our action research study (chapter 6) might be a
suitable starting point. Researchers also could study the effect of activity trackers on
physical activity in healthcare in (older) adults with or without a chronic disease.

Technology manufacturers

The MISS Activity is available for purchase via the manufacturer for both individual users
and researchers or institutes (e.g., hospitals, research centres). Technology
manufacturers also might benefit from the developed feasibility framework and the
derived list of (older) adults with or without a chronic disease when choosing an activity
tracker. Furthermore, this dissertation might encourage technology manufacturers and
healthcare professionals to collaborate more frequently when developing new eHealth
tools.

Table 1 describes the dissemination activities performed during this dissertation.
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Table 1. Knowledge transfer to healthcare, research, and education.

Knowledge transfer to healthcare, research, and education

Presentations

Ummels D. ‘De AcTiV LiFe studie. Commercieel verkrijgbare activiteitenmeter in de
fysiotherapie” (Oral presentation at Dag van de Fysiotherapeut, Utrecht, 11 november
2016)

Ummels D. ‘De AcTiV LiFe studie. Commercieel verkrijgbare activiteitenmeters in de
fysiotherapie en ergotherapie’ (Oral presentation at Symposium activiteitenmeters in de
zorg, Heerlen, 9 mei 2017)

Ummels D, Beekman E, Theunissen K, Braun S, Beurskens S. Validiteit van negen
commercieel verkrijgbare activiteitenmeters in chronisch zieken tijdens een
activiteitenprotocol met algemeen dagelijkse levensverrichtingen. (Poster presentation at
Dag van de Fysiotherapeut, Barneveld, 24 november 2017)

Ummels D, Beekman E, Theunissen K, Braun S, Beurskens S. Validiteit van negen
commercieel verkrijgbare activiteitenmeters in chronisch zieken tijdens een
activiteitenprotocol met algemeen dagelijkse levensverrichtingen. (Poster presentation at
Onderzoek in beweging, Maastricht, 27 februari 2018)

Crijns F, Hochstenbach L, Ummels D. Hoe breng je de meetwetenschap naar de praktijk.
(Oral presentation at Lime Meeting. Geleen, 11 oktober 2018)

Ummels D, Beekman E. The validity of activity trackers during activities of daily living.
(Oral presentation at Dag van de Fysiotherapeut, Den Bosch, 8 december 2018)

Ummels D, Koppert M. Activiteitenmeters en andere wearables in de fysiotherapie: wat
en hoe? (Oral presentation at Fysio-Xperience, Eindhoven, 14 juni 2019.)

Ummels D, Beekman E, Moser A, Braun, S, Beurskens S. Ervaringen met het gebruik van
commercieel verkrijgbare activiteitenmeters in de fysiotherapie van patiénten met een
chronische aandoening: een kwalitatieve studie. (Poster presentation at Dag van de
Fysiotherapeut, Den Bosch, 16 november 2019)

Ummels D, Ervaringen met het gebruik van commercieel verkrijgbare activiteitenmeters
in de fysiotherapie van patiénten met een chronische aandoening: een kwalitatieve
studie. (Oral presentation at Dag van de Fysiotherapeut, Den Bosch, 16 november 2019.)

Ummels D, Patients experiences with commercially available activity trackers embedded
in physiotherapy treatment: A qualitative study, (Oral presentation at Association for the
Advancement of Assistive Technology in Europe congress, Bologna, 28 Augustus 2019)

Ummels D, Daniéls N. Hoe een wearable werkbaar wordt. Ervaringsverslag na
doorontwikkeling van wearables en apps. (Oral presentation at Lime meeting, Heerlen,
10 december 2019)

Publications in
national
professional
journals

Ummels D., Beekman E., Braun S., Theunissen K., Moser A., Beurskens S. Validiteit en
ervaringen in de dagelijkse praktijk. Commercieel verkrijgbare activiteitenmeters.
Fysiopraxis. 2019. Jaargang 28 december 2019/januari 2020.

Ummels D. Beekman E., Moser A., Braun S., Beurskens A. Ervaring van patiénten met een
chronische aandoening met het gebruik van commercieel verkrijgbare activiteitenmeters

in de fysiotherapie. Physios. 2020 Jaargang 12. Nummer 1.
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Multimedia

Several online publications in layman's terms about the studies of this dissertation.

Zuyd University of Applied Sciences:
https://www.zuyd.nl/onderzoek/lectoraten/projecten-autonomie-en-
participatie/promotie/activiteitenmeters-in-de-gezondheidszorg
https://www.zuyd.nl/over-zuyd/nieuws/2020/11/lime

Limburg Meet:

https://www.limeconnect.nl/nieuws/meten-bij-ouderen/
https://www.limeconnect.nl/nieuws/commercieel-verkrijgbare-activiteitenmeters/
https://www.limeconnect.nl/nieuws/commercieel-verkrijgbare-activiteitenmeters-vaak-
ingewikkeld/
https://www.limeconnect.nl/nieuws/commerciele-fitness-trackers-schieten-te-kort/

Smart Health:
https://www.smarthealth.nl/2018/04/19/onderzoek-commerciele-fitness-trackers-
schieten-te-kort-voor-patienten-met-chronische-aandoening/
https://www.smarthealth.nl/2019/04/30/fysiotherapeuten-en-hun-patienten-nog-niet-
gewend-aan-inzet-stappenteller-of-app/

FMT Gezondheidszorg:
https://fmtgezondheidszorg.nl/commercieel-verkrijgbare-activiteitenmeters-vaak-te-
ingewikkeld-voor-mensen-met-een-chronische-ziekte/

Nieuws voor leefstijlcoaches:
https://www.nieuwsvoordietisten.nl/activiteitenmeters-zijn-vaak-te-ingewikkeld/

ICT& Health:
https://www.icthealth.nl/nieuws/wearable-vaak-nog-te-ingewikkeld-voor-gebruiker/

Accelerometry:
https://www.accelerometry.eu/consumer-activity-monitors-often-too-complicated-for-
people-with-chronic-diseases/
https://www.accelerometry.eu/miss-activity-valid-and-user-friendly-measuring/
https://www.accelerometry.eu/commercial-acitvity-trackers-fall-short-for-patients-with-
chronic-illness/

Video clip

One video about the use of activity trackers in physiotherapy has been developed
belonging to the publication in Physios.
https://www.physios.nl/tijdschrift/editie/artikel/t/ervaringen-van-patienten-met-een-
chronische-aandoening-met-het-gebruik-van-commercieel-verkrijgbare-
activiteitenmeters-in-de-fysiotherapie

Healthcare course

Course for healthcare professionals on how to use activity trackers in daily clinical
practice taught at Zuyd University of Applied Sciences.

Manual Manual ‘how to use activity trackers in daily clinical practice” which can be used in
healthcare, education, and research

Framework Development of the feasibility framework which can be used in healthcare, education,
and research (appendix of chapter three).

Symposium Organised Symposium activiteitenmeters in de zorg (Zuyd Hogeschool, Heerlen, 9 mei
2017)

Lectures Commercieel verkrijgbare activiteitenmeter in de fysiotherapie en ergotherapie. Zuyd

University of applied science, bachelor track physiotherapy. 2016.
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Inclusion of 129 students from different disciplines of Zuyd University of Applied Sciences:
students physiotherapy, communication and multimedia design, ICT, health
technology | healthcare biometrics, facility management, pre-university education, and
international business. (https://www.zuyd.nl/over-zuyd/nieuws/2020/11/lime)
Publications All articles in this dissertation are published in international peer-reviewed journals.

Counting Steps in Activities of Daily Living in People With a Chronic Disease Using Nine
Commercially Available Fitness Trackers: Cross-Sectional Validity Study. Ummels D,
Beekman E, Theunissen K, Braun S, Beurskens A. JMIR Mhealth Uhealth, 2018; 2(6);e70

Patients' experiences with commercially available activity trackers embedded in
physiotherapy treatment: a qualitative study. Ummels D, Beekman E, Moser A, Braun S,
Beurskens A. Disability and Rehabilitation, 2020; 42(23), 3284-3292

Measure It Super Simple (MISS) activity tracker: (re)design of a user-friendly interface
and evaluation of experiences in daily life. Ummels D, Braun S, Stevens A, Beekman E,
Beurskens A. Disability and Rehabilitation: Assistive technology, 2020; 24;1-11 online
ahead of print.

The Validation of a Pocket Worn Activity Tracker for Step Count and Physical Behavior in
Older Adults during Simulated Activities of Daily Living.

Ummels D*, Bijnens W*, Aarts J, Meijer K, Beurskens A, Beekman E. Gerontology and
Geriatric medicine, 2020; 30-6;2333721420951732.

Using an Activity Tracker in Healthcare: Experiences of Healthcare Professionals and
Patients. Ummels D., Beeman E., Braun S., Beurskens A. International Journal of
Environmental Research and Public Health. 2021, 18(10), 5147

One article describing the study protocol of phase one is published in a international
peer-reviewed journal.

Beekman E, Braun S, Ummels D, van Vijven K, Moser A, Beurskens A. Validity, reliability
and feasibility of commercially available activity trackers in physical therapy for people
with a chronic disease: a study protocol of a mixed methods research. Pilot Feasibility
Stud. 2017; Nov 23;3:64.

Follow-up grants

One follow-up grant has been granted: SIA KIEM-HBO. De verkenning van de
ontwikkeling en evaluatie van een stappenplan voor geintegreerd gebruik van
activiteitenmeters binnen de zorg voor mensen met chronische pijn.

One follow-up grant has been submitted: Meten op maat met eHealth, Methodisch
ondersteunen bij het duurzaam gebruik in de eerstelijns zorgpraktijk.

Spin-off projects

One internal Zuyd University project within the transitation theme ‘Gezonde
Samenleving’ where educators are supported in make decisions on implementing
eHealth, with specific attention to eHealth measurement technologies into the curricula
of seven health educations (physiotherapy, occupational therapy, speech therapy,
nursing, midwifery, social work and arts therapies) and to gain insight into the support
needs of educators during the implementation.

The MISS Activity can be used in future research, two studies are already planning on
using the MISS Activity as a measurement tool for physical activity in older adults
(project: H2020 Pharaon) and patients with COPD (project: COPD subtypes based on
Western and Chinese diagnostics).
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Dankwoord

Wie had gedacht, dat ik tijdens mijn masterscriptie ook al problemen zou ervaren bij het
gebruiken van activiteitenmeters in de zorg? Verpleegkundigen die een activiteiten-
meter weggooiden, patiénten die de meter niet fijn vonden zitten en meters waarvan je
na een week dragen erachter komt dat ze niks hebben gemeten! Wat ik toen nog niet
wist is dat deze problemen mij de komende vier jaren bezig zouden houden.

Als je gaat promoveren weet je, ondanks alle goed bedoelde adviezen, niet wat je te
wachten staat en zonder een aantal mensen was ik nooit zo ver gekomen.

Als eerste mijn promotieteam: Sandra, Susy en Emmylou. Zonder alle sturing, feedback
en motiverende woorden van jullie had dit proefschrift er niet nu niet gelegen. De
discussies tijdens de promotie overleggen hebben mij altijd uitgedaagd om het meeste
uit mijzelf te halen, zodat ik uit mijn comfortzone stapte. Jullie hebben mij alle drie
gedurende dit promotietraject laten groeien als persoon.

Sandra, bedankt voor de eindeloze energie en passie die je hebt voor het praktijkgericht
onderzoek. Je maakte altijd tijd om feedback te geven, om mijn vragen te beantwoorden
of even te overleggen als ik ergens niet zeker over was. Op momenten dat ik
overweldigd was door de hoeveelheid werk, de nieuwe informatie of, wanneer mijn
hoofd helemaal vol zat na een promotie overleg wist je alles te relativeren. Dat heeft mij
heel veel rust gegeven om te kunnen focussen op de zaken die echt belangrijk waren.

Susy, bedankt voor alle opbeurende en motiverende woorden. De kleine succesjes
werden benoemd en geprezen, wat mij weer de energie gaf om door te gaan.
Ongelooflijk hoe snel jij feedback en je ideeén op stukken gaf en mij uiteindelijk (soms
moeilijke) keuzes liet maken zodat ik als onderzoeker kon groeien. Door het ‘out of the
box’ denken heb ik veel nieuwe ideeén gekregen, nieuwe mensen ontmoet en met
disciplines kennis gemaakt die allemaal ook een bijdragen hebben geleverd aan dit
proefschrift.

Emmylou, tijdens mijn bachelor scriptie, waarin ik een heel ander onderzoek deed, was
jij al mijn afstudeerbegeleider. lk ben blij dat ik de afgelopen vier jaar jou weer als
‘afstudeerbegeleider’ mocht hebben. Je had altijd nieuwe ideeén en oplossingen op het
moment dat het even niet liep zoals wij zouden willen. Je zag foutjes die anderen niet
zagen en gaf feedback tot op de spatie, punt en komma. Mede door die kritische blik is
dit proefschrift geworden wat het nu is.

Dankwoord | 181



Leden van de beoordelingscommissie, Prof. Dr. Rik Crutzen, Prof. Dr. Ton Lenssen, Prof.
Dr. Catherine Bolman, Dr. Ir. Marike Hettinga en Dr. Brenda Berendsen hartelijk dank
voor het lezen en beoordelen van mijn proefschrift.

Daarna wil ik alle deelnemers van de onderzoeken in dit proefschrift bedanken, zonder
hen had ik dit proefschrift nooit kunnen schrijven.

Ook wil ik alle paramedici en medewerkers die hebben meegewerkt van de deelnemende
instellingen bedanken; ParaMedisch Centrum Zuid, Adelante Zorggroep, Ergotherapie-
praktijk Zuid-Limburg, Fysiotherapie Geraets, Blokland & Vrouenraets, Ziekenhuis Nij
Smellinghe, Fontys Hogeschool, Hanzehogeschool Groningen, KNGF, Ergotherapie
Nederland, het Rughuis en Yunify.

Maastricht Sport en Buurtnetwerk Wittevrouweveld, bedankt dat ik bij jullie langs mocht
komen om deelnemers te werven en te vertellen over mijn onderzoek.

Een woord van dank voor Burgerkracht Limburg en in het speciaal Henk Marell en Harry
Bakkels. Bedankt voor de waardevolle input die jullie hebben geleverd door mee te
denken vanuit het patiénten perspectief.

Het ‘MISS Activity groepje’ kan natuurlijk niet ontbreken. Jos, bedankt dat je mij mee
hebt genomen in de wereld van het ontwikkelen van wearables. An, zonder jouw
kritische vragen en oplossingen was de MISS Activity niet geworden wat het nu is. Freek,
bedankt dat je ons ook de commerciéle kant van activiteitenmeters hebt laten zien.
Dennis, bedankt voor het eindeloos aanpassen van de app, iedere keer wanneer ik hier
om vroeg. Jolien, ik ben blij dat we zo’n creatief iemand in het team hadden; zonder jou
had de app en de meter er nooit zo mooi uitgezien. Kenneth, bedankt voor het
meedenken bij de onderzoekdesigns en de feedback op de geschreven artikelen.
Wouter, door jou begrijp ik nu meer van algoritmes en wat zich afspeelt in die ‘black
box’. Bedankt voor de fijne samenwerking!

Een hoop studenten hebben deelgenomen aan dit proefschrift: Joey Gerritsen, Nursize
Bilen, Wesley Maurmair, Jordi Hutjens, Renee Schroijen, Jorrit Geerlings, Job Hollands,
Cederic Houben, Robin Jongen, Daniél Wauben, Loek Titulaer, Madeleine van Es, Svenja
van Hove, Joéll Delaure, Lizzy Deneer, Lara Hermans, Laura Frissen, Erik Sauvé, Frank
Helgers, Annika Borrmann, Aniek Kusters, Justin Fisscher, Jessey Schins en alle
eerstejaars studenten (leerjaar 2017) Communication and Multimedia Design.
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Gaston Jamin, bedankt voor de fantastische begeleiding van al die eerstejaars CMD
studenten én voor het maken van een aantal mooie plaatjes in een van mijn artikelen.

Collega’s van het lectoraat autonomie en participatie: Marsha, Esther, Stephanie vH.,
Ruth, Eveline, Jolanda, Stephanie C. , Asiong, Sarah, Albine, Linda, Barbara, Hester, Steffy,
Anita en Joyce bedankt dat jullie altijd interesse hadden in mijn onderzoek. We hebben
een team met veel verschillende expertises waardoor er altijd wel iemand was die een
antwoord op mijn vragen had.

Albine, Bedankt voor alle ondersteuning in mijn vragen over kwalitatief onderzoek. Ik
heb heel veel van jou kunnen leren.

Laura, bedankt voor je ondersteuning en samenwerking bij de data-analyse van het
laatste artikel.

Een speciaal woord van dank aan Stephanie, Prisca en Joyce, de talloze vragen die ik had
hebben jullie telkens met evenveel geduld beantwoord. Er was altijd ruimte voor een
praatje en ik kwam dan ook regelmatig langs, al was het maar voor de dropjes!

Dan de promovendi kamer: Jerome, Kyra, Li-Juan, Linda, Steffy, Stephie, Jolanda, Ruth,
Renee en Hester. Helaas bestaat onze kamer niet meer, maar bedankt voor de leuke
jaren die we daar hadden. Dit was de plek waar ‘domme’ vragen niet bestonden en eens
goed te kunnen lachen om de perikelen die onderzoek doen met zich mee brengt.
Speciaal woord van dank aan Kyra, die mij fantastisch geholpen heeft bij de eerste twee
artikelen.

Dan al mijn collega’s van de academie fysiotherapie, bedankt voor alle interesse in mijn
proefschrift. Alle bemoedigende woorden deden mij deugd! Monique en Claudy,
bedankt voor de kans die ik kreeg om ook mee te draaien in het onderwijs. Ik ben erg blij
dat ik deze taken kan voorzetten en mij zelf hier verder in kan ontwikkelen. Speciaal
woord van dank voor Yolande, waar ik mocht starten als afstudeerbegeleider bij de
academie fysiotherapie.

Lieve PMC Collega’s, ook jullie moet ik van harte bedanken. Ik ben heel blij dat ik nog een
dag in de week als fysiotherapeut bij jullie mag werken. Het enthousiasme en de passie
voor het vak leeft echt in deze praktijk wat maakt dat ik er ook erg graag werk. Met
name Elke, Maartje, Mariélle en Inez wil ik nog extra bedanken. Het is superfijn om jullie
als directe collega’s te hebben. De keren dat ik voor mijn onderzoek weer moest
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schuiven met patiénten en weer een beroep op jullie moest doen zijn ondertussen niet
meer te tellen.

De nodige ontspanning tijdens het schrijven van mijn proefschrift vond ik met name in
het sporten. En dit zou een stuk minder leuk zijn zonder mijn sportbuurtjes: Caren, llona
en Natascha! Dank jullie wel daarvoor. Robin en Loes, bedankt voor jullie enthousiasme
en leuke sportlessen!

Dewi, Pim, Robrecht, Paola, Stella, Leon, Zoé, Mathijs, Bas, Amelie, Maud, William, Bas,
Lisa, Beaudille en Jessy, bedankt voor alle oprechte interesse in mijn proefschrift. Maar
vooral bedankt voor alle afleiding die jullie boden, ik heb genoten van alle uitjes, feestjes
en borrels de afgelopen jaren.

Ruth, lief en leed over het leed dat promoveren heet hebben wij de afgelopen jaren
gedeeld. Urenlange telefoongesprekken zijn er gepleegd. Soms om te klagen en soms
om de successen te vieren. Wij houden elkaar goed in balans: hard werken, maar ook
genoeg ontspannen. Dit ging ook gepaard met genoeg speciaal biertjes, hapjes en
barbecues. Ook Steven moet ik bedanken, want die heeft telkens maar het onderwerp
‘promoveren’ geduldig aangehoord. Ruth, ik vind het dan ook fanatisch dat jij mijn
paranimf wilt zijn en kan niet wachten totdat jij mag gaan promoveren!

Dan mijn lieve ‘middelbare school vriendinnetjes’: Lonneke, Danique, Milou, Fabiénne en
Emma. Wij kennen elkaar ondertussen al sinds de brugklas. Bedankt voor alle leuke
uitjes, weekendjes weg, verjaardagen en sinterkerstennieuw avondjes. Met jullie duurt
het nooit lang voordat een van ons de slappe lach heeft, maar is er ook ruimte voor een
luisterend oor. Ik hoop dat wij nog heel lang onvergetelijke avonturen zullen meemaken.

Nympha, Henk, Paul, Isolde, Aliene, Huub, Chris, Jeffrey en Rick. Bedankt voor alle steun
de afgelopen jaren en de eindeloze vragen hoe het met mijn onderzoek gaat. Al die
interesse werd echt enorm gewaardeerd, en ik voel me dan ook helemaal thuis bij jullie!

Kirsten, Mike, Liam, Eloy, Maurice, Liliane, Youri en Mauro, bedankt voor alle steun en de
afleiding door de familiefeestjes!

Oma Martha, Opa Jo, Oma Gerry en Opa Rein*, bedankt voor de interesse in mijn
‘scriptie’. Maar ook voor alles wat jullie al mijn hele leven voor mij hebben gedaan.
Hopelijk kunnen we nog lang van alles samen ondernemen. Oma Gerry, zoals jij altijd
zegt: “Opa Rein kijkt vanaf zijn sterretje mee!”

184 | Addendum



Kyra, Kiwi, sommige mensen zeggen dat wij heel veel op elkaar lijken, anderen zeggen
juist van niet. Ik weet in ieder geval dat we elkaar goed aanvullen. Je hebt heel wat
verhalen en discussies thuis moeten aanhoren over ‘promoveren’ en ‘onderzoek doen’.
Dat is misschien niet helemaal jouw ding, maar ik ben super blij dat je mijn paranimf wilt
zijn! Alles wat bij het paranimf zijn hoort kan ik volledig aan je overlaten, want als je iets
doet waar je goed in bent is het tot in de puntjes geregeld. Ga zo door waar je mee bezig
bent, want je hebt heel veel in je mars.

Papa en Mama, door alles wat jullie mij geleerd en meegegeven hebben, ben ik gekomen
waar ik nu ben. Jullie hebben mij altijd mijn eigen weg laten kiezen en mij daarin
gesteund. Uiteindelijk is het een mix geworden tussen het onderzoek (mama) en
fysiotherapie (papa). Mede daardoor hebben jullie mij heel veel kunnen helpen met de
zaken waar ik tegen aan liep tijdens het onderzoek doen. Lieve papa en mama, bedankt
voor alles!

Lieve Mike, jij hebt mijn promoveren van het meest dichtbij meegemaakt. Maar juist jij
zorgde ervoor dat ik ook vaak genoeg afleiding had. Soms was het leuke afleiding zoals
de vele reizen en uitstapjes die we maakten en soms was het afleiding in de vorm van 10
kg tomaten uit de moestuin waar ik saus van moest maken. Toen dit proefschrift
eindelijk af was, waren we allebei blij dat we meer tijd voor elkaar kregen. Echter besloot
jij dat je het ook een goed idee vond om te gaan promoveren. De rollen worden nu dus
omgedraaid, maar dan heb ik over vier jaar wel een ‘echte’ grottendokter in huis. In de
tussentijd ontferm ik me met alle liefde over je kilo’s groenten uit de moestuin en ga ik
mijn best doen jou net zo goed te ondersteunen als dat jij dat voor mij hebt gedaan!
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