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Abstract

Objective: Digital devices have demonstrated benefits to patients with chronic and neurodegenerative diseases. But when
patients use medical devices in their homes, the technologies have to fit into their lives. We investigated the technology
acceptance of seven digital devices for home use.

Methods: We conducted 60 semi-structured interviews with participants of a larger device study on their views on the
acceptability of seven devices. Transcriptions were analysed using qualitative content analysis.

Results: Based on the unified theory of acceptance and use of technology, we evaluated effort, facilitating conditions, per-
formance expectancy and social influence of each device.

In the effort category, five themes emerged: (a) the hassle to use the device; (b) its usability; (c) comfort; (d) disturbance
to daily life; and (e) problems during usage. Facilitating conditions consisted of five themes: (a) expectations regarding a
device; (b) quality of the instructions; (c) insecurities with usage; (d) possibilities of optimization; and (e) possibilities to
use the device longer. Regarding performance expectancy, we identified three themes: (a) insecurities with the performance
of a device; (b) feedback; and (c) motivation for using a device. In the social influence category, three themes emerged: (a)
reactions of peers; (b) concerns with the visibility of a device; and (c) concerns regarding data privacy.

Conclusions: We identify key factors that determine the acceptability of medical devices for home use from the partici-
pants’ perspective. These include low effort of use, minor disruptions to their daily lives and good support from the study
team.
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Introduction
The use of digital technology and devices has increased in
frequency and importance within clinical research in recent
years.1–3 Digital devices have demonstrated benefit in
research of patients with a range of chronic conditions,3–5

for example, neurodegenerative diseases such as
Parkinson’s disease (PD).6 Patients can be monitored con-
tinuously for a longer period of time and in their home
environment.3,5 Thus, digital devices can provide informa-
tion for determining health and functional status, monitor-
ing disease course or aiding diagnosis.6 They can also
lessen the burden on patients and work load on clinicians,
as conventional disease monitoring is time-consuming
and costly.1 They can help to improve the health literacy
of patients, address the health management needs of the
home and consecutively help in maintaining health.7,8

When digital devices or technologies are applied in a
patient’s home, patients need to be able to use the technol-
ogy and integrate it into their daily lives. To yield quality
data, a technology must fulfil its measurement function
while minimally impacting activities of daily living
(ADLs).9,10 As the use of digital technology in healthcare
grows, understanding factors that influence patient acceptance
of technology is increasingly important.11,12 Considering
patients opinions and experiences of technologies can
increase the likelihood of successful use.10

In this study, we investigated patient acceptance of seven
different digital and wearable devices for home use. By
examining different devices that require varying input on
behalf of the users, we wanted to further explore usability in
real-time monitoring of patients. Our aim was to identify prop-
erties of a device that facilitate its acceptance in home use.

Technology acceptance

The acceptance and intention to use digital technologies are
of relevance for developers, businesses and the medical
sector. The unified theory of acceptance and use of technol-
ogy (UTAUT) is designed to combine different models of
user acceptance of new technology.13 The model has been
used in various contexts including the intention to use

medical technologies.14,15 UTAUT postulated the predic-
tion of the use of a technology by the behavioural intention
to use. Behavioural intention is in turn influenced by four
aspects: performance expectancy, effort expectancy,
social influence and facilitating conditions. Performance
expectancy describes the degree to which the user of a tech-
nology expects this technology to be helpful to them, while
effort expectancy focuses on ease of use. Social influence
describes the perceived expectations of others regarding
the use of a technology. Facilitating conditions are
described as the perceived infrastructure that supports the
use of the technology, such as instructions or assistance.13

IDEA-FAST

The study ‘Identifying Digital Endpoints to Assess Fatigue,
Sleep and Activities of daily living in Neurodegenerative
disorders and Immune-mediated inflammatory diseases’
(IDEA-FAST) aims to identify ‘digital biomarkers’ of
fatigue and sleep disturbances in patients with PD and
Huntington’s disease (HD), rheumatoid arthritis, systemic
lupus erythematosus, primary Sjögren’s syndrome (PSS)
and inflammatory bowel disease. To achieve this, selected
digital devices will be used to measure different aspects
of the daily life of patients, their symptoms and physiology.
This will then be correlated with patient reported outcomes
(PROs) measured via remote technology.

In order to choose suitable devices, a feasibility study (FS)
was conducted. Focus of this study was the usability of differ-
ent medical devices in the larger observational study.

Methods
As part of a mixed methods study, qualitative semi-structured
interviews were conducted with patients and healthy controls.
All were participants of the IDEA-FAST FS and were inter-
viewed after they had finished the device wearing period.

Design of the FS

Study procedures. The goal of the FS was to identify candi-
date digital measurements of fatigue and sleep disturbances,
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which can be further explored in a larger-scale validation
study. To achieve this, digital technologies were implemen-
ted along with standardised questionnaires, qualitative
interviews and PRO measures such as an e-diary. These dif-
ferent data sets were combined to select the most accurate
digital measures for further exploration.

The FS was approved by ethics committees of all
involved research institutions. All participants gave
informed consent in written form. The FS was conducted
from August 2020 until June 2021. Participants in Kiel
(Germany), Münster (Germany), Newcastle (England) and
Rotterdam (Netherlands) received the technologies and
used them over a course of 4 weeks. The sample was com-
prised of six different patient populations as described, and
healthy participants (HP). Each site was responsible for at
least one patient population and one group of HP.

During the study period, participants used seven differ-
ent devices. At the start of the study period, participants
visited their local research centre, where they were intro-
duced to the technologies and trained in their use. After
this baseline visit, participants used these technologies for
a 36-day period including technology-free periods. Each
device package was used over two 5-day periods, followed
by a rest period of at least 2 days. To ensure that participants
understood and were able to use the devices, additional
support and information were provided via written
support material, tutorial videos and telephone and/or
in-person support by specially trained clinical staff.

In some centres, such as Kiel, participants received
weekly home visits, while in others, support was given
mostly using telephone and videoconference tools.

To minimise the burden put on the participants, simul-
taneous use of wearables was limited for each device
package. While technologies that only needed to be
installed once were used over the whole study period,
most devices were only used for 2 weeks and then
exchanged for others. The order in which the participants
used the devices differed between participants.

Devices. Participants were asked to use seven different
devices, each for at least 10 days. These devices were
selected to cover a range of concepts of interest (COI)
related to sleep quality and fatigue. In some cases, the func-
tions of the devices overlap. All devices are CE-certified.
Additional information on the devices can be found in the
appendix.

Axivity AX6. The AX6 is a movement sensor contain-
ing an accelerometer and gyroscope. The device was
fitted into a wristband to be worn similarly to a watch and
used continuously aside from contact with water. It does
not rely on Wi-Fi and requires no charging by the
participant.

MoveMonitor. The MoveMonitor is a sensing unit for
activity and sleep tracking. The device is placed in the
lower back and is attached to a belt that can be fixated
around the waist using a hook and loop fastener. The

participant can continuously wear the device, only taking
it off for water contact. The device does not rely on
Wi-Fi and does not need to be charged during study
duration.

Byteflies Sensor Dots. The Sensor Dot is a wearable
device that continuously records physiological signals in
different locations. Participants were asked to wear three
Sensor Dots located at the ankle, chest and neck to
measure activity, electrocardiography (ECG) and electroen-
cephalography (EEG). The Sensor Dots were attached
using adhesive patches. The ECG and EEG Sensor Dots
were connected with two biopotential electrodes each on
the chest and behind the ears. In this study, commercially
available electrodes were purchased separately. This
system was worn continuously but had to be removed for
showering, requiring new adhesives and electrodes every
time. The Sensor Dots were charged every day and were
therefore switched every morning and evening to be put
into a docking station, which needs a Wi-Fi connection.

Vital Patch. The Vital Patch is an adhesive device
attached to the left chest. It can measure ECG, heart rate,
breathing rate and body temperature. The device has to be
paired with a smartphone app using Bluetooth prior to
use. After attaching, the participant can continuously wear
the device for up to 7 days as it is waterproof, and
dispose of it after use.

Dreem Headband. The Dreem Headband is a wireless
headband worn during sleep. It records physiological
data. The device needs to be paired with a smartphone
app every evening. In the morning, data is transferred to
the app, and the participant gets a visual representation of
the collected data such as sleep stages and duration. The
Dreem Headband has to be charged every day.

Bed Sensor. The Bed Sensor is a force-sensitive film
that is placed under a mattress topper or protector during
sleep. It detects heart rate, breathing rate and movements.
After being set up on the bed, participants do not need to
manipulate the device in any way. The Bed Sensor uses
Wi-Fi.

ZKOne. The ZKOne is a stationary sensing device for
respiration and heart rate. It senses breathing patterns
when a person is stationary, and it uses radio frequency.
The ZKOne has a box-like shape and is placed near the
bed to monitor sleep. The device needs a Wi-Fi connection.

Interview guideline and implementation

Interviews were structured according to a protocol that was
based on literature regarding Technology Acceptance. After
an introduction and explanation including verbal consent by
participants, they were asked questions about their back-
ground, followed by questions about health and well-being,
experiences with technical devices and packaging. In the
next section of the interview, participants were asked
about each device and technology separately. First, they
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were asked to describe their experiences with the device,
then more detailed questions. This was repeated for each
device.

Interviews were conducted during the whole duration of
the FS. Most interviews were conducted by JG in German
or English, who had no prior experience with qualitative
interviews (female research assistant with a diploma in
psychology). The interviews with Rotterdam participants
were conducted by EW in Dutch (female research assistant
with an M.Sc. in Human Movement Sciences, no prior
interview experience). Participants of the FS were
approached by their contact person, informed about the
study and its goals and asked about their willingness to
be interviewed. They did not know the interviewers
before. The first six interviews were conducted face-to-face
in Kiel. The other interviews with participants from Kiel,
Newcastle and Rotterdam were conducted using a video-
conference tool. Interviews with participants from
Münster were conducted by telephone. In most cases,
there were no other people present, with the exception of
interviews with HD patients, where a local contact person
was present. After an introduction and the consent of the
participant, the interviews were recorded using either a
recording device or a recording function. Interviews
lasted between 0:15 and 1:31 hours.

Participants

For the qualitative evaluation of the FS, interviews were con-
ducted for each group separately until saturation was reached.
This led to different sample sizes for each group. Because
interviews with HP and PD patients in Kiel as well as PSS
patients in Newcastle were conducted first, these groups
have the highest participation rate. Taken together, interviews
with 60 participants were conducted. Table 1 shows the
number of interviews per group and location.

Table 2 gives an overview of the demographic character-
istics of the interviewed participants in each group.
Participants were between 21 and 82 years old. A total of
26 participants were male. A total of 12 participants

reported living alone or in a dorm, while 49 lived with
their spouses or families in one household.

A total of 19 participants wore every device, while 41 did
not wear at least one device for the whole period. This
includes participants who were not offered every device.
HD patients and participants from Rotterdam were not
asked to wear the Byteflies Sensor Dots. The Bed Sensor
was not used in Rotterdam. Details on how many partici-
pants used each device are given in Table 3. The device
worn by most participants for the full duration was the
Axivity AX6, with two drop-outs. In contrast, the Sensor
Dots were worn by 30 participants for the full duration, 10
participants discontinued use earlier than planned, 9 declined
using the device and 11 were not offered to use it.

Transcription and analysis

Verbatim transcriptions were done partly by JG using the
software MAXQDA16 and partly by a transcription service.
Afterwards, all transcripts were checked for errors and pseu-
donymised. Interviews in Dutch were translated into English
after transcription using an online translation tool. All transla-
tions were double-checked by EW. Interviews in German and
English were left in their original form for analysis. For two
interviews, a summary of the interview had to be used for ana-
lysis, because recording was flawed. These interviews did not
offer new insights, but supported insights from other inter-
views. One interview could not be transcribed due to bad
audio quality. This interview is not included in the following
analysis. Overall, 58 complete interviews and two summaries
were included in the analysis.

The analysis was done by JG using the software
MAXQDA.16 To analyse the content of the interviews, qualita-
tive content analysis following Mayring17 was used. Each
device was analysed separately. The code system for each
device was derived in a hybrid method. For the top-level
codes, knowledge from literature research on technology
acceptance was used. The UTAUT model13 was used for both
the interviewguideline and the top-level codes for each technol-
ogy. Second level codes were defined based on the interview
guideline and derived inductively from the interview data.
Additionally, a separate analysis of the general experiences in
the study was conducted using the same method. This process
led to separate analyses for each device, while still maintaining
a similar structure. In this paper, we arranged the following
results by codes to facilitate comparability between devices.

While the UTAUT has proven useful in the context of
medical technology use,5,14,15 it does not fit the purpose of
this study perfectly. In this case, the adoption of a medical
technology was in the context of a medical study.
Participants of the study used different devices without a
clear benefit for themselves and without the possibility to
evaluate their usefulness themselves. Therefore, we expected
performance expectancy to play a lesser role in the accept-
ance of the technology used in this study. Additionally,

Table 1. Number of interviews per group and location.

Location HP PD HD PSS RA IBD

Kiel 11 12 5

Münster 6 4

Newcastle 2 11 1

Rotterdam 2 6

HP: healthy participants; PD: Parkinson’s disease; HD: Huntington’s disease;
PSS: primary Sjögren’s syndrome; RA: rheumatoid arthritis; IBD: irritable
bowel disease.
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users were interviewed after their use period, thus the evalu-
ation of ‘ease of use’ includes only past use. For this reason,
we named this aspect ‘effort’ for the sake of this study.

Results
Results are sorted along the first level codes effort/ease of
use, performance expectancy, facilitating conditions and
social influence. Each code is comprised of different
second level codes. For each code, all devices containing
this code are described. The general code system is pre-
sented in Figure 1. Each quotation can be precisely assigned
to the interview participant quoted. An attribution number
has been omitted from the publication, as this information
is not further-reaching for the readers.

Effort/ease of use

Effort/hassle of using the device. Generally, participants
labelled the effort of the study as high due to the number
of different devices: ‘It was all different things. Of
course, if you only have one such device, then it is a lot
less complicated’, reported one participant. The majority
of participants felt that devices that only had to be worn
with no other action needed required only small effort.
This was the case for the Axivity, MoveMonitor and
Vital Patch. For the latter, participants appreciated that
they were able to shower with it and could leave it on for
5 days. Both Bed Sensor and ZKOne were also mentioned
as not a lot of effort, as they only had to be installed. For the
Dreem Headband, some participants found charging the

headband every day disrupting. Also, connecting the
phone before sleeping was seen as a specific effort,
because at that time, users were tired. A few participants
reported needing help with connecting the Dreem. While
many participants perceived the effort for using the
Byteflies Sensor Dots as acceptable, others perceived it as
very time-consuming. ‘Yes, it was time-consuming and
you had to be careful that you got the right ones in the
right place, that you’ve got them charged up for the next
time’, one participant reported. Many reported needing
help from family members for the sensor on the neck:

Table 2. Demographic data of the interview participants.

Gender Living Situation

Group Number of Participants Age (Range) Male Female Alone Not Alone

HP 21 21–77 12 9 7 14

PD 12 37–80 8 4 1 11

HD 4 29–59 2 2 1 3

PSS 11 52–82 2 9 2 9

RA 6 40–68 0 6 1 5

IBD 6 22–53 2 4 1 5

total 60 21–82 26 34 12 48

HP: healthy participants; PD: Parkinson’s disease; HD: Huntington’s disease; PSS: primary Sjögren’s syndrome; RA: rheumatoid arthritis; IBD: irritable bowel
disease.

Table 3. Number of participants using each device.

Duration of Use Period

Device Full Time Partly
Refusal (Thereof
Not Offered)

AX6 58 2 0

MoveMonitor 56 4 0

Sensor Dots 30 10 20 (11)

Vitalpatch 50 7 3

Dreem Headband 48 9 3

Bed Sensor 50 1 9 (8)

ZKOne 43 3 14

Graeber et al. 5



‘My son had to do it from the back for us […]. I think if you
were elderly, and there was nobody there, I think you might
have problems connecting them once the device was on’*.

Usability. Participants rated most devices as easy to use,
though reported instructions were a necessity: ‘It wouldn’t
have worked at all without the manual. But it’s just that
every device has a different way of handling’*. It was
also mentioned that the weather can have a big impact on
the usability of the devices. Two participants reported that
the material of the strap of the AX6 tended to stick together,
making it hard to take the watch off. For the McRoberts
MoveMonitor, participants reported having to be careful

with the hook and loop fastener and having to readjust
the belt regularly during the day. Participants reported
that the Vital Patch did not stick or that it was hard to
take off. Most participants found the Bed Sensor easy to
use, though many participants mentioned that it often slid
out of position. The ZKOne was described by most partici-
pants as easy to use and to set up, though some people had
problems with the set-up due to connectivity issues: ‘It was
really hard to get it to connect […]. I think somebody who
isn’t very technically minded might get frustrated with it’.
In some cases, set-up was done by the clinical staff. A
few participants said that the button was very small and
hard to use. For two devices, participants disagreed about
its usability. While some participants described installing
the Sensor Dots as ‘fiddly’ or had problems connecting
the device to their Wi-Fi, others reported ease of use. The
EEG sensor was described as complicated to put on due
to the position. Regarding the Dreem Headband, most par-
ticipants found it easy to put on, but connecting it to the app
proved difficult for some. ‘In the first week I was so fru-
strated. I always sat at least half an hour […] on the bed,
because I couldn’t get it to work’*, reported one user. For
many participants, the Headband fell off during the night
because it did not fit well enough or they moved around
during sleep: ‘Sometimes that fell off. […] When I woke
up, I would put the thing back on my head. It wasn’t like
that every night, but when I woke up in the morning, it
was sometimes lying next to me’*, reported one participant.

Comfort. Participants rated the comfort of each device
differently. Most concerns were mentioned regarding the
Sensor Dots and Dreem Headband. The AX6,
MoveMonitor, Vital Patch and Bed Sensor were overall
perceived as comfortable by most users. For some partici-
pants, the sizing of the AX6 did not fit well. ‘One, it was
too tight, and then the next one down it was too loose
and it moved […] And there [were] times during the day
where I just took it off for an hour’ reported one participant.
Three users reported that the material of the strap caused
sweating, and seven reported that it caused irritations on
their skin. In two cases, skin irritations lead participants
to drop the device. Some participants had problems with
clothes getting caught on the long strap or perceiving the
watch as too bulky. Regarding the MoveMonitor, some par-
ticipants reported the belt sliding into uncomfortable posi-
tions or being uncomfortable when sitting or lying down.
It was mentioned that the material chafed into the skin,
especially when the hook and loop fastener was not per-
fectly aligned: ‘You just have to be accurate with how
you fasten the Velcro[hook and loop fastener], so it
doesn’t scratch, but once you get the hang of it, […] it’s
fine’. Some users reported having to wear clothes under-
neath the belt. While most participants described the
Vital Patch as unobtrusive and comfortable to wear, it
caused minor skin irritations for eleven people: ‘It was
red when I took it off, but it wasn’t irritable like the other

Figure 1. General code system.
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ones’. Six people had bad skin reactions to the patch, some
of them taking it off due to that. A few participants reported
feeling pressure or bruising underneath the patch. Some
people reported feeling uncomfortable when lying down
or that their brassiere was putting pressure on the patch.
Many participants mentioned it being painful to take off,
especially if the area was hairy: ‘When you take it off, it
is a wax hair removal’*, said one participant. The
Bed Sensor was mostly described as comfortable, though
some users mentioned noticing it when lying on it: ‘But
still, you notice that you are lying on something […]. I
can’t say it bothered me. But […] I was glad when I
could remove it after five days’*. While some participants
found the Dreem Headband very comfortable, others felt
differently: ‘That was awful. […] Because it is somehow
too thick. […] That started to hurt my ear’*. The Sensor
Dots were perceived as uncomfortable by most users. A
lot of participants reported the adhesive patches and electro-
des being irritable on their skin, some described them as
uncomfortable or even painful: ‘The sticky pads were
itchy. And then the pads I got to link the wires, that was
unpleasant’*. Six participants mentioned big problems
with allergies or bad skin reactions to the electrodes. ‘It
looked like a burn and it caused bleeding and scabbing,
and it’s left a mark’, reported one participant. Some users
also mentioned that taking the patches off was painful.
Other people felt irritated by the wires of the EEG electro-
des. For a lot of participants, the long wiring of the electro-
des for the ECG sensor proved uncomfortable: ‘I could feel
this wire hanging down me all the time, because I had to
actually curl it up and tie it with some sticky tape.
Anything sticky kind of close to a hairy body is just terrible’.
Some participants described being constantly aware of the
device or having a general feeling of discomfort.

Disturbance in daily life or sleep. Even though people
reported the study disturbed their daily routines, most
were satisfied with the experience. One user said:
‘Overall, I wouldn’t say it was a negative experience in
any way. There were minor irritations as we’ve discussed
but, no, fine, fine’. The majority of participants did not
feel disturbed in their daily lives by using the AX6,
MoveMonitor or Vital Patch. ‘This is one of the devices I
was least bothered about having’, described one user her
experience with the AX6. Some people reported refraining
from wearing their own watch or wearing two watches. For
others, the device was problematic at work or they had to
take it off. Regarding the MoveMonitor, participants
noted that it might be more uncomfortable or visible in
summer. A few participants reported a general feeling of
disturbance in their life or feeling constantly aware of the
belt. Many participants said that they liked that the
Vital Patch was waterproof. It was mentioned that partici-
pants wore different clothing or were careful while shower-
ing. In some cases, male participants had to shave their
body hair. Some participants reported almost forgetting

about the patch. While some participants said the Sensor
Dots did not disturb them in their daily life or reported
enjoying it, some participants limited showering to avoid
taking it off or changed their habits like getting up earlier,
limiting the use of skin lotion or wearing socks in bed to
avoid losing the sensor. Some male participants reported
shaving their body hair to avoid pain from the electrodes:
‘I was continuously shaving bigger and bigger areas of
my chest, so it wouldn’t pull’. Other participants reported
hindrances in their job, feeling limited in their movement
or constantly worrying about the sensors or electrodes.
‘That was probably the most invasive […], I would swap
it twice a day […]. These pads, […] you’re conscious
when you’re pulling those off, you have skin irritation
and discomfort’ said one user.

Most participants did not feel disturbed when sleeping
while using the Bed Sensor or ZKOne. Some participants
mentioned changing their routines while using the
Bed Sensor, such as using a mattress protector or not
being able to change positions during the night, while
others reported feeling disturbed by the light: ‘It is very
bright. […] At some point I put a sock over it or a pillow
or something’. Regarding the ZKOne, some people
reported feeling bothered by the light: ‘This lamp, I
covered it after a while, because it was too bright for me.
[…] I can’t stand it when something is bright like that’*.
Other people had to change their bedroom in order to find
a fitting place for the device, for example, putting it on
books or removing things that were usually on the
bedside table. While many people reported that wearing
the Dreem did not disturb their sleep, others found it
‘strange’ or changed their sleep routines such as sleeping
on their back. Some users felt bothered by the infrared
light. Others got nervous about the device or generally
slept worse while wearing it: ‘But I couldn’t sleep properly
because I knew it was there and I thought if I turn over it
might come off. And then I was looking at the red light
all the time. Because I could see it when I looked up’†.

Problems with device usage. There were a few problems
with the implementation of the study. Two participants did
not have Wi-Fi in their homes. For most participants, the
AX6, MoveMonitor, Vital Patch and Bed Sensor caused
no problems. In case of the AX6, one participant reported
that the loop on the strap broke. In many cases, the casing
of the MoveMonitor broke or almost broke during use.
Some participants mentioned the Vital Patch becoming
unstuck prematurely and that it got wet underneath the
patch. One person had problems with the notification on
their phone not going away. Other participants reported
problems with the app, such as problems installing it or
losing the connection to the device. One participant men-
tioned that the app picked up their partner’s Vital Patch.
Regarding the Bed Sensor, some participants mentioned
problems with the touchscreen or with reconnecting the
device. In two cases, the device got warm: ‘It wasn’t so
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warm that I couldn’t touch it. […] It wasn’t going to burn
anything. […] You are conscious that there is an electrical
device that’s warm in your bed’. Participants reported more
problems with the Sensor Dots, Dreem and ZKOne. The
most frequently mentioned problem with the Sensor Dots
was the devices falling off, especially the one placed at
the ankle. In a few cases, participants lost a sensor dot.
Also, the electrodes behind the ears did not stick very
well and had to be reattached frequently. In other cases,
the glue left residue which was hard to remove. Some par-
ticipants had problems with the docking station not char-
ging the Sensor Dots, and in other cases. it did not
connect to the Wi-Fi. There were some technical problems
with the Dreem Headband as well. A few users reported that
their headband had to be swapped because it did not work.
In some cases, data was not visible in the morning or there
were problems connecting the headband to the app: ‘The
headband could not connect, would not connect to the
mobile telephone. […] And just no matter what I did, […]
it just would not connect’†, said one user. Most reported
problems with the ZKOne were concerning the Wi-Fi con-
nection. As the device needs a specific Wi-Fi frequency, not
all participants could connect the device. In some cases, the
connection could be established after some time, in other
cases it was not successful at all: ‘It wouldn’t reconnect.
No. I have a healthy sort of Wi-Fi setup in my house so I
don’t believe there’s any sort of home technical reason
why it shouldn’t. So, I don’t know what that was’ reported
one user. Some participants also had no Wi-Fi in their
bedroom. Some other problems included data not being
available or a defective contact.

Facilitating conditions

Expectations regarding device usage. Participants had dif-
ferent expectations before the start of the study. Some par-
ticipants had not expected the study to be so demanding: ‘I
think it was probably more demanding than I realized it
was going to be. I was involved with so many different
devices and things to do, and apps on the phone, and paper-
work to write on at the end of each section of the research’,
reported one user. Others said that the study met their
expectations or turned out to be less demanding than previ-
ously thought: ‘It wasn’t as invasive as I thought it was
going to be. And was very manageable, really. So no, no,
there was no problem at all’. For most devices, participants
did not have negative expectations before their use. A few
participants reported expecting the MoveMonitor to be
uncomfortable or impractical in daily life: ‘I thought it
would be uncomfortable. I was expecting to […] be more
conscious of it and more uncomfortable but that didn’t
turn out to be the case’. Some users were already familiar
with the Vital Patch from previous studies. Some partici-
pants were surprised that it was waterproof, others had sus-
pected it would irritate their skin: ‘I was a bit afraid that it

would irritate the skin too much. That was not the case, it
was very good’*. Most participants did not have bad expec-
tations regarding the use of the Bed Sensor. One participant
mentioned that she expected it would be uncomfortable.
While some participants expected the Dreem to be uncom-
fortable, disturb their sleep or fall off during the night, this
was not always the case. Regarding the Sensor Dots, some
participants expected it to be a lot of effort, while others
found it an interesting new technology.

Quality of the instructions. Most participants were satis-
fied with the way the devices were packaged and labelled.
Some users mentioned feeling overwhelmed at first, but
most reported finding their way easily due to the labels
and instructions. In one case, a participant overlooked a
device. The instructions for most devices were described
as helpful and sufficient by many users. Regarding the
Sensor Dots, some participants had to call for assistance.
‘If I had any queries I could contact for some assistance.
So being talked through was a lot, was a lot easier and
being shown what to do’, added one participant. One par-
ticipant suggested adding information about the connection
between the Vital Patch and the study phone to the instruc-
tions: ‘Maybe there should also be a rough timeframe in the
description […]. When do I have to have the phone with me
again for data to be transferred?’*. Some other suggestions
were adding that men should shave before use, and women
should check for a placing that does not hurt when wearing
a brassiere. Some users mentioned needing more help for
the set-up of the Bed Sensor: ‘I had to ring […]. Just the
setting up of the little box. I couldn’t get the time and
date right’. A few participants felt that the information in
the set-up of the ZKOne was not helpful. Many participants
were not satisfied with the instructions for the Dreem
Headband. In some cases, participants reported that the
instructions for connecting the device did not fit the instruc-
tions given by the app: ‘You only needed to do three things
to set it up. Not go through these eight or nine screens. And
the screens were wrong, anyway. […] I think two of the
screens didn’t have the same information that you actually
had on the phone’. Other participants suggested having
more thorough instructions, better pictures or including
information on charging the device.

Insecurities with device usage. One user was concerned
whether the AX6 had to be charged, and some were unsure
about which way the device had to be put in the strap, as
‘The symbol was hard to see’*. Three participants reported
feeling insecure about the location of the MoveMonitor. ‘I
don’t know whether it got all the results […], you know, if it
does move, it might matter. But I did feel that it was
moving.’, one participant said. Regarding the Sensor
Dots, two participants felt unsure whether they had put it
on correctly. Others were worried about the skin irritations
it caused or that they might lose the sensors. Some partici-
pants felt insecure about the water resistance of the
Vital Patch. ‘I did make a little kind of waterproof patch
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and I stuck the patch over the patch, just to make sure I
didn’t get it any wet’, reported one person. There was
some insecurity about the correct placing of the patch.
Other insecurities concerned the connection to the app,
for example, how far away the smartphone could be for
how long. The usability problems with the Dreem
Headband led to some insecurity for users. Some partici-
pants reported feeling insecure about using the app and
whether they used it correctly. On the other hand, some
people reported feeling reassured by the possibility to dir-
ectly view their data in the morning. Other participants
were unsure when to put on the headband: ‘What time do
you go to bed. Well, I go to bed earlier than I go to
sleep, so I was thinking, what do I put? Do I put my sleep
timing now or when I’m actually in bed?’ asked one partici-
pant. A few users reported feeling insecure whether the
Bed Sensor could be flipped or whether it had to be
turned on before sleeping. Regarding the ZKOne, some par-
ticipants reported feeling insecure about the correct posi-
tioning of the device. ‘You ask yourself whether it is in
the right place. […] You can’t check whether it is the
correct angle’* said one participant. Other insecurities con-
cerned whether other people in bed might set the device off
or whether the device was turned on.

Possibilities for optimization. Participants had sugges-
tions for optimization for all devices. For the AX6, partici-
pants suggested changes to the strap to improve comfort.
Participants also found the AX6 bulky and felt the device
would benefit from a clockface when worn on the wrist.
Users found the wires of the electrodes used for the
Sensor Dots too long, and to prevent the sensors falling
off, different clasps were suggested. Participants suggested
an easier way to connect Dreem Headband to the phone,
offering more practice or improving the instructions, as
well as having smaller sizes available. Regarding the
Bed Sensor, participants suggested improving the touchsc-
reen, highlighting parts that are important for set-up and
preventing the sensor from sliding. Suggestions to
improve the ZKOne covered the light, making the button
more visible or bigger or having better explanations what
the device measures.

Possibilities for longer use. Many participants reported
they would not have liked to continue with the study for
a longer time. ‘I don’t know whether four weeks was a bit
long. Whether it could be shortened or you could have a
gap between the two sets of two weeks, rather than continu-
ing straight through’, said one participant. Looking at the
individual devices, most participants agreed that the AX6,
MoveMonitor, Vital Patch, Bed Sensor and ZKOne could
be used for a longer time. One participant said about the
AX6: ‘It’s just there. It’s like an item of jewellery, really,
at the end of the day. Made no difference at all’.
Regarding the Bed Sensor, some participants mentioned
that they would only use it if it was necessary or with a
topper. Participants were split on a recommendation for

longer use for the Dreem. While many participants said
this was possible, others disagreed or said that this would
depend on the person’s sleep habits. Many participants
would not recommend the Sensor Dots for longer use, espe-
cially for older people, those with physical disabilities or
sensitive skin. Still, many users agreed that it was possible
to use for a longer time if it was a necessity.

Performance expectancy

Insecurities with device performance. Participants men-
tioned feeling insecure about the performance of the
devices, and that they would have liked to get feedback
on whether the devices worked. One participant said: ‘I
could say that with all the devices, that in the end you
couldn’t see anything. You feel a bit like: “Is this right
now?” or: “Did I wear it right, put it on right?”’*. The
AX6, the MoveMonitor, the Bed Sensor and the ZKOne
have no indication of whether they are working properly,
mentioned participants. One user commented on the AX6:
‘I mean, the thing that surprised me about it really was
that you couldn’t get any information out of it. It was just
a black screen all the time. So, you just wore it and sort
of hoped for the best’. Regarding the MoveMonitor, one
user asked: ‘I was wearing it but I didn’t know whether it
was working. Do you know whether all of these units did
actually work for me?’. In some cases, the casing of the
device broke, which lead to further insecurities about the
functionality. With the Bed Sensor, another insecurity
was due to it slipping out of position: ‘It slides back and
forth a bit, but I wasn’t sure whether it was still lying cor-
rectly at the end of the night’*. There were also some inse-
curities regarding the performance of the Sensor Dots.
Users felt insecure whether the device was working,
whether it was charging correctly or what it was measuring.
‘If I’m doing this, I need to be sure that something is coming
out of it. Because if I’m wearing this for five days and
there’s no data coming out, I’m thinking, “Well, this is
not very good”’, said one participant. Regarding the
Vital Patch, insecurities concerned mostly the transfer of
data and whether the device was working: ‘One time, I
was not sure whether I had turned it on, you couldn’t see
that afterwards’*, reported one participant. In other cases,
users reported feeling insecure whether the Dreem
Headband was working correctly, especially in cases that
it did not fit well: ‘That’s what I was worried about. I
mean, sometimes it would be down my eyes, it would be
over my eyes rather than on my forehead. And then other
times it was up in my hair. So, I was a bit concerned that
it didn’t get the right data’. Other users reported feeling
reassured because they could see that data had been
recorded in the morning: ‘It was nice to see how it was
going, because with that I could see if it was working
[…]. So, I knew I was doing it right’.
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Feedback. For most devices, participants did not receive
direct feedback on their data. Only the Dreem Headband
gives users the possibility to retrieve their own data. In
some cases, participants were shown their data from the
MoveMonitor and ZKOne after their study period.
Getting feedback on the data gathered by the devices was
mentioned as a motivating factor by many participants: ‘[I
would have liked] some indication of what kind of data
was being gathered. Not from a data protection kind of
aspect, but more from interest’. Most participants reported
being very interested in the data they could see on the
Dreem app and viewed this as motivating. ‘I enjoyed that
information because I could see it was working’, reported
one participant. On the other hand, a few participants felt
that the data seemed inaccurate when they compared it to
their own experiences or the data from other devices.
‘The results did not reflect what I experience at night
when I sleep. […] I checked in the morning and thought:
“It just doesn’t fit”’*, reported one user. Some participants
were not interested in the data or felt it was too complicated.
Regarding the MoveMonitor, many participants liked or
would have liked to receive this information, and some
argued it would motivate them to wear the device. Of
those participants that received feedback from the
ZKOne, many found it interesting. ‘That is quite interest-
ing. What does [the device] show and what were my experi-
ences… […] It’s a confirmation [of my own experiences]’*,
said one user. The data of the AX6, Sensor Dots,
Vital Patch and Bed Sensor was not provided to partici-
pants. Many users reported interest in data from these
devices: ‘But if there had been some kind of information
[…], it would have been a bit more motivation’*.

Motivation/benefit. Many participants mentioned that
their motivation for taking part in the study was helping
future patients with problems regarding fatigue and sleep:
‘I’m just happy that the information that you get might
help people in the future to deal with fatigue. […] I know
it will probably not benefit me personally’. Another partici-
pant said: ‘I have the feeling, because of my disability, that I
am a bit less useful to society […]. This was a kind of
replacement of work for me, so I really liked that’. Aside
from receiving feedback, participants reported a few motiv-
ating aspects of wearing the MoveMonitor and Dreem
Headband. A few participants mentioned, a benefit of
using the MoveMonitor could be that it can be motivating
to exercise more.

Social influence

Reaction of peers. For the AX6, MoveMonitor and Sensor
Dots, there were no reports of negative reactions from
peers. Most comments about reactions by participant’s
peers concerned the sleep devices. A few participants
reported their peers were interested in the Dreem
Headband, especially in the provided data. In two cases,

spouses felt bothered by the device: ‘All [my wife] could
see was a red light on the top of my brow from the unit
itself to see it was working. […] She kept away from the
flashing lights’. Regarding the Bed Sensor, one participant
reported a negative reaction to the device: ‘Sometimes [the
lid] slid out of position and my husband said, “it’s so bright
[here]”’*.

Concerns with visibility. Regarding the MoveMonitor,
participants mentioned they would not want to be seen
wearing the device, for example in warmer weather or
during work: ‘If you [are wearing] a thin summer dress,
and you have such a [bulky device] around here, that
might not be so nice’*. Some users mentioned the
Vital Patch was visible when wearing low-cut clothing, in
warmer weather or when swimming. The device causing
most concerns regarding its visibility was the Sensor
Dots. A total of 21 participants mentioned it being very
visible. Many participants mentioned feeling self-conscious
while wearing them, or that they would not be suitable at
their workplace. Two participants declined wearing the
device, citing its visibility: ‘Walking around with something
like this, this was recently when I was more active again,
no, I didn’t feel like doing that’*.

Concerns with data privacy. Some participants talked
about concerns with data privacy. One user was bothered
by the use of Wi-Fi for many devices. Another user said:
‘What really frustrated me the most was the data that
went away, over which I had no control whatsoever. I
would actually like to know what I am sending out into
the world’*. For most individual devices, no concerns
with data privacy were mentioned by participants. For the
ZKOne, some participants reported concerns regarding
data privacy. In one case, this concern led to not using
the device.

Discussion
For the success of a medical study or a therapy involving
devices for home use, the acceptance of the devices by
users is vital.

This paper examined the technology acceptance of seven
devices with a qualitative approach, with the goal to gather
insights into how digital devices for home use should be
designed in order to ensure their use in studies. With the
use of the UTAUT model, an interview guideline was
developed and used in 60 interviews with participants of
a medical study.

Practical implications

Summarizing the experiences with the different devices, we
conclude key take-aways on properties of medical devices
that lead to good acceptance for home use. These results
can be a guideline for the selection of suitable devices in
medical studies, focussing on their acceptance by users.
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They can also be useful in the development of health tech-
nology, as they indicate aspects to look out for during
development in order to assure a device will be used by
patients. Generally, participants emphasised the importance
of low effort, good support from the study team and
minimal disruption to their daily lives.

Effort. In the design of medical devices, good usability,
such as easy installation and use, is an important factor. As
other studies have shown, aspects such as the time and
mental effort and the disturbance to the daily routines
should be considered.18 Users preferred devices requiring
low effort, such as requiring not a lot of time or a specific
time to use them. Installing a device should be easy for lay-
people. Regarding comfort, one device does not necessarily
fit all.19 Devices should be adjustable and fit different sizes.
Devices that use adhesives can be prone to problems.
Support should be available.

Facilitating conditions. Kohnke et al.11 have suggested
that the confidence of users in their ability to use a device
has an influence on their intention to use it. With good
instructions and in-person explanations, insecurities with
device use can be reduced. Contact with the research
team seems to be an important factor in providing security
and motivation for participants.

Performance expectancy. As pointed out by Rainey
et al.,20 participants want to know that the devices actually
work and that using them has a benefit for the study. Many
devices do not have indications of whether they work.
Participants need to feel confident that they are contributing
data. Often, feedback on their data is the only direct benefit
a user gets from using a device in a study. Our results
support Elwyn et al.,21 who noted that providing feedback
from sensors can promote effective self-management strat-
egies. Still, most participants cited altruistic motivations for
their participation.

Social influence. Devices should be as invisible as pos-
sible to be usable in home and workplace settings, espe-
cially for participants who are active. The visibility of a
device can be a critical point for participants, while there
were few negative reactions from family and peers.
Regarding data privacy, many patients trust their doctors
and medical science. If there are good explanations how
their data is handled, most of the participants have no pro-
blems to contribute private data.

Limitations and strengths
The design of our parent study imposed several limitations
on this sub-study. It is uncertain whether the fact that parti-
cipants used multiple devices at once influenced their
experiences and opinions regarding each device separately.
Also, due to the progress of the FS, the number of inter-
views for each disease group varied, and there might be
aspects of device acceptance influenced by single diseases
that could not be captured due to this. Another possible

limitation of the study concerns the COVID-19 pandemic.
Many participants were living in lockdown, working from
home and not participating in as many social activities as
they normally would. There might be possible influences
of the devices on their lives that participants did not experi-
ence, for example, social experiences of participation were
limited. Another factor might be the weather. Most partici-
pants used the devices during winter with colder weather.
Some participants mentioned that they would have felt dif-
ferent about aspects such as visibility or water resistance of
devices during warmer weather. While this study did not
focus on differences between the groups of participants,
the interviews suggest a difference between participants
from Kiel and Newcastle. Participants from Newcastle
voiced insecurities with the performance of a device more
often than participants from Kiel. This difference might
be connected with differences in participant support.
While new participants were visited and helped with
device set-up in Kiel, this was not possible in Newcastle,
where participants received the devices in a package and
had to set up themselves. This might have led to more inse-
curities with the performance of the devices.

We had the opportunity to conduct 60 interviews with
participants of different disease groups, ages, genders and
living situation. This large pool of opinions and voices
using the same medical devices is an opportunity to see
the similarities and differences in requirements patients
have for medical devices during home use. During the pro-
gression of the FS, the interviews proved helpful in the
selection of suitable devices for the planned Clinical
Observation Study. Due to information from the interviews,
one device was dropped from consideration before the end
of the study and not offered to some patient groups. The
results from the interviews were included in the device
selection process.

In addition to being useful for our process in selecting
suitable devices, interviewing participants might also be a
good way to involve patients’ opinions in medical research.
While the interview participants did not have the opportun-
ity to be directly involved in selecting the devices, talking
about their experiences might have contributed to their feel-
ings of appreciation from the researchers. As one patient put
it: ‘I especially like the fact that […] there is someone who
takes the time to seriously deal with what you experienced’.

Conclusions
This study discusses the technology acceptance of seven
medical devices for home use using a qualitative approach.
Participants stressed the importance of low effort and
minimal disruption to their lives, as well as good support
from a study team in case of insecurities or problems with
a device. Regarding their motivation for participation,
users mainly cited altruistic reasons. Still, many expressed
the wish to receive feedback on their data. For some
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participants, the visibility of a device can be a critical factor,
while we did not find a lot of concerns regarding data
privacy. These findings can be useful not only in our selec-
tion process but also for other medical research projects
planning to administer devices for home use.
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Appendix

Supplementary information on devices

Axivity AX6

– Manufacturer: Axivity Ltd
– Model: AX6
– Six-axis movement sensor
– Accelerometer and gyroscope
– Weight: 11g
– Can be fitted in a wristband

MoveMonitor

– Manufacturer: McRoberts
– Model: MoveMonitor
– Sensing unit for activity and sleep tracking
– Weight: 55g
– Can be integrated in a belt to be worn at the lower back

Sensor Dots

– Manufacturer: Byteflies
– Model: 1.X.X
• Consists of six sensor dots (two for each sensing unit),

one docking station, three sensor patches and electrodes
for EEG and EKG

– Sensing unit for EEG (one dot), EKG (one dot) and
motion data (accelerometer and gyroscope, one dot)

– Weight: 6.3 g per sensor dot

Vital Patch

– Manufacturer: MediBioSense Ltd
– Model: VitalPatch
– Sensing unit for ECG, accelerometer and thermistor
– Weight: 11g
– Water resistant
– Skin friendly adhesive
– Comes with an app

Dreem Headband

– Manufacturer: Dreem
– Model: Dreem 2
– Sensors: EEG, accelerometer, sonometer
– Weight: 130g
– Three size adjusters (three sizes available), head

perimeter: 530 mm–610mm
– Comes with an app compatible with Android and iOS

Graeber et al. 13
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Bed Sensor

– Manufacturer: eLive ecosystem
– Model: eLive.wellbeing
– Sensing unit for heart rate, respiratory rate and motion
activity

– 580 mm× 380–620 mm× 1–14mm

ZKOne

– Manufacturer: Zhongke Intelihealth Technology
(Shenzhen) Co., Ltd

– Model: Yoli Sleep Monitor 2.0
– Non-contact sensing unit for vital sign data such as heart
rate, analysis of sleep phases and body movement
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