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Abstract

Background: Challenging Behaviour (CB) occurs in up to 80% of nursing home residents 
with dementia. Identifying stressors causing CB is difficult (as residents themselves cannot 
indicate what is experienced as stressful), thereby hampering the psychosocial approach. 
Nowadays, stress-related biomedical variables, such as (aberrant) physical activity, skin 
temperature, heart activity, and skin conductance, can be measured continuously and 
relatively easily using wearable sensors. Next to validation of algorithms (i.e. the relation-
ship between wearable data and CB), it is of utmost importance to consider the different 
values, attitudes, and needs of all stakeholders involved to successfully develop, apply and 
implement this technology.
Objective: To identify the values, needs, and attitudes of multiple stakeholders regarding 
wearables in the care of people with dementia and CB.
Method: A qualitative study was conducted, in which a real-life context was created in 
a Dutch nursing home. Two residents with CB wore the Empatica E4 wristband for three 
half-days. Multiple stakeholders (i.e., eight involved nurses and eight informal caregivers) 
were interviewed. Subsequently, results were used for designing two focus groups. The 
first focus group included formal (n=6) and informal (n=6) caregivers. The second focus 
group consisted of community-dwelling people with dementia (n=7) and their informal 
caregivers (n=5) and case managers (n=2).
Results: Stakeholders accepted the wearable as a supportive technology in the care of 
people with dementia and CB. Expected value, user comfort, need for information, and 
design (including customizability and stigmatization) were important themes. During the 
focus groups, explicit recommendations were given by the participants with respect to the 
wearables’ design.
Conclusion: In order to enhance the adoption of wearable sensors in CB and dementia 
on an individual level, information about the technology and the design of the wearable 
deserves more explicit attention in clinical practice and future research.

Keywords: Challenging behaviour, dementia, wearables, biomedical variables, technology 
adoption

O r i g i n a l  R e s e a r c h

IntroductIon
In people living with dementia, challenging be-
haviour (CB; also referred to as Behavioural and 
Psychological Symptoms of Dementia (BPSD), 
distressed behaviour or neuropsychiatric symp-
toms), such as anxiety, agitation, depression, dis-
inhibition, and a variety of behaviours perceived 
as problematic, pose a major problem. CB occurs 
in up to 80% of residents with dementia, and 
is the primary reason for institutionalization of 
persons living with dementia in a nursing home 
(Zuidema, Derksen, Verhey, & Koopmans, 2007). 
Health care costs are positively correlated to the 
degree of CB, independent of confounders such 
as cognitive impairment and comorbid conditions 

(Murman et al., 2002). Furthermore, CB has a ma-
jor impact on quality of life of residents, as well as 
on fellow residents, family and both formal and 
informal caregivers (Hazelhof, Schoonhoven, van 
Gaal, Koopmans, & Gerritsen, 2016; Kales, Gitlin, 
& Lyketsos, 2015; Mukherjee et al., 2017; Schmidt, 
Dichter, Palm, & Hasselhorn, 2012). In health 
care professionals this results, among others, in 
high perceived stress levels and burnout (Costello, 
Walsh, Cooper, & Livingston, 2019).

In clinical practice, psychotropic medication 
plays a major role in the treatment of CB (Selbæk, 
Kirkevold, & Engedal, 2008). However, this 
course of treatment induces serious side effects 
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(especially in older people with comorbidities) 
and often it is not sufficiently effective (Andrade 
& Radhakrishnan, 2009; Kales et al., 2015; van Ier-
sel, Zuidema, Koopmans, Verhey, & Olde Rikkert, 
2005). A psychosocial approach (i.e., non-phar-
macological) to treat CB is considered the first-
choice course of therapy (Kales et al., 2015; Tible, 
Riese, Savaskan, & von Gunten, 2017). Crucial el-
ements in this approach (which can, for example, 
be found in the BSPD-DATE method, see (Tible 
et al., 2017)) are ‘Describe and measure’, ‘Ana-
lyse’, ‘Treat’ and ‘Evaluate’. Examples of ‘describe 
and measure’ are: which behaviour is shown and 
when does this behaviour occur exactly? Is there 
emotional dysregulation? Which triggers can be 
observed? Examples of questions raised in ‘ana-
lyse’ are: can the CB be explained? Are there 
comorbidities? ‘Treat’ applies to, amongst others, 
work on modifiable factors and the application 
of non-pharmacological interventions. Finally, 

‘evaluate’ entails aspects such as feasibility and 
effectiveness of the approach.

Although the causes of CB are multifactorial, per-
sonal, and contextual (Kales et al., 2015; Tible 
et al., 2017), stress is often mentioned as a key 
factor. The Progressively Lowered Stress Thresh-
old (PLST) model (Smith, Gerdner, Hall, & Buck-
walter, 2004) explains the relationship between 
stress and CB as a consequence of reduced 
(cognitive and functional) ability to deal with en-
vironmental demands in people with dementia. 
Simultaneously, the stress level these people can 
manage decreases. When the experienced stim-
uli exceed the individual’s stress threshold, CB 
can occur. Furthermore, in people with demen-
tia the ability to communicate and express needs 
or feelings is often impaired over time (Banovic, 
Zunic, & Sinanovic, 2018). This affects the abil-
ity of formal and informal caregivers to identify 
stressors causing CB and, consequently, the psy-
chosocial approach to treat CB.

Insight into the emotional states (including stress) 
of a person, is of utmost importance when as-
sessing and managing CB (Kales et al., 2015; 
Tible et al., 2017). This insight can be obtained 
in several (complementary) ways, for example by 
analysing one’s facial expression, voice, gestures, 
and body posture (Grabowski et al., 2019). Ad-
ditionally, as it is well-known that the autonomic 
nervous system reacts to stress, real-time meas-
urement of biomedical variables, such as skin 
temperature, heart rate variability, blood volume 
pulse, and skin conductance by means of wear-
able can provide insight into a person’s emotion-
al state (Grabowski et al., 2019). For example, it 
has been shown that, by using different kinds of 
sensors, agitation and aggression could be de-
tected in people with dementia (Khan, Ye, Taati, 
& Mihailidis, 2018). This might lead to a more 

optimized living environment, personalized in-
terventions, and/or prevention of CB, which ulti-
mately contribute to the quality of life of people 
living with dementia, including their formal and 
informal caregivers.

When choosing technologies to assist in obtain-
ing insight into the emotional state of a person, 
several issues need to be considered. The tech-
nology’s measurements and algorithms used to 
process the data need to be validated. When 
used in Europe, technologies should have a le-
gal Conformité Européenne (CE) mark (Symbol 
placed on the product by the manufacturer, cer-
tifying that it complies with the requirements of 
the applicable directives of the European Union 
(European Commission, 1993).). Furthermore, 
the General Data Protection Regulation (GDPR. 
See https://gdpr-info.eu/. The GDPR is legislation 
that describes the conditions for the collection 
of personal data (including patient and research 
data, see (McCall, 2018)) and how they should 
be processed.), which is enforced since May 
2019 in the European Union, needs to be consid-
ered. Informed consent regarding collection and 
processing of personal data, including purpose 
limitation (i.e., specified, explicit, and legitimate 
purposes), data minimisation (i.e., limited to 
what is necessary), storage constraints (i.e., no 
longer than necessary), accuracy, right to access, 
and the right to be forgotten (ie., right to erase) 
are some key principles of the GDPR. Further-
more, in persons showing CB, it is important that 
the technology is minimally intrusive, i.e. places 
no constraints on activities and does not require 
active compliance. All in all, selecting suitable 
technologies to assist in obtaining insight into the 
emotional state of a person with CB, is a com-
plex undertaking for clinicians and researchers.

At the moment, various wearable sensors are 
commercially available to measure biomedical 
variables (for recent overviews see (Peake, Kerr, & 
Sullivan, 2018; Saganowski et al., 2020)). Howev-
er, the applicability, in terms of user acceptance 
and implementation in the care setting, of such 
wearables in the context of CB and dementia is 
currently not known. When applying and imple-
menting new technology, such as wearables, in 
health care, it is of utmost importance to con-
sider the different values, attitudes, and needs of 
all stakeholders involved. Many promising tech-
nologies are not adopted in health care (Green-
halgh et al., 2017). One of the major obstacles is 
the lack of acceptance of stakeholders, such as 
the client, but also (in)formal caregivers (Brew-
ster, Mountain, Wessels, Kelly, & Hawley, 2014; 
van der Zijpp, Wouters, & Sturm, 2018). Previous 
studies indicate that wearables could be used in 
the care of people with CB and dementia (Kikhia 
et al., 2015; Melander, Kikhia, Olsson, Walivaara, 
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& Savenstedt, 2018; Melander, Martinsson, & 
Gustafsson, 2017), as the wearable’s output has 
shown to be correlated with (types of) CB and 
assistant nurses perceive the objective data as 
support of their observations. Further research is 
needed as it is currently unknown how the in-
formal caregivers or (proxies of the) people with 
dementia perceive this supportive technology to 
facilitate a psychosocial approach to prevent or 
reduce CB. Moreover, it is unknown what the 
needs and attitudes of the stakeholders are re-
garding the design and use of this sensor technol-
ogy. These insights can be used in refining the de-
sign of wearables in health care, to increase the 
actual adoption of this technology in health care.

MaterIals and Methods
Two studies were conducted: in the first study, a 
real-life situation was created in which two per-
sons with CB and dementia in a Dutch nursing 
home wore a wearable. Involved stakeholders 
were interviewed regarding their values, needs, 
and attitudes. In the second study, focus groups 
with (in)formal caregivers and community-dwell-
ing people with dementia were created in order 
to identify needs regarding the hardware design 
of a wearable.

Real-life situation and interviews
Participants
Researchers recruited participants by sending an 
e-mail to the nursing staff and displaying a re-
cruitment poster in the nursing home. Interested 
participants could contact the researcher direct-
ly. Eight informal caregivers (two of them legally 
representing the two included residents, five of 
them related to other residents of the participat-
ing nursing home, and one of them not related), 
and 8 nurses of the nursing home were inter-
viewed. In order to identify their values, needs, 
and attitudes regarding the wearable sensor, a 
real-life experience was obtained before the in-
terview. To this end, the nursing staff selected 
two female residents of a Dutch nursing home 
(78 and 86 years old, referred to as residents A 
and B, respectively) as being residents with CB, 
eligible for wearing the sensor.

Method
In order to create a real-life situation for the in-
depth interviews, two selected female residents 
wore the Empatica E4 (Figure 1) three to four 
hours a day for three days, leading to a total of six 
observation sessions. The Empatica E4 is a medi-
cal grade wearable device with a CE mark, worn 
on the wrist, which provides access to all raw sig-
nals that are technologically validated (van Lier et 
al., 2020). All the sensors are combined in one de-
vice. Peripheral skin temperature and electroder-
mal activity are sampled at rates of 4 Hz. Move-
ments are measured by a 3-axis accelerometer 
with a sampling rate of 32 Hz. Finally, heart rate 
and blood pulse volume (BPV) are measured by 
using photoplethysmography (PPG) at a sampling 
rate of 64 Hz. It can be used offline (downloading 
the data after recording) or online (streaming the 
data via Bluetooth to a device such as a smart-
phone during the recording) mode. In both of-
fline and online recording, data are streamed to 
the Empatica server where they are stored. When 
using the Empatica, a user automatically ‘opts in’ 
for the storage of data on Empatica’s server. Once 
the data is stored, a user can opt-out by send-
ing Empatica an e-mail, requesting to delete the 
personal data (conform to the GDPRs’ “right to 
be forgotten”). To simulate a real-life situation as 
closely as possible, the Empatica was turned on 
(and all data was recorded). As the quantitative 
measurements themselves were not part of this 
study, this data was not analysed.

A nurse put on and took off the wearable. To 
ensure data collection, the offline recording 
was chosen. This way, the resident was not re-
stricted in her movements and space (i.e., she 
could move around freely). After each observa-
tion, the researcher connected the Empatica to a 
computer, and the (de-identified) measurements 
were downloaded of Empatica’s server in Mi-
crosoft Excel files. These measurements include 
skin temperature, skin conductance, movement, 
heart rate, and blood volume pulse (BVP).

Nurses and informal caregivers were interviewed 
regarding their opinions about the use of this tech-
nology. Before conducting the interview, the po-
tential value of using a wearable was explained 
to the (in)formal caregiver. It was explained that 
monitoring stress-related parameters by using a 
wearable could potentially help in caring for peo-
ple with CB in the future, but that it is currently un-
known if and to what extent CB can be prevented 
or reduced by using wearables in the daily prac-
tice of a nursing home. They were asked about 
whether they would use the wearable on future 
occasions, and their potential worries regarding 
the use of this technology. Interviews were con-
ducted individually, lasted approximately 30-45 
minutes, and were recorded by using a voice 

Figure 1. The Empatica E4 wristband.
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recorder. See supplementary materials for the in-
terview guide of these semi-structured interviews.

Analysis
Interviews of nurses and informal caregivers 
were transcribed verbatim. Personal names were 
not transcribed (i.e. a code was used), and after 
transcription, the audio recording was deleted. A 
summary of each transcript was sent to the par-
ticipant, so the researcher’s interpretation could 
be checked (member check). Subsequently, 
transcripts were analysed according to the prin-
ciples of qualitative content research (Moser & 
Korstjens, 2018). An iterative process was used, 
in which data collection (i.e., interviewing) and 
analysis (coding) are performed in parallel. In-
sights from the one interview are taken into ac-
count for the next interview until saturation oc-
curs (i.e., no new insights are gathered). Textual 
fragments were extracted (initial coding) and cat-
egorized. Based upon these categories, themes 
were formulated. During the whole process, at 
least two researchers were involved to ensure 
the trustworthiness of the transcript’s interpreta-
tion (peer-review principle).

Focus groups
Participants
Participants of focus groups did not participate 
in the previous interview study. The first focus 
group was held at a different but similar depart-
ment of the same Dutch nursing home as study 1. 
The researcher recruited participants by sending 
the nursing staff and the clients’ legal representa-
tives an e-mail. The research population consist-
ed of 6 formal (1 family coach, 1 psychologist, 
2 nurses, 1 member of the client council, and 1 

medical specialist geriatric medicine) and 6 in-
formal caregivers of residents. The second focus 
group was held at a regular focus group meeting 
of the platform ‘Innovate Dementia 2.0’ (van den 
Kieboom, Bongers, Mark, & Snaphaan, 2019) 
and consisted of community-dwelling people 
with dementia (n=7), their informal caregivers 
(n=5) and 2 case managers.

Method
During both focus groups, one researcher acted 
as moderator, asking open-ended and follow-up 
questions. Another researcher acted as observer, 
making notes of non-verbal communication.

The first focus group lasted 2.5 hours. During 
this focus group, the Empatica E4 (Figure 1) was 
used to measure stress-related parameters in 
a volunteering participant, who was subject-
ed to the city scrappers heights virtual reality 
game ‘Richies Plank Experience’ (Link: https://
store.steampowered.com/app/517160/Richies_
Plank_Experience/) (using a standalone Oculus 
Quest VR headset). This game, developed by 
the Toast from Steam platform, is known to af-
fect psychological and physiological responses 
(Ramdhani, Akpewila, Faizah, & Resibisma, 
2019). This experience was used to show the 
members of the focus group how stress-related 
parameters using the Empatica E4 can be meas-
ured and visualised, and to start the discussion. 
Subsequently, the focus group discussed which 
design properties a wearable should have in 
order to be adopted in clinical practice. Next 
to the Empatica E4, three currently available 
methods of measuring stress-related parameters 
were shown as examples to the participants: A 

Figure 2. Wearable sensors were shown to participants of the focus groups. A chest belt (A), patch (B) 
(reprinted from “MAX-ECGMONITOR,” by Maxim integrated, 2021. (https://www.maximintegrated.
com/en/products/interface/sensor-interface/MAX-ECGMONITOR.html). In the public domain) and 
sensor sock (C; Reprinted from “The effects of a bioresponse system on the joint attention behaviour of 
adults with visual and severe or profound intellectual disabilities and their affective mutuality with their 
caregivers” by K. Frederiks, P. Sterkenburg, E. Barakova, & L. Feijs. 2019. Journal of Applied Research in 
Intellectual Disabilities, 32(4), p4. Copyright 2019 by John Wiley & Sons, Inc. Reprinted with permission.
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chest band and patch (Figure 2A and B, able 
to measure ECG (Maxim Intergrated, 2021)) and 
a sensor sock (Figure 2C, able to measure skin 
conductance (Frederiks, Sterkenburg, Barakova, 
& Feijs, 2019)). See supplementary materials for 
a detailed outline of the focus group.

The second focus group lasted one hour. During 
this focus group, multiple wearable sensors were 
shown (Figures 1 to 2), explained, and discussed. 
See supplementary materials for a detailed out-
line of the focus group.

Analysis
Focus groups were transcribed verbatim. Subse-
quently, transcripts were analysed according to 
the principles of qualitative content analysis (Mo-
ser & Korstjens, 2018). Textual fragments were 
extracted (initial coding) and categorized. Based 
upon these categories, themes were formulated. 
During the whole process, at least two research-
ers were involved to ensure the trustworthiness 
of the transcript’s interpretation (peer-review).

Ethical aspects
The local board of research and ethics (Fontys 
Commissie Ethiek van Onderzoek reviewed this 
study with the following reference “Wouters-
Graaf260520 FCEO”). All data were de-identified 
by the researchers and processed confidentially. 
All participants (in the case of the two residents 
the legal representatives) in this study gave their 
informed consent, after receiving verbal and 
written information. The two residents were, due 
to dementia, not able to provide their informed 

consent. Therefore, a for-
mal caregiver who knew 
the resident well (i.e., was 
involved in the resident’s 
daily care) carried out the 
‘putting on’ and ‘taking 
off’ of the wearable. This 
experienced caregiver 
was able to interpret the 
residents’ behaviour and 
able to estimate whether 
the resident showed be-
haviour that should be in-
terpreted as resistance or 
discomfort indicative of 
not giving consent. Both 
residents in our study did 
not show signs which 
could be interpreted as 
‘not giving consent’.

results
Observations of resi-
dents and wearable data
The wearable was able 
to successfully measure 

stress-related parameters in both residents with 
virtually no missing values without a known cause. 
During one session, one of the residents switched 
off the wearables herself. Since the offline record-
ing mode was chosen (see introduction), this was 
not immediately noticed, leading to 20 minutes of 
missing data. As the wearable has to be tightened 
around the wrist, one of the two residents showed 
a brief moment of discomfort while the wearable 
was put on. Once the wearable was on the wrist, 
no signs of discomfort related to the wearable 
were observed. Also, during the taking off of the 
wearable, no signs of discomfort were shown.

Informal carers and nursing staff (interviews)
Generally, informal caregivers and nurses ac-
cepted the use of the wearable as a supportive 
technology in the care of people with CB and 
dementia. The explicit intention and benefits of 
the use, user comfort, privacy and data handling, 
understanding the technology and design were 
important considerations. In total four themes 
emerged: ‘Expected value,’ ‘need for informa-
tion’ and two more hardware-related themes 

‘user comfort,’ and ‘sensor design’. See Table 1 
for a summary of all identified themes.

Expected value
Both the informal caregivers and nursing staff did 
not consider the wearable as an ‘all-round tech-
nology to be used on anyone’. Rather, the use of 
the wearable should have explicit goals for a spe-
cific resident. The nursing staff indicated that they 
did not want to spend valuable care-time if the 
foreseen benefit of the wearable for the specific 
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resident was not evident to them. Likewise, also 
informal caregivers found it important to know 
the potential individual benefits, before deciding 
whether to bother the resident with the wearable, 
as they anticipated some level of resistance to 
wearing the wristband by the residents.

Nurse: “…Naturally, that takes a lot more time [to 
use this technology]. And that is a pity regarding 
the care of people, because I’m like old-fashion 
hands-on-bed [‘hands-on-bed’ is a Dutch expres-
sion, meaning that the caregiver’s actions should 
be aimed at practical patient care.]. And not on 
the computer. But if we profit in the sense that 
we can decrease the medicine use than I think 
it’s fine. Then I’ll go for it.”

Informal caregiver (husband of a resident): “Yes 
if it is necessary and useful, I’m a proponent to 
use it in dementia. But to wear something just 
like that… no.”

Need for information
Both informal caregivers and the nursing staff were 
not concerned about privacy issues regarding the 
wearable, as they consider biomedical variables as 
de-individualized values. The participants trusted 
the researchers and nursing home regarding good 
data handling, as they felt well-informed.

Nurse: “What it measures, is heart rate and tem-
perature and those things you [referring to the 
interviewer] mentioned earlier … yes these will 
be measured and saved, of course. But in prin-
ciple, you can process these things anonymously, 
without a name. Then there is still a lot of privacy. 
Little violation of privacy.”

Informal caregiver (daughter of a resident): “…
look, you ask us for permission and providing 
us with letters. I assume that you know that you 
have to process the data confidentially, or at 
least handle the personal data confidentially…”

To be able to accept and/or work with the wear-
able, stakeholders indicated they want to receive 
written information about the technology and 
are willing to follow a workshop.

Nurse: ”… I would like information about how 
we can use it. So that it is used properly.”
User comfort
Additionally, in order not to spend more time 
than necessary, they also indicated that they 
want the technology to be reliable (i.e., no mal-
function) and easy to use. If residents would 
show discomfort related to the wearable, the 
wearable would not be used. The degree of dis-
comfort experienced differs between residents 
according to the nurses.

Nurse: “... Yes if the resident is not bothered by it 
then I think it is fine to use. As soon as they are 
bothered or hindered by it, it would be a differ-
ent story I think.”

Nurse: “…just like Mrs. A, I think it doesn't both-
er her at all. I don't feel that it is annoying […] 
putting it on was challenging […] taking it off was 
very easy. I think e.g. Mrs. A was fiddling with it 
[…] that really differs per resident, I think.”

Sensor design
Stakeholder thought the size of the Empatica E4 
was too big, worrying them that it might draw 
too much attention (and accompanied resist-
ance). The design of the wearable was indicated 
as being not appropriate for people with de-
mentia. The wristband is worn like a watch, but 
not recognizable as a ‘classic watch’. It has to 
be tightened around the wrist, which is uncom-
fortable for people with vulnerable skin. Finally, 
the power button is on the outside of the watch, 
within reach of the person wearing it. For the 
nursing staff, it was not always clear whether the 
wearable was measuring properly. It was sug-
gested that the wearable could be personalized 
(e.g., in the resident’s favourite colour, or favour-
ite type of jewellery).

Informal caregiver: “Well, I hope that they do 
not delete all the data that is on the device…. 
[laughs] Nothing is more fun than fiddling with 
the buttons.”
Nurse: “Tightening the wearable she [referring to 
the resident] found uncomfortable. She showed 
that, because I think she said ‘ouch’ or some-
thing like that, when I had to push. So that was 
clear. It was not comfortable, because it has to 
be pretty tight.”

Informal carers, nursing staff, and community-
dwelling people with dementia (focus groups)
As the hardware design was an important theme 
during the interviews, the two focus groups dis-
cussed this aspect of wearable sensors in depth. 
Generally, informal caregivers, nurses, and com-
munity-dwelling people with dementia accept-
ed the use of wearable sensors as a supportive 
technology in the care of people with dementia, 
as long as the foreseen benefits are evident (ex-
pected value). Regarding the sensor design, three 
themes emerged: ‘user comfort,’ ‘customizabil-
ity’ and ‘stigmatization’. See Table 1 for a sum-
mary of identified themes. 

Expected value
Participants explicitly indicated that it was im-
portant to consider the practical consequence 
of measurement (i.e., required follow-up action). 
Furthermore, measurements of a wearable sen-
sor were considered to be useful for (in)formal 
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caregivers, but not so much for people with de-
mentia themselves.

Participant: “well I know when I'm stressed. I 
don't really need this for that”

Participant: “I would like to distinguish between 
the momentary reaction to a thing, so see ‘oh 
what should I do then’, and for later analysis that it 
is recorded somewhere, and what has that behav-
ior been like and what do you do. The latter seems 
to me meaningful…. Very useful. But not for the 
patient himself, but for people who analyze.”

One participant was concerned regarding possi-
ble false positives: “…And what about false alarms, 
if you walk outside on a hot day, it will also indi-
cate [referring to stress detection based upon skin 
conduction], but then nothing is wrong.”

User comfort
Participants empathized that a wearable sensor 
should fit comfortably and should not be experi-
enced as an additional stimulus. Ideally, a sensor 
should be placed out of sight or, when this is not 
possible, have another function such as a classic 
watch. Furthermore, water resistance and small 
sizes where indicated as valuable properties. 
The Empatica E4 was experienced as too big, too 
tight, not recognizable and therefore uncomfort-
able. Participants worried that wearing this de-
vice would actually trigger stress in people with 
dementia. It was suggested that a dummy-weara-
ble could be worn by the person with dementia, 
so the person was used to the wearable during 
the actual measurements.

Participant: “Perhaps people can wear a non-
working wearable beforehand to get used to it. 
Because otherwise you already have stress from 
that wearable alone and that is not the intention.”

Participant: “If the wristband [referring to the Em-
patica E4] has to be as tight as I am wearing it now, 
I can imagine that it induces stress. It irritates!”

Customizability
No participant could think of a design of a wear-
able sensor that would be suitable for all people 
with dementia. Small and flat wearable sensors 
in clothing were mentioned as a good option for 
people who do not take of their clothing dur-
ing the day. As a general design, a patch (like a 
band aid, see Figure 2B) was estimated as most 
promising. In their opinion, however, a wearable 
should be modifiable for a person (like jewellery), 
or a person should be able to choose between 
different wearables.

Participant: “… But we [referring to a nursing 
home] also had a band-aid because some of them 

[referring to residents with dementia] have those 
fentanyl patches too. We stick it on the back, they 
won't get it off, but some will get it off anyway. So, 
yes, it really differs from person to person.”

Stigmatization
Participants were worried about stigmatization. 
For example, they found that the sensor sock 
(Figure 2C) was too stigmatizing, especially if the 
sensor would be partly insight.

Participant: “… It [referring to the sensor sock] 
looks like a house arrest ankle bracelet…” Other 
participant replies “…I would not dare to wear 
this in a supermarket. I think that a big part of the 
community would think I am under house arrest”

dIscussIon
The current study shows that multiple stakehold-
ers generally accept the use of the wearable as an 
assistive technology in the care of people with 
CB and dementia in a Dutch nursing home. Ex-
pected value, user comfort, provided information 
and the hardware design (including customizabil-
ity and stigmatization) were important themes 
when identifying needs, attitudes, and values. 
This is in line with earlier studies, which show that 
nursing staff experiences this type of technology 
(i.e., sensors measuring stress-related biomedical 
variables) as helpful, contributing to more insight 
into the residents’ needs (Kikhia et al., 2015; Me-
lander et al., 2018). In the current study, however, 
signs of compliance issues were observed, as 
at one out of six sessions one client showed a 
brief moment of discomfort while putting on the 
wearable, and switched off the wearable during 
the observation. Additionally, the design of the 
wearable used in the real-life context (Empatica 
E4, Figure 1), was experienced as suboptimal by 
nurses and legal representatives of the residents. 
Therefore, to successfully implement this technol-
ogy in clinical practice, a wearable should be 
designed that is experienced as appropriate for 
people with dementia by multiple stakeholders. 
To this end, a more customizable wearable sen-
sor system should be developed, considering the 
perspectives of multiple stakeholders (e.g., using 
a user-centered design approach). This would be 
an important step for successful implementation 
of the use of stress-related biomedical variables 
in the care of people with CB.

All stakeholders (i.e., nurses, informal caregiv-
ers, and people with dementia) indicated that for 
them the foreseen benefits of using this technolo-
gy for the individual wearer are of utmost impor-
tance, along with user comfort. It is known that 
perceived usefulness and ease of use have a ma-
jor impact on technology acceptance in general, 
as described by the Unified Theory of Accept-
ance and Use of Technology (UTAUT (Venkatesh, 
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Morris, Davis, & Davis, 2003)). This importance 
of perceived usefulness has also been shown 
in dementia care specifically (de Veer, Fleuren, 
Bekkema, & Francke, 2011; Kramer et al., 2015), 
as is the ease of use. Nurses also indicated the 
importance of their involvement in the introduc-
tion of the technology and to understand how 
the use of a wearable interferes with their nurs-
ing practice, as well as the need for information 
on technical aspects. This is in line with the con-
structs ‘coherence’ (making sense of and attribut-
ing value to a new manner of working), ‘cogni-
tive participation’ (which involves understanding 
changes in work processes and openness to the 
(new) practice, and ‘collective action’ (which 
is about actual confidence in being capable of 
doing it together with colleagues) of Normalisa-
tion Process Theory (NPT), which explains what 
it takes to normalise innovations into usual care 
(May et al., 2018). Finally, regarding the hard-
ware design, stakeholders indicate that a weara-
ble sensor should be customized to the personal 
preferences of the wearer (practically, but also 
aesthetically), and should not be experienced as 
stigmatizing. Aesthetic and stigmatizing factors 
were also identified as important factors during  
adoption of assistive health care tools in other 
studies (e.g. (Bailey et al., 2019; Renda, Jackson, 
Kuys, & Whitfield, 2016).

During the real-life situation of this study, we 
choose to use the ‘offline recording mode’ of the 
Empatica E4. This mode is of limited use in real-
life scenarios. Only an online mode would al-
low for instant feedback about the stress-related 
parameters, indicating whether a resident might 
be stressed. Caregivers could consequently (re)
act appropriately. However, we did not find 
a wearable sensor that had an interface allow-
ing near real-time usage of its signals and that 
is available for clinical practice - i.e., commer-
cially available and having the legally obligatory 
(medical) certification to use in a Dutch Nursing 
home - and suitable for people with CB (i.e., not 
intrusive). For example, the Empatica E4 (com-
mercially available, has the necessary certifica-
tion, and is minimally intrusive) has an online 

mode (via Bluetooth) with 
a user interface (Android or 
iOS) displaying stress-related 
parameters. However, their 
current software does not 
have an algorithm that allows 
for instant visualizations and 
conclusions regarding stress. 
The stress-related parameters, 
such as skin conductance 
and heart rate, are displayed 
as absolute values. However, 
it does not distinguish be-
tween tonic or phasic skin 

conductance, and it does not show heart rate 
variability (HRV), all crucial parameters (which 
often even need to be combined) when draw-
ing valid conclusions about the stress level (Lai 
Kwan et al., 2019; Nath, Thapliyal, Caban-Holt, 
& Mohanty, 2020). Regarding skin conductance, 
it is important to differentiate between the total 
signal (often called skin conductance) and differ-
ent components of this signal: tonic and phasic 
(Figure 3). The tonic component (often called 
the Skin Conductance Level) represents a slowly 
changing baseline level of skin conductance. 
The phasic component (often called the Skin 
Conductance Response) is superimposed on 
the tonic component, is rapidly changing, and 
reflects a response or reaction (e.g. in reaction 
to environmental events). Changes in these com-
ponents of skin conductance are well accepted 
as changes in stress level (Boucsein, 2012). Cur-
rently, these parameters (HRV and the tonic and 
phasic component of skin conductance) need to 
be inferred offline, with additional analyses.

Another important limitation is that when the 
Bluetooth connection is lost, the Empatica is 
switched off completely (i.e., it will not switch 
automatically to offline recording mode). For the 
residents with CB, the online recording mode is 
too intrusive, as this means that their movement 
is restricted, a caregiver with the Bluetooth con-
nection has to follow them around, or they have 
to wear a phone on themselves (which is not 
possible in the vast majority of the clients with 
CB). In conclusion, the wearable sensors that are 
available for (Dutch) clinical practices are cur-
rently not allowing a mode for real-time stress 
detection feasibly. Therefore, next to making the 
wearable’s hardware design suitable for people 
with dementia, developers should also aim for 
technology and software interfaces allowing for 
real-time stress detection feasible in care facili-
ties. The design of this user interface (UI) should 
be considering the perspectives of multiple 
stakeholders (e.g., using the user-centered de-
sign) to enhance the adoption of this technology.

Figure 3. The tonic and the phasic component of skin conductance. Re-
printed from “An investigation of vehicle interface operation comfort” 
by G.V. Georgiev, Y. Nagai, S. Noda, D.W. Junaidy & T. Taura. 2013. Pro-
ceedings of the 19th International Conference on Engineering Design 
(ICED13), 7, p3. CC-BY-NC.
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appendIx I: IntervIew guIde of the In depth IntervIews
The following interview guide was used while conducting the semi-structured interviews. Depending 
on the participant’s answer, questions could be rephrased or specific follow-up questions could be 
asked. The exact language use was adapted to the participant, in which also the nature of the relation-
ship with the resident was considered.
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appendIx II: the fIrst focus group (consIstIng of (In)forMal caregIvers of a nursIng hoMe)
The following schedule was used while conducting the first focus group. Depending on the partici-
pant’s answer, questions could be rephrased or specific follow-up questions could be asked. The exact 
language use was adapted to the participant, in which also the nature of the relationship with the 
resident was considered.
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appendIx III: the second focus group (consIstIng of (In)forMal caregIvers and coMMunIty-
dwellIng people wIth deMentIa)
The following schedule was used while conducting the second focus group. Depending on the par-
ticipant’s answer, questions could be rephrased or specific follow-up questions could be asked. The 
exact language use was adapted to the participant, in which also the nature of the relationship with 
the resident was considered.
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