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Abstract

Objective: People living with moderate to severe dementia (PLWD) are often unable to self-report pain. This matter is of
particular concern given that up to 80% experience chronic pain. Mistreated or untreated pain in PLWD is associated
with symptoms such as agitation and aggression, and unnecessary use of antipsychotic agents. Further, it can also engender
mental burden in formal caregivers. The PainChek® App, a regulatory cleared class I medical device, enables the assessment
and monitoring of pain in people who cannot verbalise it, such as those with moderate to severe dementia. To date there are
no data on the real-world use of the PainChek® App in Portugal. To address this gap, we report the protocol of a pilot study,
which combines usability evaluation and implementation research.

Methods: Usability evaluation of the PainChek® (Portuguese) App will be guided by the ISO framework, focused on
effectiveness, efficiency and user satisfaction. Implementation research will combine qualitative interviews to inform the
implementation process, a longitudinal study of formal caregivers’ psychological variables, implementation outcomes,
plus qualitative interviews to explore the ‘hows’ and ‘whys’ of implementation. The NASSS framework will be used as an
implementation framework, together with the COM-B model and the Theoretical Domains Framework.

Results: The usability and implementation studies have received ethics approval from the Egas Moniz Ethics Committee,
under numbers 1367 and 64/24, respectively.

Conclusion: This study is expected to inform the scale-up of the PainChek® (Portuguese) App in real-world settings and
establish a foundation for a larger effectiveness and implementation study.
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Introduction

Context: prevalence and burden of dementia

Dementia is a general term used to designate a range of pro-
gressive neurodegenerative conditions that affect memory,
other cognitive skills and behaviours. Alzheimer’s disease
is the most common type of dementia.1 According to the
World Health Organization,1 there are around 55 million
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people living with dementia globally. The number of new
cases is projected to increase to 153 million by 2050,
which represents more than a twofold increase in three
decades.2 Dementia is the seventh leading cause of death
and a leading cause of disability and dependence among
older people worldwide.1

Dementia is one of the diseases with the highest eco-
nomic burden, leading to significant costs for individuals,
families, governments and society. In 2019, the global eco-
nomic burden of dementia was estimated at USD 1.3 tril-
lion, equivalent to 0.76% of the aggregated global gross
domestic product in direct costs.3 By 2030, this figure is
expected to reach USD 2.8 trillion.2 This magnitude of
costs poses a threat to the social and economic development
globally and jeopardises the sustainability of health and
social services.2

The problem: Unrecognised pain in non-verbal
people with dementia

The gold standard for diagnosing and assessing pain is self-
report. However, people living with moderate to severe
dementia (PLWD) are often unable to explain or self-report
to others what is happening to them, due to impaired com-
munication and reasoning skills, rendering them vulnerable
to silent pain. This is particularly challenging given that up
to 80% of people with dementia suffer from chronic pain.4

The problem of unrecognised pain in non-verbal PLWD
is compounded by multifaceted barriers. For example, sys-
tematic reviews highlighted professionals’ knowledge and
training gaps, lack of proactive pain assessment, complexity
of pain assessment tools, lack of accessibility to pain assess-
ment guidelines and time constraints.5 Further, most pain
assessment tools used in dementia lack innovative features
to overcome these barriers and continue to depend solely on
the assessor’s judgement.6

Untreated pain is related to symptoms such as agitation
and aggression in PLWD, collectively known as behavioural
and psychological symptoms of dementia (BPSD).7,8 These
symptoms often lead to the inappropriate use of psychotropic
medications, such as atypical antipsychotic agents.7 These
increase the risk of cardiac and cerebrovascular events and
are also linked with increased risks of rapid cognitive
decline and mortality.9 The increased odds of mortality asso-
ciated with the off-label use of atypical antipsychotic agents
in this population has been confirmed by more recent
research.10,11

Although less explored than for informal caregivers,12

pain in PLWD also affects the psychological well-being
of formal caregivers at a personal and professional level.
A study using semi-structured interviews with Chinese
nursing assistants is one of the few references that specific-
ally addresses the mental burden experienced by formal
carers in managing pain in older adults with dementia.

This study suggested that exposure to residents with
dementia in pain leads to adverse emotional experiences,
including guilt, anxiety and emotional detachment, result-
ing in diminished enthusiasm for their work and ultimately
professional burnout.13

As dementia progresses, including the inability to com-
municate pain verbally, carers’ responsibilities increase,
engendering reduced self-esteem, anxiety, exhaustion,
depression, sleep problems and social isolation. This emo-
tional overload can, in turn, exacerbate symptoms such as
depression and loneliness, as shown by Peavy et al.14

Emotional exhaustion is a primary manifestation of
burnout among carers of PLWD, often aggravated by the
negative and demoralising reactions that carers have to
the illness. In the study by Shinan-Altman and colleagues,15

social workers and nurses in residential care facilities and
hospitals expressed negative reactions to dementia that
they believed contributed to emotional exhaustion. These
findings are consistent with other studies demonstrating
that higher levels of burnout in healthcare professionals
are associated with more pronounced stigmatising beliefs
and behaviours.16,17

The perception of stress is emerging as a significant
challenge for both formal and informal carers of people
with dementia.18 Poor mental health among health profes-
sionals who work in the long-term care institutions for
older adults not only affects their well-being but also com-
promises the quality of care they provide.19 Both dissatis-
faction and compassion fatigue, resulting from too many
tasks, contribute significantly to poor physical health of
family caregivers,20 these may be exacerbated in formal
carers of PLWD unable to verbally communicate their
pain.

Empathy is essential for personalising care and better
meeting patients’ needs, serving as a central feature of
person-centred practice, as highlighted by a systematic
review about empathy training for caregivers of older
people.21 The benefits of emotional intelligence extend to
improving communication with older adults with dementia
and reducing anxiety and depression.22 Emotional intelli-
gence and the effective use of skills associated with emo-
tional intelligence in nurses were shown to have a
positive effect on the reduction of perceived stress and
burnout.23

Despite the empirical evidence outlined above, further
studies are necessary to assess psychological traits among
formal carers of PLWD unable to communicate verbally.

Addressing the problem: A novel digital technology
to assess pain in non-verbal people with dementia

The PainChek® system is a software comprised of four
components (Figure 1) to assess and monitor pain in
people who cannot verbalise it, such as PLWD:
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• Mobile Application (App);
• PainChek® Portal;
• PainChek® Application Programming Interface (API);
• PainChek® database.

The PainChek® point-of-care App is a Class I regulatory-
cleared medical device for pain assessment and monitoring
in non-verbal adult populations, including individuals with
moderate to severe dementia, intellectual disabilities, trau-
matic brain injury and aphasia. It is approved for use in jur-
isdictions such as Australia, the United Kingdom, New
Zealand, Canada, Singapore and the European Economic
Area. The PainChek® App utilises automated facial detec-
tion and analysis technology to identify facial micro-
expressions (action units [AUs]), which are validated indi-
cators of the presence of pain (Face Domain). These data
are then combined with other non-facial pain indicators
inputted by the App user through a series of digital check-
lists for the remaining five domains (Voice, Movement,
Behaviour, Activity and Body). In total, the PainChek®

pain scale is composed of 42 items distributed across
these six domains.24 The App automatically computes a
numerical pain score and assigns an intensity: no pain
(0–6), mild pain, (7–11), moderate pain (12–15), or
severe pain (≥16).24

The incorporation of automated facial analysis into the
PainChek® based on the Facial Action Coding System is
designed to address the issue of observer bias. This can
arise, particularly amongst healthcare providers who
can get desensitised to facial expressions of pain.25and
the fact that pain assessment tools with anatomically
defined facial features have better psychometric proper-
ties than those using a vague facial descriptor. Further,
the Facial Action Coding System has been shown to be
a valid method of assessing pain.26 However, given
10%‒23% of people with significant pain display no
facial expressions,27,28 assessment of facial expressions
alone has its limitations. To address this the PainChek®

tool also includes non-facial pain indicators across five
domains. These include items from the American
Geriatric Society list of behaviours associated in pain in
people with cognitive impairment.29 The user is provided
with in-App definitions of each of these items to promote
consistency and reduce inter-rater variations. Lastly, a
binary rather than ordinal scoring system has been
adopted to reduce subjectivity. The automated summation
of scores and assignment of pain intensities diminishes
errors, whilst the multidimensional construct of the
PainChek® tool provides a granular profile of the
resident’s pain.

Figure 1. The PainChek® system. Reprinted with permission from PainChek Ltd.
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The PainChek® Portal, also known as the Web Admin
Portal, is a secure website that allows administrators to
manage patient data and activate new users. The portal is
currently cloud hosted on Amazon Webs Services using
the Amazon Elastic Compute Cloud (Amazon EC2).30

The digital capture of pain assessment results provides
evidence of pain assessment practices, whilst integration
in care management systems allows reduced data entry
time and real-time communication.

PainChek® has now been used in clinical practice in
Australia, New Zealand, Singapore, the United Kingdom
and Canada. Over 5 million pain assessments have been
conducted using the PainChek® system.31

Identified knowledge gaps

Recently, the PainChek® App and the App user guide have
been translated to European Portuguese, as part of an
on-going collaboration between PainChek Ltd and Egas
Moniz School of Health & Science. To ensure the accuracy
of the Portuguese version of the PainChek® App, a forward
and backward translation cycle was executed by a profes-
sional translation service commissioned by PainChek Ltd.
This process involved translating the App content from
English to Portuguese and then back to English. Any dis-
crepancies that arose between the original and back trans-
lated versions were discussed among team members
external to PainChek (CR, TA, BS and MPG), with a
focus on linguistic nuances in European Portuguese and
appropriateness for the national context. Based on these dis-
cussions, suggestions for modifications were made and sub-
sequently reviewed by the PainChek Ltd. The PainChek
(Portuguese) App was then developed. The interfaces
were checked by team members external to PainChek
(e.g., BS and IBF) to address potential usability issues.

The usability of the Portuguese version of the App has
not yet been evaluated. Further, the PainChek® system
has not yet been introduced in continental Europe. Its use
in routine practice is expected to reduce issues related to
unrecognised pain in PLWD, such as behavioural problems
and poor quality of life. In turn, this is expected to have a
positive impact on formal caregivers’ psychological vari-
ables, such as burnout, perceived stress and cognitive and
affective empathy.

Knowledge on the real-world use of the PainChek®

(Portuguese) App in Portugal and its potential associations
with caregivers’ psychological variables is essential for
guiding the adoption and scale-up of this technology.

Aim
The research question driving the study is ‘To what extent is
the implementation of the PainChek® (Portuguese) App
feasible and acceptable for assessing pain in non-verbal
PLWD in Portuguese residential care facilities and what

are the key factors influencing adoption and scale-up?’.
This research question was converted into the following
aim: to evaluate the pilot-scale implementation of the
PainChek® (Portuguese) app to assess pain in non-verbal
PLWD in residential care facilities. The aim was subse-
quently broken down into the following specific objectives
(SO):

• SO1: To evaluate the usability of the PainChek®

(Portuguese) App;
• SO2: To explore individual, organisational and system

factors influencing the implementation of PainChek®

(Portuguese) App in non-verbal PLWD in Portuguese
residential care facilities;

• SO3: To assess the adoption, feasibility, acceptability
and fidelity of the PainChek® (Portuguese) App in non-
verbal PLWD in residential care facilities in Portugal;

• SO4: To assess psychological factors of formal care-
givers involved in pain assessment using PainChek®

(Portuguese) App in residential care facilities in
Portugal;

• SO5: To explore formal caregivers’ perspectives on
using PainChek® (Portuguese) App in terms of accept-
ability and experienced barriers and facilitators in this
setting.

Methods
To address identified knowledge gaps, we will combine
usability evaluation and implementation research.

Usability evaluation of the European Portuguese version
of the PainChek® App will be guided by the ISO frame-
work.32 According to these standards, usability refers to a
product or service that can be used by specified users to
achieve specified goals with effectiveness, efficiency and
satisfaction in a specified context of use.32

The implementation component will resort to a quanti-
tative longitudinal study of formal carers’ psychological
variables, implementation outcomes and qualitative semi-
structured interviews. The Non-adoption, Abandonment,
Scale-up, Spread and Sustainability (NASSS) framework
will be used as an implementation framework,33 combined
with the COM-B34 model and the Theoretical Domains
Framework (TDF).35 Semi-structured interviews were
deemed appropriate as we are seeking to explore people’s
perceptions and opinions in a topic where there is potentially
a low level of awareness, as outlined by Kallio’s framework
for qualitative semi-structured interview guides.36

The overall study will be carried out in four sequential
stages, depicted in Figure 2.

Setting

Two to four residential care facilities will be purposively
sampled, utilising criteria such as contacts within the research
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team’s network and diversity in facility types.Wewill attempt
to include settings from private high-end establishments to
facilities operated by non-governmental organisations. The
number of study sites will be determined by their respective
sizes, which directly impact the staffing levels and the
number of formal caregivers available for recruitment.

The list of study sites will be made available in the Open
Science Framework (OSF) project repository.

Recruitment

Each selected facility will be contacted to present the study,
its objectives and timeline, clarify the expected roles and
discuss the potential benefits and requirements of their par-
ticipation. The commitment of residential care facilities,
hereafter referred to as study sites, will be formalised
through letters of acceptance, outlining their roles and
responsibilities within the project and benefits associated
with participation (e.g., training).

Onboarding of residential care facilities and recruitment of
formal caregivers will be made in liaison with a designated
contact person in each study site. Formal caregivers include
healthcare professionals (e.g., nurses, physicians, phy-
siotherapists, psychologists) and health assistants involved
in the care of non-verbal PLWD in this setting. The latter
are often the main caregivers and interact with residents the
most. Since residential care facilities are integrated into the
social system, it is uncommon to have an on-site physician.

Recruitment for Stages 1 to 4will occur separately, allowing
formal caregivers the flexibility to choose whether to participate
in each study stage. Formal caregivers interested in participat-
ing will be provided with the Information for Participants Sheet
and will have the opportunity to have all their questions
answered. Upon agreeing to participate, they will be asked to
provide written informed consent.

The consent form and all related documentation pro-
vided to participants will be available in the project OSF
repository (https://osf.io/u87rw/).

Ethical considerations

The study will be conducted following the ethical principles
outlined in the Declaration of Helsinki.37 The implementa-
tion study has received ethics approval from the Egas
Moniz Ethics Committee, under number 64/24. The usabil-
ity study was approved by the same institutional ethics
committee, under the internal number 1367.

The study protocol (v.1, 2024.08.10) may be subject to
modifications as the study progresses; an audit trail docu-
menting changes with corresponding dates will be main-
tained. Any protocol amendments will be reported to the
Egas Moniz Ethics Committee and detailed in subsequent
study reports.

Data management and privacy

Upon obtaining consent, each participant will be assigned a
unique identifier, a critical step in the process of
pseudo-anonymisation, which ensures privacy while allow-
ing for the integration of participants’ data. This unique
identifier will be the cornerstone for creating a central data-
base that collates all participants’ data.

Data will be securely stored in password-protected com-
puters. To reduce any risks of identification, a single
researcher will be responsible for assigning unique identi-
fiers to participants and holding the links between these
identifiers and the participants’ names.

Research stages

Stage 1: Pre-implementation study (T0). This stage of the
pilot study addresses SO2 and SO4; it will take place in
all study sites. It consists of qualitative data collection to
design the implementation in the study sites and a baseline
measurement of formal carers’ psychological variables.

Sampling and recruitment of participants. For the qualita-
tive interviews, we will purposively sample formal

Figure 2. Stages of the study.
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caregivers of PLWD in all study sites to ensure maximum
variability in respect to key characteristics (e.g., profes-
sional group). Eligibility criteria include being over 18
years old, ability to read, understand and write in the
Portuguese language and working with older non-verbal
PLWD. Furthermore, residential care facilities managers
will be invited to participate.

Drawing from a systematic review on empirical tests for
saturation,38 and given the heterogeneous nature of the
sample, we estimate conducting around 17 interviews
with formal caregivers. Sample size will be confirmed
during data collection and analysis, guided by thematic sat-
uration, following the approach suggested by Guest et al.39

Eligibility criteria to participate in the baseline measure-
ment of formal carers’ psychological variables mirror those
for the qualitative interviews. Sample size was not esti-
mated given the exploratory nature of the study.

Data collection. Kallio’s framework was chosen to guide
the development of the interview guides.36 This process
includes retrieving and using previous knowledge,5,40 creat-
ing a preliminary guide with main topics and pre-designed
follow-up questions in the form of prompts,41 conducting
pilot tests through expert evaluation and presenting the
final topic guide in the study report. One of the topic
guides will explore experiences and perspectives of formal
caregivers in assessing pain in non-verbal PLWD, as well
as barriers and facilitators to using the PainChek® App,
informed by the COM-B34 model and the TDF.35 This
topic guide will serve as the foundation for the data collection
instrument for residential care facility managers, which will
have a greater emphasis on organisational aspects.

An online questionnaire via QualtricsXM will be used to
measure a set of psychological variables (perceived stress,
burnout, compassion fatigue, empathy, emotional intelli-
gence), using the validated Portuguese versions of the fol-
lowing instruments: The Maslach Burnout Inventory
(MBI),42 The Perceived Stress Scale (PSS-10),43 the
Professional Quality of Life Scale-Compassion Satisfaction
and Compassion Fatigue (ProQOL);44 the Questionnaire of
Cognitive and Affective Empathy (QCAE)45 and the Wong
and Law Emotional Intelligence Scale (WLEIS).46

Data collection forms will be publicly accessible in the
project’s OSF repository (https://osf.io/u87rw/).

Remote or in-person interview sessions will be sched-
uled based on individual availability of participants. If
remote, interviews will be conducted through videoconfer-
encing facilities, such as Microsoft Teams or Zoom, and
recorded with consent. Following the collection of inter-
view data, participants will be asked to complete an
online questionnaire focusing on psychological variables.

Data management and analysis. Interview recordings
will be transcribed verbatim, anonymised for dates and
places and identified by the participant’s unique identifier

code. Pseudo-anonymous verbatim transcripts will be the-
matically analysed with the aid of the MAXQDA software,
resorting to the COM-B34 model and the TDF35 as analyt-
ical frameworks.

Analysis will be an iterative process starting from the
initial interview, conducted by two analysts from the
research team, at least one of whom with a proven track
record in qualitative data analysis. Firstly, thematic categor-
ies (i.e., codes) will be developed based on the topic guide
and explicitly defined. Upon repeatedly reading the tran-
scripts, new codes will be added based on data. These
codes will be continuously refined as more interviews are
conducted, employing constant comparison. This involves
comparing textual data across the dataset to establish
codes47 and scrutinising the analytical idea of each code
against the textual data indexed to it, to ensure that the inter-
pretations are solidly grounded in the data.48

Safeguards to ensure trustworthiness in data analysis
will include discussing the transcript of each interview
within the research team, ideally before collecting add-
itional data and independent coding of part of the dataset
by a third analyst from the research team with proven
track record in qualitative data analysis. Furthermore, an
audit trail,49 including contextual, methodological and ana-
lytical documentation, will be maintained to allow retro-
active assessment of the research conduct.

Descriptive analysis will be performed for socio-
demographic and psychological variables with the aid of
IBM SPSS Statistics, version 29.0.

Stage 2: Usability study. This stage, addressing SO1, will
take place in either a subset or all study sites, contingent
on achieving the anticipated sample size. As depicted in
Figure 2, the usability study is positioned within Stage 2
of the timeline and will proceed once baseline data collec-
tion is finished (Stage 1, T0) and the formal caregivers
have undergone their training for using the PainChek®

(Portuguese) App.
Regardless of their participation in Stage 1, all formal

caregivers in each study site will be invited to receive train-
ing on the PainChek® App (Box 1). Training of formal care-
givers will be online and self-paced, with the duration of
30‒45 min.

Box 1. PainChek® App training modules.

• Introduction to PainChek®;
• Getting started;
• The PainChek® assessment;
• Putting PainChek® into practice;
• Manual facial analysis;
• Review the participant’s learning.
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Sampling and recruitment of formal caregivers. We will
purposively sample formal caregivers of PLWD in recruited
study sites that are within geographical reach of team
members, as these data will be collected in-person. A
sample of 17 participants was estimated based on the fol-
lowing assumptions: completion rate for the population of
at least 70%, 1 failure, 95% confidence interval. A sample
of this magnitude is expected to discover 85% of the usabil-
ity problems, assuming the probability of problem occur-
rence is 0.1.50 Our experience suggests that a sample of
this magnitude also maximises variability in sociodemo-
graphic characteristics and yields rich suggestions and
insights.51

Formal caregivers will be eligible if they meet the fol-
lowing criteria: they can speak and read Portuguese, are
over 18 years old, have access to a smartphone, have
been working with non-verbal PLWD for longer than 3
months and have received training on the PainChek® App.

Data collection. Concurrent think-aloud will be used for
evaluating the effectiveness and efficiency dimensions of
usability of the PainChek® App,52,53 through success in
task completion and completion time. A written protocol
will be piloted on two individuals, who are not part of the
study participants, to ascertain the clarity and comprehensi-
bility of the procedure, gauge time for completion and intro-
duce improvements based on the feedback and data
gathered.

The satisfaction dimension of usability will be assessed
through an online questionnaire deployed in QualtricsXM,
comprising the Portuguese version of the Post-Study
System Usability Questionnaire (PSSUQ-PT)54 and an
open question for comments or suggestions. PSSUQ-PT
encompasses 19 questions, on system usefulness
(SYSUSE, Items 1‒8), information Quality (INFOQUAL,
Items 9‒15), interface quality (INTERQUAL, Items 16‒18)
and an overall question on satisfaction (Item 19). This instru-
ment uses a 7-point Likert scale, from strongly agree (1) to
strongly disagree (7) and provides participants with the
option to select ‘Not applicable’ (NA) when relevant.
Consequently, a lower score indicates a more favourable
evaluation. Reasons for choosing PSSUQ-PT include posses-
sing a significant correlation with widely recognised instru-
ments, such as the System Usability Scale (SUS), the
availability of a validated version in European Portuguese
and offering a more straightforward interpretation of scores
compared to the SUS.

Data collection forms will be publicly accessible in the
project’s OSF repository (https://osf.io/u87rw/).

Face-to-face sessions with participants will be scheduled
based on individual availability. Participants will be asked
to perform selected tasks in the App with a preselected
‘training resident’, using vignettes depicting a scenario
involving pain in a non-verbal PLWD. This will allow

participants to fully browse the PainChek® App and
access its features without involving real residents and
their personal and clinical data. Think aloud during task
performance will be video recorded.

At the end of the concurrent think aloud protocol, parti-
cipants will be invited to complete the online questionnaire
previously described.

Data management and analysis. Textual data from the
think-aloud protocol (recording and notes) plus open ques-
tions will be coded into unique usability problems or sug-
gestions within an excel spreadsheet and will be
represented in user by problem/suggestion matrices.

Data on effectiveness (tasks completion rate) and effi-
ciency (time to complete the tasks) will be computed
from the session recordings and stored in an excel file.

The coding of textual data and calculation of effective-
ness and efficiency metrics will undergo independent veri-
fication by a second analyst within the research team, with a
proven track record in usability evaluation. This verification
may involve either a subset or the entirety of the data, con-
tingent upon the agreement of initial findings.

Quantitative data (tasks completion rate, time to com-
plete the tasks and PSSUQ-PT scores) will be subjected
to descriptive statistical analysis with the aid of Statistical
Package for Social Sciences (IBM SPSS Statistics,
version 29.0).

Stage 3: Implementation. This component of the pilot study,
addressing SO3, will take place in all study sites. It consists
of quantitative data collection regarding the use of the
PainChek® App in study sites.

Sampling and recruitment of participants. Trained formal
caregivers will be invited to use the PainChek®

(Portuguese) App in their daily practice to assess pain in
non-verbal people living with moderate to severe dementia.

Data collection. Data for calculating the following imple-
mentation outcomes, based on Proctors’ taxonomy,55 will
be gathered over a period of up to 4 months:

• Adoption (i.e., intervention uptake): recruitment rate
(percentage of formal caregivers accepting to use the
PainChek® App); percentage of formal caregivers who
completed the initial training, percentage of formal care-
givers using PainChek® for pain assessment in non-
verbal PLWD;

• Feasibility (i.e., suitability for everyday use): total
number of PainChek® assessments in non-verbal
PLWD, online Feasibility of Intervention Measure;56

• Acceptability (i.e., satisfaction with the intervention):
online Acceptability of Intervention Measure;56

• Fidelity (i.e., intervention delivered as intended): per-
centage of formal carers using appropriate functions in
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the PainChek® App (e.g., pain assessments in rest and
post movement).

Data will be collected from a variety of sources, including
residential care facilities’ records by trained and authorised
staff and surveys (Feasibility of Intervention Measure and
Acceptability of Intervention Measure).

Data collection forms will be publicly accessible in the
project’s OSF repository (https://osf.io/u87rw/).

Data management and analysis. Administrative data
from care facilities records will be delivered for analysis
in a fully anonymised and aggregated format. The data
will then be cleaned to remove any inconsistencies.

Data will be subjected to descriptive statistical analysis
with the aid of IBM SPSS Statistics, version 29.0.

Stage 4: Post-implementation (T1). This component of the
pilot study, addressing SO4 and SO5, will take place in
all study sites. It consists of a T1 measurement of formal
carers’ psychological variables and a qualitative study, to
explore the ‘hows’ and ‘whys’ of implementation.

Sampling and recruitment of participants. Formal care-
givers of PLWD in all study sites will be purposively
sampled for the qualitive interviews, using the same eligi-
bility criteria as for T0, plus having completed a meaningful
number of PainChek® assessments during Stage
3. Residential care facilities managers will also be invited
to participate. Predictably managers and some formal care-
givers will be the same individuals previously interviewed
at T0.

As presented for the T0 qualitative interviews, we plan
to conduct approximately 17 interviews with formal care-
givers and adjust the final sample based on thematic satur-
ation during data collection and analysis.

Eligibility criteria for the T1 measurement of formal
caregivers’ psychological variables are the same as for the
qualitative interviews, with a key distinction: to enable
the assessment of trends over time only those who com-
pleted the questionnaire at T0 will be invited to participate.

Data collection. The same approach as described for T0
will be used to develop the semi-structured interview
guides for formal carers and residential care facility man-
agers. The former will explore experiences of formal care-
givers of using the PainChek® (Portuguese) App in
non-verbal PLWD, its acceptability, as well as barriers
and facilitators to its use; the latter will have a more organ-
isational focus.

Remote or in-person interviews will be scheduled based
on individual availability of participants. As for T0, inter-
views will be recorded with consent.

Following the collection of interview data, participants
will be asked to complete the same questionnaire described
in T0 through QualtricsXM.

Data collection forms will be publicly accessible in the
project’s OSF repository (https://osf.io/u87rw/).

Data management and analysis. As outlined in the T0
qualitative data analysis section, our approach will
involve thematic analysis of anonymised verbatim tran-
scriptions, with the aid of the MAXQDA software, resort-
ing to the COM-B34 model and the TDF35 as analytical
frameworks.

For quantitative data, descriptive analysis will be per-
formed for socio-demographic and psychological variables.
If appropriate, we will use paired samples t-test for compar-
isons between T0 and T1 for each psychological variable, if
parametric tests can be used. If the assumptions for data
normality are not met, a non-parametric test will be used
(Wilcoxon test). Quantitative data will be analysed with
statistical software Statistical Package for Social Sciences
(IBM SPSS Statistics, version 29.0, IBM Corp, Armonk,
NY). All statistical analyses will be performed for a signifi-
cance level of 0.05 (α≤ 0.05).

Discussion
To address the research question driving the pilot study
—‘To what extent is the implementation of the
Portuguese version of the PainChek® App feasible and
acceptable for assessing pain in non-verbal people with
dementia in residential care facilities and what are the key
factors influencing adoption and scale-up?’—we developed
a protocol combining usability evaluation and implementa-
tion research. A key strength of our protocol is the robust-
ness of the approach and methods chosen.

By using the ISO framework for usability evaluation,
focusing on effectiveness, efficiency and user satisfaction,
we are aligned with best practices in technology assess-
ment.58,59 Further, we will use both inquiry and test
methods, resorting to research supported techniques, such
as validated questionnaires, think aloud and task perform-
ance. For example, think-aloud protocols have proved to
be one the most effective techniques to elicit usability
issues,59 by identifying the cognitive behaviour of perform-
ing tasks while using technology and determining how
information is used to solve problems. These protocols
are generally categorised into concurrent and retrospect-
ive.52,53 In the former, users are asked to think and talk
aloud at the same time while performing previously set
tasks. In a retrospective think-aloud protocol, users are
asked to recall what they were thinking during the
process. Both approaches can provide comprehensive
insights into the problems that users encounter in their inter-
action with the technology,53,60 but immediate
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verbalisations are believed to describe participants’
thoughts more accurately than retrospective
verbalisation.52,61

We will report the evaluation of usability based on a
checklist on the terms and procedures for usability of
health-related digital solutions,57 contributing to a more
transparent and standardised reporting.

Employing both qualitative and quantitative methods
enables a detailed understanding of implementation.
Initial qualitative interviews with formal caregivers and
residential care facility managers, conducted before the
use of the digital technology in practice, will inform the
development of the implementation process. Subsequent
qualitative interviews, following real-world use of the
PainChek® (Portuguese) App, will serve to identify barriers
and facilitators and to shed light on quantitative findings,
such as those related to feasibility. The incorporation of
the NASSS framework, the COM-B model and the TDF
in prompts a deeper consideration of aspects affecting
implementation that might otherwise be neglected. The
NASSS framework is gaining popularity as a framework
for implementing health and care technologies; its prospect-
ive use will aid the design of the implementation process, as
well as data interpretation.62 The COM-B model offers a
lens for the capabilities, opportunities and motivations
influencing formal caregivers’ behaviours in using
PainChek®, whilst the TDF provides a more granular
view across a range of domains, such as knowledge,
skills, social influences and environmental context and
resources. Together, these frameworks offer a structured
approach to understanding how various elements interact
to either support or hinder the implementation of the
PainChek® App in residential care facilities.

Research on psychological variables in formal care-
givers of non-verbal PLWD remains limited. Our research
turns to this untapped topic, by examining perceived
stress, burnout, compassion fatigue, empathy and emotional
intelligence among healthcare professionals and other staff
in residential care facilities. The potential positive impact of
using the PainChek® App for pain assessment by formal
caregivers can have significant practical implications. For
instance, reducing perceived stress, burnout and emotional
exhaustion among these caregivers may lead to improved
care for non-verbal PLWD.

The current study specifically focuses on residential care
facilities, where the users of the PainChek® App are the
staff members responsible for caring for residents.
Therefore, they will be enrolled to evaluate usability and
implementation processes and to identify barriers and facil-
itators within this setting. However, we recognise the
importance of including the perspectives of other stake-
holders. Whilst enrolling people with moderate to severe
dementia may be challenging, due to their cognitive limita-
tions and legal considerations for obtaining consent, we will
address the perspectives of family members and other

informal carers in a separate study, dedicated to a usability
evaluation in this group.

This work builds upon previous evaluations of the
implementation of PainChek® both as part of a project
funded by the Australian Government to accelerate
PainChek® updake in nursing homes across Australia,63

research evaluating the clinical impact as part of a multifa-
ceted intervention conducted in a UK aged care setting64

and research conducted by Pu et al.65 in a single
Australian nursing home. Unlike those studies, this study
will adopt an implementation science approach and will
explore the potential effects of introducing the PainChek®

App on staff’s psychological variables.
Our study design is not without limitations. One limita-

tion is the limited number of purposively selected residen-
tial care facilities. This may affect the generalisability of
our findings, as the selected sample is unlikely to represent
the broader population of residential care facilities in
Portugal. Within the constraints of a pilot study, we will
attempt to have a diverse representation of facilities, poten-
tially offering insights applicable to a broader array of
environments.

Given the exploratory nature of this study, the sample of
formal caregivers is likely not powered to detect statistically
significant differences in psychological variables between
the two time points (T0 and T1). Instead, the focus is on
identifying potential trends. Despite the limitation in statis-
tical power, this approach can still provide valuable prelim-
inary insights to guide future, more definitive research.
Moreover, the absence of a control group in our study
design means that we are unable to determine whether
potential changes are attributable to the adoption of the
PainChek® App or to external factors or variations over
time. Our pilot study lays the groundwork for a future
study with a larger sample and a more robust design.
Such study should include pain management outcomes
associated with the adoption of PainChek®. For example,
as part of the Reconnect programme, established by
Orchard Care Homes (UK), PainChek® use resulted in an
increase in documented pain assessments, improvements
in pain management and reduction in the use and dosage
of psychotropic medications.64

We plan to disseminate the study results to participants,
healthcare professionals, the public and other stakeholders
through presentations in scientific events, academic publi-
cations and data-sharing via the OSF repository.

Conclusion
The PainChek® App provides a more objective means of
pain assessment for non-verbal PLWD using artificial intel-
ligence and smart automation. Automated facial analysis
diminishes user bias, while observer-based digital docu-
mentation of the presence of well-defined non-facial fea-
tures aims to reduce inter-rater variability. Digital
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collection of pain assessment results and integration with
resident care systems contributes to streamlining the care
process and humanising care for this vulnerable population.
By addressing silent pain, unnecessary suffering is expected
to be reduced and care efficiency enhanced.

Benefits associated with the PainChek® App, which
warrant further research, can only be realised through suc-
cessful adoption of this technology. This entails identifying
potential barriers to adoption and outlining strategies to
mitigate them. This project uniquely contributes by explor-
ing these aspects in continental Europe for the first time,
paving the way for wider adoption in Portugal and other
European countries.
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