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Abstract

Objective: To develop and optimise an app (iMPAKT) for improving implementation and measurement of person-centred
practice in healthcare settings.

Methods: Two iterative rounds of testing were carried out based on cognitive task analysis and qualitative interview meth-
ods. The System Usability Scale (SUS) was also used to evaluate the app. Quantitative data on task completion and SUS
scores were evaluated descriptively, with thematic analysis performed on qualitative data. The MoSCoW prioritisation system
was used to identify key modifications to improve the app.

Results: Twelve participants took part (eight health professionals and four patient and public involvement representatives).
Views on design and structure of the app were positive. The majority of the 16 tasks undertaken during the cognitive task
analysis were easy to complete. Mean SUS scores were 73.5/100 (SD: 7.9; range = 60-92.5), suggesting good overall usabil-
ity. For one section of the app that transcribes patients speaking about their experience of care, a non-intuitive user interface
and lack of transcription accuracy were identified as key issues influencing usability and acceptability.

Conclusions: Findings from the evaluation were used to inform iterative modifications to further develop and optimise the
iMPAKT App. These included improved navigational flow, and implementation of an updated artificial intelligence (Al) based
Speech-To-Text software; allowing for more accurate, real-time transcription. Use of such Al-based software represents an
interesting area that requires further evaluation. This is particularly apparent in relation to potential for large-scale collec-
tion of data on person-centred measures using the iMPAKT App, and for assessing initiatives designed to improve patient
experience.
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addressing challenges within current healthcare systems
occurring as a result of the changing age profile of the popu-
lation, and increases in the numbers of people living with
long-term, multiple-health conditions.*® Digital health
technologies using health information, electronic health
(eHealth) or mobile health (mHealth) systems may
represent the most realistic option for the collection of
large-scale data pertaining to these person-centred mea-
sures.” However, prior to developing and evaluating its
implementation, it is critical that the usability of any
digital intervention is tested, and real-world usability
testing is a particularly important component in app

Table 1. Key performance indicators.

KPI'1 Consistent delivery of nursing care against identified

need
KPI 2 Patient’s confidence in the knowledge and skills of the
nurse
KP13 Patient’s sense of safety whilst under the care of the
nurse
KPl4 Patient involvement in decisions made about his/her
nursing care

KPI'5 Time spent by nurses with the patient

KPI16 Respect from the nurse for patient’s preference and

choice

Table 2. The measurement framework for the iMPAKT App.

design.®? Usability is defined as the degree to which an
intervention may be used efficiently, effectively and satis-
factorily to achieve goals in a specific context.'® Usability
testing is intended to evaluate ease of use and identify
key issues which can be addressed to improve user accept-
ability and engagement.

The iMPAKT App (Implementing and Measuring Person-
centredness using an App for Knowledge Transfer) is under-
going development and testing as part of a wider project
intended to co-develop an evidence-informed strategy for
implementing and measuring person-centeredness. A proto-
type version of the iMPAKT App (Version 1.0) was previ-
ously built using cross platform development, with the app
able to be deployed by downloading the application and
installing it locally onto an iOS or Android device. The
core content and structure of the iMPAKT App is based on
work that produced a set of eight, person-centred, key per-
formance indicators (KPIs) for Nursing and Midwifery (see
Table 1).""""7 These KPIs were developed using the MRC
guidelines for the development, evaluation and implementa-
tion of complex interventions'® and are underpinned by the
Person-centred Nursing Framework.! A framework, that
included four methods to collect data for measuring the
KPIs was also developed (see Table 2). Data are collected
using this framework over a recommended period, or
‘Cycle’, of six weeks.

The app includes sections that relate to the four meas-
urement tools used for assessing each of the person-
centred KPIs patients (see Table 2 and Figure 1). These
sections are:

1. Surveys. These include Likert response questions for
patients, carers or partners.

1: Surveys for patients, carer,

and partners questions relating to each KPI.

2: Patient Stories

Administered via a questionnaire with Likert scale responses to eight

Audio recording of patient speaking about their own experience of care.

KPI 1-8

KPI 1-8

Aimed at capturing what is important to the patient, and what would
improve their experience. Stories are then reviewed, and any relevant text
related to any of the KPIs is ‘tagged’ as ‘POSITIVE’ or ‘NEGATIVE’.

3: Document Reviews

To establish if there is consistency between staff views and what is recorded KPI 1 and KPI 8

in the patient documents for KPI 1 (Consistent delivery of care against
identified need) and KPI 8 (Understanding of what is important to the

patient).

4: Activity Reviews/
Observations of practice®

To capture the activity of staff (time spent with patients) during a single shift
or when directly observing patient areas over 30 min.

KPI 5

*The iIMPAKT App can be accessed as a ‘community’ version where only the ‘Activity Review’ section is viewed, or can be accessed as a 'Acute/Inpatient care’

version, where the 30 min ‘Observation’ section is viewed.




0’Connor et al.

Login page
|
Home / Landing page Adult Patient /
I Midwifery patient /
Carer/
Cycles -{ Add new cycle Child over 10/
I Parent/
Surveys | Select survey | Partner/ Submit Data
I
Patient Stories = Intro page | Record Story ~| Tag KPIs [+ Submit Data
I
Document Reviews [~ Intro page [+ Input data page Submit Data
I
Activity Reviews / u
Observations ™| Intro page Input data page Submit Data
A
Reports | View reports
1
‘About App’ page
I
Log out page

Figure 1. Wireframe showing main sections of iMPAKT App.

2. Patient Stories. This involves an audio-recording feature
to capture patients’ experience of care.

3. Document Reviews. This assesses the consistency
between the views of patients and Nursing staff com-
pared to what is recorded in the patients’ clinical
documentation.

4. Observations/Activity Reviews. This section captures
data on time spent with patients.

In addition to the four main sections of the app, a
‘Cycles’ section, where new, six-week data collection
periods can be started is included. Within each measure-
ment cycle, a minimum data set is required that consists
of 20 Surveys, 3 Patient Stories, 10 Document Reviews
and 3 Assessments of time spent with patients. A
‘Reports’ section is also included in the app for users to
access data produced during the data collection cycles,
allowing for comparisons to be made between different
cycles. An ‘About the app’ page provides information on
the purpose and background of the app (see Figure 2 for
selected screen shots).

Objectives

The objective of the present study was to optimise the
iMPAKT App based on user perspectives gathered during
a usability and acceptability evaluation study.

Methods

Study design

The usability and acceptability of the iMPAKT App was
tested based on a multi-methods approach using cognitive
task analysis and qualitative interview methods. Task ana-
lysis involves gathering information on participants’ rea-
soning while completing specific tasks.'®?° This testing
was based on two iterative rounds of ‘think aloud’
testing and semi-structured interviews (see Figure 3).
This was done to allow for any significant usability
issues to be identified and for any necessary changes to
be made to the app before round 2 of testing. During the
task analysis, participants were asked to verbalise or
‘think-aloud’. This was allowed for ‘real-time’ data collec-
tion on people’s thoughts and actions during the tasks, as
well as for collection of quantitative data on task comple-
tion rate, and time taken to complete a task. Qualitative
data was also gathered during the interviews to examine
participants’ experience of using the app and to identify
and explore specific issues or concerns that users had. In
this manner, the evaluation was completed in a way that
allowed for iterative, person-based testing and optimisation
of the iMPAKT App, taking into account critical issues, as
well as providing an in-depth analysis of participant experi-
ence related to its actual use. The 32-item Consolidated
Criteria for Reporting Qualitative Research (COREQ)
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Figure 2. Selected screen shots showing pages from: (A) the ‘Patient Stories’, (B) the ‘Document Reviews’, and (C) the ‘Activity Reviews’

sections of the app.

checklist*! was followed for the Qualitative component of
the study (see Appendix 1).

Detailed usability and acceptability evaluation provides suf-
ficient information to inform intervention development using
relatively small sample sizes, with 95% of key issues able to
be identified with a minimum of nine participants.”
Purposive sampling was used to recruit at least 10-12 partici-
pants from a sample of Nurses working in different areas of
practice, Healthcare Researchers, and patient and public
involvement representatives. To be included in the study, the

following inclusion criteria were applied at screening: Adults
(aged 18 or over); regular smartphone/tablet usage (defined as
use on more than one occasion per week); able to speak and
read English fluently; no current injury or condition (based
on self-report) limiting ability to carry out test procedures.

Procedures

Before any testing, participants were asked to provide
written informed consent. Following this, participants
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Build of version 1.0
prototype of iIMPAKT app

1|

Round 1 of usability testing using “Think-aloud”
methods and completion of Usability Survey

- To identify usability issues during task completion

n=2 Advanced Nurse Practitioners

n=2 Other dinicians / Researchers

Academics

I

N=1-2 PPl members

Semi-structured interviews

- To explore end user views on app content and
design, usability and engagement

Total: n = 5-6 participants

Refinement of app based on
findings from round 1
usability testing

“Brain-storming” immediately after Round 1
testing to identify and rate importance of

usability issues*™

l |

testing

Round 2 of usability testing using “Think-aloud”
methods and completion of Usability Survey

- To identify usability issues during task completion
(including focus on key issues identified during Round 1 of

n=2 Advanced Nurse Practitioners

n=2 Other dlinicians / Researchers

Academics

N=1-2 PPl members

]

Semi.structured interviews

- To explore end user views on app content and
design, usability and engagement

1

Refinement of app based on
findings from round 2
usability testing

“Brain-storming” immediately after Round 2
testing to identify and rate importance of

usability issues*®

have, W - Won't have]

“*MoSCoW prioritization used to rate importance of usability issues [M - Must have, S - Should have, C - Could

Figure 3. Stages in the usability and acceptability evaluation study.

completed a short demographic questionnaire including
information on age group, and internet usage (to determine
if people are regular or irregular smartphone/tablet users).
Testing took place in a quiet teaching room on a
University Campus. Test apparatus consisted of a laptop
computer (Dell Latitude 5500) connected to a tablet com-
puter (Apple Corporation, iPad 6™ Gen), which had the
iMPAKT App already installed. Screen capture software
(AirServer for Microsoft Windows) was used to record
user interactions with the app during the task analysis.
Procedures were audio recorded (using a Redmi Note 11
Pro and Sony ICD-PX240 MP3 Digital Voice Recorder)

to ensure no loss of data and allow for transcription of inter-
actions during the task analysis and interviews. Prior to
testing, all participants were shown a short (1 minute)
video, on how to ‘think aloud’ during the evaluation.
During the task analysis the researcher directed the partici-
pant to the app, then worked from a standard script and
directed the participants to carry out a series of tasks
within the app (See Table 3).

Participants were also given a printed copy of the script
to refer to as they completed each task. Order of testing was
varied, and no time limit was set for tasks to be completed.
In addition to the screen recorded observations, the
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Table 3. Tasks completed during the cognitive task analysis.

1 Can you open the iMPAKT App and login using details on the paper in front of you

2 Can you reset the PIN number for accessing the iMPAKT App

3 Can you add a new cycle from the App from a page of the iMPAKT App

4 Can you complete ANY ONE OF THE ‘PARTNER’ OR ‘CARER’ surveys

5 Can you complete ONE ‘ADULT PATIENT SURVEY’

6 Can you record ONE ‘PATIENT STORY’ using the script in front of you

7 Can you open the ‘PATIENT STORY’ [DATED 00/00/2023] and then VIEW the draft of this story but then CLOSE the draft

8 Can you open the ‘PATIENT STORY’ [DATED 00/00/2023] and then EDIT AT LEAST ONE INCORRECT WORD/STATEMENT

9 Can you ASSIGN ANY POSITIVE AND NEGATIVE COMMENTS RELATED TO KEY PERFORMANCE INDICATORS 2 AND 4 AND SUBMIT
THIS STORY

10 Can you complete ONE ‘RECORD REVIEW’

11 Can you OPEN THE ‘HELP’ PAGE AND return to the HOME SCREEN AND FIND HOW MANY DAYS ARE LEFT IN THE CURRENT CYCLE

12 Can you FIND HOW MANY DAYS ARE LEFT IN THE CURRENT CYCLE

13 Can you access ‘REPORTS’ AND E-MAIL THE REPORT FOR THE LAST CYCLE

14 Can you access ‘REPORTS’ and CHECK THE NUMBER OF NEGATIVE COMMENTS FOR KPI 6 FROM THE PATIENT ‘STORIES’ DURING
THE LAST CYCLE

15 Can you complete ONE ‘ACTIVITY REVIEW’

16 Can you complete ONE ‘OBSERVATION’ and then CLOSE AND SAVE THE OBSERVATION SESSION

END

researcher took field notes on any difficulties encountered
during testing. Immediately following the completion of
each task participants were asked to rate their response to
the following statement: ‘The task was easy to complete’.
This was assessed using a 5-point Likert-type scale (1=
strongly disagree, 5 =strongly agree) which has been
shown to have good reliability and performance in compari-
son to other more time-intensive scales.”> Following the
completion of the task analysis, overall satisfaction with
the iMPAKT App was assessed using the System
Usability Survey (SUS).**%

Participant’s responses (likes and dislikes) to the content
and app interface were explored through the semi-
structured interviews that were carried immediately after
the task analysis. Interviews followed a set of standardised
questions to assess specific app components and the overall
impression of the app (see Appendix 2 for interview
schedule).

Outcome measures

Outcomes were task completion rate (effectiveness), task
completion time (efficiency) and number of errors
(defined as the number of incorrect page visits, or devia-
tions from the optimal pathways). User satisfaction and
views on acceptability of the app were assessed using the
single-item ease of use scores (/5), and the SUS scores
(/100) that was used to capture overall impressions of the
app, and the thematic analysis of qualitative findings from
the semi-structured interviews.

Analysis

Audio and screen capture recordings of each participant’s
task analysis and semi-structured interviews were tran-
scribed using automated software, and along with the
researcher field notes, these were systematically scanned
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to identify critical points in the task analysis; including any
misunderstandings or difficulties the participant may have
experienced while using the app. Descriptive statistics
(mean, SD, range and/or percentages) were used to sum-
marise the task completion rates (success/failure), time
taken (recorded in seconds), error count data (number of
errors based on researcher notes/observations) and single
item ease of use scores (scored/S). The SUS was scored/
100 using an online excel form (www.measuringux.com/
SUS_Calculation.xls). Transcripts and field notes were col-
lated and coded using thematic analysis based on a deduct-
ive and inductive approach. NVivo version 14.0 was used
to manage data and facilitate the analysis process, which
in summary included the following stages: (i) independent
transcription, (ii) data familiarisation, (iii) independent
coding, (iv) development of an analytical framework, (v)
indexing, (vi) charting and (vii) interpreting data.

Following each round of testing, members of the project
team (DB, TMcC, SOC) met to identify the key usability
and acceptability issues. Field notes and issues identified
during testing were collated by extracting all relevant text
portions into a Microsoft Excel file. Similar issues were
categorised and grouped together. The severity of each
issue was rated as ‘Low’, ‘Moderate’ or ‘Severe’. Issues
were annotated with specific references to the interface
and other notes giving additional detail on the problem
and participants’ reactions. These issues were discussed
by all members of the research team and ranked using the
MoSCoW (M - Must have, S - Should have, C - Could
have, W - Won’t have) prioritisation system>® (Appendix
3 provides an example of this decision-making process).

Results

Twenty individuals were invited to take part in the evalu-
ation. Of this number, eight people did not respond to an
invitation or were unable to attend a testing appointment.
Twelve participants agreed to take part, and subsequently
completed the evaluation. All testing took place between
July and August 2023. Tests lasted approximately 1.4
hours (Mean: SD: 0.3). Most participants were female (n
=11: 92%) and were in an age category of between 55
and 64 years of age (n=5: 42%). Eight participants were
health professionals (67%) and four (33%) were patient
and public involvement representatives. Three participants
had previous experience with using the app prior to the
testing. The majority of participants reported using a smart-
phone or tablet device on at least a weekly basis. Participant
characteristics are shown in Table 4.

Cognitive task analysis

Participants found the majority of the 16 tasks easy to
complete effectively and without errors. Time taken to
complete the majority of the tasks was relatively low,

Table &. Participant characteristics.

Gender Woman: 11 (92%)
Man: 1 (8%)

Age group 35-44: 1 (8%)
45-54: 4 (33%)
55-64: 5 (42%)
65+: 2 (17%)
Background Health Professional: 8 (67%)
PPI representative: & (33%)
Internet use (place)
At Home At least every week: 2 (17%)
Daily or almost daily: 5 (33%)
Several times each day: 5 (42%)
At work At least every week: 3 (25%)
Daily or almost daily: & (33%)
Several times each day: 5 (42%)
Elsewhere At least every week: & (33%)
Daily or almost daily: 7 (58%)
Several times each day: 1 (8%)
Internet use (device)
Smartphone At least every week: 0

Daily or almost daily: 8 (66%)
Several times each day: 3 (25%)
PC or Laptop At least every week: 5 (42%)
Daily or almost daily: 5 (42%)
Several times each day: 2 (17%)
Tablet At least every week: 7 (58%)
Daily or almost daily: &4 (33%)

Several times each day: 1 (8%)

PPI: Patient and public involvement.
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Table 5. Results from cognitive task analysis.

1 Login to app with password 12 (100%) 21.9 (9.2): 11-32 = 4.9 (0.3): 4-5

2 Reset password 12 (100%) 36.8 (9.2): 20-52 = 4.7 (0.6): 3-5

3 Add a new cycle 11 (92%) 14.4 (4.7): 6-23 = 4.7 (0.4): 4-5

(A Complete one ‘partner’ or ‘carer’ 12 (100%) 62.4 (12.9): 37-75 = 4.9 (0.3): 4-5
survey

5 Complete one ‘adult patient 12 (100%) 64.9 (12.5): 32-78 = 4.9 (0.3): 4-5
survey’

6 Record one ‘patient story’ 10 (83%) 216.8 (82.3): 114-342 2.4 (1.4): 1-5 3.2 (0.9): 1-4

7 Open a ‘patient story’, view draft 11 (92%) 21.7 (5.3): 12-28 = 4.5 (0.5): 4-5
text then close the draft

8 Open a ‘patient story’ and editat 7 (58%) 89.0 (75.3): 35-232 2 (1.7): 0-5 3.2 (0.6): 1-5
least one error in the text

9 Assign one positive or negative 11 (92%) 46.4 (19.2): 31-87 2.3 (2.1): 0-6 4.1 (0.7): 2-5
comment and submit story

10 Complete one ‘record review’ 10 (83%) 60.5 (29.7): 32-114 = 4.7 (0.4): 3-4

11 Open ‘help’ page and return to 12 (100%) 8.9 (5.5): 3-21 = 5 (0.0): -
home screen

12 Find how many days are left in 12 (100%) 13.6 (9.0): 4-34 = 4.8 (0.3): 4-5
the current cycle

13 Access ‘reports’. E-mail report 12 (100%) 27.2 (7.5):11-46 = 3.7 (0.4): 2-5
for last cycle

14 Access ‘reports’. Find number of 8 (67%) 63.2 (63.2): 34-114 1.9 (1.3): 0-4 3.6 (0.8): 3-5
negative comments in last
cycle

15 Complete one ‘activity review’ 12 (100%) 79.8 (32.2): 47-143 = 4.6 (0.5): 4-5

16 Complete one ‘observation’ and 12 (100%) 148.5 (53.5): 76-216 = 4.6 (0.5): 4-5

close and save session

*Timing data calculated for 10/12 participants only.

with complex tasks, such as being completed efficiently in
around one or two minutes. This included tasks with mul-
tiple steps such as completing the patient survey questions
and the reviews of patient records (see Table 5). However,
other complex tasks did show lower completion rates, as
well as a greater number of errors during testing. This
included the audio-recording of patient stories, and the
‘tagging’ of transcribed sections of text, using the ‘copy/

paste’ function to highlight information related to any of
the KPIs. Both activities were also associated with margin-
ally lower, single item, ease of use scores, with some par-
ticipants ‘strongly disagreeing’ that these tasks were easy
to complete. Accessing the data reports and locating spe-
cific information within the report was also associated
with some usability issues. However, other, relatively
complex tasks, such as viewing reports generated from
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the KPI data collected during each ‘cycle’ of measure-
ment, and recording activities to do with capturing
details of staff activity (the ‘activity review’ and ‘observa-
tions’ section) were found to have good ease of use scores.

The mean overall score for the SUS was 73.5/100 (SD:
7.9; range = 60-92.5), suggesting that the iMPAKT App
has higher usability score than the reported average of
6827 (see Table 6). Usability scores indicated that while par-
ticipants agreed most strongly with the statement that the
app features were well integrated (Question 5), the lowest
scores were found for participant ratings of how frequently
they would like to use the app (Question 1).

Qualitative findings

Thematic content analysis based on the semi-structured
interviews identified three key themes. These were: (1)
app design and features. (2) app usability and (3) imple-
menting the app in practice. The frequency of participant
responses for the key issues under each theme are sum-
marised in Table 7. Key illustrative quotes are provided
in the section below.

Themes

Theme 1. App design and features. Issues related to app
design and the features included in it were frequent
factors discussed by participants. A common design issue
was that the font size varied in places within the app,

Table 7. Overall themes and frequency of key usability issues.

making some text too small to read easily. This was seen
as a particular issue for more acute settings, when users
might have limited time using the app. Some text that par-
ticipants thought was important information was also not
highlighted sufficiently.

....in places the different font is a bit of a distraction, it
makes you read some parts more, but I'm not sure if
that’s deliberate, because some of the bigger text seems
like it’s not even the most important information. (Nurse,
Female, 45-54 years old)

Another common issue was the use of icons which were
included at different places in the app to highlight important
text. The icons included an ‘alarm bell” which some users
found to be distracting. Others found the meaning of the
icon to be unclear, and highlighted how they were also
not used consistently throughout the app.

If the bell is supposed to be about giving you information
you really need to know, should it be in other places as
well then? You also really need something to say what it
means, otherwise it could just be a bit confusing to
people. (Patient Representative, Female, 45-54 years old)

The overall layout of the app was seen as clear, coherent
and simply designed. Two users suggested that scroll bars
could be added to ensure text was not missed. Most

1. App design and features (a)

complex

(c) Meaning of icons used is unclear or confusing

2. App usability (a)
expected

(b) Flow through app is not intuitive or is not clear in places and navigation is

difficult

(c) Data entry boxes are not obvious and require instruction of how they

should be used

(d) Device issues influence app usage including lack of ability to change

screen size

3. Implementing the app in  (a)

practice use of the app

(b) If technical issues occur (e.g. unstable internet connection) this could

Consistent and large font size needed
(b) Layout means it is difficult to see all information or information is too

Audio recording of patient stories is complex or does not function as

Training and instruction is needed to support users before and during

45 (19)
32 (14)

13 (6)

67 (28)
36 (15)
23 (10)

12 (5)

25 (11)

18 (8)

limit time to use the app in practice

(c) The perceived purpose of the app might limit uptake if seen as

performance related only

8 (3)

2% calculated based on number of mentions/279 (total number of usability issues mentioned).
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participants identified that some sections included complex
information. An example of this was the data table included
at the beginning of the survey section of the app. This table
summarised results from previously collected surveys but
was seen as difficult to interpret. Participants felt since it
might be important information, they spent time attempting
to interpret what the data meant, and this could slow the
process of completing data collection when using the app.

...this table (a data summary table) just seems like it is
probably quite meaningful, buts it’s not at all clear how it
should be used at this stage, it feels like something else is
missing here. (Nurse, Female, 35-44 years old)

...that’s my biggest concern really, it’s that time is off the
essence. It needs to be slick, otherwise people won’t use
it. (Nurse, Female, 45-54 years old)

Theme 2. App usability. Participants generally found the app
to be easy to use, completing tasks with minimal practice,
even without having any previous familiarity with the
app. There were, however, issues reported by participants,
particularly with the ‘Patient Stories’ section (audio-
recording, and transcription of patients speaking about
their experience of care). During testing, it was not
always clear to participants that recording was underway.
The recording was also found to stop without warning.
Some participants reported how they had needed to look
at the screen frequently to check it was actively recording,
and others observed how this could limit good communica-
tion in practice settings.

. it might be difficult if the Nurse was having to play
around with (the tablet device), but it’s also about being
recorded, I can see that they might have a bit of worry,
speaking in front of other people, it can already feel a bit
strange talking into it, sorry, you know what I mean
though... (Patient Representative, Male, 45-54 years old)

... I mean, you can see what it’s trying to do (the Patient
Story section) and it’s such an idea, to actually see it.
You know, fix that and it can record peoples experience
of being in hospital in a totally different way, because
you are not just getting views of people who might send
in a letter about it all.... (Patient Representative, Male,
55-64 years old)

Part of the ‘Patient Stories’ section requires users to
review the text once it has been transcribed from the
audio recording, and then assign text that relates to any
KPI as a ‘Positive’ or ‘Negative’ experience. This proced-
ure was seen as intricate, with participants stating that
further instructions were needed to guide them through
the process of selecting and highlighting portions of text.

...it does take a bit of time, there’s a lot there on the page
too, I think. But it was OK once you gave me the demo
so I suppose if I had some training or even a manual, it
would be all fine. (Nurse, Female, 45-54 years old)

Another consistently raised issue was that navigational
‘flow’ through some sections of the app was unintuitive.
Participants highlighted how it was possible to ‘skip’
through points where data needed to be entered. For
example, in the ‘Document Reviews’ section, it was neces-
sary to note if information on care priorities in patients’
notes was consistent with the care priorities described by
a member of staff responsible for the patients’ care.
However, this section could be passed without entering a
response. Other comments centred on free text boxes
where information could be entered. In the same section
as discussed above, text could be added to briefly note
what had been as described by a member of staff respon-
sible for the patients’ care. However, there was no clear
indication of how this could be done, or what the purpose
of adding a note was.

... that bit really did take some time, most people would
really need some familiarisation sessions for it, but saying
that, there is a lot of similarity between the different parts
of the app, not just how they look, but also how they
work. (Nurse, Female, 35—44 years old)

I suddenly knew I had made a mistake there, but you can’t
just go back. It took a good bit of time and then I ended up
just clicking on “exit”, even though I was thinking that
might mean it goes right back to the start, at least the
whole section is short enough, but it might put people off
if that happens a lot.... (Nurse, Female, 55-64 years old)

Issues with the device used during testing emerged. Two
participants were unfamiliar with the device itself (a touch
screen tablet with a 10-inch screen). A more common
issue was that one task required using the ‘copy/paste’ func-
tion for ‘tagging’ or highlighting text (related to KPIs).
Participants suggested that further instructions or prompts
would need to be provided to facilitate this process.

... it might be difficult to use in work, tablets and things like
that in general often get forgotten about, and I don’t know if
we would use an iPad, a ThinkPad, yes, all the time. It
might be an issue with the tablet, not the actual
program... (Nurse, Female, 35-44 years old)

Theme 3. Implementing the app in practice. Several factors
that could influence acceptability and implementation of
the app were identified. Most participants thought that
time would be an important consideration, and highlighted
how any unresolved usability issues could limit uptake and
continued use of the app.
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Two participants raised concerns that care would need to be
taken to ensure the app was not seen as a measure of perform-
ance. Others highlighted the importance of the app being seen
as part of routine practice. Participants valued the usefulness of
the data reports that the app produces after completing a full
cycle of data collection and stated that this would be seen as
a suitable tool for Nursing teams seeking to improve practice.

...feedback is great, would this be kind of, there to see right
away? I would like to see that, immediate feedback on when
things are going right, that could be a good motivation,
especially for newer staff (Nurse, Female, 45-54 years old)

it really should to be seen as part of everyday experience
(when you are in hospital), something that’s there all the
time... (PPI representative, Female, 65+ years old)

... and reporting part was good, and its appealing, you can
see immediately how it would be useful (Nurse, Female,
55-64 years old)

A number of participants also highlighted the value of the
‘Patient Stories’, which were seen as a novel and valid way
of measuring patient experience. It was also widely reported
that training and ongoing support for using the app would be
an important part of successful implementation.

Key modifications made to the app following user
testing

No modifications were made following round 1 of testing,
as no ‘severe’ usability issues requiring modifications to

be made to the app were identified. However, based on
the findings from the iterative evaluation, a number of
necessary revisions were subsequently made to the app to
improve its overall usability. The following section high-
lights the key changes that were made to optimise user
acceptability. Decisions were made by all members of the
research team after identifying the most important
changes to make to the app based on the MoSCoW priori-
tisation system.”® Using this system, possible changes were
rated as M - Must have, S - Should have, C - Could have, W
- Won’t have) (see Appendix 2 for an example of the
decision-making process). A key change involved updating
the Application Programming Interface (API) for automatic
speech recognition that allowed for speech-to-text tran-
scription of the audio recorded ‘Patient Stories’. The
initial iteration of the app had used freely available software
for transcription, however the limitations of this version
seemed to contribute to a number of the usability issues
identified during testing. A more advanced speech recogni-
tion system was applied to improve accuracy of the tran-
scription, and increase the length of time that the app
could record audio for. This modification was necessary
to ensure that important information provided by patients
would not be lost due to technical issues with the app. In
addition, a more apparent visual cue for audio recording
was provided by adding a symbol showing that recording
was active; and this text was also highlighted in red to
make it clearer and more obvious (see Figure 4).

Another change was to provide a function where the actual
audio recording (the file used to transcribe speech-to-text) was
made available for users to review the audio-file if needed.
This change made it possible for users to play the recording

& 034m

Tell your story

BP.®.a%

You know being in the hospital has been quite an experience and all started with this crazy chest pain that It
started with me ending up in the emergency, I was scared. I mean who wouldn't be? The people there were
amazing right from the start and everyone went all out to figure out what was going on.

After a while they admitted me up onto this Ward.

Since then I went through a whole bunch of tests, like different scans and this thing called an
electrocardiogram. It was like it became a human science project with wire sticking to my chest and
machines all around me.

[ couldn't believe it.

Confirm —

Figure k. Screen shot from the page of the ‘patient stories’ section of the app where patients can be recorded speaking about their

experience of care. The box highlights the red text which indicates to users that audio recording is active.
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and check that the transcription is accurate during the process
of ‘tagging’ or assigning KPIs (see Figure 5).

A further change was to add a ‘help’ button on the first
page of each section which provided brief instructions for
that specific task. Small amounts of additional text were
also added to provide a ‘reminder’ or ‘prompt’ for specific
tasks. For example, text which read ‘please select one
option’ was added at a point in the ‘Document Review’
section of the app (where users were required to determine
if views on care priorities are ‘consistent’ between what is
directly reported by nurses delivering care to a patient,
and what is documented in the patient documentation).
Several other changes were made to improve clarity and
‘flow’ when navigating through the app. This included
removing the ‘alarm bell” icons which had been included
to highlight specific sections of text, often where some
action was required, but were generally seen as distracting
to users. In addition, data tables summarising previously
gathered data were removed from the beginning of each
section and replaced with data for the current cycle only.
Submitting data when completing a section of the app
was also simplified by reducing the number of steps
required for this process. Text size was increased through-
out the app to improve legibility.

Discussion

Acceptability of the iMPAKT App was assessed using a
multi-methods approach based on iterative rounds of cogni-
tive task analyses and qualitative interviews. Findings indi-
cated that the app was seen as having a clear design and
good overall usability and acceptability. This was apparent

even though participants had only been given a short intro-
duction to the app before testing.

The SUS score of 73.5 (SD: 7.9) was higher than the
average reported score of 68/100.%* This score, when con-
verted to a percentile rank of 70%, suggests that the
iMPAKT app has a higher score than 70% of all apps
tested, and can be interpreted as having a grade of B-.%
For the single-item questions on the SUS, the app scored
highly with regards to the sections being viewed as well
integrated with each other, and for ease of use, as well as
for confidence using the system. In comparison, relatively
low scores were observed for one item which was asked
about the extent to which participants would want to use
the system frequently. These findings further support the
contention that the iIMPAKT App could be used effectively,
even without previous training or experience; however they
also highlight that implementation strategies may be needed
to support longer-term use of the app.

When examining the findings from the task analysis, the
vast majority of the 16 tasks were carried out successfully
and were seen as easy to complete by participants.
Overall, findings suggested that around 80% of users
were able to go through the app with only one usability
issue encountered. One section of the app (the ‘Patient
Stories’) did present frequent issues, and subsequently
had lower completion rates, as well as a greater number
of errors made during testing. These issues related to the
audio-recording of people speaking about their experience
of care; and with tagging the transcribed text to highlight
information related to positive and negative experiences.

Thematic analysis based on the semi-structured inter-
views confirmed several of the key issues identified

0:39m

Review Patient’s Story

1
1 1
A H 4 5 1
being in the hospital has been some experience. : Audio !
It all started with this crazy chest pain and I was rushed into an accident and i !
1
. By . !
emergency by ambulance. o i Audio 1 !
[ was scared. I mean who wouldn't be? ! !
But the people were great right from the start and all went to figure out what was going ! Audio 2 !
on. i !
After a while they sent me up to this Ward. e e e e e
Then I went through a whole bunch of tests like different scans and this
AT e
(D Edit the transcription for accuracy by tapping directly on the text
Confirm —

© .l ® il D

Figure 5. Screen shot from the page of the ‘patient stories’ section of the app where transcribed text can be reviewed to check
transcription accuracy. The box highlights the audio files which can be played back by the user for this purpose.
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during the task analysis, and also highlighted issues related
to implementation of the app in practice. Participants had
positive views on the design, structure and appearance of
the iIMPAKT App, as well as the overall function of the dif-
ferent sections. However, similar issues with recording the
‘Patient Stories’ emerged and strongly influenced partici-
pant views on this section. A common topic of discussion
was that issues with the ‘Patient Stories’ section could
limit effective communication between the staff member
using the app, and the patient discussing their experience
of care. Other issues that emerged from the qualitative inter-
views were that navigation through some sections of the
app could be improved by simplifying processes and pro-
viding further instructions for users. Participants empha-
sised how many of the issues identified could be resolved
when users have better familiarity with the app and experi-
ence of using it practice settings. Findings also highlighted
the importance for implementation of the app of being
effectively integrated into routine practice, with ongoing
training and support being an essential part of this
process. The value of the data reports that could be accessed
by teams, including the feedback from patients describing
their experience of care, was also underlined as being an
important tool in supporting practice improvement
initiatives.

In summary, the most common issues identified in this
study related to one iMPAKT App feature not operating
as expected (the audio-recording and transcription of
patients speaking about their experience of care in the
‘Patient Stories’ section), as well as font size being too
small in places, and users finding it difficult to navigate
through some app sections. These issues were partly
addressed by modifications made to the design of the app
(including, providing further instruction on how to ‘tag’,
or highlight portions of transcribed text; and by simplifying
the tagging process to make it more intuitive). However,
testing also identified issues that were due to technical lim-
itations. For example, the accuracy of audio-recording and
the length of time that audio could be captured was
restricted, due to the software used in the early iterations
of the app. The software was not able to fully support the
intended function of this section of the app, and therefore
an updated, Artificial Intelligence (AI) based system
(Google Cloud Speech-To-Text using streaming recogni-
tion) was implemented; as this allows for an unrestricted
volume of transcription and for interim results to be pro-
vided in real-time, while the audio is being captured.
While necessary to improve usability of the iMPAKT
App, this type of modification, has implications for those
developing mHealth apps that utilise large scale, Al
powered, Speech-To-Text, data. Firstly, there is an asso-
ciated cost issue, as the updated Speech-To-Text API,
requires a subscription above a certain threshold or volume
of data processing. In addition, there are also potential
privacy issues related to the temporary storage of audio-files

recorded as part of the ‘Patient Stories’ used within the
iMPAKT App. Although these files do not include identifi-
able information, or other personal data about an individual,
safeguarding individual privacy is still a concern for any Al
driven mHealth app.?®2° Firstly, it is essential that if privacy
leakages do occur, they should be quantified. Secondly, any
personal data should remain on devices, with inferences
being performed on the edge (or endpoint) device.”® These
concerns, although of minimal risk, will be fully taken into
account during future implementation of the iMPAKT App.

A final consideration for further development of the
iMPAKT App, is that Al could potentially be used to auto-
mate, or semi-automate some tasks, including the process of
‘tagging’ KPIs within the ‘Patient Stories’. While these
types of adaptation would make it necessary for healthcare
staff to adapt their practice as the use of Al increases, this
automation could potentially provide more time for health-
care staff to communicate with patients, and address their
concerns and goals.”!

Usability scores for the iIMPAKT app assessed using the
SUS are comparable to those reported in other studies
examining digital health technologies.*>® For example, a
similar score was reported in a recent study examining a
mobile app for supporting nursing staff to deliver exercise
programmes for individuals with dementia (SUS score:
72.3 (SD 18.9)).%* This study also identified a number of
the same issues related to navigation, and problems with
layout; such as excessive information being presented on
one screen. Another study that evaluated a patient-centred
guide during admission to a paediatric emergency depart-
ment, found an overall SUS score of 80.88 (SD: 8.57),33
with frequent issues related to the time required to access
and complete data for some tasks, and to difficulties with
locating important components of the app, including
explanatory tutorial sections. While mHealth apps are con-
sidered to provide a feasible approach as they can be used at
scale and at relatively low cost’”*®; selecting appropriate
strategies for implementing any mHealth intervention to
enhance its reach and long-term sustainability can be chal-
lenging. Tailoring implementation can ensure that specific
contextual considerations and needs are addressed, and
that the most effective available strategies are used, depend-
ent on the setting.*® This is important since understanding
the factors that affect adoption and sustainability is essential
when interventions are used in heterogeneous settings.*’
Our findings also reflect those of other evidence which
suggest that concerns around structural or technical
issues, beliefs about technology effectiveness, and
increased workload can be perceived as common barriers
to use of digital technologies in healthcare settings.
Conversely, training and support, including assessment of
willingness to use such technologies, have been suggested
as important enablers of uptake.*' ** Evidence has also sug-
gested that while digital technologies could improve con-
sistency of care and patient autonomy, they may lead to a
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perceived change in the roles of healthcare staff members
and patients.*> Planning for implementation and widescale
use of apps aimed at improving patient experience of care,
therefore needs to account for these important issues, in
addition to providing clear evidence for the value and
effectiveness of such interventions.*®*’

Strengths and limitations

A key strength of this study is that a multi-methods
approach was used with modifications being made to the
iMPAKT App based on results from both cognitive task
analyses and qualitative interviews. This allowed for itera-
tive, person-based testing and optimisation that took into
account critical issues and participants’ direct experience
of using the app. A further strength of the study is that par-
ticipants were broadly representative of the expected end
users of the iMPAKT App. Given the small sample size
we were unable to assess differences between healthcare
professionals and patients participants. It is also acknowl-
edged that most participants were female, and were frequent
users of digital technology; potentially lowering the gener-
alisability of findings. A further limitation is that findings
are based on experimental testing of the app under con-
trolled circumstances, and not on direct testing in clinical
settings. For example, testing used standard scripts read
out during the recording of the ‘Patient Stories’ section of
the app, and the ‘Document Reviews’ section did not dir-
ectly assess participants while using the app alongside
actual clinical documentation. The experience of using the
app in ‘real-word’ contexts will therefore need to be
further explored in future studies.

Conclusions

The overall content, design and functions of the IMPAKT App
were viewed positively by participants, who were able to use
the different components of the app easily and without substan-
tial issues emerging. Areas identified as requiring modifications
to optimise the app included use of a consistent font size, as
well as changes to improve navigation. Other changes included
adding further instructions within the different sections of the
app, in order to support users. A key issue influencing accept-
ability related to the recording of ‘Patient Stories’ within the
app. This required an updated version of the Speech-To-Text
software to be implemented to avoid limitations being
imposed on the transcription of patients speaking about their
experience of care. The use of such artificial intelligence-based
software within the app represents an interesting area that
requires further evaluation, particularly in relation to establish-
ing the accuracy of the Speech-to-Text software. Findings
also highlighted important issues to do with implementation
of the app. In particular, the potential for feedback provided
by the app was highlighted as a valuable tool for supporting
practice improvement. Other implementation issues included

ensuring the app is effectively integrated into routine practice,
and that training is provided to promote uptake and support
users. Ongoing research includes studies to develop an
evidence-informed strategy for implementing the iMPAKT
App, and a web platform to support training for app users.
Future studies will also evaluate the app in different clinical set-
tings and contexts to examine its effectiveness for improving
person-centred practice and cultures; and its potential for
large-scale collection of data on person-centred measures.

Acknowledgements: The authors would like to thank all
participants who took part in the study. We acknowledge the
valuable contributions of the app development team at Miroma
Project Factory (Australia), and the iMPAKT Project Advisory
Board.

Contributorship: TMcC, DB and SOC conducted the user testing.
TMcC, VW, DB, IC and SOC all contributed to analysis and
interpretation of the data and to decisions made on modifications
to the app. SOC drafted the initial version of the manuscript. All
authors contributed to revisions to the manuscript and approved
the final version.

Data availability: Data is available on request from the
corresponding author.

Declaration of conflicting interests: The authors declared no
potential conflicts of interest with respect to the research,
authorship, and/or publication of this article.

Ethical approval: Ethical approval for the study Approval for the
study was granted by the Nursing and Health Research Ethics Filter
Committee at Ulster University (Reference: FCNUR-23-073).

Funding: The authors disclosed receipt of the following financial
support for the research, authorship, and/or publication of this
article: The iMPAKT project is supported by funding from a
Burdett Trust Proactive Grant (United Kingdom) and the New
South Wales Ministry of Health (Australia).

Guarantor: TMcC.

ORCID iD: SR O’Connor
8899

https:/orcid.org/0000-0001-6805-

Supplemental material: Supplemental material for this article is
available online.

References

1. McCormack B and McCance T. Person-centred nursing and
health care: theory and practice. Oxford: Wiley, 2017.

2. Nolte E and Anell A. Person-centred health systems: strat-
egies, drivers and impacts. In: North J (Author) & Nolte E,
Merkur S and Anell A (eds) Achieving person-centred



https://orcid.org/0000-0001-6805-8899
https://orcid.org/0000-0001-6805-8899
https://orcid.org/0000-0001-6805-8899

16 DIGITAL HEALTH
health systems: evidence, strategies and challenges European  18. Skivington K, Matthews L, Simpson SA, et al. A new frame-
observatory on health systems and policies. Cambridge: work for developing and evaluating complex interventions:
Cambridge University Press, 2020, pp.41-74. update of Medical Research Council guidance. Br Med J

3. Gyllensten H, Bjorkman I, Jakobsson Ung E, et al. A national 2021; 374: n2061.
research centre for the evaluation and implementation of 19. Joe J, Chaudhuri S, Le T, et al. The use of think-aloud and
person-centred care: content from the first interventional instant data analysis in evaluation research: exemplar and
studies. Health Expect 2020; 23: 1362—-1375. lessons learned. J Biomed Inform 2015; 56: 284-291.

4. Acha BV, Ferrandis ED, Ferri Sanz M, et al. Engaging people ~ 20. Pan Z, Cui Y, Leighton JP, et al. Insights into computational
and co-producing research with persons and communities to thinking from think-aloud interviews: a systematic review.
foster person-centred care: a meta-synthesis. Int J Environ Appl Cogn Psychol 2023; 37: 71-95.

Res Public Health 2021; 18: 12334. 21. Tong A, Sainsbury P and Craig J. Consolidated criteria for

5. World Health Organization. WHO Global Strategy on people- reporting qualitative research (COREQ): a 32-item checklist
centred and integrated health services: Interim Report. World for interviews and focus groups. Int J Qual Health Care
Health Organization; 2015:48.2. Government of Sweden. 2007; 19: 349-357.

Report No.: 2020:19. 2020.3. 22. Hwang WS. Number of people required for usability evalu-

6. Fridberg H, Wallin L and Tistad M. The innovation character- ation: the 10 2 rule. Commun ACM 2010; 53: 130-133.
istics of person-centred care as perceived by healthcare profes-  23. Sauro J and Lewis JR. Correlations among prototypical
sionals: an interview study employing a deductive-inductive usability metrics: evidence for the construct of usability.
content analysis guided by the consolidated framework for Proceedings of CHI 2009 (pp. 1609-1618). Boston, MA:
implementation research. BMC Health Serv Res 2021; 21: 904. Association for Computing Machinery. Sauro, J., & Lewis

7. Dyb K and Kvam L. Beyond the point of no return: a dis- JR. In: Quantifying the user experience: practical statistics
course analysis of healthcare Professionals’ perceptions of for user research. 2nd ed. Cambridge, MA: Morgan
digitally supported person-centred, integrated, and proactive Kaufmann, 2016, pp.1609-1618.
care. Int J Integr Care 2022; 22: 5. 24. Brooke J. SUS: a quick and dirty usability scale. In: Jordan

8. Maramba I, Chatterjee A and Newman C. Methods of usabil- PW, Thomas B, Weerdmeester BA and McClelland IL (eds)
ity testing in the development of eHealth applications: a Usability evaluation in industry. London: Taylor & Francis,
scoping review. Int J Med Inform 2019; 126: 95-104. 1996, pp.189-194.

9. Muro-Culebras A, Escriche-Escuder A, Martin-Martin J, etal. ~ 25. Bangor A, Kortum PT and Miller JT. An empirical evaluation
Tools for evaluating the content, efficacy, and usability of of the System Usability Scale (SUS). Int J Hum Comput
mobile health apps according to the consensus-based stan- Interact 2008; 24: 574-594.
dards for the selection of health measurement instruments:  26. Ahmad KS, Ahmad N, Tahir H, et al. Fuzzy MoSCoW: a
systematic review. JMIR Mhealth Uhealth 2021; 9: e15433. fuzzy based MoSCoW method for the prioritization of soft-

10. International Organization for Standardization. ISO 9241- ware requirements. In: Proceedings of the international con-
11:2018(en) Ergonomics of human-system interaction-part 11: ference on intelligent computing. Kannur, India: Instrumentation
usability: definitions and concepts. 2018. https:/www.iso.org/ and Control Technologies (ICICICT), 67 July 2017, pp.433-437.
obp/uif#iso:std:is0:9241:-11:ed-2:v1:en. Accessed: 01/10/2023. 27. Hyzy M, Bond R, Mulvenna M, et al. System usability scale

11. McCance TV, Telford L, Wilson J, et al. Identifying key per- benchmarking for digital health apps: meta-analysis. JMIR
formance indicators for nursing and midwifery care using a Mhealth Uhealth 2022; 10: €37290.
consensus approach. J Clin Nurs 2012; 21: 1145-1154. 28. McNair D and Price WN. Health care Al: law, regulation, and

12. McCance T, Wilson V and Kornman K. Paediatric international policy. In: Matheny M, Thadaney Israni S, Ahmed M and
nursing study: using person-centred key performance indicators Whicher D (eds) Artificial intelligence in health care: the
to benchmark children’s services. J Clin Nurs 2016; 2016; 25: hope, the hype, the promise, the peril. Washington DC:
2018-2027. National Academy of Medicine, 2019.

13. Lynch B and McCance TV. Coproducing and implementing  29. Reddy S, Allan S, Coghlan S, et al. A governance model for
person-centered key performance indicators in ambulatory the application of Al in health care. J Am Med Inform Assoc
cancer nursing. Cancer Nurs 2023; 46: E192-E203. 2020, 27: 491-497.

14. McCormack B and McCance T. The person-centred nursing ~ 30. Ethics and governance of artificial intelligence for health:
framework. In: Person-centred nursing research: method- WHO guidance. Geneva: World Health Organization; 2021.
ology, methods and outcomes. Switzerland: Springer, 2021, Licence: CC BY-NC-SA 3.0 IGO. (Accessed 01-11-2023).
pp.13-28. 31. Bajwa J, Munir U, Nori A, et al. Artificial intelligence in

15. McCance T, Lynch BM, Boomer C, et al. Implementing and healthcare: transforming the practice of medicine. Future
measuring person-centredness using an APP for knowledge Healthc J 2021; 8: e188—e194.
transfer: the iMPAKT app. Int J Qual Health Care 2020;  32. KraftJ, Barisch-Fritz B, Krell-Roesch J, et al. A tablet-based app
32: 251-258. to support nursing home staff in delivering an individualized cog-

16. Radbron E, Wilson V, McCance T, et al. The experience of staff nitive and physical exercise program for individuals with demen-
utilizing data to evaluate and improve person-centred practice: tia: mixed methods usability study. JMIR Aging 2023; 6: e46480.
an action research study. J Adv Nurs 2022; 78: 3457-3469. 33. Rochat J, Ehrler F, Siebert JN, et al. Usability testing of a

17. McCance T and McCormack B. Developing healthful cultures patient-centered mobile health app for supporting and guiding

through the development of person-centred practice. Int J
Orthop Trauma Nurs 2023; 51: 101055.

the pediatric emergency department patient journey: mixed
methods study. JMIR Pediatr Parent 2022; 15;5: €25540.



https://www.iso.org/obp/ui/#iso:std:iso:9241:-11:ed-2:v1:en
https://www.iso.org/obp/ui/#iso:std:iso:9241:-11:ed-2:v1:en
https://www.iso.org/obp/ui/#iso:std:iso:9241:-11:ed-2:v1:en

0’Connor et al.

17

34.

35.

36.

37.

38.

39.

40.

41.

Reichold M, Hefl M, Kolominsky-Rabas P, et al. Usability
evaluation of an offline electronic data capture app in a pro-
spective multicenter dementia registry (digidem bayern):
mixed method study. JMIR Form Res 2021; 3;5: e31649.
Ehrler F, Weinhold T, Joe J, et al. A mobile app (bedside
mobility) to support nurses’ tasks at the patient’s bedside:
usability study. JMIR mHealth UHealth 2018; 6: e57.
Bloom BM, PottJ, Thomas S, et al. Usability of electronic health
record systems in UK eds. Emerg Med J 2021; 38: 410-415.
Villumsen S, Elsberg S, Lgvgren C, et al. Capacity building in
preparing the health workforce to deliver the digital future.
Stud Health Technol Inform 2021; 286: 43—-47.

Radbron E, Wilson V, McCance T, et al. The use of data col-
lected from mHealth apps to inform evidence-based quality
improvement: an integrative review. Worldviews Evid Based
Nurs 2019; 16: 70-77.

Morris AC, Ibrahim Z, Moghraby OS, et al. Moving from
development to implementation of digital innovations
within the NHS: myHealthE, a remote monitoring system
for tracking patient outcomes in child and adolescent mental
health services. Digit Health 2023; 9: 20552076231211551.
Nordan L, Blanchfield L, Niazi S, et al. Implementing elec-
tronic patient-reported outcomes measurements: challenges
and success factors. BMJ Qual Saf 2018; 10: 852-856.
Borges do Nascimento 1J, Abdulazeem H, Vasanthan LT, et al.
Barriers and facilitators to utilizing digital health technologies
by healthcare professionals. NPJ Digit Med 2023; 6: 161.

42.

43.

44.

45.

46.

47.

Caton E, Philippou J, Baker E, et al. Exploring perceptions of
digital technology and digital skills among newly registered
nurses and clinical managers. Nurs Manag (Harrow) 2024,
31: 27-33. Epub ahead of print. PMID: 37752873.

Dyb K, Berntsen GR and Kvam L. Adopt, adapt, or abandon
technology-supported person-centred care initiatives: health-
care providers’ beliefs matter. BMC Health Serv Res 2021;
21: 240.

Greenhalgh T, Wherton J, Papoutsi C, et al. Beyond adoption:
a new framework for theorizing and evaluating nonadoption,
abandonment, and challenges to the scale-up, spread, and sus-
tainability of health and care technologies. J Med Internet Res
2017; 19: e367.

Verweij L, Smit Y, Blijlevens NM, et al. A comprehen-
sive eHealth implementation guide constructed on a
qualitative case study on barriers and facilitators of the
digital care platform CMyLife. BMC Health Serv Res
2022; 22: 751.

Gartner JB, Abasse KS, Bergeron F, et al. Definition and con-
ceptualization of the patient-centered care pathway, a pro-
posed integrative framework for consensus: a concept
analysis and systematic review. BMC Health Serv Res 2022;
22: 558.

Bokhour BG, Fix GM, Mueller NM, et al. How can healthcare
organizations implement patient-centered care? Examining a
large-scale cultural transformation. BMC Health Serv Res
2018; 18: 168.




	 Introduction
	 Objectives

	 Methods
	 Study design
	 Procedures
	 Outcome measures
	 Analysis

	 Results
	 Cognitive task analysis
	 Qualitative findings
	 Themes
	 Theme 1. App design and features
	 Theme 2. App usability
	 Theme 3. Implementing the app in practice

	 Key modifications made to the app following user testing

	 Discussion
	 Strengths and limitations

	 Conclusions
	 Acknowledgements
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


