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Abstract

Background: In 2023, the National Clinical Guidelines for Stroke revised the recommended daily multidisciplinary therapy dose
from 45 minutes to 3 hours. To monitor the achievement of these guidelines there is a need for accurate measurement. This study
introduces a novel co-designed digital dosage tracking system that utilises Near Field Communication (NFC) technology to log
rehabilitation activities and demonstrates its feasibility and accuracy in a clinical setting through comparison with the current
clinical method of manual recording.

Objective: This study aimed to assess the validity, feasibility, and usability of a novel co-designed digital tracker using Near
Field Communication (NFC) technology to automatically log rehabilitation dosage in stroke patients, providing an objective and
low-burden solution for clinical environments.

Methods: This pilot mixed-methods study included two phases. Phase 1 involved a usability trial with nine participants
conducted at a university research centre, assessing usability with the System Usability Scale (SUS) and Intrinsic Motivation
Inventory (IMI). Phase 2 consisted of a clinical trial in an NHS stroke ward with 15 inpatients, comparing the digital tracker with
manual therapist recordings for validity and feasibility using paired t-tests, Cohen's D, and Bland-Altman plots. An acceptable
discrepancy range was set at ±5-10%.

Results: The digital tracker demonstrated high usability with a mean SUS score of 91.43 (SD = 9.53) and strong user satisfaction
(IMI score 6.29/7, SD = 1.50). Clinical trial results showed a strong agreement between the digital and manual methods
(t(207)=-1.55, P=.12, Cohen’s D=-0.06), with a small mean time discrepancy of 1.18 minutes (SD = 10.98) across 208 activities.
The Bland-Altman plot indicated good accuracy and consistency between methods, with limits of agreement within the clinically
acceptable range.

Conclusions: The co-designed digital tracker has been shown to agree with a manual method for recording rehabilitation dosage.
This development presents the opportunity for objective, automated and low-burden recording of rehabilitation dose to support
prescription, monitoring and research. Clinical Trial: ClinicalTrials.gov: NCT05981729
IRAS ID No. 329156
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Abstract
Background: In 2023, the National Clinical Guidelines for Stroke revised the recommended
daily multidisciplinary therapy dose from 45 minutes to 3 hours. To monitor the achievement
of these guidelines there is a need for accurate measurement. This study introduces a novel
co-designed digital  dosage tracking system that utilises Near Field Communication (NFC)
technology to log rehabilitation activities and demonstrates its feasibility and accuracy in a
clinical setting through comparison with the current clinical method of manual recording.
Objective: This study aimed to assess the validity, feasibility, and usability of a novel co-
designed digital tracker using Near Field Communication (NFC) technology to automatically
log rehabilitation dosage in stroke patients, providing an objective and low-burden solution
for clinical environments.
Methods: This pilot mixed-methods study included two phases. Phase 1 involved a usability
trial with nine participants conducted at a university research centre, assessing usability with
the System Usability Scale (SUS) and Intrinsic Motivation Inventory (IMI). Phase 2 consisted
of a clinical trial in an NHS stroke ward with 15 inpatients, comparing the digital tracker with
manual therapist recordings for validity and feasibility using paired t-tests, Cohen's D, and
Bland-Altman plots. An acceptable discrepancy range was set at ±5-10%.
Results: The digital tracker demonstrated high usability with a mean SUS score of 91.43 (SD
= 9.53)  and strong user  satisfaction  (IMI score  6.29/7,  SD =  1.50).  Clinical  trial  results
showed a strong agreement between the digital and manual methods (t(207)=-1.55, P=.12,
Cohen’s D=-0.06), with a small mean time discrepancy of 1.18 minutes (SD = 10.98) across
208  activities.  The  Bland-Altman  plot  indicated  good  accuracy  and  consistency  between
methods, with limits of agreement within the clinically acceptable range.
Conclusions: The co-designed digital tracker has been shown to agree with a manual method
for recording rehabilitation dosage. This development presents the opportunity for objective,
automated  and  low-burden  recording  of  rehabilitation  dose  to  support  prescription,
monitoring and research.
Keywords: Stroke;  Rehabilitation;  Digital  tracking;  rehabilitative;  rehab;  rehabilitation
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Introduction

Rehabilitation is crucial for regaining functions lost to stroke. The National Clinical Guidelines for
Stroke in the UK and Ireland now recommend at least 3 hours of daily multidisciplinary therapy, a
fourfold increase from the previous 45-minutes [1]. Yet, in practice, patients often receive a total of
35.6 minutes per day of in patent stay therapy [2, 3]. 
Rehabilitation dosage refers to the total amount of therapy delivered, encompassing the intensity,
frequency, and duration of rehabilitation activities [4]. Intensity, as defined by the UK’s  National
Institute for Health and Care Excellence (NICE) guidelines, involves tailoring the amount of therapy
each day to meet the individual's needs across various domains, such as physiotherapy, occupational
therapy, and speech and language therapy [5]. In the National Health Service (NHS), the dosage of
stroke rehabilitation a participant receives is typically recorded manually by healthcare professionals,
who document the time spent undertaking their rehabilitation during a therapy session, the specific
activities performed, and the intensity of these activities in relation to the amount of therapy each day
to  meet  the  individual's  needs  [6].  This  manual  recording  process  is  regulated  for  auditing  and
developing stroke care pathways [7].
The use of Internet of Things (IoT) and mHealth devices for self-rehabilitation shows promise in
improving post-stroke recovery and quality of life [8]. The usability of such technology can depend
on a co-design approach that involves both users and healthcare professionals,  aligning with the
Medical Research Council (MRC) recommendations [9]. 
This  study introduces  a  novel,  co-designed  tracker  that  uses  Near  Field  Communication  (NFC)
technology to track the dosage of rehabilitation across multiple domains (physical, cognitive, and
communication).  The  tracker  was  designed  with  users  (stroke  survivors  and  stroke  rehab
professionals)  to  be  accessible,  clinically  appropriate,  and  easy  to  implement,  providing  a
comprehensive  and  user-friendly  solution  for  monitoring  compliance  with  stroke  rehabilitation
guidelines.

Methods

This pilot study, conducted in two phases, evaluated the digital dose tracker, co-designed by users, by
assessing its feasibility, validity, and usability. Phase 1 focused on a usability study conducted in a
research setting, whilst Phase 2 involved a clinical trial to assess the trackers’ feasibility and validity.
The primary outcome for Phase 1 was usability, measured by the System Usability Scale (SUS) and
Intrinsic  Motivation  Inventory  (IMI).  The  primary  outcomes  for  Phase  2  were  dose  validity
(comparison with the current method) and tracker feasibility [10]. Feasibility was defined as the
ability of the digital  dose tracker to be effectively used by all  participants,  including those with
cognitive or physical  impairments,  without requiring significant  modifications or support.  It  was
assessed  by  the  absence  of  user  errors,  withdrawals,  and  the  successful  capture  of  accurate
rehabilitation data across various activities [11]. 

Subheading - Development of Digital Dose Tracker

In line with MRC recommendations [9], a co-design approach was used including two focus groups
(n=6) and usability testing in a university research facility [11] which resulted in a system whereby
users tapped a unique contactless ID card against a reader located at various rehab workstations,
thereby  tracking  the  dosage  themselves,  See  figure  1  [12,13].  Each  device  reader  could  be
programmed to  have  a  unique  identifying  number,  logged  automatically  whenever  a  participant
scanned their card, so that each rehabilitation activity could be automatically identified with the user
who used it and their time spent at each workstation.
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Figure 1: The user journey of the digital dose tracker

Subheading - Phase 1: Usability

Subheading - Participants
The usability of the digital dosage tracking system was tested with nine participants recruited from
an ongoing research trial at a research facility in the University of Strathclyde. These participants,
already meeting the inclusion requirements of the ongoing trial, engaged in an eight-week study to
assess the system's usability in a controlled environment.
Subheading - Testing
Participants attended rehabilitation sessions in the research facility, where they used the trackers to
log their rehabilitation activities. The activities and workstations used during this usability trial were
matched to those in the subsequent clinical trial, maintaining consistency across both study phases.
After completing the eight-week usability trial,  participants filled out the System Usability Scale
(SUS) and Intrinsic Motivation Inventory (IMI) surveys to assess their experience with the system.
Subheading - Ethics 
This study received ethical approval from the Strathclyde University Ethics Committee under the
protocol  number  UEC20/08:  Kerr:  Generic  Framework  Application:  User  experience  of  a
technology-based rehabilitation programme. All participants provided informed consent prior to their
involvement in the study.

Subheading - Analysis

The data gathered from the SUS and IMI surveys were analysed to determine the usability of the
digital dosage tracking system. The SUS provided a quantitative measure of usability, whilst the IMI
offered insights into the participants' motivation and engagement with the system. The results were
used to evaluate the trackers potential for integration into clinical practice

Subheading - Phase 2: Feasibility and Validity 

Subheading - Participants
In-patients at a local NHS hospital, with a diagnosis of stroke and referred for rehabilitation, were
invited to participate in the study, provided they met the following inclusion criteria: diagnosis of a
new stroke by an NHS Lanarkshire physician, more than 48 hours since the stroke event, medically
fit for rehabilitation as determined by medical staff, deemed to require rehabilitation, and able to
provide informed consent. Individuals were excluded if  they were acutely medically unwell,  had
active cardiac disease (such as unstable angina), active delirium or significant levels of confusion,
had a seizure within the past 7 days, were being managed under the Adults with Incapacity Act, or
were known to be pregnant. Those with aphasia and other cognitive or communicative difficulties
resulting from their strokes were not excluded from participating. Given the nature of the stroke
population, a significant proportion of participants were likely to have these impairments. In the UK,
it is estimated that 50% of stroke survivors experience cognitive impairment, and approximately one-
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third have aphasia or other communication difficulties, particularly in the acute and sub-acute phases
of recovery [14].

Subheading - Testing

Participants attended as many sessions at a rehabilitation gym located on the stroke ward as able,
with sessions lasting up to 2 hours. The tracker recorded the start and stop times when a participant
scans their card at each activity, providing a log of the total time spent at each activity, the person
who  used  it  and  exactly  what  the  activity  was  to  a  local  database  based  within  the  ward.
Concurrently,  the  supervising  clinical  staff  observed  all  participants  and  manually  recorded  the
rehabilitation activities and durations. This manual logging was intended to simulate typical clinical
practice, based on the advice of the local rehabilitation team, where therapists record the time spent
at each station or device without tracking finer details such as repetitions or specific exercises.

Subheading - Ethics 

The study was part of a clinical trial (ClinicalTrials.gov: NCT05981729) and received NHS R&D
ethical approval from South East Scotland Research Ethics Committee 1 (IRAS ID No. 329156). 

Subheading - Analysis

To assess the equivalence of the digital dosage tracking system with manual recording methods,
paired sample t-tests were employed to compare the mean times recorded by the two methods for
each activity. Cohen’s D was calculated to quantify the effect sizes of any observed differences, with
small  effect sizes being indicative of negligible differences.  Bland-Altman plots were utilized to
visually explore the relationship between the two methods, and the Limits of Agreement (LOA) were
calculated with a 95% confidence interval to determine the range within which most differences
would  fall.  Time  recordings  were  standardised  to  minutes,  and  the  average  absolute  time
discrepancies and their variability were presented in Table I. An acceptable range for discrepancies
was decided to be within ±5%.

Results

Subheading - Phase 1: Usability

High usability was demonstrated with a mean SUS score of 91.43/100 (SD = 9.53) and a mean IMI
score of 6.29/7 (SD = 1.50), see table 1. 
Table I: Collective Adaptive IMI results with averages.
Questions P1 P2 P3 P4 P5 P6 P7 Mean
1.  I  enjoyed  using  this
system very much.

7 7 7 6 7 6 6 6.57

2. I think I am pretty good at
using this system.

6 7 7 1 6 5 6 5.43

3. I  put  a lot  of effort  into
using this system.

6 6 7 3 7 6 6 5.86

4. I did not feel nervous at
all whilst using it.

7 7 7 7 4 4 4 5.71

5.  I  thought  using  this
system was a boring. (R)

7 7 7 7 7 6 7 6.86

6.  I  believe  this  system
could  be  of  some  value  to
me.

6 7 7 2 7 6 7 6

7.  I  believe  I  had  some
choice  about  using  this

7 7 7 3 6 6 6 6
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system.
8.  I  didn't  try  very hard to
do well at using the system.
(R)

7 7 7 7 6 5 2 5.86

9.  I  think  that  using  this
system is useful for tracking
my rehabilitation exercises. 

7 7 7 7 6 6 7 6.71

10. This system did not hold
my attention at all.(R)

7 7 7 7 7 6 7 6.86

11.  I  felt  very tense  whilst
using the system.

1 1 1 1 4 4 1 1.86

12. I felt like it was not my
own choice to do this  task.
(R)

7 7 7 7 4 4 4 5.71

13.  I  thought  this  system
was quite enjoyable

6 7 7 7 6 6 7 6.57

14. I would be willing to use
this  again  because  it  has
some value to me.

7 7 7 7 6 6 7 6.71

15.  I  am satisfied  with  my
performance  at  using  the
system.

6 7 7 7 5 5 6 6.14

16. It  was important  to me
to  do  well  at  using  the
system.

6 6 7 6 5 5 6 5.86

17.  I  used  this  system
because I wanted to.

6 7 7 6 6 6 7 6.43

18. Using the system was an
activity  that  I  couldn’t  do
very well. (R)

7 7 7 7 7 6 7 6.86

19.  I  felt  pressured  while
doing this.

1 1 1 1 1 2 1 1.14

20.  I  think  doing  this
activity  could  help  me  to
motivate  myself  in
continuing  my
rehabilitation.

7 7 7 7 7 6 7 6.86

Subheading - Phase 2: Feasibility and Validity

Table 2: Participant Characteristics of Feasibility and Validity Trial

Characteristics All Participants (n = 15)
Age (years)† 70.93 ± 13.31
Gender (male/female) 7/8
Stroke type (ischemic/haemorrhagic) 13/2
Time Since Stroke (days)† 19.50 ± 14.99
†Values are presented as mean ± SD
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Across the 15 participants, 208 activities were recorded by both digital and manual methods. There
was a generally high agreement between the methods with t(207)= -1.55, P=.12 and Cohen’s D of -
0.06, confirming the equivalence of the two tracking methods. The overall analysis, encompassing all
recorded  data  from the  various  rehabilitation  stations  and  gym attendance,  revealed  an  average
absolute mean time difference of 1.18 ± 10.98 minutes across 208 total uses. This absolute mean
time difference reflects a small 1–2-minute discrepancy between the digital and manual recorded
times, indicating that whilst minor differences existed, they were not systematic and likely stemmed
from normal variations in manual documentation.
The Bland-Altman plot (see figure 2) shows an even spread across the range of activity durations,
indicating consistent agreement between the digital tracker and manual recordings. The plot reveals a
bias of -1.18 minutes, suggesting good accuracy of the digital tracker relative to the manual method,
with only a small systematic bias. The Limits of Agreement (LOA) were calculated to be from -21.58
to 21.58 minutes, which encompasses most of the observed discrepancies. Despite this range, the
review of activity-specific durations revealed only minor differences, no greater than 6 minutes on
average (see table 2), further supporting the reliability of the digital tracking system.
Table 3: Summary of Rehabilitation Workstations and Mean Time Discrepancies Between Digital

and Manual Recordings. This table details  the number of uses,  the equipment involved,  and the

average time discrepancy ± SD in minutes between the digital tracker and manual recordings for

each workstation.  The "Overall" row shows the combined data across all workstations and gym

attendance.

Workstation
Category

Equipment
Number of

Uses (n)

Mean time
discrepancy ± SD

(minutes)
Upper Limb

Station
GRASP kits, Gripable 24 5.23 ± 12.80

Cognitive
Applications

TinyTablet 24 2.73 ± 6.52

Speech
Applications

TinyTablet 3 5.26 ± 21.08

Power Assist
Equipment

Three Motomed devices 67 3.23 ± 9.87

All Equipment
Uses

All above-listed equipment
(excluding gym attendance)

118 0.27 ± 10.72

Total Time Spent in
Rehabilitation Gym

Attendance in gym 89 4.50 ± 14.55

Overall - 208 1.18 ± 10.98
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Figure 2: Bland-Altman Plot Comparing Digital and Manual Dosage Tracking Methods. This plot

shows the  difference  between the  digital  and manual  dosage tracking methods  for  all  recorded

activities (n=208) at the stroke ward, plotted against the mean activity time. The plot includes the

mean difference (bias, d́ ) and the upper and lower limits of agreement (LOA) at a 95% confidence

interval (CI). The bias value, closely aligned with the x=0 axis, indicates a high degree of validity

between the two methods.

Discussion

The aim of  this  study was to  evaluate  a  novel  digital  dose tracker  against  the  standard manual
recording method. Primary results showed a high level of agreement between the digital and manual
methods,  with Cohen's  D indicating a negligible  effect  size,  which suggests that  the differences
between the  two methods  are  minimal.  This  result  confirms  the  digital  tracker’s  consistent  and
complete data capture. Manual recording is currently the method used for auditing and developing
stroke care pathways [7]. The digital tracker’s ability to collect a broader range of activity data, as
shown in Figure 2, highlights its potential to describe the intervention in greater detail, benefiting
healthcare providers attempting to improve their services and researchers aiming to better understand
response to rehabilitation interventions. 
Phase 1 outcomes demonstrated the device’s clear usability among practitioners and users. Usability
is a critical factor in healthcare and rehabilitation settings, as it directly influences the likelihood of a
device being adopted in routine practice. The high usability demonstrated by this digital dose tracker
ensures that both healthcare providers and patients can integrate the device into daily operations
without  significant  disruptions  or  extensive  training.  This  ease  of  use  supports  seamless
implementation in clinical environments, enhancing the overall user experience and increasing the
likelihood  of  widespread  adoption  [15].  In  rehabilitation,  where  consistent  and  accurate  use  of
technology  can  significantly  impact  patient  outcomes  and  care  efficiency,  high  usability  is
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particularly important [16]. 
Whilst the mean time discrepancy between the digital and manual methods is relatively small (1.18
minutes), the larger standard deviation (SD = 10.98 minutes) indicates some variability in individual
time  recordings.  This  variability  could  be  attributed  to  factors  such  as  differences  in  manual
recording  practices  among  therapists,  variations  in  task  complexity,  and  individual  participant
behaviour during rehabilitation sessions. Despite this variability, the overall agreement between the
two  methods  remains  strong,  suggesting  that  the  digital  system  is  a  valid  tool  for  tracking
rehabilitation dosage, especially when considering the average results across multiple sessions and
participants.
The digital tracker accurately tracked rehabilitation activities by logging the unique identifiers of
both participants and devices, ensuring precise data collection. Conducted under direct observation,
therapists  manually  recorded the  time spent  at  each  station,  reflecting standard  clinical  practice.
Whilst a minor average discrepancy of about one minute was noted between the digital system and
manual recordings, this difference was minimal and fell within an acceptable range.
In line  with  the  definition  of  rehabilitation dosage,  which  includes  the intensity,  frequency,  and
duration of rehabilitation activities, the digital tracker successfully captures the essential elements of
dosage as required by this definition. Although intensity refers to the individualised adjustment of
daily  therapy  across  various  domains  such  as  physiotherapy,  occupational  therapy,  and  speech
therapy,  this  tracker  is  particularly  adept  at  accurately  recording  the  frequency  and  duration  of
therapy sessions. By logging the start and stop times of each session, the tracker provides a measure
of the total  duration of rehab, which is critical  for ensuring that patients receive the appropriate
amount of therapy prescribed to them and can be used to monitor achievement of guidelines.
The digital trackers approach to tracking rehabilitation dosage mirrors the standard clinical practice
where therapists estimate the total time a patient spends at a therapy station. Therapists typically log
this time without distinguishing between active therapy and brief pauses, which has been an accepted
method in clinical practice for years. The one-minute average discrepancy observed between the
therapists’ manual logs and the digital recordings reflects the minor variations inherent in manual
estimation. Importantly, the fact that these times align so closely and fall within clinically acceptable
margins of error demonstrates that this method does not negatively affect the results. This small
difference is within the clinically acceptable range, reinforcing the digital trackers reliability as a tool
for tracking rehabilitation dosage.
The distribution of attendance across the different rehabilitation workstations also provides insight
into the priorities and preferences of stroke patients during their rehabilitation. Users at the stroke
ward's rehabilitation gym had the autonomy to select the rehabilitation they preferred, with guidance
and  supervision,  during  their  sessions.  The  Power  Assisted  Equipment  station  had  the  highest
number of uses (n=67) which may reflect a common patient priority of focusing on motor recovery
[17]. This preference is often driven by the desire to regain physical independence, which has been
previously recognised as a priority for individuals with stroke over cognitive or speech rehabilitation.
The  Bland-Altman  plot,  figure  2,  showed  that  the  device  was  accurate  in  depicting  a  user’s
rehabilitation  journey  and  the  LOA were  calculated  with  a  95%  confidence  interval.  There  is
currently no clinical documentation which specifies an acceptable LOA, but a margin of error within
±5-10% was deemed acceptable, given that manual recording in rehabilitation contexts could vary
widely, affecting the reliability of data [18]. The LOA determined in this study was within this range.
Table 3 shows that three rehabilitation workstations had an average time difference of just under 6
minutes. This discrepancy is attributed to the need for hoist or transfer assistance for users with low
to no mobility, resulting in waiting periods. This also applies to the time taken for participants to
transfer in and out of the rehabilitation gym. Overall, wide differences were rare, and outliers were
attributed to instances of human error in the manual recordings when the therapist was observing and
recording multiple participants at once.
The feasibility of the digital dose tracker was further demonstrated by the fact that all users of the
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rehabilitation gym, regardless of their varying levels of cognitive or physical impairment, were able
to effectively use the system. There were no withdrawals or errors recorded by the tracker during the
study, nor were any observed by the staff, demonstrating the trackers accessibility and functionality
across a diverse stroke population. 
The study faced challenges related to the rate of participant uptake. A significant number of potential
participants could not be included because they were only in the hospital for a few days, which did
not allow sufficient time for the consent process. Additionally, the rate of uptake in the study and the
number of viable participants varied depending on the number of patients admitted to the stroke ward
during  the  study  period.  This  limitation  reduced  the  overall  sample  size,  impacting  the
generalisability  of  the  findings.  Future  studies  could  consider  running  for  a  longer  duration  to
accommodate  the  consent  process  and  variations  inpatient  admissions,  thereby  ensuring  a  more
comprehensive assessment of rehabilitation dosage. 
Subheading - Conclusion
This  study has  evaluated a  novel,  co-designed,  digital  system for  monitoring  rehabilitation  dose
finding it largely agreed with traditional manual methods. It is one of the first studies to implement
such a method of rehabilitation dosage tracking in a clinical rehabilitation setting. This promising
system has the capacity to provide an accurate and automated method for measuring achievement of
the new National Clinical Guidelines for Stroke recommendations and providing practical support
for therapists and researchers.
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