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ABSTRACT

1. INTRODUCTION

Clinicians in Low to Middle Income Countries (LMICs) are
frequently resource and time-poor, leading to higher
incidence of deterioration of post-surgical patients from lack
of surveillance. Patient reported outcomes (PROs) have been
shown to be a potential intermediate measure to avoid
preventable deterioration. Working with the Network of
Critical Care Surveillance and Training (NICST) in
Colombo, Sri Lanka, an existing prototype for an inpatient
PROs platform was evaluated by clinicians and patients. This
provided the basis for requirements for an improved design
to enhance patient-to-clinician “just-in-time” care in the
immediate post-operative window for abdominal surgical
patients in two Sri Lankan hospitals. Initial evaluation of
acceptability and iteration of the design through qualitative
interviews and cognitive walkthroughs showed promising
use in the ward by both patients and clinicians to address low
health literacy and prevent post-surgical deterioration. In
spite of challenges presented by legal and cultural barriers,
in addition to conducting time-limited research in an
unfamiliar environment, this novel user-centred project adds
to the growing ecosystem of digital health services in Sri
Lanka, through acceptable, accessible and context-specific
technology.

About 310 million patients undergo surgery each year, with
most procedures occurring in higher-income countries
(HICs) [42]. In many HICs, enhanced recovery pathways
(ERPs) are increasingly integrated into surgical services,
representing a shift towards a patient-centred framework of
care across surgical specialities. However, unmatched care
and gaps in surgical services due to lack of resources are of
increasing public health concern in low-to-middle income
countries (LMICs) [16], leading to decreased clinicianpatient communication, decreased quality of life and
increased chances of re-admission post-surgery.
Patients in HICs are expected to receive dedicated pre and
postoperative counselling, as suggested by the Enhanced
Recovery After Surgery (ERAS) [33] guidelines, including
information about their surgery and what to expect during
recovery. This helps to decrease surgical related anxiety,
increase self-management and engagement with healthcare,
allowing for better adherence monitoring for clinicians to
optimise patient interventions. Additionally, monitoring
patient-reported outcomes (PROs) [66] is common in
tracking possible deterioration and improving patient care.
Conversely, in LMICs such as Sri Lanka, postsurgical care
systems are difficult to implement as they are typically
resource and time-intensive, requiring dedicated personnel to
collate data for evaluation. Inpatient wards are often
overcrowded, poorly resourced and understaffed,
significantly impacting the clinical staff’s ability to monitor
patients in case of deterioration. Administrative difficulties
and lack of benchmarking influence clinicians to prioritise
time and effort for the most critical tasks. Thus, lowerpriority patients tend to receive less clinical monitoring. As
a result, patients with little access to clinicians and follow-up
information may have lower quality of life and health
literacy post-surgery.
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The use of technology in perioperative care for patients has
expanded significantly in the last decade, targeting
professionals, patients and the general population across
stages in care. Studies suggest the use of technology can
improve patients self-education in addition to compliance
with treatment to increase administrative efficiency [77].
Other studies into integration of mobile technology to inform
patients during post-operative hospital stays showed high
acceptability and satisfaction [25], demonstrating potential
to be a resource efficient method to engage with recovery
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pathways and collect PROs. However, there are fewer
examples of integration of healthcare technology in LMICs
for collecting PROs, and little research demonstrating how
use of such tools can assist clinicians and patients
postoperatively.

empowerment, such as pain, fatigue, nausea and physical and
cognitive
impairments. Patient-centred care
and
communication also depend on provider resources, form,
content and mode of delivery, resulting in inconsistencies
across hospitals, which can undermine invested effort and
time on patient-centred care.

In order to address several gaps in care across the Sri Lankan
hospital ecosystem, The Network for Improving Critical
Care System and Training (NICST) has created settingadapted mobile platforms for abdominal, renal and vascular
care. These co-designed platforms support the routine care
and benchmarking for more than 115,000 patients, allowing
clinicians to benefit from surveillance in daily decision
making.

2.2 Postoperative Care in LMICs

Surgery is a central component to primary health worldwide
and is considered favourably amongst health interventions in
terms of cost effectiveness, according to the World Health
Organisation [61]. However, it is recognised that there are
large gaps in access to surgical services in LMICs, with an
estimated 143 million procedures required [42]. Delivering
safe and effective perioperative care is a major challenge
facing health professionals in LMICs; there is a global need
to improve access to surgical treatment, emphasise
decreasing operative complications and advance holistic,
patient-focused care [46].

This study aims to gather requirements for the design and
evaluation of a patient-facing platform for perioperative care
following abdominal surgery in Sri Lanka, with the goal of
improving management of inpatients after abdominal
surgeries. This was conducted through qualitative research to
extract user and functional requirements for a post-surgical
platform for patient and clinician use, working from existing
prototypes created by NICST.

Patient-centred care is difficult to establish in LMICs such as
Sri Lanka. While possessing a free universal health-care
system, Sri Lanka’s public health sector suffers from major
limitations and challenges. Due to the country’s civil war,
infrastructure is poor, with complex surgical procedures and
specialist care often limited to hospitals in major cities with
long waiting lists. As a result, public healthcare, has
inadequate capacity and inconsistent standards across
services.

2. BACKGROUND

In this section, prior research on the post-operative care and
related technology were reviewed. An introduction to
postoperative care in HICs and LMICs is presented, followed
by a review of current health information technologies,
including those focused on the patient-as-user. Finally,
existing health information technology in LMICs is
introduced.

Health workers are in high demand, and improperly utilised
in the working environment. Bystanders, usually family
members or hired staff, take on roles typically fulfilled by
nursing and hospital staff in Western hospitals, such as
patient management. Referral systems and patient records
are scarce, and provisions, equipment and medications
necessary to manage diseases and related surgeries are often
unavailable at many hospitals. Short and long-term data
collection for appropriate benchmarking is scarce as a result.
Consequently, many patients in the postoperative phase are
likely to experience delays in “just-in-time” care due to lack
of staff and facilities, and experience higher likelihood of
deterioration [40,44,72,97].

2.1 Postoperative Care in HICs

Thorough perioperative care (the pre, intra and postoperative
periods following a surgery) is imperative in effectively
identifying, preventing and treating complications [36].
Typically, postoperative care is identified as a major focus
during surgical care due to high re-incidence during the first
30 days following treatment, resulting in re-admission,
increases in treatment costs, reduced life expectancy and
quality of life [67].
In HICs, there is a push for increased patient-centred care
with the implementation of enhanced recovery pathways
(ERPs)[4]. The increasing attention to patient-centred
perioperative care comes from a worldwide desire for patient
empowerment through education, increased communication
with healthcare providers and including patients in decision
management [80]. Patient education is essential in increasing
satisfaction and anxiety reduction [70]. Further to this,
assisting patients in identifying potential complications can
reduce health-associated costs through decreased length of
stay and improved self-management after discharge [37].
Thus, postoperative patients are now encouraged to take
ownership in understanding their condition.

Social barriers in Sri Lanka can also impair postoperative
care access. Clinician-patient interactions in South Asia are
characterised by power distance, hierarchy and low clinicianpopulation ratios [3]. Trust and communication are one-way
processes in these contexts, with patients placing a high
degree of trust on healthcare professionals. This reinforces
the lack of scope for joint decision making or communication
required for patient-centred care. Other difficulties such as
lack of social support during the perioperative period may
also impact access to initial care.
Other critical factors commonly cited in the literature
influencing the access of treatment in LMICs include
individual factors such as health education. Participation in
healthcare requires health literacy skills, including ability to

Nonetheless, there are several obstacles in achieving patientcentred care. For example, hospitalisation creates several
barriers to patient education, communication and resulting
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access and use information for health and wellbeing [2,96].
Health literacy results in empowerment and decision-making
skills to support health outcomes, while lower health literacy
is identified as a key barrier to attaining best outcomes for
health services. Patients with low health literacy may be
unaware of treatment options available, long-term
management and follow-up. Patients often are required to
pay directly and indirectly for services, deterring care
seeking.

and financial resources [92]. Additionally, while CDSSs are
shown to support decision-making and improve clinical
performance, there is little evidence for supporting patient
outcomes. Furthermore, applying CDSSs and EMRs to lowresource settings has not been sufficiently explored in the
literature.
2.4 The Patient as User

Historically, HITs in hospitals and other healthcare settings
have been targeted to clinicians. However, this is changing;
technology adoption by patients is becoming common, with
a growing number of apps for flexibility, affordability and
ease of use for wider populations. Patients are more engaged
and interested in timely, easy and accessible health data
worldwide [21], with healthcare organisations, such as the
NHS, increasing patient access to EMRs [24].

Presently there is a dearth in the literature exploring and
implementing patient-focused care in LMICs. This may be
due to poor hospital resourcing and lack of data for
standardising clinical results. However, examples to bolster
LMICs’ ability to establish and administer focused
perioperative care comes from work on promoting
benchmarking. NICST in Sri Lanka has implemented several
surgical registries to quantify surgical outcomes in LMICs
worldwide in order to improve perioperative outcomes [76].
Follow-up surveys found that 30 day outcomes for 3,736
patients following abdominal surgery, vascular and renal
care highlighted deficits in postoperative rehabilitation [12],
emphasising the necessity of working within postoperative
care in these contexts.

Technology provides the scope to increase patient-centred
care and intra-hospital communication. In the inpatient
setting, patients are commonly unable to absorb information
such as care advice or treatment plans properly, directly
impacting patient satisfaction, impression on care quality and
anxiety [91]. One study investigated the effects on patient
satisfaction and comfort during hospital visits through timely
updates on health status and treatment using an in-room
display [91]. Information provision through the display was
found to be effective in promoting patient-clinician
communication and increasing adherence to care plans.
Augmenting this process through technology was key, as
communication is highly associated with positive healthrelated outcomes, trust and reduced anxiety [35,82].
However, this use of public displays limits patient interaction
with the device and has significant implications on privacy.
Other examples of HIT for communication come from the
acceptable use of healthcare portals by patients with low
literacy in assisting patient-clinician contact [53] and
empowering patients to understand their care plans more
effectively.

With increasing urbanisation, internet access, health
awareness and literacy across South Asia, there are
implications on patient confidence and ability to administer
patient-centred care in systems in LMICs. One example
comes from ERP implementation in a healthcare system in
South Africa to reduce postoperative morbidity and
associated costs in hip and knee arthroplasty [68]. This study
formed best practices and suggestions for postsurgical
outcomes specific to LMICs and identified outcomes
assessments necessary for benchmarking. As such, there is
scope to focus on patient-focused care in LMICs and
facilitate change, keeping in mind differences in
demographics, infrastructure and healthcare resources.

Considering this, the opportunity to communicate is often
constrained, which can be improved through mobile
application use (MHealth). Due to the ubiquity and
accessibility of smartphones, health applications target
patients and professionals in perioperative care. Evidence
supports the use of apps as tools at the point of care for health
promotion, patient self-management and remote monitoring
of patients [15,59]. Clinicians are now able to collect data
from patient users to streamline care, allowing for expedited
discharge and early detection of complications [63]. As a
result, patients now have access to a variety of tools for
health management in the perioperative context.

2.3 Postoperative Healthcare Technology

Technology to support patient care in the perioperative
context has been developed successfully across contexts.
Health information technology (HIT) introduced over the
past 20 years such as electronic medical records (EMRs) and
computerised decision support systems (CDSSs) have been
implemented in HICs to support quality, efficiency and
safety of health management.
Evidence supports the use of HITs to facilitate positive
surgical outcomes and efficiency of care. EMRs are shown
to increase patient understanding, and clinician to patient
communication about self-care topics in recovery [7].
However, this observational study showed that use of EMRs
alone did not improve documentation practices in HICs,
highlighting that EMRs should be designed for easy
integration into patient-clinician communication. In LMICs,
EMRs have the potential to expedite healthcare processes,
yet to implement these successfully, supporting resources
and infrastructure are required, such as training, expertise

Studies monitoring the postoperative quality of recovery
with MHealth applications demonstrated feasibility and
acceptability [75] from even acute patients within a day of
surgery. Other examples of HIT to support patient journeys
are communication devices for information dissemination
for patients with low literacy [85]. However, while this was
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found to be highly acceptable by patients, this study did not
follow formal user testing.

reporting with tablet computers and symptom monitoring
found critical clinical benefits in cancer care, measured by
the health-related quality of life index [10]. Additionally,
patients in HICs are typically familiar with sharing
information online and view sharing their electronic PRO
data to support their education and decision making
positively, highlighting the acceptability of electronic PROs
[1].

Moreover, mobile technology designed for “just-in-time”
education regarding surgery was found to be highly
acceptable and useful for patients of all demographics,
presenting a means by which patients can become
participants in healthcare. Vawdrey et al. [89] developed a
tablet computer application for patients to receive interactive
information in a cardiology unit following treatment and
found that patients were enthusiastic about health
information. This resource was furthered in a separate
investigation, where older patients following cardiac surgery
used an electronic health platform combined with an
education plan distributed across the perioperative period.
Results found that relevance and use of surgery-related
information increases when the information is presented in a
timely, modular and digestible fashion for the target
audience [26]. These examples demonstrate technology and
techniques for presenting medical information to patients in
order to understand care and to supplement interactions with
their care team.

Nonetheless, engaging clinicians in using PROs is
challenging, as it is difficult to understand where to integrate
self-reporting into existing clinical care workflows without
creating additional burdens or expenditure [29]. Clinicians
are typically busy and resistant to paradigm changes and new
processes. As such, electronic PROs need to be carefully
considered and integrated into existing workflow to ensure
clinical uptake.
However, research in HCI has not thoroughly addressed
opportunities to improve patient-clinician communication
for education and empowerment in the postoperative setting.
Within the HIT space, there is a need to evaluate the costs
and benefits of PRO implementation, such as costs of
resources, time, energy, and clinical training required.
Additionally, it is evident that few HITs undergo usercentred design and acceptance testing. Focus is placed on
feasibility as opposed to long-term outcomes.

Another form of patient-clinician communication is the
collection of symptom information using patient-reported
outcomes (PRO), which can be implemented through
MHealth. A PRO is defined as “measurement of any aspect
of a patient's health status that is reported directly by the
patient, free of interpretation by a physician, researcher, or
other person… an account of how the patient functions or
feels relative to a health condition or therapy” [87]. PROs are
used in HICs to improve symptom monitoring and prompt
management and control. They have been found to enhance
patient-clinician communication [56,88], satisfaction for
cancer care [14], and identification of patients with higher
healthcare needs [18,56].

2.5 HIT in LMICs

There is growing support for HIT in LMICs, due to low cost
of implementation and flexibility of use across socio-cultural
contexts. Despite this, there are few longitudinal and
established examples of implementation. HIT in resourcelimited settings frequently concentrates on working within
the constraints of the environment and reducing cognitive
and physical burdens on health workers and patients.
Evidence in support of HIT for clinician-focused technology
in resource-limited settings comes from the successful
implementation of touchscreen EMRs in Malawi [30]. With
a concentration on reducing cognitive load on clinicians and
healthcare workers and error prevention, the diseasespecific, targeted system used wizard interfaces to guide
users through data collection, with simple displays with low
information density and free text. This was tested and shown
to be highly acceptable in a context wherein clinicians are
under high stress and with restricted health resources.

PROs need to be pragmatic in implementation [9], but
remain underpinned by culturally and condition-specific
frameworks [5], and technological integration is pertinent.
PROs consist of instruments such as questionnaires
measuring health status and quality of life, and can be paper
or technology based [13]. Typically, they are elicited from
patients during ward rounds, clinical visits or from the home,
but such approaches are inefficient, and may not detect
symptoms for timely management of worsening selfreported symptoms [29]. Clinicians are often timeconstrained, and patients frequently lack access to tools for
symptom appraisal. Hence, MHealth provides a flexible and
accessible method to integrate PROs into hospital workflow.

Additionally, NICST has developed and implemented
mobile platforms to enhance information flow and
benchmarking availability for acute care in Pakistan and Sri
Lanka. These platforms, encompassing rabies prevention
[71], Early Warning Systems (EWS) [11] and operative
registries [12], help to inform quality improvement projects,
improve visibility of ward observations, facilitate clinical
education and help to identify at-risk patients.

Obtaining accurate PROs efficiently is fundamental for
clinical decision making as it constitutes a rich data source
for understanding of care on an individual and organisational
level. To support this, research shows that collecting precise
data concerning sensitive information is more likely via
electronic monitoring than face-to-face meetings [31]. Most
patients in HICs are willing to self-report via the web, even
in palliative care; randomised control trials using self-

However, these are mostly clinician-focused HITs, as
literacy and low technology use constitute significant
barriers to patient-focused HIT implementation in LMICs.
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To overcome this, the use of SMS as a service has proven
particularly effective in LMICs such as Uganda, Kenya and
South Africa [54]. Design and development for mobile
phone resources in the context of HIV/AIDs care has shown
to be useful and increase regular adherence in interventions
[69]. However, even basic technology such as SMS has been
criticised. Literacy presents a problem in SMS interactions,
in addition to difficulties in text input on older mobile phones
for non-Latin languages. Subsequently, use of SMS is
reportedly low in certain populations [49]. Use of Interactive
Voice Response systems (IVRs) have been used in place of
traditional mobile input, as found to be acceptable and useful
in the of IVRs for people living with HIV/AIDs in resource
limited settings in South Asia [48]. Promotion of IVRs in
these contexts has been prominent due to security concerns
in addition to suiting oral socio-cultural contexts well
[49,84].

1.
2.

Identifying user priorities and requirements for a
patient-facing post-operative platform.
Updating the design of an acceptable and usable
postoperative platform for abdominal care.

4. METHODOLOGY

The research and design formed 3 main phases, involving
clinicians (doctors, nurses and data collectors), patients and
human-computer interaction experts in order to reflect the
iterative user-centred design process (Figure 1).

While there is highly documented use of HIT through one
way text-message and phone reminders [50], there is an
absence of further HIT services operating at scale in LMICs.
Developing technology for healthcare in LMIC settings
provides unique challenges such as the complexity of everevolving health information and clinical guidelines. Poor
adherence to healthcare interventions proven through
randomised control trials, are reported in LMICs. Because of
this, administrative and clinical groups are hesitant to invest
in time, resources and money in these systems [52]. Other
issues relating to security, trust and traceability are pertinent
to healthcare settings in recent years. While these issues are
prevalent in HICs, LMICs like Sri Lanka face
implementation challenges due to structural and legislative
difficulties. As a result, HITs needs to address specific and
evidence-based health requirements of the region to achieve
successful HIT operation [74].

Figure 1. Project Structure

Phase One consisted of three activities to establish design
implications and requirements; Study 1 included semistructured interviews and think-aloud studies with clinicians
using the PROTECT apps (Appendix 2-3). Study 2 consisted
of structured interviews and quick usability testing of the
PROTECT Patient app with patients, conducted by hospital
coordinators trained by the researcher. This was followed by
a heuristic evaluation of both applications.

While there is a growing body of evidence to support
technology for healthcare interventions in LMICs, there is a
lack of research regarding use of technology specific to twoway, patient-focused postoperative care. To support Sri
Lankan outcomes, where patients experience higher chances
of deterioration compared to HICs, NICST have developed
an MHealth PROs platform for clinician and patient use. The
PROTECT Patient and Clinician apps involve two-way
communication to indicate signs of complications but have
not been evaluated nor implemented (Appendix 2-3 ). This
study contributes to the NICST body of work by evaluating
and updating the design of this platform to improve patientclinician communication, identify signs of complications and
involve patients in their recovery.

Phase Two encompassed design activities such as personas,
scenarios and developing prototypes with the NICST team.
Finally, Phase Three involved three evaluative activities,
interleaved with rapid re-design. Study 3 consisted of
usability testing with clinicians of the designed platform and
Study 4 consisted of usability testing with patients conducted
by hospital coordinators. The applications were then redesigned using interview feedback and analysis of
acceptability using the UTAUT framework [51]. Lastly, a
cognitive walkthrough was conducted with two HCI experts
to evaluate and inform a final design iteration.

3. AIMS

4.1 Participants

The aim of this study was to consider the challenges faced in
LMICs during postoperative care, examining clinician and
patient attitudes and use of existing prototypes, and to extract
requirements for an improved design to enhance patient-toclinician “just-in-time” care. The research and resulting
designs centre around two objectives:

29 clinicians and patients were recruited across the
qualitative studies using convenience sampling. The number
of participants was selected as it was found that it would not
be possible to gather and analyse more than 10-15 hours of
qualitative data given the short timeframe across phases [17].
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Recruitment criteria differed between studies, as both
healthcare professionals and patients with different
experiences and knowledge of postoperative care were
recruited in order to understand the entire system of the postoperative care process for abdominal surgery. Clinicians
were recruited from a pool of participants and wards with an
established relationship with NICST. Working with medical
professionals posed scheduling and availability issues, due to
the recognised time and resource-limited environment.
Therefore, it was not feasible to capture more interviews in
the timeframes of each project phase.
Each participant was assigned a participant number to ensure
anonymity, and it will be used to describe participants
throughout the report.

Figure 2. Main Menu of PROTECT Clinician Application

4.2 Ethical Considerations

Ethical approval for this study was obtained from the Ethical
Review Committee of Faculty of Medicine, Sri Lanka (EC15-032), and all participants provided either written or verbal
consent.
4.3 Data Analysis

Transcripts and translations of semi-structured interviews,
usability testing, translator debriefing sessions and focus
groups were analysed through a thematic analysis approach
[19], with NVIVO v11.0 and paper analysis.
Figure 3. Main Menu of PROTECT Patient Application

Raw data was translated and transcribed by the researcher
and translator, as some interviews were in Sinhalese.
Transcriptions were coded in an inductive manner from
qualitative research and concepts from the research
literature. Thematic analysis was selected due to its
theoretically flexible and robust nature, allowing for
presentation of qualitative data in an understandable manner
for a wide range of audiences [19].

Interviews were selected as a main approach for data
gathering to uncover clinicians’ perceptions and priorities in
care. As clinicians in this setting are time-limited, in addition
to ethical limitations working within the ward, the researcher
was unable to conduct contextual inquiries to observe true
“just-in-time” observations of clinical decision-making. One
focus group was conducted about experiences working in
postoperative care, and assessment of the existing designs to
maximise participants’ time.

5. PHASE ONE: USER REQUIREMENTS

This research phase targets the first aim of the project,
identifying user priorities and requirements, through the use
of user interviews and heuristic evaluations. Findings from
Studies 1 and 2 were analysed together in section 5.3. This
was done in order to inform and compare clinical and patient
priorities and barriers in care.
5.1 Study One: Clinician Interviews and Focus Group

Understanding clinicians’ views of clinician-patient
communication, education and value of PROs in resourcelimited settings is fundamental in identifying the needs and
priorities for a postoperative support tool. To investigate this,
six semi-structured interviews and one focus group were
conducted with a total of nine participants with experience
working in hospitals in Colombo in abdominal postoperative
care (Table 1). Interviews were followed by quick user
testing of the PROTECT clinician and patient apps (Figures
2-3, find full screenshots in Appendix 2-3). This led to
follow-up questions regarding perceived usefulness and
feasibility and a card sorting task.

Code

Research Type

Clinician Role

C1

Interview

Data Collector

C2

Interview

Nurse

C3

Interview

Nurse

C4

Interview

Data Collector

C5

Focus Group

Nurse

C6

Focus Group

Nurse

C7

Focus Group

Nurse

C8

Interview

Doctor

C9

Interview

Nurse

Table 1. Participant Demographics
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Participants were recruited over a one-week period.
Interviews with six participants were conducted on-site at the
National Hospital of Sri Lanka and in private rooms at the
NICST offices. The focus group was conducted at Apeksha
Hospital. Each interview and focus group lasted around 3060 minutes, depending on the amount of time the clinician at
hand was able to give. All interviews were audio recorded
with the permission of participants, except for the focus
group where field notes were taken due to participants’
digression. The applications were pre-installed and displayed
on a phone for participants’ use. Card sorting materials, with
key user tasks from the PROTECT apps, were prepared
beforehand. The semi-structured interview guides were
developed iteratively, incorporating techniques from the
Critical Decision Method [43] and feedback from the
NICST team regarding cultural appropriateness and
sensitivity.

adjust follow-up questions when necessary. Interview
questions were adjusted iteratively in this manner for cultural
and participant appropriateness.

Consent was sought and obtained from all participants.
Interviews and focus groups followed one topic guide
following
three
key
themes:
patient-clinician
communication, patient education and motivation in the
ward (Appendix 4). This was followed by quick usability
testing of the PROTECT clinician and patient prototypes
using the think-aloud protocol [47]. Participants were invited
to interact with the prototype and assigned two tasks to
complete, including follow-up questions after task
completion. The tasks were selected from a list of user
interactions available in the prototypes.

The audio recordings of interviews and the focus group were
transcribed and analysed using a thematic analysis approach
[19]. While analysing the data, themes were identified
without a coding frame. Transcripts from Studies 1 and 2
were analysed to reflect opinions of all stakeholders and
users.

Coordinators approached patients in the ward who were
recovering from up to five days post-operative from
abdominal surgery. Patients were asked to look briefly at the
app on the tablets, and complete two tasks. Tasks were
selected at random by the coordinator due to patient ability
and translation requirements. After this, patients were asked
follow-up questions about patient-clinician communication,
health education and motivation following surgery.
Interviews were audio-recorded and interactions with the
tablet were screen-recorded with participant permission. As
patients interviewed in the ward were in the midst of
recovering, each interview lasted from 10 to 20 minutes.
5.3 Analysis

Attempts at recoding occurred during this stage before
candidate themes were identified to reveal considerations
clinicians and patients had for PROs in inpatient care.
Candidate themes were then reviewed and compared to
verify coherence and distinction. Due to time constraints, an
initial analysis of data was conducted in the field, in order to
quickly inform and instigate design priorities and activities.
Initially, through keeping a reflexivity journal, themes were
structured around three main categories; patients, clinicians
and resources.

Following this, participants were asked to sort key aspects
and tools within the NICST app in a card sorting exercise,
through the point of view of clinicians and patients.
However, due to participant time limitations, only five
participants completed the card sorting task. Some
interviews and the focus group were conducted with a
translator, where translation would occur concurrently with
question and response. Notes were taken throughout sessions
to fill in gaps due to poor audio or when, in the focus group,
participants did not wish to be audio-recorded.
5.2 Study Two: Patient Interviews

Eight patients were interviewed in Apeksha Hospital about
their experiences recovering from abdominal surgery, and
briefly tested elements of the PROTECT: Patient application
to assess acceptability and confidence in use. Participants
were recruited using purposive sampling through a pool of
patients who had previously agreed to have data collected as
part of the NICST abdominal registry.
Due to legal constraints in Sri Lankan hospitals, the
researcher was unable to interview patients in person.
Consequently, hospital coordinators working with NICST
were trained in conducting interviews and pop-up usability
testing of the PROTECT: Patient application. Coordinators
were trained how to use the application downloaded onto
their tablets. Interview protocols were prepared beforehand
(Appendix 5), and reviewed together with the coordinator to
ensure a thorough understanding of the study aims, as to

Figure 4. Initial Thematic Map

When revisiting these themes in the context of the research
questions, themes were reorganised with a focus on research
aims and identifying user priorities through a deductive
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5.4.1 Priorities in Care

approach in the field (Figure 4). A further re-grouping was
conducted after research activities were completed using
sticky notes (Figure 5).

5.4.1.1 Clinician Priorities in Care

Several factors were identified influencing the clinicians’
priorities in care, including postoperative measures and
parameters, and intra-hospital communication.
Postoperative measures and process
Interviews highlighted the role of clinicians during the
postoperative process, including the management of
postoperative measures and parameters for inpatient care.
This includes a complex network of clinicians, including
nurses, doctors, anaesthetists and physiotherapists (see
process diagram in Appendix 6).

Figure 5. Sticky Note Analysis

Through the short card sorting activities, vital signs and
check-ups were frequently reported as most valuable for
clinicians to know (Table 2, Figure 7).

Emergent themes are described in the following results
section (Figure 6).

“If the patient is sick, if there is a problem with this, then
the rest come after such as quality of life.” (C3)
Clinicians were keen to emphasise the frequency at which
physical check-ups on patients were conducted, starting
directly after surgery, throughout stays in the High
Dependency Unit (HDU) for more critical cases, and up to
discharge. Ensuring monitoring of appropriate and accurate
measures, including blood pressure and fluid output, is
crucial and of high priority, principally for high-risk patients.
Clinician Priorities
(N=5)

Perception of Patient
Priorities (N=3)

Vital Signs

Self-care Skills

Mood Monitoring

Clinician Contact

Self-care Skills

Quality of Life

Clinician Contact

Mood Monitoring

Quality of Life

Vital Signs

Table 2. Average Priorities from Card Sorting
Figure 6. Final Thematic Map
5.4 Results

During thematic analysis, several themes regarding priorities
were identified for consideration during care, as well as
requirements for a postoperative abdominal care tool.
Patient and clinician interviews were analysed together to
inform design implications. Firstly, priorities for clinicians
and patients will be described, followed by barriers. Finally,
usability issues and improvements of the two PROTECT
apps will be presented.

Figure 7. Completed Card Sorting
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“For the bad patients, it is important to measure the
outputs, then they are doing that. The NG feeding and
feeding are all done by the nurses, for the very bad
patients.” (C3)

Collaboration with other clinicians and patients, and
information dissemination are emphasised as imperative for
decision-making within the ward. While barriers to
communication and streamlined processes do exist,
clinicians’ perceptions of communication within the ward
are positive. For example, nurses frequently reported that
they are able to distribute critical information to the correct
doctors quickly in order to make changes to care plans or
treatment.

Clinicians spoke of the importance of completion of these
steps as frequently as necessary in order to prioritise patient
care.
“Sometimes, our patients, we are using only patient
monitoring hourly. More than that, patient observing, two
hourly…” (C7)

“The nurse do something, the nurse go to the doctor, and
ask about his opinions.” (C4)

However, this may not always occur as frequently as
planned, due to limitations in resources and staff. As such,
clinicians focus on physical parameters as a bare minimum,
ensuring that these are conducted as accurately as possible.
Despite this, there is a hypothetical appreciation for PROs,
such as understanding the mood and pain of their patients, as
shown in the card sorting activities (Table 2).

However, this perception is not held by all; one data collector
reported that information dissemination is frequently rushed
and ad-hoc, illustrated by an example of information
exchange during shift changes occurring verbally.
“Nurses are changing their shift, so all of nurses are have
to say history about the patient verbally” (C1)

Patient self-care

Regardless, clinicians emphasised the necessity of
communicating patient status to other clinicians in a timely
and accurate fashion for care.

Clinicians expressed the importance of their patients’
understanding and having autonomy of self-care, and basic
care skills. This not only supports their work post-discharge,
but also inpatient care. Some clinicians expressed that low
health literacy and lack of care skills can sometimes impede
their workflow.

System processes
During discussions and introduction to the PROTECT
applications, some clinicians felt hesitant about the notion of
implementing process changes. It became clear that this is
due to a highly complicated system, which acts as both a
priority for clinicians and a barrier to care. This highlights
the differences in priorities between clinicians.

“Sometimes patient self-care is missed… Patient is not
cleaning when he is going to the bathroom after dressing..”
(C7)
Clinicians conveyed wanting to spend time with patients to
teach crucial care skills during their ward stay and in
preparation for discharge. However, due to limitations in
environmental resources, to be discussed in the following
section, clinicians often are unable to impart this information
in a concise and patient-focused manner.

Decision-making for clinicians was at its core conducted
through the bed-head ticket (BHT), a document detailing all
relevant information for the patients’ hospital stay.
Documentation is sparse in Sri Lankan hospitals, with a lack
of a central system for data storage such as EMRs. Nurses,
doctors and data collectors therefore rely on the legal
documentation of the BHT for patient information, with
patients receiving new BHTs upon admission.

Intra-hospital communication
Ensuring that communication were aligned was a prominent
theme during interviews. It is fundamental for clinicians to
be able to adhere to the hospital legacy processes, reiterated
as a main focus during their daily activities.

“All their works is in the BHT. It takes them a lot of time,
the BHT. They do a lot of paper-works.” (C6)
All nurses reported using the BHT as a first point of call
during work and reported that other clinicians also use this
as a main reference. Documentation is spread across
different systems which are updated throughout the day,
meaning that retrieval and updating of relevant information
is complicated and time-intensive. Clinicians maintain
familiar processes which are consistent with other clinician
workflow, such as the BHT.

Different priorities regarding communication were also
observed across clinical roles. For example, nurses are the
primary point of call for patients and doctors.
“Patients need to fully rely on the management of the
nurses.” (C5)
Nurses are a key part of the system, acting as a bridge
between patient and consultants, and as a filter in escalating
information to the relevant professionals.

“The main barrier is the doctors and the other people
coming outside they are evaluating the BHT and have used
it, the paper recording system, it is old so they have to keep
it, and all the recordings on the BHT.” (C2)

“The others are four surgeons. they are looking at that [the
EWS]. the patient is worse, we don't want to tell them and
call if the patient is bad. They will know that. they do have
monitoring, they look at that.” (C7)
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Additionally, nurses appear to be the main contributors to
BHT maintenance and miscellaneous paperwork and
prioritise maintaining these to ensure consistencies in work.

“Patients are triaged depending on the importance. They
move down the ward and there is a section for the patients,
bed 30 onwards” (C6)

“They [doctors] don't record these measures, but they
check if there are any abnormalities.” (C6)

When reviewing the applications, clinicians reported
concern that implementation would not be effective in
triaging of acutely ill patients, as these patients would not be
able to use the systems effectively.

In one of the two wards where research was conducted, an
Early Warning System (EWS) had been implemented and
used by clinicians. Information in the EWS is used to
monitor vital signs, with key information regarding acute
patients relayed to the surgeons in real time.

“I think the critically ill patients would not be able to work
with all of these things.” (C6)
Despite this, due to the nature of these wards receiving
mostly abdominal patients with fewer acute care needs, the
wards do not typically have many high priority patients.
The triaging of less-critical patients can thus provide ample
opportunity for adoption and implementation of the PRO
platform.
“Our patients are not long-term patients. They are
recovering and going home.” (C7)

“...That will go to our physicians, our surgeons… We are
mainly, using that for our HDU patients. “(C7)
The EWS is used occasionally in the ward to monitor
severe patients who have left the HDU to supplement
hourly monitoring.
“We are also using it in the ward. Some patient you want to
observe every hourly, then we are using EWS.” (C7)

5.4.1.2 Patient Priorities in Care

A few nurses noted that the uptake of the EWS was low.
They explained that this is due to having multiple processes
in place, causing complication in workflow. This emphasised
a growing hesitance to change in system processes, using the
EWS as an example of a system which had not been readily
adopted by clinicians.

Significant differences in priorities between clinicians and
patients were noted throughout analysis and card-sorting
activities (Table 2). Sub-themes include patient-clinician
communication and patient motivation.
Patient-clinician communication

“They have the early warning system but they are not
following that… Even they are entering all the information
first, they have to do it again to the BHT.” (C3)

It was evident that Sri Lankan patients hold clinicians in high
regard, putting their faith in their clinicians. Both patients
and clinicians regarded communication as highly important,
with patients valuing the face to face contact with clinicians
highly. This sentiment is echoed in the card-sorting activity;
clinicians perceive patients as valuing clinician contact as a
highly desired feature in contrast to clinicians’ ranking.

However, one nurse advocated for the use of the EWS,
finding it highly useful in their daily workflow during
monitoring patients in the HDU. This implies that while
uptake for technological innovation may be slow, it reflects
the attitudes and acceptance towards adoption in the field.
There is potential for uptake of technology, but priorities and
motivation in use differ depending on previous experience
and limiting factors, such as time and resources.

“I don’t like taking this information and sending to the
doctor. I would want a live nurse when the patient is
critical” (P3)
However, this can influence patient self-reporting and
engagement with healthcare; some patients report frequently
and engage doctors in questions during ward rounds, while
others simply do not, listening to minimal instructions and
trusting to receive the correct care. Some participants
reported patients only inquire regarding date of discharge,
reflected in the card sorting activity, wherein clinicians’
believe patients do not want to know their vital signs, but
prioritise clinician contact and self-care skills. Accordingly,
patients’ priorities are not necessarily in knowing all details
but in feeling cared for. This will be further discussed during
barriers to care.

Triaging and Prioritisation
The prioritisation and triaging of patients was a common
theme. Partially due to resource and environmental barriers,
discussed in the following section, clinicians are required to
prioritise certain responsibilities and patients. This is
conducted through formalised systems such as use of the
EWS, patient placement in the HDU following surgery or
during daily rounds.
“They have the early EWS chart to use…They are using
that chart, they are using to triage patients.” (C2)
Prioritisation of patients even manifests physically through
separation from HDU beds and lower-priority beds; one
doctor described certain beds in the ward as allotted
specifically for lower priority patients.

Patient motivation
Curiosity appears to be a motivator for patients in healthcare
engagement. Some patients and clinicians reported that
patients are inquisitive and desire to learn about their
recovery in the ward. Many patients reported learning about
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their conditions pre-operatively, as opposed to in-ward or
during ward rounds.

do not use technology at the moment. In these wards, there
are two tablets shared between nursing staff, while other
tablets are used by data collectors during their ward rounds.
One data collector remarked that nurses and doctors do not
use any technology at all during their daily work with
patients. This constitutes a significant barrier to not just care,
but the implementation of any HIT in these contexts.

“… I had a private consultant to get to know more about
what will happen to me before I came here. ” (P5)
However, as previously noted, patients’ main focus and
motivation in the ward is targeted towards discharge and
recovery as opposed to health literacy and empowerment.
This could be due to a lack of understanding of health literacy
in general. Patients mostly focus on recovering quickly and
listening to the doctors regardless, instead of taking an active
role in their care.

System processes as barriers
As previously discussed, systems, while acting as a priority
for clinicians, can also impact care plans. System processes
are overly complex and demand time and cognitive load
from the clinicians who use them. Medical history and care
plans are spread out over documents and systems, meaning
retrieval and updating information at the point of care is
demanding on both time and energy.

“They don’t know what kind of surgery they are going on
and what will be the complication. They are not studying,
and if someone tells them only then they know…” (C2)
Clinicians report giving patients instructions and guidelines
for self-monitoring and reporting for during inpatient care
and post-discharge, as they report self-care activities as
highly important for recovery.

“Yes, too many systems and patients.” (C2)
Nurses are hesitant to move onto or add to system
processes, worried about overcomplication or potential for
expending more energy. This legacy system makes it
difficult for clinicians to access or implement other systems
which may accelerate patient care. It is evident that
processes in the ward act as both a facilitator and barrier to
clinician work, influencing positive and negative attitudes
toward innovation and difficulties in implementing process
change.

“The self-care is most important for them.” (C1)
However, this is done informally and verbally, as opposed to
directing patients to formal resources or information sources,
leading patients to potentially forgetting and not fulfilling
care requirements.
5.4.2 Barriers to Care
5.4.2.1 Clinician Barriers

Participants remarked extensively on the lack of resources
and other barriers to care in their ward and generally across
Sri Lanka. Sub-themes include resource barriers,
technological barriers, patient constraints and system
processes as barriers.

Patient constraints
Clinicians remarked about patient motivation and
propensity for self-care in the existing postoperative care
process. Many nurses stated that patients do not have the
appropriate knowledge about health to expedite care, or
even prevent readmission.

Resource barriers
Participants extensively talked about lack of hospital
resources during interviews, such as time, lack of healthcare
professionals and an overload of patients. This presents
powerful obstacles to, not only care, but also the
implementation of HIT systems in this context.

“Some don’t have bystanders to help them complete. Some
don’t bring their own clothes even. We ask for them to
bring white robes to the hospital for their surgeries to make
it easier, but they do not bring it.” (C5)
A barrier to clinical care may therefore be patients
themselves and the lack of resources they may have. Nurses
do not completely trust patients with low health literacy to
record or report accurate information as a result. This is
reflected in clinicians’ perceptions of patient priorities, with
vital signs listed last (Table 2) indicating that clinicians view
patients as de-prioritising understanding of key indicators of
health.

“Since there are a lot of patients, sometimes it might be
hard for the nurses to check the temperature” (C6)
As previously mentioned, implications for resource and
environmental barriers to care are that clinicians are
frequently overworked and aim to prioritise the most crucial
tasks and patients.

“If they use this, nurses still need to cross check and use
this with actual validation of the measures with other
information” (C5)

Technological barriers
Clinicians, when prompted about attitudes and use of
technology within the hospitals, commented on the lack of
access to HIT comparable to those in HICs.

Lack of education and medical knowledge can thus be
considered a barrier for clinicians conducting care plans, as
patients may not understand what is being done to them. It is
evident that patient-centred care and co-operation, as it is
known in HICs, is not prioritised in this environment. This is

“All are in paper basis. Not any technology is used.” (C1)
Many participants remarked on how they do not have the
resources in the ward to implement the PROTECT apps, or
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a hurdle to patient involvement in post-surgical care, with
clinicians assuming full responsibility for outcomes.

We don't want to go and do the check there, the chart, BHT
chart, we don't need to go to them and we can check them,
this app.” (C7)

5.4.2.2 Patient Barriers

The main barriers to care from the patients’ point of view
were identified by both participant groups as coming from
patient demographics and resources, similar to patient
constraints in clinician barrier. Factors such as age, language,
education, socio-economic status and medical history
influence how patients interact with clinicians, healthcare
and how they perceive technology.

However, some participants were sceptical. Patients did not
like the concept of sending information to clinicians,
believing this would supersede live communication. Many
nurses emphasised that this should not be a replacement for
their work in monitoring vital signs and communication with
patients, due to the impreciseness of the PRO logs. Clinicians
are hesitant due to the potential to add to already complex
processes, and do not want to spend extra time on data entry.
One doctor shared that the PROs’ vague nature would not be
helpful for clinical work, leading clinicians to deprioritise or
trivialise patients reporting.

“Depends on the knowledge level of the young people, they
are used to it. Older people, they don't like to touch
mobiles.” (C2)
While the majority of Sri Lankans speak Sinhalese, many
only speak Tamil. While rare in Colombo, the capital, this is
cited by the nurses as an obstacle to care for many patients
in the ward. Most nurses can understand some English, but
many do not know Tamil, posing a challenge in
communication of basic care needs, and for implementation
of HIT in the wards.

“I think they may begin to trivialise the patient recordings,
the recordings that the patients do make themselves, of the
moods and everything.” (C6)
Learnability
Both participant groups remarked that applications were easy
to use and learn, given some initial training. Clinicians
remarked that nurses would be able to quickly adapt to the
system, due to higher average tech literacy and experience
using other systems such as the EWS.

Clinicians noted that education and socio-economic status
influence whether patients seek out information from their
doctors or nurses, as this influences their base level of health
education and experience using technology, posing a
significant barrier to care and technology acceptance. As
reported previously, patients hold clinicians in high regard,
and trust them to make the appropriate decisions, particularly
with lower health education and curiosity in care. This leads
to clinicians’ constraints and imposes a large barrier to care.

However, patients may require training to learn how to
navigate tablets in order to record the PROs. However, this
may be due to translation requirements throughout patient
testing, as the original app was in English.
Technical Issues

“Some patients know, like some educated patients and some
not educated patients.” (C4)

Clinicians and patients expressed frustrations in technical
issues which occurred during testing such as applications
suddenly quitting and interactions not responding in a timely
fashion.

5.4.3 Usability

Generally, participants required assistance in completing
tasks with the PROTECT apps. However, consideration must
be taken into possible translation issues, as these apps were
designed in English.

In summary, priorities and barriers to care for both
participant groups were identified through thematic analysis.
Noted priorities for clinicians were to keep up with complex
systems processes, and ensure patients’ well-being, while
patients prioritised communication and discharge. Barriers
for both parties come from resource and patient limitations.

Satisfaction and Engagement
Clinicians and patients were hesitant in application use.
Patients in the earlier stages of recovery were more tentative
using the patient app, especially those who were
experiencing more physical symptoms, like pain or fatigue.
Additionally, ergonomics and multi-modal feedback was not
considered, exemplified by one patient who was unable to
see and read precisely during recovery due to pain.

5.5 Heuristic Evaluation

To supplement the findings of Studies 1 and 2, the researcher
conducted heuristic evaluations [60] of both PROTECT
apps. As both studies were time-limited, the heuristic
evaluations were conducted to find usability problems which
may be undiscovered. Heuristic evaluations are successfully
used in combination with user testing in the design of EMRs
[45] and for HIT for lower literacy users [23]. Through this
systematic assessment, several interaction problems were
identified to supplement field end-user testing.

Usefulness
Across participant groups, there were differences in
perceptions of perceived usefulness. For example, some
clinicians reported that the platform would be beneficial to
use in the ward for monitoring patients who are not
immediately reachable or who have been de-prioritised.

Case scenarios were prepared alongside the heuristic
evaluation form, based on typical user tasks to be completed
such as logging PROs or reviewing patient logs. These were
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5.6 Design Implications

used as guides to navigate through the applications for
evaluation.

Interviews conducted in Studies 1 and 2 gathered
perspectives from stakeholders, forming a holistic
understanding of perioperative workflow, alongside
heuristic evaluations to find aspects of usability and user
journeys otherwise unidentified. In the current study, this
platform seeks to support clinicians and patients in
communication and monitoring of deterioration.
Improvement of the existing tools could be made through
identifying barriers and building on priorities identified in
section 5.4. Key implications of research and evaluations are
listed below, alongside requirements (Table 3).

Heuristics used in order to evaluate the applications were
Nielsen’s 10 usability heuristics. Three additional heuristics
specific for designing for low-literacy and novice users were
included (simplicity of design, simplicity of text and limited
technical features) [57,94]. These were collated into two
Excel sheets for analysis and scoring.
The researcher went through the applications with the case
scenarios, first completing the evaluation for the patientfacing application and then the clinician-facing application.
Violations, problems which could interfere with use, were
identified, and adherence to heuristics were identified. After
completing tasks and noting relevant information, the
evaluator then ranked the severity of each heuristic from 0
(no problems) to 4 (usability catastrophe). Scores were used
to prioritise usability violations, then compiled into a single
master list for final design requirements (Appendix 7).

5.6.1 Designing for low literacy and novice users
From Studies 1, 2 and heuristic evaluations, it is evident that
design iterations need to be appropriate for low literacy and
novice users, in order to accommodate for all user types, in
addition to designing for cross-linguistic clarity. Any design,
in future, should also be translated to the three main
languages spoken in Sri Lanka; Sinhalese, Tamil and
English. Guidelines from the low literacy HCI literature will
be used [53,57,79,94], emphasising graphics, feedback, error
prevention and guidance across devices. Multi-modal
interactions with the systems should be implemented to
support users who do not have experience with technology,
as it is shown that audio and visual feedback combined is
most effective for task completion for novice users [57], and
also for users who may be unable to read due to physical,
cognitive or literacy reasons.

Both applications scored low in severity for literacy
heuristics; adherence to the Google Material Design [39]
system as well as use of limited text and functionality meant
that both applications were, at face value, simple to use for
patients and clinicians of high and low literacy and
experience with technology. Both applications scored low in
consistency and standards, due to use of design libraries used
across NICST platforms. However, the heuristic evaluation
also illuminated certain aspects to be included in design
requirements.

5.6.2 Low- priority abdominal patient monitoring and
communication

For the clinician facing application, the most violations
occurred regarding “Match between system and real world”
and “User control and freedom”. Clinician users are unable
to transfer or unsubscribe from alerts from patients, as well
as respond to messages. PROs are labelled unclearly; for
example, simply referring to lung capacity as “respiratory”.
This does not match clinician terminology and may increase
cognitive load through requiring recall as opposed to
recognition of terminology.

Results show that the current applications are inappropriate
for use by patients who are in critical care, immediately postsurgery or suffering from ailments which result in strain
during use. Thus, systems target users who are triaged as
low-priority and monitored for signs of deterioration which
would otherwise be undetected. The system should also cater
for the patients’ desire to communicate more frequently with
staff to instigate feelings of being cared for, as expressed
frequently by patients.

Key issues identified in the patient facing application were
regarding “Error prevention”, “Recognition rather than
recall”, “Error recovery”, and “Help and documentation”. As
identified in Studies 1 and 2, patients are not provided
supplementary assistance or documentation to complete
actions independently. If a patient is to complete a log
incorrectly, there is no method to prevent or correct errors
once completed, such as deleting or modifying a past log.
Users do not know when the last time they completed a log
was and receive no feedback to when they should next
submit PRO recordings.

5.6.3 Patient education and empowerment
The future platform should work to motivate patients to learn
about their recovery paths. As patients’ main goal was to
recover and be discharged quickly, the system should prompt
motivation to learn about the perioperative process, before
and after surgery. This results in empowering patients to talk
on a more equal basis with their clinicians through
understanding and tracking their health.
5.6.4 Working in tandem with legacy processes and
environmental barriers

These findings support functional and design requirements
created from the results of Studies 1 and 2 and generate
guidelines for design directions by prioritising violations to
be amended.

Finally, due to the complexity of systems across hospitals, it
is necessary that integration must not demand added time or
effort from clinicians, as was indicated as a major pain point.
Parallel use of systems like the EWS and BHT should be
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emphasised. As there are resource barriers in Sri Lankan
hospitals, designs should work around these, such as using
tablets belonging to nurses or data collectors in the ward, or
design anticipatorily for patient smartphones. PROs must be
specific to abdominal surgery to support evidence based
practice [34] but simultaneously should be contextualised
and pragmatic in use.

demographic factors were identified as influencing users’
attitude and engagement while interacting with prototypes in
Studies 1 and 2; health literacy, technology literacy, age and
motivation to engage.
From this, four personas were created for each type of user
with different expectations for the use of a postoperative care
platform. Persona 1 was synthesized from more educated
patient with health knowledge and technology experience.
Persona 2 was created based on patients with lower tech
literacy and less engagement with health education. Persona
3 was based on nurses who are highly motivated to engage
with digital innovations and persona 4 was based on nurses
with lower engagement with patients (Appendix 8)

Through identifying implications of research and evaluation,
functional and user requirements were created in order to
guide and prioritise design (Table 3). Requirements were
discussed with regard to feasibility and scalability with
NICST software engineers and health systems experts for
future implementation.

Requirements

General

Clinician Application

Patient Application

Functional

Device contextual (Inward tablets and patient
smartphones)

Displays of longitudinal PROs

Multiple modality use
Simplistic walkthrough

Resolving
existing
technical issues
User

Accessibility focusing
on low literacy and
novice users
Pragmatism
evidence-based
practice

with

Continuity
across
NICST systems

Add value
workflow

to

existing

Focus on guidance, feedback and error
prevention to reduce cognitive load

Reduce time taken to oversee
patients

Demonstrated usability across cognitive,
physical, linguistic and technological ability

Match clinician schema

Use by bystanders as well as patients

Pragmatic and valid PROs for
abdominal surgery

Motivates communication with clinicians

Novice user design

In-app training to reduce nurse demand
Opportunity to learn
Potential for carry over post-discharge

Table 3. Requirements
6. PHASE TWO: DESIGN

After gathering research, design implications and
requirements in the previous phase, this phase aims to design
a prototype which allows clinicians to quickly oversee lower
priority abdominal patients providing alerts on signs of
deterioration, as well as motivate patient-clinician
communication through PROs. These features can contribute
best to adoption of a future tool, as time limitations in data
input and analysis from clinicians’ point of view was found
to be a barrier to use of the present platform.

The following step was to describe scenarios in which users
will use this tool. Designing for these personas, four context
scenarios were created with a design in mind (Figure 8).
Scenarios informed and contextualised design requirements
and supporting low fidelity design choices.

During this design process, personas and user scenarios were
created to validate requirements and inspire low fidelity
prototypes to address the problems identified in Studies 1
and 2, heuristic evaluations and user requirements. These
were then transformed into higher fidelity prototypes.
6.1 Personas and Scenarios

To initiate designs, personas were created based on insights
gathered in the first phase [93]. Several psychographic and
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Figure 10. PROTECT Platform
Figure 8. Context Scenario

Overall, building on the system infrastructure already in
place, the platform consists of two components; (1) a
personal PRO logging system and progress overview for the
patient and (2) a real-time overview of patients registered
inward for clinicians (Figure 10). Patients and clinicians are
able to submit and review information through personal
devices or shared in-ward tablets.

6.2 Conceptual Design

Through reviewing design implications and requirements,
low fidelity prototypes using paper and pen were created
(Figure 9).

Patient Application

The PRO tracking application included a main menu for
logging PROs, list of past logs and timeline in the ward (see
information architecture, Figure 13).
Designing for low literacy and novice users
The design focused on a larger, ergonomic graphic interface
for patients, combining simple text and audio output to assist
low-literacy users and bystanders [57]. PRO buttons were
enlarged and clarified. Patients who are unable to read can
participate by listening and selecting appropriate choices
across screens. A simple onboarding process was included to
instigate training and reduce demand on nurses. Help is
signposted and available across screens, specific to each
stage of the process.
Figure 9. Low Fidelity Sketches

Low- priority
communication

NICST healthcare professionals and software engineers were
consulted to overview feasibility of design implementation,
clinical and cultural relevance. Due to time and resource
constraints, one re-design for each application was
developed and evaluated as opposed to comparing form
factors. These were made into higher fidelity interactive
prototypes using Sketch App and Invision (Figures 11-15,
Appendix 9-10).

abdominal

patient

monitoring

and

PROs were adapted from physical measures identified as
critical in abdominal care recovery [5]. With the assistance
of healthcare professionals working at NICST, copywriting
was adjusted to practically obtain the relevant information
from patients which would also provide valuable information
for clinicians. Cultural schema regarding health such as
language referring to stool movements was also considered.
PROs were also prioritised and structured in terms of rate of
completion; PROs such as mood, fever, pain and
breathlessness can be completed multiple times a day while
movement, digestion and muscle pain are to be completed
once. This is reflected in the information architecture and inapplication display (Figures 12-13).
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Figure 12. Main Patient Screen

Figure 11. Selected Patient Application Screens

Input across PROs is structured and relatively inflexible to
reduce patient load and demand for those who are physically
impaired, experiencing pain, fatigue or patients otherwise
unmotivated to dedicate time to logging. Research shows
that higher error rates occur for text input for novice users
[57], therefore PRO logs were limited to pre-defined choices.
Visual feedback, the PRO becoming highlighted in grey
when incomplete and green when complete, is provided to
communicate when patients should submit a log. A push
notification is also provided when patients have not logged
any “feelings” for more than 4 hours during the day.

Figure 13. Information Architecture of Patient Application

Patients are able to access and filter their log history. This
can help to empower patients in their recovery process by
lending them the tools to communicate to clinicians about
their recovery.

Patient education and empowerment
Features within the application such as the timeline and log
history to empower patients to take action in their recovery.
Timeline of progress in the ward was included to encourage
patients to learn about the steps needed to go through before
discharge. This is also due to patients desire to know their
progress towards discharge, as expressed in interviews.

Working in tandem with legacy processes and environmental
barriers
The patient application was designed mobile-first with the
view that lower-priority patients would download apps on
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personal phones, or use the applications on Android tablets,
frequently utilised within the wards.
Clinician Application

The clinician-facing application consists of an overview of
patients currently registered in the ward, specific patient
overviews with summary graphs of logs, and the ability to
add patients to monitor (see figure 14).

Figure 14. Information Architecture of Clinician Application

Designing for low literacy and novice users
Clinicians reportedly have experience using technology in
the ward, and thus, application design followed aspects of the
EWS system such as adhering to the Google Material Design
scheme and use of a “traffic light” system to indicate level of
patient prioritisation (Figure 15).
Low- priority
communication

abdominal

patient

monitoring

and

A list view of patients is presented as the main screen,
pushing patients who have been indicated as most likely to
deteriorate to the top, indicated by colour. This ensure ease
in monitoring patients, and keeps in mind the busy clinician,
aiming to have as little input as possible, used for mostly
quick overviews.

Figure 15. Selected Clinician Application Screens
7. PHASE THREE: EVALUATION

After interactive prototypes were created, evaluation through
think-aloud studies and interviews were conducted in two
studies with clinicians and patients, using similar methods as
in Phase One. In addition to collecting feedback for
improvement, this evaluative stage aimed to inform more
about the acceptance of use in low-resource LMIC settings.
This was followed by a re-design based on feedback. A
cognitive walkthrough by HCI experts then evaluated this redesign based on learnability of the platform, resulting in a
final design.

Patient education and empowerment
Clinicians can see an overview of patient status through
simplified graphs displaying information in a succinct
manner, prioritising iconic graphical information [8] (Figure
15). Graphs were designed iteratively based on existing
information displays used in the NICST platforms.

7.1 Study Three: Nurse Think Aloud and Interviews

Working in tandem with legacy processes and environmental
barriers

Four nurses were recruited to participate in think aloud
studies [47] of the patient and clinician prototypes through
one-to-one sessions with the researcher and a translator to
investigate acceptability and perceived usefulness of the
prototypes.

Similar to the patient applications, the design is targeted to
mobile and Android systems as well. In order to match the
BHT system, clinicians are able to add patients to their
patient list via their patient number and a unique QR code.
Considering the nature of patient movement within a
hospital, clinicians are also able to archive and move patients
within the ward.

Prototypes were presented through the Invision application
on a smartphone, with all sessions but one being audiorecorded. A think aloud protocol was prepared (Appendix
11) and reviewed by the translator beforehand to expedite
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translation and ensure understanding of questions’ aims.
Each interview lasted from 30 to 60 minutes. Participants
were recruited in the ward, and the think aloud studies took
place in the break rooms of each hospital.

issues raised and suggestions made in a concrete manner
(Figure 16, Appendix 13).

Before beginning the think aloud, participants were briefed
about the applications’ purpose, and were instructed to voice
their thoughts and process decisions throughout use.
Beginning with the patient application, the participants were
given two tasks to complete per prototype and given free rein
to explore. Participants were invited to critique the design
flow and content. After the tasks were completed for both
prototypes, follow-up questions were asked including those
investigating aspects of the prototypes which were unclear,
questions adapted from the System Usability Scale, to assess
ease of use of the platform, [20] and about patient-clinician
communication.
7.2 Study Four: Patient Think Aloud

Four patients at the Apeksha Hospital recovering from
abdominal surgery were recruited to participate in a short
think aloud study of the patient prototype. For similar legal
reasons to Study Two, the think aloud interviews were
conducted by a hospital coordinator.

Figure 16. Visualised Feedback

During the inductive process of coding, themes such as
attitude towards use, social support and perceived usefulness
were salient. Consequently, a deductive framework method
of analysis [38] was used to adopt the Unified Theory of
Acceptance and Use of Technology (UTAUT) [90] model to
structure findings, given the aim of investigating
acceptability of the re-designed platform.

Prior to the study, the coordinator was trained on how to use
the patient-facing application using the Invision application
to do so. A think aloud protocol with questions and concepts
was prepared and reviewed with the coordinator to ensure a
thorough understanding of the study’s aims and goals
(Appendix 12). Each think aloud study lasted for 10 to 15
minutes and were screen-recorded with the participant’s
permission.

Venkatesh et al. (2003)’s model explains user acceptance of
technology from an integrated perspective [90], using
variables which influence behavioural intention to use.
Performance expectance, effort expectance and social
influence are variables influencing intention of use, while
facilitating conditions influence action. Additionally, control
variables which mediate the effect of the relationship
between the influences of each variable include age,
experience and gender. Determinants therefore are not only
on performance and ease of use, but keep in mind the effect
of social influences and facilitating conditions, pertinent for
the context of the study (Figure 17).

The hospital coordinator loaded the Invision prototype on
their tablet and approached patients from two to five days
post-operation. The hospital coordinator obtained informed
consent and began by instructing patients to complete two
tasks from a pre-determined task list. Patients were
instructed to walk through their thoughts and feelings out
loud, with the coordinator translating aspects of the
prototype as needed into Sinhalese. Afterwards, the
coordinator asked questions regarding attitudes towards the
application as a method of clinician-patient communication,
and acceptance of use. Follow-up questions regarding
aspects of the prototype which participants did not
understand were also asked. All interviews were transcribed
and translated with the help of the hospital coordinator after
each interview to note behavioural aspects of the interview
and ensure understanding of the conversations.

The UTAUT model has been used extensively in global
healthcare research due to its strength in explanatory power
[51,55], and thus was selected as a guiding framework to
better understand participants adoption and potential use
behaviours (Figure 18).

7.3 Analysis

Feedback from Studies 3 and 4 were collected and coded
using thematic analysis, following a similar procedure as in
Phase One, using NVIVO software and paper methods.
During transcription, the researcher took notes on comments
and reactions. Themes were identified using a bottom up
approach. Throughout analysis, the researcher took notes on
screenshots of each prototype screen in order to visualise the
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“This cannot fix for everyone.” (N4)
Some users demonstrated high effort due to lack of
guidance, feedback and adherence to schema. For patients,
there seemed to be insufficient guidance through the
application. Many patients remarked that they were unsure
of required frequency in log recording. Most patients and
one clinician believed that they were required to complete
all seven activities. However, this may be due to translation
requirements, as only one patient was able to read English.
“Why should I pick one? Why do I have to select?” (P2)
Furthermore, several icons were difficult to understand,
such as the stomach icon representing stool movements.
Many participants found it challenging to find help
throughout and did not understand or use the onboarding
process helpfully. QR codes were misunderstood, as
according to participants they are rarely used in Sri Lanka.
Discoverability of features and screens in the patient
application was low as patients did not find them
independently. Patients also needed guidance to find
timeline or log list, as the use of the hamburger menu, used
in other NICST platforms, was unclear.

Figure 17. UTAUT Framework [55]

Figure 18. Thematic Analysis Map

Use of the “Issue Resolved” in the clinician application
button was hard to understand immediately (Figure 19).
One clinician believed that using this would lead to the
system giving specific and guided instructions on what to
do next for the patient or give the patient guidance.

7.4 Results

Generally, there was positive feedback from the participants
during the two studies. The majority of the participants were
able to see the benefits of implementing in-ward PROs
tracking. Acceptance to use was found to be influenced by
factors such as effort and performance expectance, and
contextual factors such as facilitating conditions, social
influence and demographics.
7.4.1 Effort Expectance

Effort expectance encompasses aspects such as ease of use
and usability issues. Patients and clinicians reported ease and
simplicity in using the prototypes. Some patients found it
easy to pick up and advocated for other patients’ ease and
ability to use the application, give translation into Sinhalese
and Tamil. From the clinical point of view, participants
expressed ease in use, particularly for the graphical overview
of patient logs. This allows clinicians to quickly ascertain
patients’ PRO history with low effort. These elements
increase likelihood of acceptability across user groups.
Despite this, some participants encountered difficulties when
interacting with certain aspects of the applications, resulting
in high effort and cognitive load. According to a patient’s
stage in recovery, the simple act of recording a PRO log may
create strain, and both cognitive and physical load on the
patient, and could impair as opposed to improve the recovery
process. For example, one participant during interview began
feeling particularly nauseous and found it difficult to engage
with the application. This needs to be considered during
design, particularly for those patients in the beginning of
their recovery journey. Hence, clinicians emphasised again
that patients in acute care, or those experiencing severe
physical symptoms are not appropriate end users.

Figure 19. Patient Log with "Issue Resolved" screen

“Issue resolved.. So in this case, the pain is too high.. So
maybe this one has some instructions on how to act...” (N2)
The filtering functionality was found to be difficult to use
for both participant groups (Figure 20). Some patients did
not understand the use of the selection feedback, and thus
were unable to successfully complete filtering. One
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clinician remarked that this view would not be useful for
patients, presumably from lack of motivation in reviewing
history.

“It should be practical and it should be able to do it to
cure and recover. The patient should be able to keep
monitoring themselves even after they go home like me
today.” (P4)
Clinicians saw the utility of system implementation for
prompting action and expediting care processes during their
workflow. Clinicians appreciated the overview of the
patients registered as it did not take up too much time and
could be integrated into their work processes with ease.
This shortens the time necessary to obtain information from
patients regarding symptoms that could be spent on higherpriority activities.
Moreover, some clinicians were of the view that the
simplistic approach to recording PROs was useful,
appropriate and sufficiently accurate. One nurse expressed
that “simplistic is good”, as this helps to give a quick
oversight into patient status which can be escalated later. In
this context, mood remained a top priority, supporting
results from Phase One. Clinicians also appreciated that
these PROs are transferrable and recorded on other hospital
systems.

Figure 20. Patient List with Filtering screen
7.4.2 Performance Expectance

“They are using the same kind of charts, so she thinks that
it is easy…” (N3)

Both participant groups generally found the applications
useful. Clinicians felt it important to monitor and care for the
patients during their postoperative care, motivating
acceptance of technology use.

However, participants did express some hesitance towards
performance expectancy. Some participants expressed
difficulty in understanding the purpose and use of
implementation of the system in the ward. One nurse did
not see the added value for her own work. As these systems
will require giving patients training, this may actually
impede work as opposed to support it. Additionally, there is
a need to double-check and validate patient input that
supplements vital sign monitoring, as noted by patients.

Clinicians found the applications useful for decision making
and instigating action within the ward. Confirming results
from previous studies, clinicians reiterated the importance of
self-care post-operation and PROs.
(in response to self-report) “Definitely important.” (N3)
“If the app is being saved to my phone then I would be very
comfortable to be able to monitor my own progress and
process. It is a good thing, but if the doctor is checking then
it is even a better thing” (P2)

“Needs to be double checked though, the information needs
to be checked by the clinicians to make sure that they are
right.” (P2)
Revision of PROs may be necessary to affirm added value of
monitoring to clinician work, and thus increase acceptance
of use. This is exemplified by varying attitudes towards the
“feverish” PRO. Most clinicians agreed that while
“differentiating temperature is important” (N1), as it is a vital
sign, accuracy of recording is necessary. One nurse pointed
out that the Movement PRO requires refinement according
to patient differences; some patients recovering from day
surgeries such as laparoscopy surgeries can move quickly,
while others may qualify moving in bed as a daily movement.
Further experience in ward with patients is necessary when
simplifying these PROs for use in the ward, as opposed to
adopting straight from the literature.

Clinicians perceived applications to assist patients in
engagement with recovery. Using the applications can help
nurses to transfer information to the patient, reinforcing
verbal guidance they may informally impart in the ward.
With the introduction of the platform and patients gaining
experience with it while in the ward, they may gain a sense
of independence in their healthcare, enhancing ability to
administer self-care, leading to a more equalised and patientfocused experience.
Patients can then help to reduce clinician burden through
appropriate care and higher return rate for check-ups.
Patients affirmed the value in using such an application postdischarge to help clinicians to understand their progress
when returning for wound dressing changes.

7.4.3 Social Influence

Interviews illuminated a difference in perception between
clinicians and patients regarding how platform
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implementation facilitates in-ward communication, thus
influencing acceptability.

While this was considered during design, technological
limitations such as tablets in the wards and patient-owned
smartphones was again noted by the clinicians as a barrier in
acceptance of use. Despite this, nurses were enthusiastic
about process and condition changes in the wards. Due to the
simplicity and swiftness of use, nurses are able to accept
using this in the ward around the BHT system and the
similarity of the EWS system.

It is evident throughout interviews and research phases that
patients regard clinical staff very highly, and value
communication and contact with them.
“I appreciate the staff and the nursing staff as there is no
complications. I have no complications about my recovery
so I am very thankful for the doctors and nurses.” (P1)

“The graphs are all easy to understand and use, traffic
light easy and similar to other things in the hospital that
they use on a daily basis already.” (N3)

This occurs with nurses verbally and informally when
patients feel most comfortable in doing so. As such, patients
feel confident in using the system as a facilitator to increase
the amount of face-time with clinicians, helping patients to
feel secure about their progress. However, they require
feedback from clinicians that their information is validated
and used effectively.

7.4.5 Voluntariness of Use

Most participants conveyed a positive attitude towards the
applications and dissemination of information.
As found in the previous phases of research, patients regard
clinicians and healthcare generally very highly. Use of the
applications helps patients to feel as if the healthcare
professionals are able to contact them more frequently, and
as a result feel more cared for and secure during their
recovery. As a result, they are more comfortable and
motivated to use the platform during the postoperative
period.

“It is a good thing, but if the doctor is checking then it is
even a better thing.”
While most clinicians agreed with this view, one nurse was
very resistant to implementing this change for internal
communication. This nurse worried that this may deter
patients from communicating with clinicians, and rely on
solely on this system, thus losing the important face-to-face
contact which is crucial for increasing trust and reducing
patient anxiety.

“The information should be given to the correct place and
the correct time so they can attend to it quickly and fast. I
think it is good for the nurses to check up on the patients
and they do.” (P4)

“When is everything is being recorded through that, she
thinks that they will lose the trust between the patient and
the nurses.” (N3)

Patients also want to know that their information is relayed
to the clinicians in order to benefit their recovery and care.
Patients are aware that their records may not be accurate
and require feedback that measures are double-checked and
validated by the nursing staff to help recovery as swiftly as
possible, a common goal amongst patients.

7.4.4 Facilitating Conditions

The environmental, hierarchical and technical resources pose
significant barriers to uptake and acceptance of technology.
One nurse emphasised the limitation of patient demand on
the use of the applications. While the use case of
identification of lower-risk patients’ deterioration was
understood, this clinician understood that despite this,
clinicians may still neglect to check or use the notifications
to help identify “bad”, or acutely ill patients.

“If the app is being saved to my phone then I would be very
comfortable to be able to monitor my own progress and
process.” (P2)
Furthermore, clinicians’ motivations in use of this platform
comes from a desire to move towards worldwide standards
in healthcare, in addition to adding more continuity through
the work in the wards.. Participants acknowledge the strain
in resources but aspire to higher quality of care despite this.

“She thinks that is good for identifying bad patients,
especially people who are not paying attention. The.
problem is because of the limit of staff, for the nursing staff,
for them to have, they might not have time to check.” (N3)

7.4.6 Demographic Information

Combining age and experience into one theme constitutes a
significant influence into the acceptance of technology in
postoperative care. As in Studies 1 and 2, many clinicians
and patients spoke about the influence of experience using
technology and health literacy as a barrier to use of PROs.
Age and education levels act as moderating factors in health
education and technology experience, as expressed by
multiple participants, and therefore on acceptance and use of
HITs.

As previously mentioned, this can lead to higher training
requirements thus straining clinicians further. However,
another nurse saw this strain as a facilitator as opposed to a
barrier in acceptance:
“We cannot spend all the time with the patient, doing
everything for the patient. Must not take all the time with
the patient. In your country, it is one nurse for three, four.
Here it is many more patients for each nurse.” (N4)
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“Sometimes the patients will feel it’s too difficult but
sometimes. Some other patients will not be able to use
because of age.” (N2)
7.5 Design Implications

According to the UTAUT model, attitudes play a central role
in acceptance of use and usage behaviour. Technology
attributes such as performance expectancy and effort
expectancy have direct effects of attitude and behavioural
intention, implying that individuals attribute importance to
the usability and usefulness of the applications. As such, the
design will be iterated on in order to manage the acceptance
and use of innovation [32].
Contextual factors, such as facilitating conditions and social
influences, have direct influences on behavioural intention
and voluntariness of use [32]. This is evident in the results of
the qualitative research, as barriers to acceptance for
clinicians is prefaced by lack of resources and inefficiencies
in existing systems. Factors such as prior experience with,
and access to technology, and environmental factors such as
structural support were presented as barriers to acceptance.
This is supported by similar findings in the HCI literature for
patient-facing HITs [53].
7.6 Design Iteration

Studies 3 and 4 deepened understanding of the factors which
influence acceptability, providing a nuanced view of
influences into both clinicians’ and patients’ willingness to
adopt the platform.

Figure 21. Main Screen

This research phase demonstrated that issues regarding
performance expectance and effort expectance influence the
acceptance of use of the platform. For example, usability
issues regarding clarity of activity requirements and lack of
discoverability of hierarchy influences the degree to which
participants felt that the applications were usable and
acceptable. Participants generally viewed the platform as
useful, given training and appropriate support.
These results have implications for design iterations.
Throughout analysis of think-aloud studies, suggestions or
problems experienced by participants were noted visually,
listed and prioritised according to severity of issue. This
guided a design iteration (Figures 21-28). Details of design
changes can be seen in Tables 3-4 under the corresponding
figures.

Figure 22. Patient Overview
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Figure 23. Patient Settings

Figure

Figure 24. Add Patient

Issue

Change

System status is unclear to user.

Highlights clarified on selected buttons or screen to give
feedback about where user is in the system.

Hierarchical layout and use of hamburger
menu are unclear for novice users, lowering
discoverability of other functionality and Hamburger menu icon removed with use of button menu
screens.
and clarified icons instead.

21. Main
Screen

Enlarged icon and changed UI to look clickable. Gestalt
Sound bite button functionality is not proximity principle used to emphasise belonging to
understood.
certain area to emphasise which sentence it belongs to.
Obtaining help or using help was unclear

Help is clearly labelled with text underneath.

Purpose and use of “Issue Resolved”
remained unclear. Colour of participant logs Changed “Issue Resolved” button label, and changed
did not resolve or change after resolving colour of patient log to provide visual feedback that the
issue as feedback.
linked issue had been resolved.
Needs notification when patients also do not When patient does not show activity, the system logs "no
22. Patient overview log.
entry" and clinicians receive a triggered notification.

23. Patient Settings

“Send to Other Clinician” button may not be
semantically accurate. This could be to
another tablet in another ward.
Renamed to “Transfer to Different Device”.

24. Adding Patients

QR codes rarely used in Sri Lanka.

Patients to be added with BHT number only.

Table 2. Clinician Design Changes
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Figure 25. Main Menu Screen

Figure 26. Pain Screen

Figure 27. Pain Help Screen

Figure 28. Log History Screen
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Figure

Issue

Change

25. Main Screen Lack of discoverability in app screens.

Restructured to reduce reliance on hierarchical navigation [3, 65]

Activity requirements are unclear, such Relabelled for guidance on frequency of logs and provided clearer
as how many logs to do or in what order. visual feedback; “Recovery Tracking” remains a shade of green
for the day once filled, while “Report Your Feelings” disappears
after 15 minutes, in another shade.
Icons for stomach are misunderstood

Enlarged icon and label

Sound bites not understood and reason Enlarged, changed UI to look similar to a clickable button.
for placement unclear.
Used Gestalt proximity principle to emphasise belonging and
infer relatedness.
Hamburger menu used with hierarchical Redesigned layout for a shallower information hierarchy with tabs
layout, leading to lower engagement with and button to immediately see other pages.
other sections of the application.
Feedback necessary for where patient is Changed layout to tabs where patient can see better where they
in the system
are located within the system
26. Pain

Need more
application

help

throughout

27. Pain Help

Unsure what the “Help” pop up is.

the Help is more clearly labelled in text for clarification.
Labelled more clearly

28. Log History Clinicians did not understand or see Added explanation and assistance for filtering.
feedback for filtering.
Understanding of what log list is for.

Added explanation and clearer labelling.

Table 3. Patient Design Changes
7.6 Cognitive Walkthrough

Minor mistakes were identified (Table 5, Appendix 14), a
few due to faults in prototype interaction programming.
These were discussed with evaluators, and design solutions
to these problems were brainstormed together. These were
then integrated into the final design.

A follow-up evaluation of the updated prototypes was
conducted using two HCI experts with experience working
in the Sri Lankan healthcare context. Participants completed
a cognitive walkthrough of both interactive prototypes. This
was conducted in order to assess the usability and
learnability of the prototype by evaluating the cognitive
processes of users performing a task.

7.6.1 Clinician Application

Evaluators were simply able to add patients to the patient list
on the clinician application. However, evaluators noted there
is not sufficient visual feedback when adding patients to
confirm to clinicians they have been added successfully.
Also, evaluators noted that “Patient Settings”, in order to
change details or archive patients, are unclear. It is very
likely that a user will misunderstand or miss this
functionality entirely.

Evaluators received an instruction sheet with two personas
of a clinician and patient. Evaluators were instructed to put
themselves in the shoes of users using the personas created
from research. Evaluators then had access to an interactive
prototype displayed on a mobile phone, and had to work
through four tasks, similar to those assigned to users during
previous sessions.

7.6.2 Patient Application

Evaluators listed steps and user actions taken. Through each
step, participants provided answers to four questions:
•
•
•
•

Evaluators were able to record changes and view their
timelines easily. Nevertheless, several aspects were
highlighted as potentially confusing or disorienting. One
evaluator noted that during the onboarding sequence, the
sound button signifying audio playback looked like a
recording button and tried to press it, presuming an
interaction. It is likely that novice users may try to interact
with this the same way. Evaluators thus requested an indepth guided walkthrough in the beginning to account for
novice users.

Will the users know what action to take?
Will the users see the control?
Will the users understand the control?
Will the users see the feedback?

Comments were given alongside possible design suggestions
when answers to the critical questions were “no”.
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Evaluators noted that there is a need for stronger feedback
when filtering patients’ log history. Users are likely to be
unable to see the relationships between logs and filter buttons
and suggested reinforcing this relationship with a clearer
visual feedback. Finally, evaluators found that the
“Timeline” screen looks like a checklist upon first glance and
affords clicking on the checklist immediately. Novice users
are likely to try to check and fill them all at once, creating
errors. Thus, patients should be able to edit their timeline
with more clarity and instruction, but simultaneously
creating more friction to prevent accidentally incorrectly
inputting information.
Screen

Problem

Clinician Patient
Records

The setting button
is unclear on the
patient button
Failed to
Patient - Main understand
Log Menu
feedback and
know action
Failed to
Patient understand and
Mood
see feedback
Failed to
Patient understand
Timeline
feedback
Failed to know
Patient action and
Timeline
understand
control

Suggestions
Clarification, using
words, change of icons
or as another tab

Figure 15. Iterated Patient History Filters

“History” filters were iterated on to provide more clear visual
feedback.

Onboarding guidance
should be more
thorough
Fix interaction
problem in prototype
to show filtered results
Change UI from
checklist to radio
button
Relabel Timeline for
clarity of use

Figure 16. Iterated Patient Timeline Functionality

Table 4. Cognitive Walkthrough Results

Changes to icons for “Patient Settings”, and “Timeline”
screens across the two applications were made in order to
help users to access and understand the use of these
functions. “Timeline” editing requires more steps in order to
minimise potential for accidental input.

7.7 Design Implications

Both designs were iterated on using the suggestions from the
cognitive walkthrough, focusing on fixing key linking issues.
Patient onboarding was developed as an in-depth tutorial on
the entire application use to minimise nurse burden.

Figure 14. Example of Iterated Patient Onboarding

Figure 17. Iterated Clinician Settings

Full final designs and flows are attached in Appendix 15.
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In conclusion, participants gave positive feedback on the
prototypes in terms of performance and effort expectancy,
and the design ideas proposed throughout the multiple stages
of research were accepted as useful and acceptable, given
environmental and resource barriers. One success in the
designs is in allowing clinicians to overview triaged patients
quickly. Consequently, patient information is prioritised
according to potential for deterioration. Patients liked the
potential for more contact with clinicians and are encouraged
to contribute to their recovery. Future iterations into design
would look further into training and promotion during
implementation; clinicians are required to emphasise to all
users that the system is not a replacement for face-to-face
care and will work to increase contact and attention for
patients through proof of use.

of the PROTECT patient platform represents a turning point
in health technology in Sri Lanka, and a changing focus to
patient-centred care. With the support of NICST, practical
implementation of the platform is expected. Thus, this
project fills a gap in the literature through providing an
understanding of factors impacting postoperative care and
adoption of patient-as-user technology for Sri Lanka,
constituting a novel perspective and design.
8.1 Design Considerations

Harnessing the power of technology presents opportunities
to support clinicians’ work in resource-limited settings.
While, at present, threats of resource limitations no doubt
exist and impede technological innovation in this field, an
element of anticipatory design is required. One of the main
concerns expressed by participants in terms of acceptance is
the lack of technological resources currently available as
mentioned by both patients and clinicians. However,
whereas it is true that many Sri Lankans have little
experience using technology and many do not possess
smartphones, this landscape is changing extremely quickly
with almost 30 million mobile phone subscriptions registered
in 2018 in a national population of over 20 million [27,86].

8. DISCUSSION

The numerous stages of field research and evaluation
contributed to an iterative user-centred design of two mobile
applications to be used in-ward by patients, clinicians and
other stakeholders for monitoring PROs.
Overall, it seemed that participants found the platform to be
simple to use, despite areas of concern and issues which
could be feasibly implemented by NICST in the future for
pilot testing. One crucial element in the design of HITs,
particularly in LMICs, is what is known in the health
information system literature as the “design-reality gap”
[41]. While developing HITs, it is necessary to balance the
differences between designer, stakeholder and user desires
with the users’ realities. To account for this, HITs need to be
delivered in steps. This study does this through “pilot-andscale-up”, focusing on supporting work in specific wards and
conditions, with the hope of incrementally providing new
services across the country. The tools and approaches in the
study were adapted and created alongside the NICST team,
professionals with an intimate knowledge of the Sri Lankan
healthcare context. Thus, research findings and final designs
have ecological validity and transferability to the field.

One of the strengths of the design is the focus on practicality
with evidence-based use, much like the everyday clinical
practices in Sri Lanka. Recording PROs gathers information
to inform decision-making, as opposed to provide in-depth
records and longitudinal, time-lapsed data which is likely to
be ignored in favour of BHT forms.
However, the system assumes that patients are filling out
information in real time and in a specific time period. This
could lead to cognitive bias; patients who recall salient
symptoms are more likely to report higher symptom distress
as opposed to reporting as they are experiencing the
symptoms [81]. To account for this, follow-up research postimplementation of the system using log data is necessary to
observe patterns of use by patients.
Clinicians’ trust in data is a key theme to further explore;
both clinicians and patients reported that double checking is
imperative when using PROs. Incorporating and designing
for trust, as suggested in prior work [22] into data
management and clinical alerts is crucial, especially in
situations when patients demonstrate signs of rapid
deterioration. There is also a difficulty in objectively
assessing distress symptoms, and a further understanding of
how clinicians utilise this information is necessary.

Findings from healthcare professionals and patients,
represent diverse group of users in LMICs, and mirror
previous studies in the HCI field into patients’ behavioural
intention in adoption of patient portal systems. Considering
facilitating conditions and factors, such as previous
experience using technology and healthcare infrastructure
needs, during design, leads to higher adoption of HITs in
addition to assessing intention in use [28].
In further studies regarding HIT portal use, factors associated
with disinterest in use were associated with effort and
performance expectance, such as possibility of reduced
contact with healthcare providers [95]. These issues were
identified and considered throughout the iterative usercentred design process of the PROTECT platform.

Furthermore, trust is a fundamental aspect of clinicianpatient relationships, and the use of HITs has been shown to
influence this relationship significantly [62]. This is due to
the fact that patients and clinicians have different
experiences and processes in developing trust, particularly in
use of HITs [58]. Patient trust in HITs is linked to
organisational and economic factors such as withdrawal
from health plans, and clinician knowledge of patient history
[65,73]. However, as existing frameworks concerning HITs

PRO use to help identify patients at risk of deterioration
could play a pivotal role in improving surgical care services
in LMICs, both within and outside the ward. The acceptance
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and trust are developed with the HIC landscape in mind, it is
important to consider how trust influences uptake in the Sri
Lankan healthcare setting. Trust between patients and
clinicians, as well as between clinician type may be affected
by and affect the use of HITs in very different ways as
compared to the existing literature, and as such this must be
considered carefully in future development of the tool.

visit public hospital wards, posing the challenge of
instructing hospital coordinators to conduct interviews and
think-aloud studies. This required thorough planning
beforehand, through translating interview protocols,
branching of potential question leads and rapid training on
appropriate interview methods. While such measures were
taken alongside screen recordings in place of observational
notes, this still begs the question of potential bias or
misunderstanding in interviews. Also, the researcher was
unable to gauge physical reactions to patient interviews,
which in itself can be a rich source of data regarding attitudes
towards the platform.

Further to this, despite overall positive feedback, there was
still some resistance from clinicians towards implementing
an electronic PRO system. While only one nurse voiced
worries that it could replace valuable patient-clinician
communication, this could be a concern for many who did
not report this. This aligns with previous research, which has
identified decreased face-to-face communication as a major
barrier to use in patient-as-user technology [53,95]. It was
difficult to communicate that the system is designed to
complement and support communication, as opposed to
impede. As previously mentioned, this requires
consideration to be addressed with future implementation.

Coordinators sometimes unknowingly asked leading
questions due to lack of previous experience conducting
semi-structured interviews in this fashion. Additionally,
translation was done alongside the hospital coordinator postinterviews, but these meetings were frequently rushed due to
the coordinators' work demands. As such, transcripts may be
paraphrased or not as in as much detail as possible.

8.2 Challenges in Research

Participant attitudes also posed a challenge to research,
leading to bias. Many clinical participants expressed
hesitance at expressing their thoughts, and four participants
did not wish to be audio recorded. Working in a hierarchical
system wherein consultants lie at the top may lead some
clinicians to be afraid to speak "on the record", especially to
a foreign researcher. Additionally, cultural differences in
responding may impact the results; questions such as “what
do you think?” required multiple prompts to reveal true
beliefs, making the elicitation of opinions and utilising
Critical Decision Method difficult [43].

Throughout the research and design process, many
challenges were faced and overcome to arrive at the present
solution.
One of the main challenges experienced was the time
constraint to encompass an iterative user-centred design
process. The time spent in Sri Lanka conducting three phases
of research and design activities spanned 5 weeks. This
limited time overseas not only encompasses conducting such
activities, but also prior methodology adjustments upon
immersion in the context. Planning the project remotely
resulted in an inability to plan for the reality of the setting
and could only be confirmed upon arrival. Due to this narrow
timeframe, further research or larger participant groups were
unable to be reached. To account for this, evaluation through
HCI experts was conducted.

Attitudes towards research may also influence outcomes;
NICST frequently conducts research in these hospital wards,
and therefore, clinician participants may experience fatigue
from previous involvement in research projects. This can
lead to hesitance in recruitment, involvement and in
providing in-depth responses during interviews.

The researcher found this project particularly challenging in
that it required moving to a new environment to conduct
research in a domain wherein the researcher had no former
training. One time-consuming aspect of the project was
becoming saturated in knowledge of, not just postoperative
abdominal care, but the wider healthcare context in Sri
Lanka. Given the lack of published research concerning
health in Sri Lanka, contextual understanding was obtained
from the qualitative research studies and ad-hoc from
working in the field.

Patients may also have been timid while sharing their
thoughts, as interviews were conducted by hospital
coordinators who work frequently in the ward. As noted in
the results, patients hold all clinicians in very high regard,
and thus may not want to divulge their opinions fully.
Furthermore, as patients are in immediate post-operative
care, these interviews were extremely limited in scope due to
energy and motivation to participate.
Working with multiple stakeholders and professionals with
varying degrees of investment in the project presented a
challenge in balancing requirements and understanding the
holistic context of the existing PROTECT system. The
researcher was unable to fully saturate themselves in the
environment to understand concepts on an objective basis.
Input was provided at all stages of the design process from
the NICST team. While this proved invaluable in getting to
grips with the environment, and understanding constraints
and scalability of the project, a proper ethnographic and

Recruitment posed a significant limitation in this study.
Participants came from a pool of wards in the NICST
network and involved visiting the hospitals during shifts and
prompting nurses for their time, which would often be
unsuccessful. As clinicians are notoriously time-limited,
finding participants willing to spend time in interviews was
difficult.
Another challenge was the inability to conduct patient
interviews first hand. Sri Lanka does not permit foreigners to
28

contextual inquiry approach into barriers and facilitators to
inpatient care would be an appropriate follow up study.

the Ecological Momentary Assessment method [78] would
be beneficial, given the attrition of surgical patients.
Additional formal outcome evaluations will be imperative to
demonstrate impacts of use on behavioural change and health
outcomes clinical services.

9. FUTURE WORK

From a UTAUT perspective, performance and effort
expectancy influence the acceptance and behavioural
intention of use of a system [32,55]. Core issues related to
these aspects were managed through the iterative design of
the system. Yet contextual factors such as facilitative
conditions and social influence also relate to voluntariness of
use and use behaviour. Studies 3 and 4 found that clinicians
view these contextual factors as potential barriers to use. In
order to appropriately ascertain the influence of these factors,
implementation and longer-term field testing are required to
manage social influence and demonstrate the added value
and show how the design sits appropriately in the Sri Lankan
hospital infrastructure.

10. CONCLUSION

Through formative studies, design requirements unique to
this domain and setting were developed, then evaluated
through field studies using two prototypes. The implications
of the study findings may not extend to all uses in surgical
care outside of abdominal lower-priority patients due to
small sample size and surgical specificity. Despite this,
feedback from patients and clinicians about the prototypes
features are positive, and support design considerations. This
constitutes a novel insight into the factors influencing
postoperative care in Sri Lanka and adds to the NICST body
of work in acute and surgical care. As shortcomings are
addressed, this projects provides a prime jumping off point
to explore how this platform can be expanded and tested for
different surgical conditions, ward types, patient and
clinician populations.

Implementation of the platform in the ward can open many
avenues for research due to the unexplored nature of
electronic PROs in this environment. Theoretical
implications for further study include understanding how the
platform interacts with aspects such as clinician alert fatigue
[6], a common complaint amongst clinicians when using
decision aids in their work, such as PROs or quality of life
assessments. Analysis of the platform using frameworks of
how best to create dashboard visualisations for quick clinical
decision-making would support clinician use. The platform
could also be used to understand how Sri Lankan patients do
sense-making across the perioperative process, and how the
use of interactive and engaging resources can help this [83].
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Practically, pilot studies involving clinicians and patients
would provide richer data to complement this study,
particularly in wards outside of Colombo. These can
constitute feasibility studies as a precursor for larger trials
and provide requirements for other features on the platform.
Implementation on a wider scale is critical in evaluating
feasibility and utility of the design in LMICs, to ensure
successful embedding in the infrastructure.
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APPENDIX 1: GLOSSARY

BHT = Bed-Head Ticket
CDSS = Computerised Decision Support Systems
EMRs = Electronic Medical Records
ERAS = Enhanced Recovery After Surgery
ERPs = Enhanced Recovery Pathways
EWS = Early Warning System
HICs = High Income Countries
HITs = Health Information Technologies
LMICs = Low to Middle Income Countries
MHealth = Mobile Health
NICST = Network of Critical Care Surveillance and Training
PROs = Patient Reported Outcomes
UTAUT = Unified Theory of Acceptance and Use of Technology
APPENDIX 2: PATIENT APP
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APPENDIX 3: PROTECT CLINICIAN APP

37

APPENDIX 4: STUDY ONE PROTOCOL

Study One: Clinician Interview Guide
In this phase of the research, we aim to investigate the key clinicians’ requirements, barriers and priorities for a
postoperative application for patient-clinician communication in LMICs.
Question Guide
1. Introduction
o Introduction by researcher
▪ I’m a student working with NICST doing a project on postoperative care. I’m evaluating
an app for clinicians and patients to report post-operative vital signs and quality of life.
▪ I’ll be interviewing you on topics such as barriers to post-operative care after abdominal
surgery, and communication with patients. I’ll also be asking you to evaluate an app.
o Review study purpose and goals
▪ This will help us to design a better platform for clinicians to collect PROs and enhance
communication within the ward.
o Review risks and obtain consent
▪ This interview will be recorded and transcribed anonymously for this project. You have
the right to withdraw at any time.
2. Background
o General description of providers background
▪ What is your role in the ward?
▪ How long have you been working here?
o Characteristics of patients generally seen
▪ What types of patients do you treat in the ward, typically?
▪ How many patients do you see daily?
3. Post-operative care barriers
o Do you currently have a lot of patients recovering from abdominal surgery?
▪ Could you give me an estimate? Percentage?
▪ What is the process for recovery immediately after a surgery?
o What type of postoperative complications are most common for abdominal surgery?
o What measures, such as urine output, stool, or vital signs do you look out for during post-surgery
recovery? Which are most important?
o Do you measure or record these yourself?
o How do you retrieve these measures?
o What do you consider to be the main barriers to measuring or accessing these measures?
o What would an ideal post-operative journey look like to you?
o (CDM) Can you think of a time where these barriers did interfere with your work?
▪ What happened?
▪ When did you make decisions about this patient’s care?
▪ Why were these decisions made?
▪ How did you make this happen?
▪ What if this patient was able to monitor their own vital signs?
▪ What if this patient was able to assess their own quality of life?
4.

Patient-clinician communication
o How much time do you spend on each patient during ward rounds?
o How do think about the relationship between health professionals and patients? Do you think it is
enough?
o Do patients receive guidance on how to monitor themselves before or after surgery?
▪ What type of guidance?
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▪ Who gives them this guidance?
o How much control do the patients have over their care in the ward?
o Do patients ever ask for more clarification of their care in the ward?
o Can you think an example of a particularly difficult patient in care? What made them difficult?
o Do you think mobile technology can help them to self-monitor?
5.
Usability Testing
o Present the app to the clinician and instruct them to browse freely without giving them instruction
at first. Emphasise that they should “talk through” what they are thinking”.
▪ I will assign you two tasks to use with these two versions of the apps to complete. While
you are completing the tasks, please talk through and think aloud as you are using the
app. It is not you being tested, but the app is being tested.
o Present the app and have the clinician explore
o 1 Clinician Task:
▪ “Check a patient’s log for the day”
▪ “Add a patient”
o 1 Patient Task:
▪ “Measure mood”
▪ “Send an inquiry to a clinician”
o Follow up questions
▪ What do you think about the app?
▪ Do you think you or other clinicians would use this frequently?
▪ Do you think patients would find this hard to use?
▪ Could you use this application immediately?
▪ Do you think your colleagues would learn to use this quickly?
▪ Do you think patients would learn to use this quickly?
▪ Please rank the following functions included in the app. How important are these? What
should be included if not included already?
• Vital Signs
• Quality of Life
• Mood Monitoring
• Direct Contact with Clinicians
• Skill Training
6.
General recommendations
• Can you conclude by highlighting some key factors in designing such apps from your perspective?
7.
Closing
• Thank participant for time and comments
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APPENDIX 5: STUDY TWO PROTOCOL

Patient Interview Guide
Research Questions
•

What are the key patient user requirements for a postoperative application for patient-clinician
communication?
• Does monitoring and communication with clinicians help users to feel more informed and confident about
their care?
Method
Up to 10 patients will be interviewed by three hospital coordinators and engaged in quick user testing of elements
of the NICST PROTECT: Patient mobile applications.
Guide
1. Introduction
•
•

Introduction by hospital coordinator
Review of study and obtaining verbal consent
o “We are evaluating an app for patient use, and we want some help to evaluate it. Afterwards, I’ll
ask you some follow up questions about how you found that app.”

2. Quick usability testing (3-5 mins)
Present the app to the patient and instruct them to browse freely without giving them instruction at first. Emphasise
that they should “talk through” what they are thinking.
a.
“I have an app that we are testing to use in the hospital and we want your opinion. Can you take a look at
the screen and tell me what you see?”
b.
“Can you tell me what you are thinking as you do this?”
Task list:
1.
2.
3.
4.
5.
6.
7.

“Take a photo of something to send to your clinician”
“Send a message to your clinician”
“Measure your ability to hold your breath”
“Measure your heart rate”
“Report fever”
“Report your mood”
“Complete the quality of life survey”

Recorded through screen capture:
•

Successful task completion
o Which tasks did the patients successfully complete?
• Errors
o Which tasks did the patients struggle with?
3. Voice recording interview questions (7-10 mins)
•

Attitudes about app
o How confident are you completing these tasks?
o Do you think others would be able to understand how to use this easily?
o Do you understand what (*insert task they were assigned*) means?
▪ Do you know why clinicians would need to know this?
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•

•

Clinician contact
o How does it make you feel to send this information to your clinicians?
o What would you like your clinicians to see or respond to?
Self-monitoring
o How do you learn about your condition in the ward?
o When you are in the ward, do you ask questions to nurses and doctors? Are you aware about
which phase you are in the treatment?
o What kind of functions would you want in this app?
Confidence
o

How do you feel about being able to help monitor your recovery in the ward? Does this make you
more confident about your care?
If participants seem hesitant to respond, ask “why”.
4. Closing
Thank participants for their time and comments.
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APPENDIX 6: PROCESS DIAGRAM
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APPENDIX 7: HEURISTIC EVALUATION SHEET

Patient
Application

Positive

PROS
are
automatically logged
and easy to see where
you are in the system
but only with schema
Visibility
of of
using
similar
System Status
systems before.

Negative

Suggestions

Score

Unable to go back during any
of the recordings of the PROs.
Hard for mental schema to
know where you are situated
in the cognitive map.
The Pros automatically log,
but this feedback is not shown
other than redirecting to the
main home screen

Make it clear don’t have to complete all
PROs, but make the system clear once it has
been completed in a 2 hourly stage Give
visual feedback that log has been recorded,
and have this be reflected in a log, log
number, or colour on the main screen.
2

However, icons such as lungs
and heart monitoring are less
well known and able to be
understood by patients with
lower
health
literacy.
Match between Emojis
are
well Instructions and names may
system and real recognised and salient, not follow conventions that Use appropriate icons which are simple to
world
used appropriately.
patients are used to
understand, and appropriate culturally.
3
Cannot go back or forth
between
screens
Can scan for HR monitor? But
how to do scanning when most
connect
via
bluetooth.
Location and HR monitor are
completely unexplained how
to integrate into the patient
care.

Tap interface > sliders or scrollers. Big
buttons Need to make how to progress onto
the next stage - appropriate labelling of
buttons
3

+ Follows material Font and buttons differ
Consistency and design
standards Icons are all of completely
standards
throughout
different styles

1

User control and
freedom

Cannot go back and
forth easily, buttons on
the app only exist to
save
progress
as
opposed to editing or
Error prevention deleting.

- Hard to understand that you
don’t need to complete all the
tasks, there are no instructions
or help identified anywhere.
Users are unable to go back Make sure that patients can go back and
and forth between screens forth easily Give better instructions and
easily
visual feedback
4

Recognition
rather than recall

No instructions given for
some of the activities e.g.
pulse monitoring. Patients
would have to remember what
the nurses told them how to
use the app and record, Have instructions at all points which are
lowering motivation of use.
easily usable and
4

PRO: Can use QR code a- But that is the only way in
which clinicians can connect
Flexibility and
+ Don’t have to with patients. No way to do
Ease of use
complete all the tasks, this
remotely
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Use patient code or automatically generated
number Make buttons bigger and more
salient, with appropriate labelling Give
3
visual feedback once a task has been

which may be hard to Hard to click buttons and
do when in the ward progress to the next section. recovery.
Hard to understand that you
don’t need to complete all the
tasks, there are no instructions
or help identified anywhere.
Patients cannot see their log
easily unless they click onto
the appropriate PRO.
Aesthetic
minimalist
design

completed Make clear that not all tasks
have to be complete in the same order or all
at once Audio feedback also available for
multiple modes of use Allow two ways to
view their logged data - through log list
summary and in the PRO view

and
Icons are inconsistent

Use more appropriate icons

1

Recognise,
diagnose
and
recover
from
errors

No assistance given, if they
need to go back to the main
menu they cannot go back in.
There
are
no
initial
instructions or instructions to
go back to incase the patient
gets
stuck
or
doesn’t
remember how to record one
of the PROs independently.
Patients cannot deleted their
PROs if they have made an
error.
Make logs editable

Help
and
documentation

None, no documentation to Can get help when possible - go back to
help patients use
Instruction page when possible.
4

4

Simplicity
of
design - one font, Very little text. Mostly
limited colours, icons used

1

PRO: Almost no text
on the main screen.
However this can lead
to confusion about
Simple content - meaning, and this also
limited text
means no instructions

1

Can take photos, do
messaging. Technical
in terms of difficult to
Limited technical explain but not in
features terms of technology;

Clinician
Application

Positive

Required to use QR codes

Negative

Suggestions

1

Score

Nothing else, but considering there Needs better indication
Visibility
of Indicator of being located on the is no other content it is not of how to go back to
System Status
main home screen
necessary.
main screen
1
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Match
between
system and real
world

Could
be
unclear
what
"respiratory" and "baby clicks"
means outside the context. Icons
indicating messaging may not
carry over meaning

User control and
freedom

User is unable to transfer or
unsubscribe from notifications
from other users. User is also
unable to read or archive messages USer should be able to
from patients. Users are also unsubsribe or archive
unable to respond to messages
patients feeds
4

Consistency
standards

Explanations available
or matches schema of
users
in a
more
appropriate way
4

Consistent with Google Material
Design system which is consistently
used for the other NICST apps and
platforms. Clinician users could
theoretically learn these conventions
and over time. Uses these conventions
over the

0

Error prevention

Guidance should be
None during addition of patients to provided when adding
feed
patients to feed
2

Recognition rather
than recall

Users are uninformed what certain Better guidance to what
records mean, eg "respiratory".
certain PROs mean
2

Flexibility
Ease of use

No way to easily go back and see
past records besides scrolling Ability to filter or go to
down manually. Cannot filter or certain date in more
control filter.
consistent way.
3

and

Aesthetic
and Use of Google Material Design,
minimalist design appropriate and simple.
Recognise,
diagnose
recover
errors

and
from

Help
and
documentation

1
Users are unable to delete or
change details for both themselves
and patients. Patients are unable to
be archived.

Archival of information
required particularly for
devices which may hold
a lot of different patients 3

No documentation available

More documentation

3

Simplicity
of
design - one font, Yes, adherence to Google Material
limited colours,
Design system

0

Simple content - Limited text limited to what is
limited text
necessary for logs

0

Limited technical
features Very simplistic

0
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APPENDIX 8: PERSONAS
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APPENDIX 9: FIRST ITERATION OF PATIENT APPLICATION
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APPENDIX 10: FIRST ITERATION OF CLINICIAN APPLICATION
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APPENDIX 11: STUDY 3 PROTOCOL

Clinician Evaluation Guide
Method
3-4 nurses will be interviewed and engaged in usability testing of elements of the NICST PROTECT: Patient mobile
applications. When participants experience difficulty, the interviewer will provide guidance as necessary.
Guide
1. Introduction
•
•

Introduction
Review study purpose and goals
o I’m a student working with NICST doing a project on postoperative care. I’m evaluating an app
for clinicians and patients to report post-operative outcomes.
o This will help us to design a better platform for clinicians to collect PROs and enhance
communication within the ward.
• Review risks and obtain consent
o This interview will be recorded and transcribed anonymously for this project. You have the right
to withdraw at any time.
2. Field Usability testing
•

Present the app to the clinician and instruct them to browse freely without giving them instruction at
first. Emphasise that they should “talk through” what they are thinking”.

These are two new versions of an app for recording patient reported outcomes for abdominal patients recovering
in the ward. There are two apps, a clinician facing app and a patient facing app.
I will assign you four tasks to use with these two versions of the apps to complete.
While you are completing the tasks, please talk through and think aloud as you are using the app. It is not you
being tested, but the app is being tested. When completing the tasks with the patient facing app, I’d like you to
imagine you represent a patient.
We’d like to get your opinion on how this could be made better by using the app and afterwards asking you
questions about it. The app is still under development, so if you have suggestions or changes please let me know.
There are no right or wrong answers or ways to use it.
•

Turn on screen recorder

Please start using this app as if you were in the ward looking after patients. I’d like you to:
Clinician app:
•
•
•
•
•
•
•

Search and check for patient log
Checking specific patient log
Adding patient to log list
Viewing summary information
Archiving patients
Changing patient details
View patient history

Patient app:
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•
•
•
•
•
•
•
•
•

Recording their mood
Recording their pain
Recording their breath
Recording their fever
Recording their movement
Recording their digestion
Recording their muscle pain
Looking at their log
Looking at their post-operative recovery journey

Prompt Questions:
•
•
•
•

What do you think you need to do?
How do you think you will do it?
What is difficult to find?
Can you see what you expected to see?

3. Follow-up questions
•
•
•
•
•
•
•
•
•
•
•

•
•
•

Could you use this application immediately?
How useful would you find knowing this information? How do you use these parameters at the moment
during care?
Are summary views of each patient useful for you?
Are these graphs easy to read? How do you usually read information?
Does this fit easily into your daily routine?
Do you think this is something your colleagues and doctors would actually use in their work?
Would you need to see ward summaries?
o Are these graphs easy to read?
What do you see as the benefits of using this in the ward?
What do you think would be the challenges?
How do you imagine using this during the work day?
What do you think of the simplified versions of the PROs? How would you use this to make decisions
about care?
o Pain
o Mood
o Breath
o Fever
o Movement
o Digestion
o Muscle aching
Is this timeline appropriate?
Do you think patients would find this easy or hard to use?
Can you think of any other improvements that could be made?

4. Closing
Thank participants for their time and comments.
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APPENDIX 12: STUDY 4 PROTOCOL

Patient Evaluation Guide
Method
3-4 patients from Apeksha Hospital, Maharagama will be interviewed by one hospital coordinator, and engaged
in quick testing of elements of the NICST PROTECT: Patient mobile applications.
Patients or their bystanders will be asked to perform a series of tasks including:
• Recording their mood
• Recording their pain
• Recording their breath
• Recording their fever
• Recording their movement
• Recording their digestion
• Recording their muscle pain
• Looking at their log
• Looking at their post-operative recovery journey
When participants experience difficulty, the hospital coordinator will provide guidance as necessary.
Guide
1. Introduction
• Introduction by hospital coordinator
• Review of study and obtaining verbal consent
o “We are evaluating an app for patient use, and we want some help to evaluate it. Afterwards, I’ll
ask you some follow up questions about how you found that app.”
2. Field Usability testing
Present the app to the patient and instruct them to browse freely without giving them instruction at first.
Emphasise that they should “talk through” what they are thinking.
a.
“I have an app that we are testing to use in the hospital and we want your opinion. Can you take a look
at the screen and tell me what you see?”
b.
“Can you tell me what you are thinking as you do this?”
Task list:
• Recording their mood
• Recording their pain
• Recording their breath
• Recording their fever
• Recording their movement
• Recording their digestion
• Recording their muscle pain
• Looking at their log
• Looking at their post-operative recovery journey
Prompt Questions:
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What do you think you need to do?
How do you think you will do it?
What is difficult to find?
Can you see what you expected to see?
3. Voice recording interview questions (7-10 mins)
• How do you feel filling this information out? Where would you want this information to go?
• Can you imagine using this tomorrow? On your own? Why/why not?
• How confident are you completing these tasks by yourself?
• Do you think others would be able to learn how to use this easily?
• What are you expecting to find on the rest of the app? Is there anything else you would want to see?
• What type of training would you need to use this independently?
• Have you ever experienced a time where you wanted to inform the doctors of your own symptoms? Can
you tell me about it?
o What if you had this to inform the nurses better of what you were experiencing?
• How might you use this to talk with the nurses or doctors?
4. Closing
Thank participants for their time and comments.
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APPENDIX 13: FEEDBACK VISUALISATION
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APPENDIX 14: COGNITIVE WALKTHROUGH RESULTS

Know
Understand the
Understand See
the
feedback
action the control feedback? Comments

Task and
Steps

Participant

Check
critical
patients

on

1 Login

Log in

Y

Y

Y

Y

Can see icon is in the top right

Click

Y

Y

Y

Y

Red suggests critical

1 Go back

Click

Y

Y

Y

Y

Can see back button clearly

2 Login

Press log
in button Y

Y

Y

Y

Press
1 patient

Suggestions

red

press the
check patient patients
2 (red)
home
Y

Y

Y

Y

Records
shows
different
numbers on the pages. I
understand I can scroll down to
see the record but not showing
on the prototype.

Scroll
down
record
list

Y

Y

Y

Y

Clarification, using
words,
use
as
The setting button is unclear on another tab or
the patient button
change icons

Click

Y

Y

Y

Y

At the top, very clear

Enter BHT
1 number
enter

Y

Y

Y

Y

clear instructions

Add patient
1 button
click

Y

Y

Y

Y

Can see the confirmation

Add
to
1 patient list
Click

Y

Y

Y

Y

Green and clear

click log
in
Y

Y

Y

Y

Y

Y

Y

Y

Click the
Enter BHT blue
2 number
button
Y

Y

Y

Y

Check
patient
2 records
Add
new
patients
incoming to the
ward
1 Add patient

2 Log in

Click
Add
new add
2 patient
patient

Submit
2 information

Click
add
patient to
list
Y

Y

Y

N

Click

Y

Y

Y

Record changes
throughout the
day
1 Login

Y
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Screen jumped to the homepage
after submitting information and
not shown on the homepage.

Volume
1 increase

Click

Y

Y

Y

Y

1 Next

Click

Y

Y

Y

Y

1 next

Click

Y

Y

Y

Y

1 start

Click

Y

Y

Y

Y

1 fever

Enter

Y

Y

Y

Y

All variables make sense

1 help

Click

Y

Y

Y

Y

Good explanation

Y

Y

Y

Y

2 Log in

Record my
2 feelings

N

Record my
2 recovery

N

Y

Assume audio feedback

Y

First, I thought I needed to audio
recording on the first page, and
was wondering whether I should
press the icon or just press it.
Not until the next page did I
realise that it is an instruction
instead of recoridng.
Only the fever and mood icon
worked but it is clear the
understand the action.

Y

Y

Y

Y

Should have more
guidance in the
walkthrough
on
how to do that

Reviewing
postoperative
journey
1 History

Click

Y

Y

Y

Y

1 Mood

Click

N

Y

Y

N

Does not show the final results

1 Timeline

Click

N

Y

Y

Y

Looks like a checklist, not a Inbetween
lines
timeline
between squares
At the beginning, the three
instructions page, the last shows
review postoperative journey,
but when I entered the home Relabelling
page I didn't know where to timeline to
check the journey.
clearer

2 Log in

Click

Y

N

N

Y

History

Click

Y

N

N

Y

Timeline

Click

Y

N

N

Y
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Appendix 15: Final Designs

Patient Application
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Clinician Application
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Appendix 16: Clinician Example Transcript

Interviewer: What is your role within the ward here?
Nurse: Exact role is to do total patient care, admission, treatment, investigations, data, dressing. Have to do all the work and
there is no specific role. From admission to everything they are doing
Interviewer: How many patients do you have for abdominal surgery in the ward?
Nurse: Abdominal surgery including hernia or only abdominal?
Interviewer: Laparotomy and laparoscopy.
Nurse: Around two to three per week, it is very less here. It depends on the theatre list. Some periods it is high but most of the
time it is very low. Most of the time is around two to three patients per week.
Interviewer: Usually, what is the process of recovery for someone who comes into the ward for abdominal surgery?
Nurse: It depends, just after the surgery they go to the ICU, surgical ICU for observation, post-surgical observation. Usually
for 24 hours they stay there and after that we take them to the ward. Normally ICU. For epidural if they are clinically OK, they
are put into the front, acute area. Complications. If there are no complications, within 5 days to 7 days they are discharged.
Interviewer: What type of complications do you typically see?
Nurse: Co-morbidities… If they have a lot of people with high-blood pressure or heart disease, only they are getting
complications. Then they are most likely to have complications. Another complication… Mostly septic, epidural and sometimes
paralyses afterwards. Sometimes the sepsis is the main complication.
Interviewer: What measures do you usually monitor to look out for these complications?
Nurse: Blood pressure, ulcers, pain, temperature, blood counts…
Interviewer: How do you measure and report this?
Nurse: They have the early EWS chart to use. For two hours every time they are measuring urine output. They are using that
chart, they are using to triage patients.
Interviewer: What measures are measured in the charts?
Nurse: pain, blood sugar, temperature…
Interviewer: Do you use any patient reported outcomes for this?
Nurse: Only pain
Interviewer: Keeping this in mind, what would be the ideal journey of someone recovering from abdominal surgery be?
Someone without complications?
Nurse: Surgical and post-operative… After they discharge, 5 days… Normal patients, they usually discharge within 5 days.
So, when they are discharging, they are removing all tubes but the incision is there. Usually they are discharging with the clips
and incisions. So, they are asked to come to the ward again within five days to review the incision site and wound. And then
after that, when they want to remove the clips, they are asked to come around ten days. But if they are too far they asked to go
for a peripheral hospital, a nearby hospital and get removed it. And afterwards, three weeks, they are supposed to come to the
clinic to get their histrology report. Then after that they are going back to the clinic regarding their surgery.
Interviewer: How do patients monitor their own recovery?
Translator: Usually they follow, because they are major surgery they follow the guidelines but only sometimes they are missing
clinics but before that they are following all of the steps
Interviewer: How do you make decisions during complications?
Nurse: White cell count…. Fever spike…
Translator: They are monitoring the chart when there are fever spikes and other vital signs and when things like the urine output
slows down and when other vital signs get abnormal then we inform to the medical officer, or the house officer, and then he
informs the medical officer and then it goes to consultant. It’s a good communication system.
Interviewer: What if patients were monitoring themselves?
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Nurse: Immediate post-op… Pain… Fever…
Translator: She doesn’t think it’s useful because she says that patients feels with fever, and he is already in pain so he doesn’t
have any understanding of what happens.
Translator: She is saying they have less knowledge, they don’t know what kind of surgery they are going on and what will be
the complication. They are not studying, and if someone tells them only then they know what is there.
Interviewer: How does a patient understand surgery recovery? Is this communicated before or after surgery?
Translator: So, there is a consent form before going into surgery, they are getting it signed, so for that one, the doctor explains
the surgery procedure and the complications and those things to get the signature, and also the physiotherapist explain the
physiotherapy, the procedures what will happen after they didn’t do the physiotherapy guide.
Interviewer: And after surgery?
Translator: During physiotherapy session, they are saying that the patients are reluctant to do mobilisations after the surgery
due to pain and they are encouraging saying this will happen to you if you don’t do the physiotherapy procedures.
Interviewer: Any formal training for recovery?
Nurse: Formal… There’s not proper…
Translator: There’s no proper like that
Interviewer: Curious about recovery?
Translator: They are very keen to know about the recovery
Interviewer: Do they ask the nurses about this?
Nurse: Professionals...
Translator: They have more rapport with nurses because they are in the ward all day
Interviewer: Adhere to guidelines in terms of the recovery?
Translator: What do you want to know about this?
Interviewer: How do the nurses communicate what the patient should do and how they should monitor themselves?
Translator: The main reason is the pain of and a lot of tubes, it is not comfortable for patients so sometimes we are giving pain
killers and when the removal tube and when the tube goes they are getting better
Translator: She doesn’t think it’s useful because she says that patients feels with fever, and he is already in pain so he doesn’t
have any understanding of if the BP is low and if the patient is low compared to…She is saying they have less knowledge, they
don’t know what kind of surgery they are going on... they are undergoing and what will be the complication. They are not
studying, and if someone tells them only then they know what is there.
Interviewer: I understand. How do patients receive information to understand the procedures before and after surgery?
Nurse: Complications...
Translator: So, there is a consent form before going into surgery, they are getting it signed, so for that one, the doctor explains
the surgery procedure complications and those things to get the signature, and also the physiotherapist explain the and the preop
and post physiotherapy, the procedures what will happen after they didn’t do the physiotherapy guide.
Interviewer: And after surgery?
Nurse: After surgery... [Sinhala] patient mobilise...
Translator: During physiotherapy session, they are saying that the patients are reluctant to do mobilisations after the surgery
due to pain then they are encouraging saying this will happen to you if you don’t do the physiotherapy procedures and
mobilisations.
Interviewer: Any formal training for recovery?
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Nurse: [Sinhala]
Translator: Formal… There’s not proper…
Interviewer: Do patient ask about recovery? Are some curious?
Translator: They are very keen to know about recovery yeah...
Interviewer: Do they ask nurses questions?
Translator: Nurses yeah... They have more rapport because they are in the ward all the time...
Interviewer: Difficult patients in terms of recovery
Interviewer: A lot?
Translator: What do you want to know about this?
Interviewer: What the patient should do, and how they should monitor themselves?
Nurse: Patient... pain... surgery..
Translator: The main reason is the pain and the lot of tubes, it is not comfortable for patients so sometimes they are given pain
killers and when the tubes goes off, they are getting better but sometimes they are not measuring urine output so how much
they're told how much they're doing is putting catheters and measuring it by them
Nurse: Forced to do it.... [Sinhala]
Translator: If they are not doing that then they are putting catheters in.
Interviewer: What if you used technology to help monitor the patients
Nurse: ... early warning system... Recordings
Interviewer:Do you use any technology in the wards?
Translator: They have two tablets.
Interviewer: Do you think that using technology to help monitor and increase understanding of what is happening?
Nurse: Monitoring... monitoring chart... Recording.... system...
Translator: So what she is saying that now there are two systems instead of one system and they have the bed head, BHT. So
they have to write it in the BHT and also in the app so they are using the two system. If there are one system, if all the things
are in the app without the BHT, then it's very easy
Nurse: One to one...
Translator: .. Nurse complications...
Nurse: Occupied... 30 patients...
Translator: So what she is saying that is in here, no, the nurse patient relationship is not one to one, it is around one to thirty
patients. So they want to be able to manage that. Usually, maximally, minimally it is one to ten patients.
Translator: In the night, it is one nurse to cover all thirty patients. So then she said it is difficult to manage the number of
patients during the night
Nurse: Outcomes.. tickets.. checking in the night
Translator: the main barrier is the doctors and the other people coming outside they are evaluating the BHT and have used it,
the paper recording system, it is old so they have to keep it, and all the recordings on the BHT.
Translator: So there are the two separate systems. It is frustrating.
Interviewer: What is recorded in the BHT?
Nurse: All the recordings, the doctors recordings, then the surgical chart and hospital chart in the BHT and all the charts are in
the BHT and also the investigations.
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Translator: The blood count and also the doctors are coming and later asking for the nurses using the BHT they are ordering
something for the BHT, marking things on the BHT. Even the consultant is coming and looking at the BHT.
Interviewer: Do you use any patient reported outcomes in the BHT?
Nurse:
Translator: No, not really.
Interviewer: mindful of time, we can change to showing you the application now. So I am going to show it to you, and give
you a couple of tasks to complete using the app, and while you use it, I want to see what you think. You can speak out loud
what you are saying. I'm not testing you, I'm testing the app.
Nurse: Ok
Interviewer: This is the patient facing app, where the patient can record their own patient reported outcomes. So first I will give
you a task to complete, as if you were the patient. So, first can you record your mood?
Nurse: My mood?
Interviewer: Yes
Nurse: Ok, so there I see... Good, where to press?
Interviewer: If you look around the app you can see it?
Nurse: ...
Interviewer: It is up here
Interviewer: Ok, so now can you please record your heart rate?
Nurse: Heart beat?
Translator: Heart rate.
Nurse: Heart rate, ok. Here, start means, and then I go start. I have to measure and... Then? How can I stop it? Restart? Is this
seconds? How to do?
Interviewer: So here, you can press start and stop. Can you see?
Nurse: Ok.
Interviewer: Alright, so now can you send a message to a nurse or your doctor?
Nurse: Ok.
Nurse: Ok. I have to type something. Umm...
Interviewer: It can be anything.
Nurse: Alright, send... Then ok.
Interviewer: Alright, thank you. Now I will show you the patient facing app.
Translator: Instructions.... She is saying that the stopping she could not clearly understand.
Interviewer: So the instructions she felt were hard to understand and use?
Interviewer: Here you can take a look at the clinician facing app, what can you see?
Nurse: ...
Interviewer: A list?
Nurse: Yes.
Interviewer: Of patients.
Interviewer: So I will give you my phone, if you can take this, and we do the same thing, with a task. Can you check the patients
log?
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Nurse: Check the log.
Interviewer: Yes, check the log.
Nurse: Then we are here. Where find? Where can find?
Interviewer: Check the patients.
Nurse: Here. Yeah, ok.
Interviewer: Do you know what you are seeing now?
Nurse: Yeah. No fever, yeah, no that is ok. And now to go back. And this is the other patient. Yeah, ok.
Interviewer: Can you also add another patient?
Nurse: I touch here?
Translator: She has used the EWS app.
Interviewer: It is very similar?
Translator: Yes, it is very similar.
Interviewer: Alright, that's fine. So, what do you feel about these two applications?
Nurse: Both patients and nurses for the application?
Translator: Yes, patient and nurses.
Translator: She is saying with heart rate patients, whether the patients are not aware how to measure the heart rate.
Nurse: [Sinhala] temperature, fever, readings, pulse, method systems
Translator: She is saying that the mood is, this one, the presentation they can do. Pain also he can do, but the heart rate
measuring, temperature measuring, Sri Lankan patients they are not aware how to do. Need to do previous information earlier
before you start this one.
Interviewer: Ok, so you think you have to train them how to use this?
Translator: Yeah, to use this with patients.
Nurse: [Sinhala
Translator: Nurse has said that is fine.
Interviewer: Do you think the other nurses could learn how to use this?
Nurse: [Sinhala]
Translator: Earlier she said that the barriers to use that one if they are at risk then...
Interviewer: The barriers are that there are too many systems already used?
Nurse: Yes, too many systems and patients.. [Sinhala] Time management, trust
Translator: The main reason I think is the BHT, the paper system, they say the established paper system, the only concern is
that one. Everyone is looking at that one. If this is the main system they have, they will do that.
Interviewer: Alright, so you think that it cannot be independent?
Nurse: [Sinhala]
Translator: They have to do it...
Interviewer: Sorry?
Translator: As of now, everyone is looking at BHT, they are writing on the BHT. The BHT is not there, there should be
something to be recorded, then they will follow that.
Nurse: We have dual recordings so.. BHT [Sinhala]
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Translator: If there is no BHT, they will do this.
Interviewer: Do you use every day, so do you think there is space to have this next to it
Nurse: It is that all the health system depends on the BHT. Many more years, it has not changed.
Interviewer: Do you think your patients would find this hard to use?
Nurse: Knowledge level...
Translator: Depends on the knowledge level of the young people, they are used to it. Older people, they don't like to touch
mobiles. But in other people, they do like. Most of the people they will, only older people exception they are scared of the
mobile.
Interviewer: Haha, I understand, my parents as well.
Nurse: [laughs]
Interviewer: I want to just change what we are doing, and here I have a few topics from the two apps, and I want you to organise
them by how important you think each one is. So, vital signs, quality of life, mood monitoring, clinician contact and self-care
skills. If you think there are any missing or more, I have other pieces of paper to write that down.
Nurse: Patient?
Translator: For patient or clinician? For which app you said this one?
Interviewer: For both of this. First, we do for your perspective, and then the patients perspective.
Nurse: All of this, vital signs, self-care skills, quality of life means?
Interviewer: Questions from the quality of life questionnaires.
Nurse: All of this are... Clinician contact means the doctor or anyone, medical person?
Interviewer: Medical person.
Nurse: This is difficult... Self-care skills ok, patient can also monitor what he can do.
Translator: She said the order is all important.
Nurse: Mood monitoring...
Interviewer: Is most important?
Nurse: Yes
Interviewer: For you as the nurse?
Nurse: As the nurse it is important. Yea, for the patient. Pain, fever, movements, then vital signs, self-care skills, quality of life,
then clinician...
Interviewer: Clinician contact is at the bottom
Nurse: [laughs]
Interviewer: Alright, I'll take a photo of this. Maybe we can organise this from the patient point of view? What do you think
for patients?
Nurse: Patient don't know much about vital signs. This and this.
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Appendix 17: Patient Example Transcript

INTERVIEWER: Here, we are investigating postoperative patients’ quality of life and how you can
potentially use this application to help you monitor your symptoms, as well as the doctors and nurses
being able to overview what you submit. Here, I have some simple tasks for you to complete, on the app
investigating postoperative outcomes. Please take the application for me and record your mood. As you
do this, I want you to speak out loud what you think about it.
PATIENT: I’m not comfortable and its’ not clear for me because I haven’t had any meals, I can’t see
properly. Can you explain what is on the screen?
INTERVIEWER: Please select the top most icon.
INTERVIEWER: When you click the start, you hold your breath. When it is too difficult to hold, you
press the stop button.
INTERVIEWER: Shall we do another task?
INTERVIEWER: What do you see when you look at the icon with the smiley face?
[Participant doesn’t respond]
INTERVIEWER: Let’s go to that icon
PATIENT: Have I go to click the faces?
INTERVIEWER: Yes.
PATIENT: Anything I want?
INTERVIEWER: Yes, according to your mood, pick
[Participant picks :/ icon]
INTERVIEWER: Now that tasks are over, I have a few questions to ask
INTERVIEWER: Are you happy or confident to use this, was it confusing for you?
PATIENT: No, I don’t feel anything like that. If someone gives a command to do, then I can follow. I
wouldn’t do it alone
INTERVIEWER: If we give this other patients’ also, do you think other patients will be able to follow
the tasks?
PATIENT: Yes, I think so.
INTERVIEWER: Do you think it’s a good thing that your doctors or consultant would get to know your
conditions at this moment?
PATIENT: Yes ,I think it’s a good thing.
INTERVIEWER: For example, if you have some breathing problems, and if this is being sent to your
consultant, what do you expect him to do?
PATIENT: Yeah, in an actual situation, then the doctor will definitely check on me, and I hope he would
check on me soon.
INTERVIEWER: Do you come across any deficiencies or do you think there are any changes which
should be added to this app?
PATIENT: Is there any way of picking up any other diseases in the body on this application?
INTERVIEWER: No there is not about detecting diseases, it is about simple tasks to be added
PATIENT: Ok then, no, nothing to add.
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Appendix 18: Sample Information Sheet and Consent Form

Surgical registry and quality of Life following discharge
Version 1.0, 19th June 2018
INFORMATION SHEET
On behalf of Network for Improving Critical Care Skills and Training, we are looking to improve understanding of
patients’ recovery following surgery. We currently do this through interviews and telephone follow up. We would
like to get your ideas on this patient tool (mHealth Platform) to help patients report experiences during recovery.
1.

Voluntary participation
Your participation in this project is voluntary. There will be no loss of medical care or any other available
treatment for your illness or condition to which you are otherwise entitled. If you decide not to participate or
withdraw from the project you may do so at any time.

2. Duration, procedures of the study and participant’s responsibilities
This project will be conducted over a period of three weeks. If you volunteer we will ask you to do the
following:
a) Participate in a quick test of the mHealth platform and then share any thoughts you might have regarding
how you might like to tell about recovery in the ward.
3. Potential benefits
Participation in this project may benefit you/others by designing a way for patients to communicate better with
clinicians and monitor their own vital signs.

4. Risks, hazards and discomforts
No risk for you as a participant has been identified in these activities.
5. Reimbursements
You will not be paid any sum of money for participating in this project
6. Confidentiality
No personal information regarding you or your care will be requested or recorded. Information regarding your
opinions on the mHealth platform will be anonymous and will not be shared with or used for any other purposes.
7. Termination of Project participation
This is a once off participation, no further follow up will be sought. If you change your mind, you are able to
withdraw from the study.
8. Clarifications
If you have any queries, please contact us directly at:
Abigail Beane (abi@nicslk.com)
Professor Anuja Abaydeera

This project has been approved by the Ethics Review Committee, Fac ulty of Medicine, University of
Colombo. You may contact the committee if you wish to seek clarifications, record any concerns or
make complaints about the study by calling 0112695300 extensi on 240 (between 9am and 4pm) or
by sending an email to info.ethics@med.cmb.ac.lk
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Designing a Postoperative Platform
Version 1.0, 19th June 2018
CONSENT FORM
Part A - To be filled by the participant
The participant should complete the whole of this sheet herself.
1. Have you read the information sheet? (Please keep a copy for yourself)

YES/NO

2. Have you had an opportunity to discuss this study and ask any questions?

YES/NO

3. Have you had satisfactory answers to all your questions?
4. Have you received enough information about the study?

YES/NO
YES/NO

5. Who explained the study to you? ………………………………………………………………..
6. Do you understand that you are free to withdraw from the study at any time, without having to give a reason and
without affecting your future medical care?
YES/NO
7. Information held by the investigators relating to your participation in this study may be examined by other
research assistants. All personal details will be treated as STRICTLY CONFIDENTIAL. Do you give your
permission for these individuals to have access to your records?
YES/NO
8. Have you had sufficient time to come to your decision?

YES/NO

9. Do you agree to take part in this study?

YES/NO

Participant’s signature: …………………………..…………
Date:………………………………….
Name (BLOCK CAPITALS):
………………………………………………………………………………………………………………………
………………………………
Part B - To be filled by the investigator
I have explained the study to the above volunteer and they have indicated their willingness to take part.
Signature of investigator: ……………………................
Date: ……………………………………………………………….
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