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ABSTRACT

The increasing aging population needing homecare is
leading to additional clinical work for homecare nurses.
Wound care and documentation are substantial components
of this work required to monitor patients and make
appropriate clinical decisions. However, due to barriers in
the systems that nurses are expected to use, and context of
their activities, they create and use workarounds to get their
job done. In this study, the most common themes of
workarounds were identified and used to inform design
iterations of a wound documentation application:
SuperNurse. The exploratory and experimental design
iterations involved homecare nurses, who expressed:
curiosity, leading to further reflection; frustration, leading
to identifying problems; and surprise, leading to identifying
useful and easy to use designs. We found that nurse-centred
design, informed by workarounds, led to using mobile,
wearable, and speech recognition technology and
improving ease of use and usefulness in SuperNurse.
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INTRODUCTION
In recent decades the number of patient needing home
wound care has increased [5]. Nearly 2% of the population
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suffer from chronic wounds in their lifetime, which can
take from 3 weeks to 3 months to heal [14]. It is estimated
that at least 20 million people in the world have chronic
wounds, with a cost of care estimated to be at least $31
billion dollars [14]. Home Care Nurses (HCN) provide
wound care in community health centres and at patients’
homes [5]. We found that the nomadic nature of their work
required them to create and use unconventional solutions,
known as ‘workarounds’, when faced with barriers in their
use of interactive technologies. As such, here we describe
these workarounds and aim to highlight their systematic use
as feedback in the design process. We measured and
identified workarounds, analyzed their patterns, mapped the
most common patterns to design principles, and evaluated
the designs in user studies. In 3 phases of prototyping
iterations and a total of 27 sessions, with 27 HCN
participants, a low fidelity prototype for a wound care
application was refined into a high fidelity application. The
results of the data analysis and the user studies were
validated using questionnaires. This is a step closer to
homecare nurse-centred design that has not been carried out
before. The approach to analyze and use that data in design
and results presented in this study provide important
material for pervasive health technology designers and
researchers. Namely, the need for and processes through
which to observe, understand, and predict user behaviour in
healthcare settings that involve nomadic work. Ethics
approval was obtained prior to all research activities.

BACKGROUND

To improve adoption, health information technology (HIT)
design processes elicit requirements by engaging end-users
[12]. In the homecare setting, some have used general
information sessions and meetings with managers and
clinicians [15], or used interviews and focus groups [1].
User-centred methods such as participatory design are more
engaging, especially for users of pervasive health
technologies in homecare [6]. These works often focus on
users’ needs and problems, and less on their problem-
solving behaviours [16]. Over time users develop
alternative paths to the same end goal when they perceive
that the technology is less useful (e.g. inaccurate data), or is



less easy to use (e.g. hard to remember functions) [8].
These alternative paths are referred to as workarounds:
"intentionally using technology in ways the technology was
not designed for, or relying on alternatives which conflict
with the formal ideology of the used technology” [10], to
accomplish the same end goal. Evidence suggests that
workarounds are important user problem solving
behaviours [8], however they have not been elicited in
other user-centred approaches to HIT design in homecare
[1,6,15]. There is a knowledge gap in the use of appropriate
tools and methods to identify workarounds, and the
conceptual links for mapping them to design principles
[16]. In health informatics, tools and methods to identify
workarounds are have been studied [8] as workarounds are
seen only as inappropriate system use. Interactive system
design research elicits behaviours similar to workarounds
such as appropriation [3], mobility work [4], and deviations
from Standard Operation Procedures [13], in the acute care
and non-nomadic setting. Other work has acknowledged
the complexities specific to nomadic work [18],
highlighting that researchers and designers should expect to
see workarounds in the adoption phase [16]. Especially
since pervasive health technologies are prone to
appropriation, adaptation, and other similar user behaviours
[3,4,13]. The work presented here extends previous
research by using the tools and methods developed for
ethnographic studies and measurement of workarounds
[8,11] in a new setting. Furthermore, the user-centred
design approach in this work elicits not only the users’
functional and data requirements [1,6,15], but also their
problem solving behaviours (i.e. workarounds).

HOMECARE NURSES’ WOUND CARE ACTIVITIES

In the ethnographic fieldwork that preceded this study [2],
we observed HCNs in Vancouver, Canada (n=36) for 120
hours. The observations highlighted the complexity of a
HCN’s role. Especially related to wound care which
included multiple types of wounds with varying stages of
severity and healing. Wound treatment involved selecting
from 120 medical products, and documenting 25
characteristics of wounds (e.g. wound etiology, wound
measurements, exudate, wound bed, peri-wound skin).
HCNs drove or walked to the homes of multiple patients
each day, which required planning and coordinating
appointments that may change unpredictably throughout
the day. HCNs are expected to use a wound documentation
system to chart patient data, and communicate
asynchronously with other clinicians in their unit (figure 1).
Usage varies across different health units, and on an
individual level as well. The regional health authority
provides nurses with laptops, digital cameras, and a USB
dongle for internet connection on cell phone networks. In
the intended implementation, nurses were expected to take
this equipment with them to home visits, and to use the
wound documentation system in patients’ homes. However,
this usage has not been well adopted. Nurses will take the
camera with them on patient home visits, leaving their

laptops at the office. Creation and use of workarounds are
prevalent, which points to problems with nurses’
satisfaction and their intention to use the technology they
are provided with [16].

Figure 1. The wound profile in the system used by homecare
nurses (1=patient profile, 2=wound profile, 3=assessment,
4=treatment, 5= summary, 6=patient viewer, 7=patient
administration, 8=educational material, 9=reports) [21].

BARRIERS TO WORK LEAD TO WORKAROUNDS

A common perspective suggests that barriers to work are
the primary causes of workarounds [11]. Barriers include
design flaws, component failures, and inability of the
system to address the problem or task at hand, and design
limits or constraints that block the path to the users’ goals
[11]. We found that workarounds occur when HCNs face
barriers in finding a fit between what they need to
accomplish and resources that vary in availability (e.g.
time, people, technology, and equipment). This impacts
their satisfaction with the technology and eventually their
intention to use or work around that technology [12].

A study that developed and validated a measure of nursing
workarounds identified underlying cognitive processes
relating to nurses’ perceived usefulness (of a task) and the
associated perceived ease of use (of following the
procedure) [11] — concepts consistent with the technology
acceptance model (TAM) [12]. Given the empirical support
for the consistent relationships between workarounds and
TAM [12], and the validated tools that accompany TAM,
this theoretical model was deemed a suitable fit for the
purpose of this study. This study uses two constructs of
TAM [12], perceived ease of use and perceived usefulness,
to measure characteristics and identify workarounds that
nurses are creating and using in homecare. These measures
were developed and validated in a study in acute care
settings [11]. Perceived usefulness is defined as "the degree
to which a person believes that using a particular system
would enhance his or her job performance”; and perceived
ease of use is defined as “the degree to which a person
believes that using a particular system would be free of
effort” [11,12]. At the conclusion of the ethnographic
fieldwork, we conducted a survey [11] with end-user HCNs
and found that usefulness and ease of use from TAM [12]
can be used to conceptualize a mapping from the identified
workarounds to design principles for a wound
documentation application.



HOW TO USE WORKAROUNDS IN DESIGN

Workarounds are valuable user feedback that are created
and used by HCNs to solve problems. Articulation of
workarounds as feedback in the design process can lead to
solutions inspired by the problem solving strategies of the
users. During the observations, event logs and field notes
were recorded to identify the types of workarounds used by
HCNs. The field notes were coded topically based on initial
codes adapted from literature [8,11]. A code was assigned
to each instance of workaround. Based on the identified
instances of the codes, the frequencies of workarounds
were calculated. In the next step, themes of workarounds
were identified by analyzing the most frequent
workarounds. The most common themes, extracted from
464 instances of workarounds, were organized into seven
groups of workarounds (see table 1). Team consensus was
used to agree upon the results.

HCNs often review their patients' records in the morning
before they start their visits and they take notes of items
that they need to do or remember during the visits. They
might leave to-do lists or reminders for other HCNs who
will visit the patient in the future. They are communicating
this information to ensure that, despite potential barriers,
the HCN visiting next would not have to use a workaround
to access that information. HCNs are aware that the data
residing in the electronic records might not be enough to
convey the full “story” of the patient; hence they go to
great lengths to ensure that the full story is known. Once
the full story is known HCNs will have less need for
workarounds.

If an HCN does not review the patient record before the
visit, s/he might not anticipate some of the activities
planned for that visit. Once the HCN realizes that they
needed something else, a workaround was to write in
retrospect on the patient's file, or in their electronic record
to carry out the remaining activities in future visits. This
prevents any risks due to the missed activity. In work
settings where resources are scarce, the HCNs will have to
appropriate the available resources to them in order to get
their job done. This is a common occurrence in homecare
practice. The proactive nature of nursing practice requires
HCNs to ensure reliability of information regardless of
barriers. The outcome of the work and the workaround are
the same, the process used is different from what is
intended for the system.

The categories identified in the ethnographic fieldwork
were validated with 58 completed questionnaires by HCNss.
Using a 5-point Likert scale (1= strongly disagree, 3 =
neutral, and 5 = strongly agree), we confirmed that these
themes are used by the HCNs and they are common in
homecare (see table 2). HCNs were provided with the name
and definition of each group of workarounds, as well a
rationale and examples. The two questions for each group
were: Q1: I have used <insert subcategory> when problems
with technology, equipment, rules/policies, people and

work processes prevent me from completing my activity;
Q2: <insert subcategory> are common in homecare.

Pre-emptive information use (n=98, 21%)

Description: when a nurse provides cues (e.g. verbal, in
writing, use of specific clinical supplies, data entry),
informing the need to complete certain activities and
preempt or reduce occurrence of future workarounds.
Example: A nurse says that based on the electronic
records of a patient she creates a paper cheat sheet as
reminder for when she visits the patient.

Preventive information use (n=31, 7%)

Description: when a nurse provides cues (e.g. verbal, in
writing, use of specific care supplies, data entry) informing
the occurrence of barriers to activities, their workarounds,
and the need to prevent risks associated with those
workarounds.

Example: changing the care plan and confirming with the
wound clinician at later times.

Appropriative system use (n=35, 8%)

Description: when a nurse uses a system to complete
activities in which the available system is not intended for
completion of those activities.

Example: use of the wound photo component to document
use of care supplies.

Appropriative resource use (n=38, 8%)

Description: when a nurse uses resources to complete
activities that the resources are not intended for
completion for those activities.

Example: a nurse uses her personal smart phone to take
photos of wounds.

Adaptive system use (n=65, 14%)

Description: when a nurse uses a system for the intended
activities but in unintended ways to complete those
activities.

Example: a nurse says they might chart some information
in multiple places so it cannot be missed.

Adaptive resource use (n=38, 8%)

Description: when a nurse uses resources for the intended
activities but in unintended ways to complete those
activities.

Examples: a nurse leaves extra supplies with the patient,
or in her car.

Parallel system use (n=159, 34%)

Description: when a nurse uses more than one system for
the same intended activities for those systems, and in the
intended ways for those systems, to complete the same
activities.

Example: a nurse looks at the sticky note on the cover of
the patient’s paper record with the summary care plan on it
and packs care supplies (parallel paper system).

Table 1. Definitions and examples of the identified groups of
workarounds.

Next, we used measures developed and validated for
healthcare applications of the TAM [12] to identify which
themes are more likely related to dimensions of usefulness
and ease of use.



Pre-emptive inf. Preventive inf. Parallel system Appropriative Appropriative Adaptive Adaptive

use use use system use  resource use system use  resource use
Q1, Mean (sd) 4.40(0.9) 348 (1.27)  4.21(1.07) 3.65(1.2) 3.48(1.33) 3.77(1.28) 4.23(0.91)
Q2, Mean (sd) 4.53 (0.63) 3.66 (1.19)  4.37(0.92) 3.82(1.09) 345(1.49) 3.82(1.27) 4.26(0.92)

Table 2. Descriptive statistics of the validation questionnaire for workaround subcategories (sd= Standard Deviation)

The usefulness measures were for effectiveness, accuracy,
control over work, productivity, and the ease of use
measure were for mental effort and physical effort. Then
design principles within those dimensions were extracted
from the literature for the mapping of workarounds to new
and contextualized design principles. Some of the mapped
design principles were focused on aspects related to
usefulness such as: support for timeliness, chronological
report of events, longitudinal format of data, completeness
(assessments, tests, supplies, treatments, procedures, and
sources of this information), comprehensiveness (according
to different phases of the nursing process), correspondence
between data and reality (prompts to reevaluate patient and
treatments), as well more individualized and/or accurate
care planning. Others were focused on ease of use such as:
support visibility of system status (make changes visible so
nurses would not have to document in multiple places),
better control the current status of the document with a
dashboard for summary, simplify data entry with pre-
analyzed and prepared answers, and the system should
easily view information structure without memorization.
Using exploratory and experimental prototyping sessions
[9], we evaluated these design features. Throughout
exploratory prototyping, a low fidelity prototype was
refined to get a set of features for a mid-fidelity prototype.
During experimental prototyping, an operational mid-
fidelity prototype was refined to get a set of features for a
high fidelity prototype.

THE MAPPED AND THE EMERGENT DESIGN IN
EXPLORATORY PROTOTYPING

User engagement and on-the-fly modifications of the
designed features characterized the exploratory prototyping
(phase 1) phase of this study. As the name suggests, this
type of prototyping is best for exploring different design
options rapidly and is informal by nature [9]. Individual 30-
minute, semi-structured prototyping sessions were carried
out with HCNS, to explore existing and desirable features,
identify technology requirements, and evaluate the initial
features of a mobile wound documentation application. The
application was named SuperNurse, inspired by a common
sentiment among HCNs that often they are asked to be
“super nurses”, just as the prototype design was informed
by their creative solutions (workarounds).

Three key steps made up this phase: 1) functional selection,
2) construction, and 3) evaluation. During functional
selection, the relevant work tasks that can serve as model
cases for demonstration were identified, with the help of
clinical experts. Construction involved the active creation
and modification of the prototype and evaluation focused
on assessing the usefulness and ease of use.

Material and Method for Phase 1

A total of 15 HCNs participated in this phase. The sessions
were held in local Canadian community health units.
During the sessions, a low-fidelity prototype (i.e. printout
of a user interface) was presented to the HCN. A basic
scenario (wound assessment for a homecare patient) was
then presented, along with accompanying tasks that were to
be completed with the help of the low fidelity prototype.
HCNs were provided materials, such as pens, markers, and
post-its to modify the prototype and make it more easy to
use and useful, as they saw fit.

After the scenario ended, a semi-structured interview was
conducted, where the researcher asked the HCNs to express
their opinions about: 1) the type of hardware that would
best capture wound documentation using speech
recognition, 2) the location where documentation would be
captured (e.g. in the patient’s home, the nurses’ car, etc.), 3)
how the information would be displayed, and 4) what
additional characteristics or features would contribute to
perceived ease of use and usefulness in the prototype.

The Mapped Design

The main features discussed during the prototyping sessions
were daily patients schedule and summary, patient contact
information, wound photo capture using a wearable camera
and speech recognition, patient data flow sheet, wound care
plan, progress note, and a supply list. The wearable camera
was an alternative to the existing system in use by HCNs
that required them to carry a digital camera. HCNs stated
that the current digital camera increased physical effort and
decrease effectiveness. For example, an HCN described that
in difficult wound bandaging and environmental situations
they wear a headlamp for better lighting to provide wound
care, and they preferred a wearable camera mounted on
their head or on their arm.
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Figure 2. Exploratory prototyping session (left), patient
assessments entries (middle), patient assessment page (right).

Speech recognition was discussed as a possible feature to
be used to document wound care in some situations to
capture wound dimensions and to take photos using a



wearable camera. By the end of phase 1, 3 major refinement
cycles were carried out, which involved the patient
assessment page and entries, and the supply list. Figure 2
illustrates the setup and the material used for phase 1.

The Emergent Design

During the sessions, some features surfaced that were not in
the initial design but organically evolved into new features,
such as “sticky multimedia”. Sticky multimedia was
envisioned as disposable or temporary photos, text notes, or
audio recordings that were not captured for the purpose of
documentation, but instead used to collect information, in
real time, to be used later, sometimes after reflection, in
comprehensive clinical documentation. They are temporary
in nature and used as non-legal reference facilitating the
ability to review and complete the patients’ records at later
time. This concept was inspired by the paper system
workaround which often involved use of disposable paper
to collect information for later use. Further exploration of
this concept with subsequent participants led to delineation
of what this feature would look like. Namely, that it should
support ~ various multimedia options and have
‘temporariness’ as an important feature (i.e. not part of the
legal charting, but used as a reminder to support accurate
charting at a later time).

The nurses expressed that they use workarounds such as
sticky notes to obtain or record information without
worrying about the professional documentation required in
the legal chart. During the ethnographic observations some
HCNs noted that writing specific clinical terminology
reflects their level of expertise and is in alignment with
their professional image. The sticky multimedia enables
recording audio or taking photos to quickly collect patient
information similar to how nurses use sticky notes as
workarounds. The temporary and disposable nature of this
feature appeals to nurses who feel the existing system does
not support information that changes frequently.

Low Fidelity Prototype Evaluation

The audio-recorded sessions were analyzed and coded with
the aim of identifying when and which prototype features
received more feedback, as well as noting nurses’ reactions
and responses to those features. After transcription, two
researchers (CR, LB) coded instances of user feedback
during the sessions and a third researcher reviewed the
coding (DA). The most common topical codes were based
on dimensions of usefulness, such as time needed to chart
(timeliness) and corresponding data and reality (accuracy)
[20], dimensions of ease of use such as ability to find and
remember functions (view structure) [19], and dimensions
of task-technology fit such as corresponding task
characteristics and system usage (flexibility to fit
workflow) [17]. The features mentioned in phase 1 were
then ranked according to the amount of feedback received
from nurses (see figure 3). The top ranked features made up
a refined list to evaluate in the experimental prototyping
(phases 2 and 3), and described in the next section.
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Figure 3. Exploratory prototyping user feedback.

THE INTERESTED, THE FRUSTRATED, AND THE
SURPRISED IN EXPERIMENTAL PROTOTYPING
Experimental prototyping was used for enhancement of the
target application's specification and to test a proposed
solution for an identified problem [9]. Informed by phase 1,
the top rated features were used to design an operational
mid-fidelity wound documentation prototype for an
Android device. These features included: 1) summary of
previous charting, 2) wound measurements and photos, 3)
wound assessment items (e.g. exudate, odour, and pain), 4)
sticky multimedia, and 5) supply list. The prototype was an
Android application using Android’s speech recognition to
recognize voice commands for the capture of wound
measurements and wound photos (wearable wireless
camera) when the homecare nurses’ hands were occupied
(i.e. when providing direct wound care). The experimental
prototyping included 2 phases. During phase 2 a mid-
fidelity prototype was refined into a high fidelity prototype
that was evaluated in phase 3.

Material and Method for Phases 2 and 3

Phases 2 and 3 also included functional selection,
construction, and evaluation; however, the sessions were
structured to finish within 10 minutes for a patient wound
care scenario and 30-40 minutes for an interview. The
patient wound care scenario was set with the help of clinical
experts. The sessions were carried out in local Canadian
community health units with HCN participants (total n=12,
phase 2=6, phase 3=6) different of those in phase 1. Prior to
the start of the session, each HCN was given a short
introduction to the prototype, and given a brief outline of
the tasks they would be asked to complete.

The scenario included five main tasks: 1) preparation and
review of patient history, 2) measuring and photographing
the wound with SRT, 3) documenting the local wound
assessment parameters, 4) using the sticky multimedia to
take information related to the patient’s medical status, and
5) finalizing the supply list based on the treatment plan.

Once the formal session began, the HCN was asked to
complete a task at each step of the scenario and use the
relevant prototype feature as they saw fit. Finally, we
conducted an interview and asked HCNs to complete a
questionnaire [12] related to perceptions of usefulness and
ease of use, as well task-technology fit [17]. A total of 12
questionnaires were given to HCNs, of which 11 were
completed and returned. The interviews lasted 30 to 40
minutes and were audio and video recorded. Three of the




researchers later transcribed, coded topically, and analyzed
thematically the audio and video recordings were. The
coding was reviewed by the researchers and team consensus
was achieved.

Reactions to the Mid-Fidelity Prototype

During phase 2, several themes of user reactions were
apparent throughout. These reactions included interest
towards the design features, frustration due to malfunctions,
and surprise due to success. Participant responses highlight
the impact the design had on the completion of tasks and
the care provided for the patient. Figure 4 illustrates the
setup and the material used for the phase 2 sessions.

Mr. Alpha
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Figure 4. Mock-up of the experimental prototyping session
(left), patient assessments entries (middle), patient assessment
page (right).
The Interested
HCNs were hesitant, but interested in use of the mid-
fidelity prototype. Specifically their interest was notable for
features that were less conventional compared to what they
use in their current medical records system. For example,
one HCN started to lay out a scenario in which she would
be interested to use the sticky multimedia feature. She said:
“During your conversations with patients you end up
fumbling into...oh my gosh you have so many supplies at
home, I don't have to pack, etc., and then from the audio
sticky you will have a whole verbal diary of information
that you can pick through and decide from what to keep and
what to check.”

One of the HCNs added that she would use the prototype in
its current state, and she thought it would replace paper for
her, even if the prototype did not synchronize the collected
information back to the electronic medical record system.
The sticky multimedia and speech recognition seemed to
trigger thoughts about the needs of the nurses while
providing care for the patients. The sense of interest,
curiosity, and anticipation about these features indicate that
it resonated with the work and needs of the nurses. One
HCN explained: “Speech recognition is most useful for
hand-free measurement, often in difficult positions in
people’s homes and hard to record without spreading
germs or contaminating notebooks.”

Though it appeared that use of speech recognition and
sticky multimedia features would not be appropriate in
every homecare circumstance, the HCNs’ reactions indicate
that there is great potential to increase flexibility and fit the

workflow, and decrease the time to chart. While searching
in audio recordings might seem time consuming HCNs
preferred to retain the option to record longer recordings,
even though we offered an option to limit recordings to
shorter time periods (e.g. 20 seconds). They noted that
longer recording time can be used when they need more
comprehensive wound assessments while they have gloves
on and cannot type. They can use the recordings to chart
later. Another positive aspect expressed by HCNs was that
they felt the use of audio recordings as sticky multimedia
encourages them to structure their thoughts better once they
hear back what they recorded.

The Frustrated

The video, audio, and written comments contained
moments of frustration, confusion, disappointment, and
perseverance predominantly related to use of speech
recognition for taking a photo with the wearable camera.
While the speech recognition was reasonably accurate for
simple voice commands and measurement numbers, it
proved less practical for the phase 2 real-life simulation
sessions. For example, one HCN attempted to take a wound
photo and record a wound measurement five times each,
and in all cases, was unsuccessful. Either due to easier-to-
fix issues such as camera being off, or other issues such as
recognition of “to” vs. “two”. At the end of the session, she
explained: “I often have trouble with my own voice
recognition.”

Her response suggests previous unsuccessful encounters
with speech recognition were possibly reinforced during the
phase 2 session. Expectations of what speech recognition
can accomplish in the context of homecare nursing were
tempered by previous negative or unsuccessful experiences
with speech recognition. Ongoing unsuccessful encounters
with this type of technology could be an important
consideration for redesign in later stages. In particular, in
the use of speech recognition to recognize voice commands
for taking wound photos, as this feature seemed the most
challenging.

It also should be noted that HCNs expressed that the
wearable camera can be useful for cases where use of the
phone camera is not possible, however in most cases they
would opt to use the phone camera. That leads to a
realization that future studies will have to focus on either
redesigning these features, such as replacing the wearable
camera with a phone camera, or studying these features for
specific useful cases as noted by the nurses, for example,
wounds located in hard to access body parts or cavities that
need a wearable camera next to a headlamp to take photos.

The Surprised

While HCNs experienced frustration and interest, they were
also positively surprised about prototype features that
exceeded their expectations. For example, after successfully
completing the documenting wound measurements using
speech recognition, one HCN exclaimed, “oh cool! totally
worked.” Later on, when creating a sticky multimedia to



serve as a reminder, she noted: “mkay... (quiet laugher) um,
1 kind of forgot how to do this but we'll just try (laughing),
um, ‘remember to contact the vascular surgeon for Mr. A?’
oh! It worked, cool.”

Surprise as a reaction can be viewed as an indicator of how
well the features fit the original aims and intentions of the
design. For instance, the latter quote suggests that the user
is unsure of how to complete the assigned task. However,
the surprised reaction at successfully completing the task
suggests that the design functioned in the way it was meant
to, especially in regards to ease of use. That is, the design
allowed for the user to navigate and complete the task
intuitively, even after forgetting the specific feature
required. The HCNs expressed that the sticky multimedia
and the use of speech recognition for capturing wound
measurements, would especially decrease the time to chart
and increase the accuracy, since the data are being collected
at the bedside when they are assessing the wound and while
their hands are busy.

By the end of phase 2 three major refinement cycles were
carried out that involved the patient assessment page and
the speech recognition. The final version included mostly
functional features, however speech recognition functioning
remained inconsistent.

Reactions to the High Fidelity Prototype

The feedback received during phase 2 was used to refine
the mid-fidelity prototype into a high fidelity prototype.
The high fidelity prototype did not use the wearable camera
since the feedback received from phase 2 indicated that a
wearable camera would be useful only for specific cases.
The prototype has the same 5 primary components similar
to phase 2. However, these features were modified
according to the same experimental prototyping principles
to reflect feedback received from phase 2. This included
better functioning speech recognition, fully functioning
wound photo capture, direct access to sticky multimedia
from the main page, as well as completing the functions and
interfaces of the supply list and the patient assessment page.
The HCNS also were given a disposable plastic bag that was
the same size of the phone. This was to address concerns
expressed in phase 2 about spread of germs from one
patient’s home to another. Some of these features are shown
in figure 5.

Predominantly similar to the previous phase in phase 3 we
conducted further experimental prototyping sessions using
the high fidelity prototype. A total of 6 HCNs participated
in this phase. Each HCN participated in one session that
was approximately 40 minutes in length. During the session
the HCNs were asked to provide wound care for a fictitious
patient in a home visit, while using SuperNurse. The same
patient scenario from phase 2 was used in phase 3. The only
difference was that a medical mannequin with a chronic
wound on the buttocks area (figure 5) was used to better
simulate the real-life situation of a home visit for the HCNs.
The first portion of the session was dedicated to the patient

scenario for 10 minutes, and the rest was for the interview.
During the interview questions about usefulness and ease of
use were asked to identify which features the HCNs found
most easy to use or useful. A questionnaire also was given
to HCNs which included items of TAM [12] and task-

technology fit [17].
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Figure 5. Wound cleaning (left), patient assessment (middle),
patient assessment entries (right).

The interested

The high fidelity prototype further elicited interest from the
HCNs s to envision how they would use the prototype in their
daily home visit routines. This lead to identifying other
modes of interaction and workflows not discovered during
phase 2. For instance, one HCN described how she thought
the prototype would be used and said: “7 would take one

glove off!”

Then she put the phone between her stomach and her
forearm of the gloved hand and started typing with the
ungloved hand. She took a photo by holding the camera
between the ungloved hand and her wrist on the other hand.
She pressed to capture the photos by her ungloved thumb.
This allows the nurses to multitask. They can use one
gloved hand to carry out tasks that require sterile hands, and
use the other hand in combination with other body parts
(e.g. other forearm, stomach) to collect patient data. This
can inform new designs that support this workflow. For
example, one HCN noted: “What I would like to probably
do is to be able to touch goal of care and say
“maintenance”, and touch wound bed and say “70 percent
blah and 30 percent blah”, so I wouldn't have to say “goal

Y]

of care”.

This means HCNs can use one hand to point to their target
data entry field and verbalize the value, which is easier than
having to verbalize the data entry field name and then the
value as well. This will save time and reduce the chances
for incorrect data entry by speech recognition. As for the
values, HCNs noted that minor mistakes can be negligible
since they can review the data entry later and correct minor
mistakes. For example, “to” instead of “two”, or “buy”
instead of “by”. One HCN explained: “When it (speech
recognition) writes down the item if it's close enough it will
trigger me to what it was.”

Overall, HCNs agreed that the prototype would save them
time and make their job easier. One HCN even went as far
as saying the following in regards to time saving: “I think



[it would save time] more than half, maybe initially not
that, but once you get the hang of it and you get good at it,
then it will be very fast.”

The Frustrated

The level of frustration observed during phase 3 decreased
compared to phase 2. The primary concern of HCNs was
how much time they might have to spend at the patient
bedside when collecting patients’ information. Especially in
cases when the technology does not work properly. HCNs
expressed concern that it is important that the prototype will
function properly at the patients’ bedside. One HCN noted:
“You don't want to spent too much time in there (patient’s
home) because a lot of wounds will be such that the patient
is lying there, and they 've got to lay there while you finish
doing all this sort of stuff.”

As a solution, HCNs suggested that to reduce the amount of
unnecessary time spent at the patients’ bedside they can
collect some basic data at the bedside and complete their
data entries right after they leave the patients’ homes, or in
their car before they drive to the next patient. Another point
of concern for nurses was keeping the sterile areas of their
work clean and preventing spread of bacteria or viruses
from one patient’s home to another. During the patient
scenario one HCN noted: “I don't want to put it (the phone)
down on anything, because you don't know what you're
putting down on.

Researcher: what if it was on the side of your sterile tray?

HCN: You could do that, but then you're contaminating the
tray with your phone.”

In addition to these reactions it is expected that some users
will resist adoption and use of new technology, or as one
HCN put it: “I wouldn't be so keen on using a new piece of
technology.” This was in response to a question about
whether if she would use the prototype in her real-life
wound care practice. Her perspective was that HCNs
already use several healthcare information systems, and
more technology means more work that is not providing
care for the patients. This has been true according to
literature [7], as well the ethnographic observations made
during this research. Other HCNs felt differently and agreed
that they would use the prototype during their real-life
wound care practice if provided to them, even if it is not
part of their mandated workflow. This is discussed in the
next section.

The Surprised

The surprised reaction in phase 3 were much more common
in reaction to the sticky multimedia feature. The
overwhelming feeling of the HCNs was that the sticky
multimedia can save them a substantial amount of time and
it allows flexibility to collect patient data that they need
even if those data are not supported by the current
electronic medical record systems. At the end of one of the
sessions a HCN explained: “I would do everything with
voice! I would just go to speech (sticky audio) and describe

the wound, describe what I need to bring in next time, and
everything will be there when I come back to the office.”

Another HCN noted the following: “The sticky multimedia,
I think that's the main thing, it does a little bit of
everything!”

The concept of “little bit of everything” refers to the
flexibility that the HCNs perceive in the sticky multimedia
feature. However, this also extended to the speech
recognition feature. When asked what the prototype’s most
useful feature is, one HCNs answered: “Uh, I think the
voice recognition. To be able to use that is fantastic. Just
the ease of using that rather than having to write it
down... It's like a voice recognition notepad...that's a big
selling feature for me.”

Mid and High Fidelity Prototype Evaluation

The audio and video recordings from phase 2 and 3 were
topically coded by 3 researchers. The topical codes were
adopted from the literature to identify usefulness and ease
of use issues [12]. The coding was reviewed by the
researchers to achieve team consensus. Figure 6 shows the
results of the data analysis. Additional concepts compared
to figure 3 are visibility of changes in patient information
(status visibility) [19], and inclusion of all relevant and
applicable information (completeness) [20].
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Figure 6. Experimental prototyping user feedback

The experimental prototyping user feedback shown in
figure 6 indicates that compared to the exploratory
prototyping phase accuracy and flexibility to fit workflow
received much less feedback. This can be explained by the
perception of the HCNs towards the sticky multimedia, as
well the supply list and the wound assessment page. As
noted in the previous section the nurses felt very strongly
about how the sticky multimedia fits into their workflow.
All three features also were identified by the nurses as
having a very positive impact on the accuracy of their job.
The nurses indicated that they are able to use the wound
assessment page and the supply list to keep the patient’s
record up to date, while using the sticky multimedia to
collect any complementary data that they need.

The larger number of instances coded in phases 2 and 3 is
expected since the HCNs were using a functioning
prototype. Furthermore, wound assessment required more
time during the patient scenarios, which impacts issues
related to the wound assessment page and the speech



recognition active during wound patient assessment. Given
this fact, compared to figure 3, the speech recognition
received better user feedback. The wound assessment page
elicited more feedback related to timeliness. The primary
cause for this was that HCNs felt that other forms of input
instead of typing can save them even more time. That can
include dropdown menus, or radio buttons. However, a
drawback is that HCNs will be limited to the options
available in the application. The best solution can be a
hybrid solution that affords free-text as well quick entry.
The view structure issues discussed related to the wound
assessment page were mostly focused at level of familiarity
with the Android interface elements used in that page.
Given higher complexity and the number of interface
elements in the wound assessment page more user feedback
is expected. Another comparison with figure 3 indicates
that while the supply list issues related timeliness have been
addressed, at times changes in the supply list items are not
clear. This is caused by different interpretations of what
supply items are already in stock and which ones are
required. To further evaluate the usefulness, ease of use,
and task-technology fit the questionnaires given to HCNs
were analyzed using descriptive  statistics. The
questionnaires were in a 7 point Likert scale. Score 7 was
assigned to, extremely likely, and score 1 to, extremely
unlikely. The results are shown in table 3. i.e., smaller
scores show higher satisfaction.

Usefulness Mean (sd)
It saves time 491 (1.87)
It increases productivity. 4.73 (1.85)
It enhances effectiveness 4.82 (1.83)
It makes job easier 5.09 (1.64)
It is useful to job 5.36 (1.43)

Ease of use
It is easy to learn 5.91(0.94)
It is easy to complete tasks 5.55(1.21)
It is clear and understandable 5.82(0.75)
It is flexible to interact with. 5.45(1.04)
It is easy to acquire skills 5.82(1.17)
It is easy to use 5.73 (1.01)

Task-Technology Fit
It is wise 5.09 (1.64)
It is beneficial 5.73 (1.56)
It is valuable 5.18 (1.83)
It makes me feel happy 5.27 (1.1)
It makes me feel positive 5.27 (1.01)
It makes me feel good 5.45(1.21)
I intend to use it 5.55(1.04)
I predict I would use it 5.73 (0.79)

Table 3. Results of the experimental prototyping survey

The questionnaire responses are aligned with the HCNs’
reactions and the results of the data analysis from the
prototyping sessions. The positive scores given to
usefulness, ease of use, and task-technology fit items
indicates higher intention to adopt the prototype [12,17].
The scores given to usefulness items are likely affected by

timeliness issues, as discussed earlier in this section. The
ease of use scores indicate that even though HCNs
experienced issues related to view structure and status
visibility during the prototyping sessions, they ultimately
perceived the SuperNurse easy to use. Similarly, the task-
technology fit scores indicate that HCNs perceive
SuperNurse as a fit into their workflow.

DISCUSSION

The evidence presented here indicates that workarounds are
common in HCNs’ work, which may be true for similar
nomadic work environments in healthcare. Furthermore,
this study shows that pervasive technologies can be
designed to support workarounds. As pervasive
technologies become more prevalent in healthcare,
interactive system designers should expect and account for
creation and use of workarounds by end-users. However,
they should be cautious to not treat workarounds as user
errors or mistakes. In fact, during this study we found
workarounds to be instrumental to the delivery of care.
Workarounds revealed the needs of HCNs in regards to key
aspects of usefulness and ease of use, such as timeliness
and flexibility to fit workflow. The end result of the design
informed by workarounds was a mobile wound
documentation application that does not document all and
every patient data that the electronic medical record might
require, but it rather supports timely and flexible collection
of patient data, and note-taking for nomadic workers.

CONCLUSION

HCNs are the primary care providers for patients with
chronic wounds. However, their problem solving
behaviours are understudied as a form of end-user feedback
in the design of HIT. This study used identified themes of
workarounds as a source of feedback in the design of
SuperNurse. The designs were evaluated and refined in 3
phases, in which the reactions of interest and curiosity were
essential in further refining the sticky multimedia and
speech recognition. The nurses were interested and curious
about designs aligned with their workarounds, such as
sticky multimedia, which offered flexibility and fit to
workflow, and speech recognition which supported accurate
documentation. The nurses were frustrated when a feature,
such as malfunction of speech recognition or wearable
cameras, created a barrier to their work which indicated
circumstances that challenge usefulness, ease of use, and
task-technology fit. Positively surprised reactions in cases
of success for speech recognition and sticky multimedia
indicated improvements in usefulness and ease of use.
Identification of workarounds and using them to inform
design as a new approach resulted in innovative technology
that fit the circumstances of HCNSs’ work, and the
evaluation of it in experimental prototyping showed that the
design informed by HCNs workarounds addresses key
aspects of technology acceptance.
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