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Abstract

Background: Anestablished and well-known method for usability assessment of various human-computer interaction technologies
is caled heuristic evaluation (HE). HE has been adopted for evaluations in a wide variety of specialized contexts and with
objectivesthat go beyond usahility. A set of heuristicsto evaluate how health information technologies (HITs) incorporate features
that enable effective patient use of person-generated health data (PGHD) is needed in an era where there is a growing demand
and variety of PGHD-enabled technologies in health care and where anumber of remote patient-monitoring technologies do not
yet enable patient use of PGHD. Such a set of heuristics would improve the likelihood of positive effects from patients' use of
PGHD and lower therisk of negative effects.

Objective: This study aims to describe the development of a set of heuristics for the design and evaluation of how well remote
patient therapeutic technologies enable patients to use PGHD (PGHD enablement). We used the case of Kinect-based stroke
rehabilitation systems (K-SRS) in this study.

Methods: The development of a set of heuristics to enable better use of PGHD was primarily guided by the R3C methodol ogy.
Closer inspection of the methodology reveals that neither its development nor its application to a case study were described in
detail. Thus, where relevant, each step was grounded through best practice activities in the literature and by using Nielsen's
heuristics as a basis for determining the new set of heuristics. As such, this study builds on the R3C methodology, and the
implementation of a mixed processisintended to result in arobust and credible set of heuristics.

Results: A total of 8 new heuristics for PGHD enablement in K-SRS were created. A systematic and detailed process was
applied in each step of heuristic development, which bridged the gaps described earlier. It is hoped that this would aid future
devel opersof specialized heuristics, who could apply the detailed process of heuristic development for other domains of technol ogy,
and additionally for the case of PGHD enablement for other health conditions. The R3C methodol ogy was &l so augmented through
the use of qualitative studies with target users and domain experts, and it is intended to result in a robust and credible set of
heuristics, before validation and refinement.

Conclusions: This study is the first to develop a new set of specialized heuristics to evaluate how HITs incorporate features
that enable effective patient use of PGHD, with K-SRS as a key case study. In addition, it is the first to describe how the
identification of initial HIT features and conceptsto enable PGHD could |ead to the devel opment of aspecialized set of heuristics.

(J Med I nternet Res 2020;22(7):€17132) doi: 10.2196/17132
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Introduction

Varying Effects of Person-Generated Health Data

Person-generated health data (PGHD) are produced from
technologies that allow people to access and utilize health data
that they themselves generate outside of a health clinic setting,
and to share these data with health care providers and others,
typicaly via the internet. These technologies are designed to
generate data about a range of health conditions and in pursuit
of arange of health outcomes for remote patient monitoring
[1,2]. Example technologies include home-based, web-based,
mobile, and wearable apps, which cater to a range of health
conditions such asirritable bowel syndrome[3], diabetes[4,5],
and bipolar disorder [6]; text remindersfor asthmamanagement
[7]; and socia networking sites for the mental well-being of
cancer patients[8].

It is possible for PGHD utilization to have positive, negative,
or nil effects on patients who use these technologies. PGHD
use has been reported to provide patients with a range of
benefits, such as increasing interest in their own health care
processes [5,9,10], allowing them to monitor and manage their
own health status[11], and motivating them to undergo positive
behavior change [1,12]. However, PGHD utilization can aso
cause patientsto feel frustrated and discouraged [1], and some
patients may feel excluded from the benefits of PGHD [11].
This highlights the need to consider patients’ perspectivein the
design and devel opment of health technologies[13], particularly
those that generate PGHD [14].

Measuring PGHD Effects

The varying effects of PGHD use on patients necessitates the
development of a patient-reported outcome measure (PROM)
of utilizing PGHD, or PROM-PGHD [15], to provide a
standardized way of measuring PGHD outcomes and build
empirical evidence about PGHD [16]. PROMs are used to assess
the health status or experience of health services and
interventions by patients themselves [17-19] and have been
shown to improvethe precision of evaluating health information
technologies (HITs) [20]. Similarly, PROMs-PGHD would
measure patients health outcomes or status as a result of
accessing and using PGHD. Moreover, they could complement
other clinical health outcomeindicators, similar to how PROMs
are used alongside other biometric measurements of patient
health [21].

Theauthors previously developed a PROM-PGHD that entailed
establishing health outcomes that should be measured for a
specific technology category and a health condition [15,22].
The process identified some features that a domain or type of
PGHD-enabled technology, that is, stroke rehabilitation systems,
should haveto evaluate their effectivenessin producing positive
effects on patients who use PGHD to self-monitor or manage
a specific health condition. For example, simulated stroke
rehabilitation technologies should provide patients with real
time information on the remaining exercise repetitions they
need to do for them to self-manage their limited energy [1].
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Evaluation of Technologies Using Heuristics

Using alist of features based on predetermined criteriato assess
technology categoriesis called heuristic evaluation (HE). First
introduced by Nielsen and Malich [23], HE is an established
and well-known method for the usability assessment of various
human-computer interaction technologies [24]. Using a set of
guidelines, called heuristics, expert evaluators are ableto quickly
and efficiently identify issues that could affect the usability of
technology artifacts[25]. In practice, it could also be conducted
during the design process to identify potential problems before
launch [24,25].

HE has since been adopted for evaluationsin awide variety of
specialized contexts and with objectives that go beyond
usability. Thishasresulted in specialized heuristics, which could
be used to direct evaluators to focus on ng technologies
according to specific concepts of interest [24]. Nielsen'sorigina
set of heuristics has been adopted or augmented to assess the
quality of novice programing systems [26], identify common
mistakes caused by novice and experienced users of aweb-based
health record system for nurses [27], and assess the safety of a
HIT [28]. Such specialized heuristic evaluations have identified
problems beyond the original scope of the origina heuristics
[29] and could thereforeincrease the effectiveness of evaluations
in varied contexts [30] and improve the quality of insights
gained [26].

Heuristicsfor PGHD Enablement

Developing a set of heuristics for use in the formative stages of
development of patient and consumer health technol ogies could
ensure more deliberate PGHD-enabling designs. This would
improve the likelihood of positive effects from patients’ use of
PGHD and lower the risk of negative effects. Such heuristics
would aso offer health care providers astandard way to evaluate
technologies as part of selecting and implementing PGHD
programswith their patients[11]. HE would complement other
in-depth PGHD evaluation methods [2,15] to explore PGHD
outcomes [14,16], integration with clinical tools [2], and
assessment of quality management [31]. A set of heuristics to
evaluate how HITs incorporate features that enable effective
patient use of PGHD is needed in an era where there is a
growing demand and variety of PGHD-enabled technologies
in health care and where anumber of remote patient-monitoring
technologies do not yet enable patient use of their PGHD.
Furthermore, research into the outcomes and benefits of PGHD
has not kept up [2,11,14]. Specificaly, methods are only
emerging for systematic measurement of patient-reported health
outcomes from accessing and utilizing PGHD [11,15]. In
contrast to the aready strong standardization of PROMSs in
many aspects of health care [21], PGHD outcome evaluation
methods are idiosyncratic and reported research is fragmented
[11].

Objective

In this study, we describe the development of a set of heuristics
for the design and evaluation of how well remote patient
therapeutic technologies enable patients to use PGHD (PGHD
enablement). We used the case of Kinect-based stroke
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rehabilitation systems (K-SRS) toillustrate how the devel opment
of PROM-PGHD has led to the creation of these heuristics.

Methods

Case Study

An important use case for evaluating PGHD effects is in
simulated rehabilitation technologies for stroke, in particular
those using body-tracking technology Kinect (Microsoft) [15].
Key considerations within the context of stroke rehabilitation
include the inherent complexity of care necessary to improve
health outcomes [32,33], the requirement for stroke survivors
to frequently conduct repetitive movement exercises [34,35],
and the difficulty of accessing therapy accompanied by the high
cost of care over an extended period [36].

K-SRS offer amore convenient and cost-effective option [14].
They alow stroke survivors to undertake prescribed movement
exercises simulating activities of daily living (ADL) [37-40].
Assurvivors use these systems, they produce PGHD intheform
of data indicating their therapeutic progress. These data,
generally designed to be used by clinicians, have the potential
to be used by stroke survivors themselves for health
self-monitoring [14,38,39].

Methodology to Develop Specialized Heuristics

A number of heuristic development processes have been
employed in the literature. This includes literature reviews,
analysis of usability problems, mixed processes, use of
guidelines, interviews, and analysis of theories related to a
specific domain [41]. Of these, only one methodology known
asthe R3C [42] has been used extensively (14 times) [41,43,44)].
The authors have since improved it [45]. Another widespread
approach is to point out the limitations of existing heuristics,
in particular [23], and build on these by exploring other aspects
that need to be considered for the target domain. The original
set of usability heuristics did not detail the stepstaken to develop
them [23,46]. Subsequently reported processes for developing
heuristics for specific application domains have varied.

http://www.jmir.org/2020/7/e17132/
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Procedureto Develop Heuristics for PGHD
Enablement

The development of a set of heuristics for PGHD enablement
was primarily guided by the R3C methodology most utilized
and applied in the literature [45]. However, a closer inspection
of the methodology reveals that neither its development [44]
nor its application to acase study [47] weredescribed in explicit
detail, leaving room for flexibility and interpretation for future
implementations. There are al so overlaps between its steps and
the other heuristic devel opment processes described earlier [41].
For instance, step 1 explores and describesthetarget technology
domain, followed by step 2, where the meaning of usability is
reexamined within the context of the target technology domain.
Thus, aliterature review may be conducted for these steps[47].
Moreover, athough those steps do not specify conducting
qualitative activities such asinterviews and focus groups, their
goals may indeed be augmented by such activities.

Thus, the development of a specialized set of heuristics for
K-SRS technologies was guided by the R3C [45]. Where
relevant, each step was grounded through the best practice
activitiesin the literature, that is, analysis of the context of use
through a literature review, interviews, and focus groups, and
by using the original heuristics [23] as a basis for determining
the new set of heuristics. As such, this study builds onthe R3C
methodology, and the implementation of a mixed process is
intended to result in a robust and credible set of heuristics.
Moreover, the detailed implementation of each step isintended
to aid future developers of specialized heuristics for PGHD
enablement within various contexts of health conditions and
technology domains.

The steps of R3C are described in Textbox 1. The objective of
this study was to develop an initial set of heuristics for PGHD
enablement; thus, only steps 1 to 4 are implemented in this
study. Evaluation of the heuristic set (step 5) and further
refinement (step 6) is an areafor future research.
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Steps of the R3C methodol ogy to develop a specialized set of heuristics [44,45,47]

«  Step 1: Exploratory stage

«  Examine literature related to the main topics or technology domain of the research.

o  Step 2: Descriptive stage

«  Highlight key concepts from step 1. Connect the information, and assign weights.

o  Step 3: Correlationa stage

« ldentify the characteristics that the heuristics should have. Original heuristics [23] may be used as a basis. Clarify the need to consider the

target technology domain.

o  Step4: Specification stage

»  Formally specify the set of proposed specialized heuristics, using a standard template. Prioritize heuristics, and report any missing elements

that need to be added.

.  Step 5: Validation or experimental stage

o Thenew set of heuristicsistested on the target domain, and usability problems or issues found are compared with those that would be found

using traditional heuristics.

o  Step 6: Refinement stage

« Thenew set of heuristics is refined or improved following analysis of the results of step 5. However, this occurs iteratively, that is, if no
more changes are recommended after step 5 then the development ends there.

Results

Step 1: Exploratory Stage

A literature review was conducted as part of the PROM-PGHD
development process to understand how K-SRS have been
designed to enable PGHD and what benefits, if any, were
recorded [14] using them. Similar to how this step was applied
for this case [47], the review aso analyzed features of this
domain, such as the effectiveness of K-SRS. Moreover, the
types of PGHD generated by K-SRS were reviewed as well as
how people were ableto accessthose PGHD, theintended users
and uses of PGHD, and any effects on patients from using
PGHD [14].

The literature review described the context under which PGHD
is produced and used, relevant for step 4 when the heuristics
are specified. Aspart of thisstep, factorsthat may influencethe
outcomes resulting from accessing and using PGHD were
analyzed. The review has shown that PGHD was given to
patientsto guide them, for example, change movement behavior
or actionsto perform correct exercise movements. PGHD were
also provided to help them achieve their short- and long-term
goals[14]. However, athough people were generally provided
with someform of PGHD asfeedback, they did not have access
to all their PGHD, which clinicians have access to. Other uses
of PGHD include clinicians analyzing them to tailor
rehabilitation programs for patients; researchers analyzing the
effects on patients when they use a K-SRS; and to assess a
variety of K-SRS, for example, how effective and reliable they
are, and even compare them with other domains of technologies
[14]. The review aso identified one study that reported that a

http://www.jmir.org/2020/7/e17132/

patient’s daily access to her PGHD caused her to remember
them over time and be motivated to improve [48].

Thereview also highlighted the lack of patient-centered design
in the development of K-SRS, given that the focus of providing
data back to patients was for prescribing tasks and not to allow
patients to access and make sense of their PGHD themselves.
This is a missed opportunity to encourage patients to be more
involved in their own health care [14], as patients who have
direct access to their PGHD may become more engaged and
thusimprovetheir health outcomes|[5,9,10,49]. Indeed, the lack
of patient participation in the design of such PGHD systems
may undermine patients’ rehabilitation experience [50]. Thisis
indicative of the need for developers of technology-based
rehabilitation systems to consider PGHD in their design,
implementation, and evaluation and allow patients to access
them [14].

Step 2: Descriptive Stage

This step is described as having 3 tasks: highlighting,
connecting, and assigning weightsto the conceptsfound in step
1. Step 2 is applied for this study as follows. First, concepts
found through the literature review that could enable the
effective patient use of PGHD were identified. Second, the
concepts were categorized based on their inherent meaning
according to 5 different reported effects of PGHD use
thematically derived from the literature. Articles from a
significant journal special issue on PGHD were inductively
analyzed as an efficient and targeted way to identify reported
effects of PGHD utilization from arange of HITs for different
health conditions[15]. Thisprocessidentified 5 different effects
that may result from patients’ use of their PGHD. PGHD may
influence health-related behavioral or attitude changes, influence
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patients management of their own care owing to changes in
how they feel about their health status, influenceinterest in their
health care processes, facilitate their personal care goas, and
influence their relationship with care providers. Concepts that
did not match any of these effects were assigned a different

category.

Table 1 shows the categorized concepts highlighted from the
literature review. M ore example quotes are shown in Multimedia
Appendix 1. The Weight column is discussed in the following

paragraphs.

In the third activity of this stage, the concepts were assigned
weightsthrough qualitative studies. As part of the PROM-PGHD
devel opment process, theinput of target users (stroke survivors)
and experts (physiotherapists) was elicited through focus groups
and interviews [51]. On the basis of the health and technology
case under consideration, stroke survivors with experience
interacting with aleading K-SRS called Jintronix [14,52] were
asked to respond to open-ended questions around the effects
resulting from their access to and utilization of PGHD.
Meanwhile, the clinicians were asked how they thought that
accessand utilization of PGHD would affect the stroke survivors
they were working with. Participant recruitment was conducted
in Australiaat 3 different sites, with ethics approval granted by
the Human Research Ethics Committees of Deakin University
(2017-087), Austin Headth (HREC/17/Austin/492), and the
University of Melbourne (1852259.1). A total of 10 stroke
survivors (7 females and 3 mal es) wererecruited through Deskin
University; 5 clinicians (4 females and 1 male) and 6 stroke
survivors (1 female and 5 males) were recruited through the

http://www.jmir.org/2020/7/e17132/
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Austin Health hospital; and 1 stroke survivor (female) was
recruited through Headway ABI in Queensland, Australia.

The qualitative studies enabled the authors to receive direct
feedback from PGHD users to assign weights to the concepts
found from step 1. In addition, the studies also bridged any
relevant gaps between the concepts described in the literature,
those perceived by clinicians, and those reported as important
by stroke survivorsthemselves[1]. New PGHD outcomeswere
documented that were not previously identified through the
review and analysis of the literature described earlier [14],
leading to the identification of new features that should be
incorporated in technologies to enable effective patient use of
PGHD.

Concepts identified through the literature review but not
described by either stroke survivorsor clinicians were assigned
a weight of 0, concepts described by clinicians only were
assigned aweight of 1, concepts described by stroke survivors
only were assigned a weight of 2, and concepts described by
both stroke survivors and clinicians were assigned a weight of
3. Table 1 shows the key concepts identified through the
literature review assigned with weights and example quotes
describing the concept, if any. Table 2 shows new concepts
identified through the qualitative studies, also assigned with
weights and listing example quotes.

The categories were initially applied by GD and then
independently reviewed by the coauthors. Any disagreements
in the categories applied were discussed in a meeting until
agreement was reached for each concept. More example quotes
are shown in Multimedia Appendix 1.
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Table 1. Weighted key conceptsidentified from step 1: exploratory stage.

Categories Key concepts Weight

Stroke survivor PGHD? can guide stroke survivorsto make 2—st“roke survivors: o '
health-related behav-  appropriate movement behavior or action . I automatically adjust what | was doing, if | couldn't burst every
iors changes to perform an exercise correctly balloon I, | had to adjust... To work out what | was doing wrong”

(FG1_STC2-3)

Stroke survivor per-  PGHD can help stroke survivorsachievetheir  0—Not described

sonal care goals short- and long-term goals
Functional effective- PGHD can helpinformclinicians, toanalyze 0—Not described
ness of therapy thefunctional effects of simulated rehabilita-

tion therapy, and tailor programs for stroke

survivors

Evaluation of the PGHD can be used to assess the effectiveness  0—Not described
PGHD-enabled K- and reliability of aK-SRS, compared with

SRSP other types of simulated rehabilitation tech-
nologies
Strokesurvivorinter- «  PGHD may be remembered by stroke  «  3—stroke survivors and clinicians:
est in care processes survivors over time and can provide «  PGHD may provide"an extrapercentage of motivation” (FG1_STC2-
them with more motivation to improve 1) and an “incentive to do better” (FG1_STC2-3)
their therapy performance «  Clinician: “something to keep striving” (FG3_AHC1_3)

«  PGHD needsto be accessible to the
stroke survivors who produce them to
allow them to be moreinvolved in their
own health care

e  3—stroke survivorsand clinicians:

o “it helped me understand my rehabilitation progress’ (INT1_HWC1)

«  “quite often you learn more when you've done something wrong”
(FG2_AHP_2)

«  Clinician: “[survivors] would understand better after a second session
where they could compare their results...it's good for them to have a
comparison, to see how they've changed from one session to another”
(FG3_AHCL1_ 5)

8PGHD: person-generated health data.
PK-SRS: Kinect-based stroke rehabilitation systems.
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Categories Key concepts Weight
Stroke survivor health-relatedbehav- «  pgHD2 can encourage stroke ~ * 3—stroke survivors and clinicians:
iors survivors to do more exercises o “if I can seetheimprovement I'm making then it would...en-
related to their therapy courage me to maybe have more of those sessions’
«  PGHD can discourage stroke (INT1_STC3)

Stroke survivor personal caregoals

Feelings about health status .

Stroke survivor interest in care pro-
cesses

survivorsfrom doing more exer-
cisesif it is negative or low

PGHD can demotivate stroke
survivorsif it is negative

PGHD can cause positive or
negative emotions, correlated
with whether their PGHD is
positive or negative

PGHD can make stroke sur-
vivors feel confused about their
health progress

PGHD can make stroke sur-
vivors feel more self-aware
about their health care

PGHD can interest stroke sur-
vivorsin how their exercisesare
contributing to their activities of
daily living

PGHD can help stroke survivors
to self-manage their energy
while undergoing therapy
PGHD can affect stroke sur-
vivors' perception about their

therapy

«  Clinician: “that might stimulate them to be more compliant”
(FG3_AHC1_5)

3—stroke survivors and clinicians:

o “probably losefaith in the system” (INT2_AHP)

o [unlessthereis] “some explanation [...] that you need to
consider looking” (INT2_AHP)

« Clinician: “They might get over it, or might not be willing
to participate” (FG3_AHC1_3)

2—stroke survivors:

«  “that can be apositive motivator, but can also (be) anegative
one” (INT2_STC1)

«  “I'mthinking well, are normal people at a hundred percent?
And I'monly at 607" (FG1_AHP_2)

3—stroke survivors and clinicians:

«  “going backwards, that would be alittle bit depressing”
(INT1_AHP)

«  seeing “yourself gradually making improvements, it just
makes you feel so much better. Okay, I'm achieving some-
thing” (INT1_AHP)

«  Clinician: “ascore can motivate you or please you”
(FG3_AHCL1 5)

3—stroke survivors and clinicians:

«  “the percentages to meis more difficult to understand [...]
are we trying to be a hundred percent at these things?’
(FG1_AHP_2)

«  Clinician: “scopeto put in something about, | didn't really
understand” (FG3_AHCL _4)

2—stroke survivors:
«  “tomeasure your improvement...or measure your, deteriora-
tion...You could see it in cold hard figures” (FG2_AHP_2)

1—clinicians:

« “any relevanceto afunctional activity. You know like
washing the dishes, or hanging the washing out or...climbing
aflight of stairs” (FG3_AHC1_4)

2—stroke survivors:

« “Itwascertainly something that | watched, to see where |
was at. 'Cause you need to think about this, we have some
sort of abudget of energy that you have to manage yourself,
and you can't afford to get to empty” (FG1_STC2-3)

3—stroke survivors and clinicians:

«  Mismatch between PGHD and feeling of performance: “you
probably think oh, the system's not doing its job”
(INT2_AHP)

«  “nothing going on in the background about anyone judging
me...that there isn't anything that's being kept from me”
(FG1_AHP_2)

« Clinician: if you just did the computer thing and they...just
stopped without data they'd be like, why do | do it?”’
(FG3_AHC1 2)

http://www.jmir.org/2020/7/e17132/

RenderX

JMed Internet Res 2020 | vol. 22 | iss. 7| €17132 | p. 7
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Dimaguilaet a

Categories Key concepts

Weight

Stroke survivor relationshipwithcare  «
provider(s)

«  PGHD can make stroke sur-

vivors be more conscious of the
exercises prescribed by their

clinicians

Relationship with family and carers «  PGHD can assist stroke sur-

vivorsin communicating their
rehabilitation progresswith their

loved ones

PGHD can prompt stroke sur-
vivorsto contact their therapists .
about their therapy performance

o  3—stroke survivors and clinicians:

“If they were always bad then | would need more assistance

and even if they [were] good, they [are] not perfect, right so

| would want to have more, more assistance to improve”

(INT2_STC3)

«  Clinician: how can | get a better score...why did I...not do
very well” (FG3_AHCL1 _4)

« l—<clinicians:
«  “maybeif they're not being compliant, they might get aphone
cal from the therapist” (FG3_AHC1_5)

«  3—stroke survivors and clinicians:
«  “youcould show them something, it'seasier for themto visu-
aize’ (INT1_AHP)
«  Clinician: “shareit with family...it'sthat...bragging power as
well, perhaps’ (FG3_AHC1 4)

3PGHD: person-generated health data.

Step 3: Correlational Stage

In this stage, the characteristics that the new set of heuristics
should have are defined, which are later specified in step 4.

The key concepts identified through the first 2 steps are used
asthe basisto define the characteristics. Asopposed to concepts,
characteristicsread asfeaturesthat K-SRS should haveto enable
stroke survivors to use PGHD. These characteristics are aso
matched with the origina heuristics [23] to identify any
similarities. Some of the concepts were defined with similar
characteristics and, therefore, combined. To further increase
the credibility of the resulting heuristics, any characteristic
matching an origina heuristic is reworded using the original
heuristic as a guide. Moreover, concepts with a weight of 0,
that is, not described by stroke survivorsor clinicians, were not

http://www.jmir.org/2020/7/e17132/

RenderX

defined as a characteristic and correspondingly not specified as
aheuristic.

The characteristics were initiadly defined by GD and then
independently reviewed by the coauthors. Any disagreements
were discussed in a meeting until agreement was reached for
each characteristic.

Table 3 lists the characteristics defined from the concepts
identified previously that match an original heuristic [23], and
as we have reworded them. Textbox 2 lists the characteristics
that did not have a matching origina heuristic [23]. The
numbering continues from Table 3 through to Textbox 2, to
indicate which characteristics were combined in the next step.
To see which concepts were defined as which characteristics,
please see Multimedia Appendix 1.

JMed Internet Res 2020 | vol. 22 | iss. 7| €17132 | p. 8
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Dimaguilaet a

Table 3. Characteristics defined from the key concepts identified from steps 1 and 2—that match an original heuristic.

Number

Characteristics

Reworded using the origina heuristic as aguide

1

PGHD®enabled systems should assist users in performing more
exercises or actions, in a correct way.
Matched with origina heuristic 9.

PGHD-enabled systems should provide PGHD to stroke survivors
for increased understanding about their rehabilitation or therapy
process.

Matched with origina heuristic 1.

PGHD-enabled systems should avoid formatting PGHD through
ascalethat represents acompleteness or an endpoint, for example,
100% as much as possible, asit would likely represent failure.
Instead, PGHD should resembl e the ongoing functional therapeutic
progress of stroke survivors.

Matched with origina heuristic 2.

PGHD-enabled systems should ensurethat PGHD is, or could be,
presented in away that is clearly understandable to a stroke sur-
vivor.

Matched with origina heuristic 2.

PGHD-enabled systems should provide PGHD to stroke survivors
for increased self-awareness about their health care.
Matched with original heuristic 1.

PGHD-enabled systems should provide patients real-time PGHD
that allow them to self-manage their energy while performing
therapy exercises.

Matched with origina heuristic 1.

Notwithstanding the need for PGHD to be as accurate aspossible,
PGHD-enabled systems should inform the patients of itslimitations
or potential inaccuracies in the PGHD produced by stroke sur-
Vivors.

PGHD-enabled systems should a so provide PGHD to stroke sur-
vivorsto foster anincreased sense of trust about their rehabilitation
or therapy process.

Matched with origina heuristic 1.

PGHD-enabled systems should allow stroke survivors to contact
their/aclinician about their PGHD or at least provide survivors
with the option of viewing functional, action-based suggestions
for them to improve their performance.

Matched with original heuristic 10.

Help stroke survivors in performing more exercises or ac-
tions and to recognize, understand, and recover from errors
they make. Guidance or error messages should be expressed
in plain language (no codes), precisely indicate the problem,
and constructively suggest a solution.

PGHD-enabled systems should always provide PGHD to
stroke survivorsto keep them informed about what is going
on with their health status, through appropriate feedback
within reasonable time.

Thiswould increase their understanding about their rehabil -
itation or therapy process.

PGHD-enabled systems should present PGHD in aformat
that matches the real-world context, therapy progress, and
goals of the stroke survivors.

PGHD-enabled systems should ensure that PGHD isclearly
understandabl e to stroke survivors. The system should speak
their language, with words, phrases, and concepts familiar
to them, rather than system-oriented terms. PGHD-enabled
systems should follow real-world conventions, making in-
formation appear in anatural and logical order.

PGHD-enabled systems should always provide PGHD to
stroke survivorsto keep them informed about what is going
on with their health status, through appropriate feedback
within reasonable time.

Thiswould increase their self-awareness about their health
care.

PGHD-enabled systems should always provide PGHD to
stroke survivorsto keep them informed about what is going
on with their health status, through appropriate feedback
within reasonable time.

Thiswould alow them to self-manage their energy while
performing therapy exercises.

PGHD-enabled systems should always provide PGHD to
stroke survivorsto keep them informed about what is going
on with their health status, through appropriate feedback
within reasonable time.

Thiswould foster an increased sense of trust about their re-
habilitation or therapy process.

Even though it is better if the system can be used without
additional help or documentation, it may be necessary to
providethem. PGHD-enabled systems should provide stroke
survivorsthe option to contact aclinician about their PGHD
and vice versaor at least provide survivors with the option
of viewing functional, action-based suggestionsfor them to
improve their performance. Any such information should
be easy to search, focused on the survivors’ exercises, list
concrete steps to be carried out, and not be too lengthy.
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Number  Characteristics

Reworded using the origina heuristic as aguide

9 .

of their PGHD.
«  Matched with original heuristic 10.

PGHD-enabled systems should provide stroke survivorstheoption  «
of alowing their clinicians to contact them based on the progress

Even though it is better if the system can be used without
additional help or documentation, it may be necessary to
providethem. PGHD-enabled systems should provide stroke
survivorsthe option to contact aclinician about their PGHD
and vice versaor at least provide survivors with the option
of viewing functional, action-based suggestionsfor them to
improve their performance. Any such information should
be easy to search, focused on the survivors' exercises, list
concrete steps to be carried out, and not be too lengthy.

3PGHD: person-generated health data.

Textbox 2. Characteristics defined from key concepts identified from steps 1 and 2, which do not have a matching original heuristic.

Characteristics

« 10

frequency than negative or decreasing progress.

to their functional ability.

«  Person-generated health data (PGHD)—enabled systems should present PGHD that indicate negative or decreasing therapy progress carefully

and in aform that elicits a stroke survivors' competitiveness with the self.

«  PGHD-enabled systems should highlight PGHD indicating positive or improving therapy progress more and providing them with more

«  PGHD-enabled systems should provide PGHD to stroke survivors for increased understanding about how their rehabilitation is contributing

«  PGHD-enabled systems should provide stroke survivors with the option to share their PGHD with loved ones in a secure manner.

Step 4: Specification Stage

In this stage, the characteristics defined in step 3 are specified
as a heuristic, following a structured format: 1D, name,
definition, explanation of how the heuristic was developed,
example(s) of when a system being evaluated complies with or
violates the heuristic, expected benefits if the system complies
with the heuristic, and anticipated problems of heuristic
misunderstanding [45].

The ID applied to the heuristics was structured as
[Number]-PGHD-W[Weight]. The weights were indicated to
provide implementers an idea of the process that went through
developing the heuristics. The heuristic names were written
succinctly, in a similar fashion to the original heuristics [29].
The characteristics were written as the heuristic definition. The
explanation of each heuristic described how they were developed
from one or more heuristic and provided example descriptions
of those concepts by stroke survivors, clinicians, or both. The
exampl e and benefits of each heuristic were described based on
the literature review [14] and qualitative studies [1]. The
anticipated problems indicated where heuristic definitions may
be quite close and may be misunderstood.

A number of characteristics were either similar or tightly
complemented each other and were therefore combined into
one heuristic. Characteristics 3 and 12 described the need for
K-SRS to match the health and therapy context of the stroke

http://www.jmir.org/2020/7/e17132/

survivors. Characteristics 5, 2, 6, and 7 described the need for
K-SRS to always provide PGHD to stroke survivors. Finaly,
characteristics 8 and 9 both described the need for K-SRS to
provide options for stroke survivors to seek more information,
contact their clinicians, and allow their clinician to contact them.

A necessary augmentation is conducted in this step. In
combining the characteristics, considerations had to be taken
with the individua weights and the categories of those
characteristics. Where the weights of the characteristics being
combined were different, the highest weight was indicated for
the resulting heuristic’s ID. Meanwhile, the categories were
added as tag(s) under each heuristic and reworded to indicate
how the heuristic informs implementers to enable PGHD use.
This preserves the categories identified in step 2 as metadata
that could aid implementers in understanding the concepts
underlying each heuristic. Interestingly, the R3C methodol ogy
did not describe how the categories were relevant to the resulting
heuristics [41].

The heuristics were initially specified by GD and then
independently reviewed by the coauthors. Any disagreements
were discussed in a meeting until agreement was reached for
each specified heuristic. Moreover, steps 5 and 6 are expected
to refine the example, expected benefits, and anticipated
problems of each heuristic. Therefore, the heuristics presented
here may still be revised later on [45].
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The next section shows the new, initial set of heuristics for
PGHD enablement.

Design Heuristicsto Enable Better Use of PGHD for
Testing

Eight new heuristics for PGHD enablement in K-SRS were
created. Heuristics with higher weights are presented first, to
highlight heuristics that should be prioritized. The first 6
heuristics have a weight of 3, and the last 2 heuristics have a
weight of 2. There are 6 tags used: improve health-related
behaviors, increase positive feelings about health status,

http://www.jmir.org/2020/7/e17132/
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facilitate positive personal care goals, increase interest in care
processes, improve relationships with care providers, and
improve relationships with family and caregivers.

For brevity, only the ID, name, tag(s), definition, and
explanation are presented in Textbox 3. This could also be the
short form that implementers may use when evaluating HITs,
similar to how brief definitions are presented for the original
heuristics [29]. However, as with the original heuristics,
implementers ought to understand the underlying concepts and
anticipated problems of each heuristic and should, therefore,
view the full specificationsin Multimedia Appendix 1.
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Textbox 3. Short form of the specified heuristics for person-generated health data enablement.

1-PGHD-W3: Encouraging person-generated health data (PGHD)

2-PGHD-W3: Evoking competitiveness with self

3-PGHD-Wa3: Understandable health data

4-PGHD-Wa: Visibility of health progress

5-PGHD-W?3: Help and support

6-PGHD-W3: Communication of health data

Tag(s): Improve heath-related behaviors; increase positive feelings about health status

Definition: The system should highlight PGHD indicating positive or improving therapy progress and provide them with more frequency than
negative or decreasing progress.

Explanation: This heuristic was formed from 3 concepts identified through a literature review and confirmed by stroke survivors and clinicians.
Stroke survivors and clinicians commented on how PGHD can cause positive or negative emotions, correl ated with whether the PGHD is positive
or negative, for example, when survivorsfrequently seetheir PGHD improve, it encourages them to do more of the exercises. A clinician described
how seeing PGHD could help survivors be more compliant. On the other hand, if survivors see their PGHD decline, they might lose faith in the
system and not perform their exercises.

Tag(s): Facilitate positive personal care goals

Definition: The system should present PGHD that indicates negative or decreasing therapy progress carefully and in aform that elicits a stroke
survivors' competitiveness with the self.

Explanation: Thiswas aconcept identified through aliterature review and confirmed by stroke survivors and clinicians. Stroke survivors described
how seeing their PGHD can motivate them to try harder, sometimes even when their PGHD indicates that they are not doing very well with their
therapy exercises, because it can feel like a competition with themselves. Clinicians agree that it can give survivors something to keep them
striving to be better.

Tag(s): Increase positive feelings about health status

Definition: PGHD-enabled systems should ensure that PGHD is clearly understandable to stroke survivors. The system should speak their
language, with words, phrases, and concepts familiar to them, rather than system-oriented terms. They should follow real-world conventions,
making information appear in a natural and logical order.

Explanation: Thiswas a concept identified through aliterature review and confirmed by stroke survivors and clinicians. A stroke survivor found
that simply having percentages as feedback for performing an exercise could be confusing, asit could be misunderstood as being compared with
people who have not had stroke. Clinicians also agreed that PGHD may not be understood by survivors.

Tags:. Increase positive feelings about health status; increase interest in care processes

Definition: PGHD-enabled systems should always provide PGHD to stroke survivors to keep them informed about what is going on with their
health status, through appropriate feedback within reasonable time.

Explanation: This heuristic was formed from 4 concepts identified through a literature review and confirmed by stroke survivors and clinicians.
Stroke survivors described how PGHD could help them understand their rehabilitation progress, to determine whether their functional progress
was headed in the right direction and learn when they have made amistake. PGHD could also help them self-manage their energy asthey perform
their exercises and increase their trust in their therapy process.

Tag(s): Improve relationship with care providers

Definition: Even though it is better if the system can be used without additional help or documentation, it may be necessary to provide them.
PGHD-enabled systems should provide stroke survivorsthe option to contact aclinician about their PGHD; allow their cliniciansto contact them;
or at least provide survivors with the option of viewing functional, action-based suggestions for them to achieve their therapy goals. Any such
information should be easy to search, focused on the survivors' exercises, list concrete steps to be carried out, and not be too lengthy.

Explanation: This heuristic was formed from 2 concepts identified through a literature review and confirmed by stroke survivors and clinicians.
Stroke survivors described how they would want to contact their therapists, particularly if they have not been doing well to ask for assistance
and ask for advice on what they could do better. Clinicians also described how it would be good if therapists could contact survivors when they
are not being compliant. They also described how stroke survivors would likely ask for more explanation and for advice on how they can do
things differently to improve their PGHD.

Tag(s): Improve relationship with family and carers

Definition: PGHD-enabled systems should provide stroke survivors with the option to share their PGHD with concerned parties, for example,
loved ones, in a secure manner.
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7-PGHD-W2: Guide for correct exercise movement or actions

8-PGHD-W?2: Match between system PGHD and real-world context of stroke survivors

Explanation: Thiswas aconcept identified through aliterature review and confirmed by stroke survivorsand clinicians. Stroke survivors described
how it could help them communicate their health status to people they would like to share it with, particularly when they are tired or when they
“run out of words.” Clinicians described how survivors might want to share their PGHD with family, particularly with the younger generation
who are more technologically inclined.

Tag(s): Improve health-related behaviors

Definition: The system should help stroke survivors in performing more exercises or actions and to recognize, understand, and recover from
errorsthey make. Guidance or error messages should be expressed in plain language (no codes), precisely indicate the problem, and constructively
suggest a solution.

Explanation: Thiswas a concept identified through a literature review and confirmed by stroke survivors. A stroke survivor commented on how
PGHD can help them work out what they were doing wrong and adjust accordingly.

Tag(s): Facilitate positive personal care goals; increase interest in care processes

Definition: PGHD-enabled systems should present PGHD in a format that matches the real-world context, therapy progress, and goals of the
stroke survivors. When presenting PGHD, for example, as a score, percentage, or a graph, they should be matched to the therapy goals of the
survivors. These goals may change over the course of a survivors' therapy, from gaining functional progressin the first few months or years to
maintai ning function to perform ADL whentheir progress startsto plateau [1]. PGHD needsto be connected with the needs of the stroke survivors
and where they are clinically.

Explanation: This heuristic was formed from 2 concepts identified through a literature review and confirmed by stroke survivors and clinicians.
Stroke survivors described how receiving a percent score that did not indicate a 100% could be a negative motivator. Achieving 100% given
their condition could be very difficult or even impossible. Clinicians also described how PGHD should help survivors understand how their

therapy is contributing to improved performance of ADL.

Discussion

Principal Findings

This study is the first to develop a new set of specialized
heuristicsto evaluate how HI Tsincorporate featuresthat enable
effective patient use of PGHD, with K-SRS as akey case study.
In addition, it is the first to describe how the identification of
initial HIT features and concepts to enable PGHD could lead
to the development of a specialized set of heuristics. As such,
it uncovers a vauable dimension to the PROM-PGHD
development method, which considers the sociotechnical context
of HITs [15,22]. This context is the complex nature of
interactions between people's unique health conditions and
behavior and that of the technologies and tools they use within
their environment [53]. The prior development of a
PROM-PGHD for the key case of K-SRS was guided by this
context [15]. Although PROMs have long been known to
support the evaluation of health interventions, which may be
supported by HITs [20], they are developed to consider only
the health condition of patients. Conversely, the nature of PGHD
requires the development of a PROM-PGHD to consider the
sociotechnical context of the patient experience, that is, both
the health condition and technology category [15].

Subsequently, this study highlights the value of considering the
sociotechnical context of HITs in their design and evaluation.
Although unexpected consequences and even failures can occur
from design flaws and technical limitations, they are also often
the result of sociotechnical factors [54]. Thus, HIT usability
testing and evaluation can benefit from frameworks, standards,
and guidelinesthat consider the sociotechnical context of those
technologies [53,55]. In particular, PROMs-PGHD [15],
heuristics for PGHD enablement, and cognitive work analysis

http://www.jmir.org/2020/7/e17132/

[56] ensure that understanding of the complexities of care is
incorporated in HIT design and implementation [56].

The R3C methodology [45] guided the heuristic devel opment
process; however, it was not applied without some difficulty.
The methodology’s development, description, and application
to a case study [44,47] were not described in explicit detail,
which left too much room for flexibility. More specifically, it
did not specify how the concepts identified from step 1 were
going to be connected in step 2; how weights were going to be
determined and applied to those concepts, and what influence
those weights would have on the succeeding steps; how the
characteristics were going to be identified in step 3 and how
they differed from the concepts previously identified; and how
the original heuristics were going to be “used” asabasis, after
matching them with the defined characteristics. Moreover,
although R3C presented a structured template for the
specification of the heuristics in step 4, the resulting case
heuristics only presented summaries or abbreviated versions
[47,57,58]. Subsequently, implementations of R3C's steps to
develop other specialized heuristics have varied [59-61].

A step-by-step implementation of the R3C methodology was
presented. A systematic and detailed process was applied in
each step of heuristic development, which bridged the gaps
described earlier. It is hoped that this would aid future
developers of specialized heuristics, who could apply the
detailed process of heuristic development for other domains of
technology, and additionally for the case of PGHD enablement
for other health conditions. Throughout the process, it was
observed that the concepts and characteristics may need to be
combined. This study presents away to retain the weights and
categories applied to them as heuristic metadata to aid
implementers in understanding their underlying concepts.
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Although thelast 2 heuristics have aweight of 2, implementers
should still aim to conduct the evaluation using all 8 heuristics.
However, in case of any resource constraint, thefirst 6 heuristics
should be prioritized.

The R3C methodology [44] was aso augmented through the
use of qualitative studies with target users (stroke survivors)
and domain experts (physiotherapists) to determinethe weights,
discover new concepts, and ensure the defined characteristics
and resulting heuristics were as close to the experiences of the
users as possible. This is intended to result in a robust and
credible set of heuristics, before the validation stage (step 5),
after which the specified heuristics may be improved through
the refinement stage (step 6). Thisisespecially valuable, asthe
R3C methodol ogy’ srecommended iteration of the process|eads
from step 6 back to step 4 [45], implying that steps 1 to 3 need
to be rigoroudly implemented. Subsequently, the initial set of
heuristics presented here will be validated and refined following
steps 5 and 6.

Limitations

Data gathered from the qualitative studies were used as an
important augmentation in the heuristic development process.
However, as those studies were primarily meant to support the
development of a PROM-PGHD, it is possible that participants
were not asked all the relevant questions around PGHD
enablement features. In the event, many concepts found through
the literature review were supported by qualitative studies, and
indeed, most of the resulting heuristics were formed from new
concepts found in those studies. Therefore, although it might
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appear to be alimiting factor, it actually indicates the robustness
of the process followed and highlights the importance of this
suggested augmentation. Moreover, the validation stage (step
5) till allowsfor possible additional heuristics to be identified.

The flexibility of the R3C methodology [44] meant that it is
possible that the process followed in this study deviated from
the original intent of the authors. However, we believe that the
detailed, step-by-step implementation of R3C and the suggested
augmentation have in effect modeled a way to build on and
strengthen it.

Conclusions

The new set of heuristics for PGHD enablement, following a
detailed, systematic devel opment process augmented from best
practicethat we have presented, could serve asaguide for future
developers of specialized heuristicsin general and specifically
for developers of heuristics for PGHD enablement of a variety
of technology domains and health conditions. The new set of
heuristicsis needed in aperiod of rising demand for, supply of,
and variety of PGHD-enabled technologies in hedth care. It
offers hedth care providers a standard way to evaluate
technologies as part of selecting and implementing PGHD
programswith their patients[11], complementing other in-depth
PGHD evaluation methods [2,15], and has a broader relevance
for the design and implementation of HITs. In addition, an
interesting dimension to the PROM-PGHD devel opment process
was discovered, and it highlights the value of considering the
sociotechnical context of HITsin their design and evaluation.
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