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Abstract

Background The ‘Ottawa Depression Algorithm’is an evidence-based online tool developed to support primary care
professionals care for adults with depression. Uptake of such tools require provider behaviour change. Identifying
issues which may impact use of an innovation in routine practice (i.e. barriers to and enablers of behaviour change)
informs the selection of implementation strategies that can be deployed with the tool to support use. However,
established theory-informed barriers/enablers assessment methods may be less well suited to identifying issues

with tool usability. User testing methods can help to determine whether the tool itself is optimally designed. We
aimed to integrate these two methodological approaches to i) identify issues impacting the usability of algorithm;
and ii) identify barriers to and enablers of algorithm use in routine practice.

Methods We conducted semi-structured interviews with primary care professionals in Ottawa, Canada. To evaluate
usability, participants used a written patient scenario to work through the algorithm while verbalizing their thoughts
(‘Think Aloud’). Participants were then asked about factors influencing algorithm use in routine practice (informed
by the Theoretical Domains Framework). We used the codebook approach to thematic analysis to assign statements
to pre-specified codes and develop themes pertaining to usability and routine use.

Results We interviewed 20 professionals from seven practices. Usability issues were summarised within five themes:
Optimizing content and flow to align with issues faced in practice, Enhancing the most useful algorithm components,
Interactivity of the algorithm and embedded tools, Clarity of presence, purpose, or function of components, and Naviga-
tional challenges and functionality of links. Barriers to and enablers of routine use were summarised within five themes:
Getting to know the algorithm, Alignment with roles and pathways of influence, Integration with current ways of working,
Contexts for use, and Anticipated benefits and concerns about patient communication.

Conclusions Whilst the Ottawa Depression Algorithm was viewed as a useful tool, specific usability issues and barri-
ers to use were identified. Supplementing a theory-based barriers/enablers assessment with usability testing pro-
vided enhanced insights to inform optimization and implementation of this clinical tool. We have provided a methods
guide for others who may wish to apply this approach.
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Background

Depression is the second leading cause of global disabil-
ity [1]. Primary care settings are often the first point of
contact for those experiencing symptoms of depression
[2-4]. However, challenges to care provision include
time constraints, lack of experience or expertise in sup-
porting patients with different levels of depressive sever-
ity, and lack of mental health care resources, which can
lead to suboptimal care [5-7]. The “Ottawa Depression
Algorithm” [8], an online tool grounded in clinical guide-
lines and evidence-based practices [9], was developed to
support primary care professionals in providing care for
adult patients presenting with symptoms of depression.
The algorithm presents an interactive clinical pathway to
help with assessment, diagnosis, and treatment according
to severity, and contains links to resources and appropri-
ate treatment avenues.

Uptake of the algorithm in routine practice will require
primary care professionals to change their typical prac-
tice behaviour, in order to integrate algorithm use into
their existing workflows and care processes. Implemen-
tation science focuses on understanding the best ways
to move evidence into practice [10], a key component of
which is understanding factors that impede change (bar-
riers) or support change (enablers). Using evidence-sup-
ported behaviour change theories to guide barriers and
enablers assessments allows us to draw on what is already
known about factors which influence behaviour [11]. Bar-
riers and enablers assessments are often informed by the
Theoretical Domains Framework (TDF) [12, 13]. Devel-
oped from a synthesis of theories, the TDF comprises 14
factors (‘domains’) that influence healthcare professional
behaviour. The TDF focuses on both internal (e.g. knowl-
edge, skills, motivation, self-efficacy) and external (e.g.
organizational, physical and social) influences and can be
used to identify key barriers and enablers which can then
be addressed by specific strategies to move evidence into
practice via behaviour change [14, 15].

Whilst theory-informed barriers and enablers assess-
ments can identify issues which may impact uptake of
an innovation into routine practice, they may be less
well-suited to identifying specific issues which impact
the usability of a new clinical tool. User-centred design
provides a framework for developing products (including
new clinical tools) which starts with understanding the
end-users of the product and the needs that the product
is intended to fulfil [16, 17]. It includes a set of methods
for developing products whereby end-users are involved
to influence aspects of the design to optimize their inter-
action with the product and ultimately improve product
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effectiveness [16, 18]. The set of methods comprise dif-
ferent ways to involve users in the design process [18].
Usability testing is one such method, which “involves
hands-on evaluation of the extent to which a product
or innovation can be used by specified users to achieve
specified goals” [19]. This can help to identify usability
issues and as such, usability testing is another approach
gaining recognition for the value it can add within the
field of implementation science.

Combining these two methodological approaches may
be useful in situations where supporting healthcare pro-
fessional behaviour change to move evidence into prac-
tice includes the integration of a new clinical tool. In this
study, we present an illustrative example of combining
usability testing with a theory-informed barriers and
enablers assessment. Our aims were to i) identify issues
impacting the usability of the Ottawa Depression Algo-
rithm by primary care professionals; and ii) identify bar-
riers to and enablers of the use the Ottawa Depression
Algorithm in routine primary care to support the diagno-
sis and treatment of adult patients presenting with symp-
toms of depression.

Methods

Study design

We conducted a qualitative study comprising semi-struc-
tured, one-to-one, in person interviews.

Setting

This study took place in primary care practices in the
Champlain Local Health Integration Network (now called
Home and Community Care Support Services Cham-
plain) in the Province of Ontario, Canada. In Ontario,
primary care is publicly funded: permanent residents are
insured for medically necessary hospital and physician
services through the Ontario Health Insurance Plan, and
primary care visits are free at the point of care [20].

Online tool development

The algorithm was designed to be used in primary care
to treat and support adult patients with depression at
the point of care. It was developed by psychiatrists based
at The Ottawa Hospital and the University of Ottawa.
Development began by mapping the typical pathway
by which patients are diagnosed and treated in primary
care through consultation with family physicians. Next,
a psychiatry resident integrated recommendations from
evidence-based clinical guidelines [1, 9]. Further input
was provided by a colleague who developed an online
tool to support access to mental health help (www.ement
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alhealth.ca). Resources were embedded into the pathway
to support providers (e.g. diagnostic tools, a process for
selecting medication, information about where to refer
patients for psychotherapy and other community sup-
ports). Primary care colleagues were consulted through-
out the development process. The algorithm was initially
designed as a PDF document and then transformed into
an online tool with the aim of improving accessibility and
reach.

Participants and recruitment

Eligible participants were family physicians, residents in
Family Medicine specialty training, nurses, nurse practi-
tioners, and administrators working in primary care set-
tings. We purposively recruited participants to ensure a
mix of individuals with differing familiarity with the tool
and differing levels of experience in primary care. DG
(a psychiatrist and developer of the algorithm) emailed
existing contacts at local practices with a request to
distribute information about the study. NMc emailed
individuals who indicated interest to invite them to par-
ticipate and arrange a time for the interview. Up to two
reminders emails were sent. Participants were informed
that completion of the interview was taken as implied
informed consent to participate. Informed verbal consent
was also obtained at the beginning of each interview. As
a token of appreciation, participants were offered entry
into a prize draw to win one of two $200 gift cards.

We aimed to recruit participants until we achieved data
saturation for the theory-based barriers and enablers
assessment. We applied the ‘10+ 3 rule’ whereby at least
10 interviews were conducted and analyzed, followed by
additional sets of three interviews: when the additional
three interviews did not raise any new shared beliefs, we
would take this as evidence of saturation [21].

Data collection

An interview guide was developed to facilitate interview
processes (Additional File 1). The interview comprised
two parts. Part one focused on usability testing. Partici-
pants were asked to work through the algorithm while
“thinking aloud” The Think-Aloud method involves par-
ticipants verbalizing their thoughts while completing
a task (in this case, using the algorithm to provide care
for a patient with symptoms of depression described in
a written scenario) [22, 23]. Initial patient scenarios were
drafted by BM and then refined by NMc and checked for
clinical realism by DG and CK. The final scenario used
(Additional File 2) was presented to participants in two
parts, representing an initial consultation and a follow-
up visit. Part two of the interview focused on exploring
barriers to and enablers of using the algorithm in routine
practice. Interview questions were informed by the TDF
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and associated guidance for its application [12, 13, 24].
The TDF was selected because it is theory-based, focuses
on factors which are modifiable and can therefore be
addressed with interventions, and because it was devel-
oped specifically to support understanding of healthcare
provider behaviour. The interview process was piloted
with primary care providers and subsequently optimized.
Interviews were conducted by NMc in-person and audio-
recorded. As the Ottawa Depression Algorithm is avail-
able as an online resource, access to a computer and an
internet connection were required to access the algo-
rithm during the interview.

Data analysis

Digital audio files were transcribed verbatim by a third
party. Transcripts were de-identified and assigned a
unique study number. NMc reviewed the accuracy of
the transcriptions before proceeding with the analyses.
This step also facilitated familiarisation with the data.
Transcripts were imported into NVivo (QSR Interna-
tional) qualitative analysis software and analyzed using
the codebook approach to thematic analysis [25, 26]. One
researcher (NMc) coded the transcripts using a code-
book (Additional File 3) which listed codes representing
key usability categories [27-31] and the TDF domains
[12, 13]. The usability categories and their descriptions
were drawn from two sources: descriptions of estab-
lished methodological approaches for usability testing of
medical informatics innovations such as clinical decision
support tools (categories such as workflow, content, use-
fulness, understandability, visibility, and navigation) [27-
29], and evidence-based guidelines developed to support
the design of information-oriented websites (categories
such as layout or organization, links, search, graphics,
and hardware or software) [30, 31]. These sources were
chosen since the algorithm is a clinical decision support
tool delivered in a website format. Meaningful units of
text within transcripts were assigned to one or more of
the usability categories/TDF domains. Coding was dis-
cussed with JP and D@ as this initial analysis progressed,
and refined accordingly. A second researcher (IP) then
reviewed and coded the transcripts containing the first
researcher’s coding. The two researchers met regularly
to discuss areas of disagreement, reach consensus, and
update the codebook where appropriate. One researcher
(NMc) then reviewed the text coded within each usabil-
ity category and TDF domain and developed belief state-
ments to represent responses with a similar underlying
belief that suggested an influence on the target behaviour
(use of the algorithm) [24]. One researcher (NMc) then
developed themes across usability categories and TDF
domains by reviewing the belief statements and consid-
ering how they may be combined to form over-arching
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patterns of shared meaning which are coherent around
a central concept [26]. Themes were refined through dis-
cussion with another researcher (JP).

Results

Participants

We interviewed 20 participants from seven practices.
Participant characteristics are summarised in Table 1.
Half were family physicians, and half were nurse prac-
titioners, residents, or administrators. No new shared
beliefs concerning barriers to or enablers of algorithm
use were identified in interviews 13, 14, and 15, meeting
our definition of data saturation: however, we conducted
five more interviews to increase the variation in partici-
pant roles. All participants practiced in interdisciplinary
team-based models of care. Twelve were not aware of the
algorithm, six were aware but hadn't used it, and two had
some experience using it.

Usability testing

Participants viewed the algorithm and its content posi-
tively, thought it was user-friendly, and were enthusiastic
about its potential to support them in providing depres-
sion care. For example, participants said “I like the quality
of the resources” (p19); “I love that when you open things
up, it gives you things” (p06); “It’s very comprehensive and
user-friendly, you just click button and all the informa-
tion will show up” (p07); “To actually be able to go through
this [medication side effects content] myself or with the
patient would be really helpful... otherwise it’s more of an
abstract conversation so this is really nice for a lot of my
patients. It’s really good actually” (p15).

However, specific issues impacting usability were iden-
tified and coded within the following usability catego-
ries: Workflow, Content, Usefulness, Understandability,
Completeness, Layout or organisation, Visibility, Naviga-
tion, and Links. Key issues were grouped into five themes,

Table 1 Participant characteristics (n = 20)

Number (%) of
participants

Characteristic

Role Family physician 10 (50)
Nurse practitioner 7 (35)
Resident 2(10)
Administrator 1(5)
Practice type Academic Family Health 7 (35)
Team
Non-Academic Family 8 (40)
Health Team
Community Health Centre 5 (25)
Years qualified (mean (standard deviation), range) 13.9(12.3), 1-41
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described below. Table 2 presents sample quotes for each
theme. Usability categories included in the codebook but
not represented in these themes are listed in Additional File
4 with a rationale for exclusion. Figure 1 provides example
algorithm content to help situate the usability findings.

Optimizing content and flow to align with issues faced

in practice

Most participants commented that aspects of the con-
tent or flow of operations aligned with the approaches
they use in practice. However, some noted differ-
ences, or highlighted areas where content could more
closely align with issues faced in practice. For exam-
ple, additional content to support treatment of mild
depression (including advice on medications to pre-
vent worsening of symptoms) was suggested. Whilst
some were enthusiastic about the ‘email this page’
function, which can be used to send content directly
to patients, usability was limited due to misalignment
with existing patient communication infrastructures.
One key issue was raised with the overall algorithm
flow diagram itself: participant queried the direct link
between the presence of a complex presentation and
recommendation for a psychiatry consultation, with
some suggesting softening of the language to more
closely align with the nuanced clinical judgment that
would be made in practice. Some also noted that there
are differences in the ‘level’ or nature of complexity
of the listed factors, noting that whilst this is the first
section where anxiety appears, anxiety is often con-
sidered earlier in the diagnostic process and so should
appear earlier in the algorithm.

Enhancing the most useful algorithm components

Specific algorithm components were commonly referred
to as being good features, helpful, or useful, namely: the
medications section, the patient education section, and
the ‘email this page’ function. Participants emphasised
the usefulness of the criteria for choosing an antide-
pressant, and the table listing dosage guidance and side
effects information. Having this information in one place
was viewed as a great asset of the algorithm, and help-
ful for comparing side effects profiles to tailor medica-
tion choices to patient preferences. Some participants
recommended further columns be added to provide
information on the average time to impact, or medica-
tion cost/coverage through the provincial drug funding
system. Ensuring that the embedded links to additional
tools outside the algorithm took users directly to those
tools, rather than to descriptions of those tools, was also
suggested. In a few instances, suggestions for additional
tools, information, or functions were made.
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Interactivity of the algorithm and embedded tools

Some embedded tools (such as screening/diagnostic
questionnaires) were in a static PDF format (needing to
be printed, filled out, then scanned back and saved to
the patient’s chart), and others were interactive (could
be filled out on the computer then saved directly into the
chart). Whilst some participants expressed a desire for
tools to be interactive, others were happy with the static
format. A few participants expected the algorithm to be
more interactive or responsive, i.e. taking users through
the relevant steps based on their previous responses or
inputs, noting that because it is labelled as an algorithm,
it should “choose my path for me” (p05). Others noted that
the algorithm as designed can be used flexibly: users can
dip in and out of it during a consultation as they see fit.
One participant noted that it may be difficult to interact
with the algorithm during a consultation since it involves
switching between the algorithm and the patient’s chart.

Clarity of presence, purpose, or function of components
Many participants noticed that some algorithm boxes
are duplicates which contain the same information (i.e.
the patient education, medications, and psychother-
apy boxes). Whilst this was not viewed as problematic,
it took time to realise this. A bigger issue was the lack
of clarity regarding which boxes were ‘clickable’ (where
clicking would take users to another page containing
more detail), and which were not. There were numerous
instances of participants attempting to click an ‘un-click-
able’ box and waiting for a new page to load. Specific
clarification issues were identified within the medica-
tions section. Some participants queried the order the
medications were listed in, as the rationale for the exist-
ing order was not immediately apparent. Some of these
participants also expressed a desire for functionality to
change the order, which would support the prioritisation
of medications depending on priorities regarding side
effects. There were also some issues with understand-
ability of abbreviations and shorthand notation. Some
participants did not notice the links to more information
on switching or augmenting medications, or the print/
email functions, as evidenced by their verbalisations
requesting these features when visible on-screen. Finally,
some queried the purpose and functioning of the ‘email
this page’ function, querying what it sends, what/who
the sender is, whether/how to send specific collections
of items, and the relative appropriateness of the function
on a range of different page types.

Navigational challenges and functionality of links

Some participants found it easy to navigate through
the algorithm. However, many participants inadvert-
ently closed the algorithm webpage after clicking on and
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then closing an embedded tool, or a link to an outside
resource, not realising that it had opened on the same
web browser tab. Some noted it would be better if the
tool or resource had opened in a new tab. Others queried
how to return to the algorithm after clicking a resource,
or how to return to previous pages after moving to dif-
ferent pages. Two pertinent comments were made about
embedded links, with one participant noting that clicked
links changing colour would help them keep track of
what they had done (e.g. patient resources they wanted to
check back to), and another identifying a link to a pass-
word-protected document.

Barriers to and enablers of algorithm use in day-to-day
practice

We identified important barriers/enablers within ten
TDF domains: Knowledge, Social/professional role and
identity, Social influences, Intention, Goals, Beliefs about
consequences, Memory, attention, and decision pro-
cesses, Behavioural regulation, Environmental context
and resources and Nature of the behaviour. Key belief
statements coded to these domains were grouped into
five themes, described below. Table 3 presents sample
quotes for each theme. Domains not represented in these
themes are listed in Additional File 4 with a rationale for
exclusion.

Getting to know the algorithm

Most participants were unfamiliar with the algorithm and
at least some of the embedded tools. Many acknowledged
that they would need to get to know the algorithm before
using it directly with patients or consulting it to help sup-
port depression care, and find time in their already hectic
work or home contexts to learn about algorithm con-
tent, establish which components might be most help-
ful or applicable, and develop the procedural knowledge
required to use those components. It was also noted that
this algorithm is more ‘involved’ than some others that
they use, and that it would help if this was made clear to
users up-front. Some participants raised concerns about
how up-to-date the algorithm is with respect to the best
available evidence regarding depression care, and empha-
sised that they would need to know more about how the
algorithm would be kept up-to-date and by whom.

Alignment with roles and pathways of influence

Most participants agreed that the algorithm could be
used by range of primary care professionals. Some
noted that because nurses are only involved in specific
aspects of depression care, guidance regarding the algo-
rithm components most applicable to their role could
encourage uptake in nurses. Despite the algorithm
being designed to assist all practitioners regardless of
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[P OTTAMA DEPRESSION
Sl TG oR T

— Table of Antidepressant Medications (Adults)

T asowacomm

Panel A Panel B

Panel C

Fig. 1 Ottawa Depression Algorithm — example content. Panel A The interactive clinical pathway at the core of the algorithm and presented
on the homepage. Clicking the boxes with solid borders takes users to further information on the stated topic, as presented in Panels B and C.
This version was viewed by study participants and has since been updated. Panel B The patient resources section (formerly labelled the patient
education section). This is the current version which was not viewed by participants but is similar in content and structure to the version they
viewed. Panel C The medications section. This is the current version which was not viewed by participants but is similar in content and structure

to the version they viewed

experience level, a few of the more experienced physi-
cians explicitly noted that they did not perceive a need
for the algorithm, and that it would be more helpful to
less experienced practitioners. Some participants noted
that uptake amongst their colleagues or their team more
generally could encourage them to use the algorithm.
Two nurse practitioners highlighted that the patients
they saw were rostered to the physicians they worked
with, and the physicians would ultimately influence the
extent to which nurse practitioners would use the algo-
rithm. However, one nurse practitioner noted that this
would not apply to nurse practitioner-led clinics. Two
participants noted that uptake with residents could be
a powerful influence on more senior colleagues through
the demonstration of how useful or helpful the algorithm
is. Finally, a few participants commented that they knew
and respected the psychiatrist who led algorithm devel-
opment, which would encourage them to use it.

Integration with current ways of working

Some participants noted that they did not see any con-
flicts between the algorithm and other recommendations
or evidence-based standards they worked to. However,
some noted concerns regarding use of the algorithm and
their imperative to maintain patient confidentiality (par-
ticularly in relation to the email function and leaving the
algorithm open/visible on screen). Many agreed that
the algorithm adds to existing guidelines/standards, and
could replace other resources currently used. Some noted

that they had access to all the resources they needed to
use the algorithm (e.g. a computer, an internet connec-
tion, printing facilities); however, practice internet con-
nections can be slow, which may hinder use. Despite the
potential ease of integration into practice, participants
thought that they might forget to use the algorithm dur-
ing a consultation where it might have helped them. Sim-
ple solutions such as saving the algorithm as a favourite
in their preferred browser or as an icon on their desktop
were described as potentially helpful strategies for inte-
gration into practice routines. Most participants felt that
integration into their electronic medical record (EMR)
would be the key strategy for helping them remember to
use it and for enabling them to build it into their work-
flows. Participants mentioned different possible levels
of integration (e.g. an electronic reminder which would
link out to the algorithm, or full integration whereby
any screening tools or questionnaires completed using
the algorithm would be automatically saved into patient
charts).

Contexts for use

Most participants intended or wanted to use the algo-
rithm, with some noting that they could see using the
algorithm becoming a priority. However, most noted that
time constraints were a barrier to use during a consulta-
tion. Motivation varied depending on specific algorithm
components and factors such as consultation/patient
type and perceived need for help. Participants were
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motivated to use the patient resources and medications
sections. Some participants did not feel the need to use
the algorithm is situations which could be described as
less challenging, i.e. with patients they know well, with
stable patients, or with relatively straightforward cases.
Participants would be more likely to use the algorithm in
more complex situations. Some described this more gen-
erally in terms of getting stuck/not knowing what to do
next, whilst others gave specific examples (e.g. an initially
selected medication has been unsuccessful and guidance
on switching or augmenting medications is needed). For
some participants, algorithm use would depend on the
emotional state of the patients: they would not want to
use it when the patient was very emotional and there was
the potential to lose rapport or harm the communicative
aspects of care. There were differences of opinion regard-
ing using the algorithm in front of patients. As an alter-
native, some participants described using the algorithm
before or after as a source of ideas.

Anticipated benefits and concerns about patient
communication

Participants noted numerous potential benefits of using
the algorithm. Many noted that use would increase their
access to a broader range of resources for supporting
patients, whilst also centralising these resources. Whilst
some cautioned that the algorithm could have negative
impacts if applied without the co-application of clinical
judgment, most agreed that incorporating the algorithm
into their practice will help them help their patients and
ultimately improve care. Many described the potential
for standardisation or streamlining of care, noting the
potential for the algorithm to improve consistency in the
care that patients receive when they see different pro-
fessionals within a practice, and also when referred out
(e.g. to psychiatry services). Relatedly, some noted that
once teams were familiar with the algorithm, using it
could result in time savings/reduced workloads, achieved
through the ease of access to centralised resources, and
streamlining processes within care teams (e.g. nurses
completing screening assessments and physicians focus-
ing on treatment approaches). Participants also discussed
the potential for negative consequences regarding patient
communication. Two noted that visible algorithm use
may reduce patient confidence in their clinical expertise.
Some were concerned about increased screen time and
reduced attention on the patient, with some specifically
highlighting a tension between algorithm use and their
therapeutic role in mental health-focused consultations
where active listening and providing support are crucial.
However, two participants felt that using the algorithm in
a consultation would not negatively impact relationships,
whilst three noted that discussing parts of the algorithm
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with patients could help to increase patient involvement
and satisfaction.

Discussion

This study investigated factors influencing the usabil-
ity and routine uptake of an online algorithm support-
ing primary care professionals in caring for people with
depression. Participants were enthusiastic about using
the algorithm, found it easy to use, and viewed specific
components as particularly helpful. Participants thought
it could be used by those in different roles, could see it
replacing other tools due to its centralisation of resources
covering the care pathway, and noted the potential to
influence standardisation of care. However, there are
opportunities to improve alignment with workflows,
enhance usefulness, optimize interactivity, enhance clar-
ity, and mitigate challenges with navigation and links.
Participants also emphasised their need to get to know
algorithm content before incorporating it into their care,
identified those in specific roles whose uptake would
influence others, acknowledged that they might forget to
use the algorithm when it could have been helpful, noted
concerns about increased screen time, and felt that inte-
gration into their EMR would support routine use. By
combining usability testing methods with a behavioural
science framework, this study has provided insights to
inform both modifications that could be made to algo-
rithm content and functionality, and broader strategies
to support implementation of the algorithm in routine
practice.

Implications for optimizing algorithm structure, function,
and content
Some changes have already been made to the algorithm
to address the usability issues identified. To more closely
mirror the diagnostic process, discussion of anxiety has
been removed from a later step in the algorithm and
integrated earlier, and the GAD-7 for anxiety screening
has been added [32]. In response to concerns about the
direct link between a complex presentation (described as
frequent) and recommendation for a psychiatry consul-
tation (described as not always appropriate or required),
algorithm language has been modified to prompt con-
sideration of a referral. The appearance of all boxes has
been amended to more clearly visually indicate ‘click-
ability; with clickable boxes now looking like buttons.
Where feasible, embedded links now take users directly
to the relevant service website, rather than to a document
describing the service. The email function and links to
information on medication switching and augmentation
are now more noticeable.

Other potential avenues for optimization require
additional resources. These include changes to the



Page 12 of 20

25

(2025) 25

McCleary et al. BMC Medlical Informatics and Decision Making

(60d) ;wiea1 ajoym ay1 Aq UaALP 2q euuob 1 wyioble ayy
MOou| 01 9AeY 01 BUIOB a1,9M USLY) WYILoD|e swes ay) woij Bupiom si Apoghians

(81d),[ybnef] ‘punoie Aem JaL10 341 511 OS SUONIR 1YL Ajisn( ued A3yl asnedaq
SIy1 9sn 01 s1os1AIRdNS JaY10 Jayd ysnd 1ybiw A3y3 05 ***si a1ay1 abueyp Jo JaksAu0d
1590 31 24 SIUSPISAI DY1 1DBJ Ul PUR " *3)SGIM SIL] SIUSPISAI 2yl Moys Algeqoud [im |,

(91d) ;oW uo sal| uonisod 1ey | uspiroid

Asewirid 1Y) We | 'aW 01 paIa1sol aie A3U1 3I3UM SDIUID JYIO Ul 1O Il |
9SINU B Ul ‘MO NOA ‘seasayp 1uaied Jiayy s1eya (siya buisn ssyaid | usned Jejnoinied
SIY} 10§ JO SJUSWIea) Jejndied asay) asn 03 aY1| ,uop |, sAes uepisAyd e ji AjjedidAy os
***J9PISUOD 01 dABY PINOM | 1Y) BUIyIBWOS 3q A|uleliad pinom Jeyy os Juaned Jiayl s1eyl
‘1Y) sn 01 10U S| 3duasapaid suepisAyd ayl Ji 0s sw 031 paialsol Jou [syuaned ayy] a1 A3y,

(1od)
,1BU1 995 01 921U SAem|e 511 0S 318D Atewid Jo 9AndadsIad INO WOl 11 5935 JO puly 8y pue
31 Bulop W Aym s,1eya [ybnef] ains op || skes ay buiyifuy,

(sod), 1

Buisn a1,4343 1 ‘eoym 231 29 1yBiw | {1ey1 3sn | 'sak Yo, buikes ale sjdoad usyio Ji ssanb |,

(£0d) 5319 19410 UeY) 3J01 1131 01 d|qedljdde 10w aie eyl 3t JO Siiq 3q Aew 318y}
**19A31eYM JO Ue|d JUaWIEaI B Yiim dn 9W0D JO sisoubelp e axew 01 pey Aau ay1| buljaay
90 01 WA} JUBM JUP|NOM M OS “*“DANDIP [edIpaW e paau ybiw A3y asaym Buiyiawos

521941 319yMm sease oul Buiddais INoge PaLLIom JO puBf 3¢ 01 PUS) S3SINU INO [|S,,

(60d) ,wiea1 BuisiNu ay) 10} [Nyasn AIaA aq PINOM 1| ‘SIY1 35N PINOD $35INU 31

MUIYL | *7SIY3 @SN PN 1sk1elydAsd v "SIy 8sn pInod 1uspisal AlneiydAsd e oyl yuiys |
**"10Ys Ul Jagudsaid Aue ‘001 siy1 asn pnod Jauoiindeid asinu v/ "SIyl asn P|Nod J0320p [ed
-IPaW / 'SIY1 SN A|UIE1I3D PINOD 1USPIS3I [BIIPSW V/ SIY) 3SN PNOD 1USPNIS [EIPSW B YUIY |,

(80d) ,0u ‘0 yuIYy1 LUOP |
4195104 Buipnpoul a1y sanbes||0d INoA Jo Aue Jo sal|i
-Isuodsal pue $3]01 03 sabueyd Aue ainbas pjnom wyiobie ayi buisn yuiyl Nok op puy 0,

(60d) ;saulepIinb

S1e1331dde £][eal 31 ‘21nb a1e sIsues| 3Y1 S3WNSWOs *ydeoidde sy uf [edlpoyiaw
2I0W YdNW SI SIY1 “*INg ‘Uolysey [eawadald e Ul JO 1105 SIY) Ules| 0 pey | uoissaidap 01
yoeoidde Ue Jo SULI) Ul 1 300| 0} 1elS Ued NOA 1eyy (001 poob A|jeal e s siy1 Yoo| Aes
UED | 3J3Y " "SI2UIBS| MU JOJ 3G PINOM 1SOW 33 1 SN PiNom | a1aym Ajgeqoid yuiyl |,

(81d);wiaoble 3yl pasu | 1yl 3INS 10U W | aduaLadxa Yim Jusixa ablej e o],

(¥0d) ,2ui0d awos 1e Apogawios Aq paioyuow aq euuob

s,111e41 Buimouy ssanb | ‘oS **Mouy NOA ‘10U 5,11 pue 32IN0Sal e 2U03WOS BulAib ueyy
3s1om Bulyiou sa1sy1 asnedaq - jparepdn wayl buirey Joj sse201d UONEIYLSA JO 1I0S
AWOS 521941 5SaNB | pue Paseq-yoieasal 31| 3Je $924N0Sal a1 1ey aIns buiew 1snfyuiyl |,

(01d),,poob aqg p|nom 11 pue sa11INoAR} INOA 196 1yBIW NOA 11 3sN NOA 10w B3 935
pIN0> | ybnoyi[e ‘||am 21Isgam siyi asn 01 3|qe g AJ[enide 01 Wi JO 10| B 3%l PINOM 1l Y17,

(80d) ,WSY1 Y1M JeljIuie) 210U
31,N0A 05 s3UljaPIND 31 JO SWIOS YBNOIL] PeaJ PUB SHIOM 1l MOY PUBISISPUN NOA 1BYL 05
syuaned Huaas a10j9q sawi Maj e 31 ybnoiyy ob 01 arey Isnf pnoA siyy asn o1 juIyl |,

(£0d) ,JURWISS3SSE [eNIUI 10) ZDHJ 6DHd PUE ZDHJ 5N 01 PaBRINODUS 219M M UeaA,

(91d),’sI 1eU1 1BYM 24NS USAD 10U UL| 'TOHd dY3 PISN JaA3U A

(9) (43|qeU) 35N WyLobje abeINodUS 1ybIW 2xeIdn Wea|

(2) (191qeUR) d¥eIdN 9bRINODOUS ABW WYIIOB[E 3Y) Buisn S1UBPISaY

(¢) (1a11eq) WyoBle 3y JO
10e1d 35INU) AW SUILLIRISP ||Im sueisAyd Ajiuey yum axeidn Jo 1us1x3

3sn (Jaul

(v) (191qeUR)
wiypLoble ayy asn 01 aw sabeinodua 1suielyaAsd pardadsalumouy Aq Juswdojaasg

(9) (J2)geUR) WyILOBe 3Y1 35N 01 aW 3duaN|yul yBiw sanbes|jod Ay

(£) (4211eQ) WY1 01 3|9
-edjjdde 150w wyiiobie 3yl Jo sxusuodwod buisn ul uondaup/uoddns pasu Aew sssinN

(€1) (19/qeU3) WYILOB[E Y3 3sN PINOD S3|0J 318D UOISSIASP SNOLIBA Ul 350U |

(£) (19]qeUR) dn UYL 9 01 WYILOB|E Y 10} PIPa3U 3 PINOM saBUBYD 3]0) ON

(9) (43|qeU3) @dULAdX3 SS3| YIM 35041 01 1YaUaQ 1S0W JO 3¢ PINOM WILoBe sy

(€

(1a111eq) WiILOB[E BYL BUISN JO POOYI[aY]| S9INPaI 9dUBLSAXS/20USPYUOD [euoissajoid A

(£) (19111eQ) 918p-01-dn 1dY 3q ||IM WILILOB|E BY1 MOUY 01 P |

(S) (Ja111eq) WiLpLOB[e 3Y1 Moy 01 Bumab Ul 3wl 1SaAUI 01 PI3U PINOM |

(6) (421118Q) 11 3N 01 3|qe 97| OF WILOB[E UL YIIM Jel|iey 2I0W 3¢ 0 PISU PINOM |

(£) (43]2US) WiyILIoB|e BY) UIYIM 5|00 2412ads S JO SWOS YIM Jeljiuie) w|

(S1) (4311eq) WiyLoble 3y UM S|003 DYID3dS UIIM Jel|ilue) 10U W

SadU=Nul [e1DOS

Anuap! pue ajol [eUOISSa)0Id/[PID0S

aduanyuy jo sAomyiod pup sajos yym yuawubiy :z away |

$92IN0SaJ PUB IX31U0D [RIUSWIUOIIAUTG

abpajmouy|

wiy3i06yp ay1 mouyj 03 bunlao :| dwayy

sajonb ajdwes

(u) syuawzess Ja1aq A3y

surewoq

22130e4d sunNOI Ul asn WYobe JO sI9|qeus pue 0} sialieq buiplebal sauwayy Bujydie-1ano aAy 1oy sa10nb ajdwies pue ‘siusulale)s §a1ag Aoy ‘sujewlop 1UeAl|aY € ajqeL



Page 13 of 20

25

(2025) 25

McCleary et al. BMC Medical Informatics and Decision Making

(0zd) ;wayy Joj 1eyy asn euuob

J9ASU W,| SIB3) Ul UMOP Bupjeald 31| pue NoA 01 awod Aay) Ji spuadap 11 sa10u Bupiel Jo
wiypuobe ue s 41 1911eWw 1,Us30p 11 31| sAeme s1ey 1aIndwiod e buisn a1noA usym Loddel
950| 01 BuI0b 21,N0A JI 91| JO SWiSY Ul Juaned syl Yum Jea Ag 11 Aejd 01 aaey noA yuiy |,

(8d) ,2eY1 104 11 uado 01 uoseal e 335 3, upinom A|geqoud | a|qels Anaid

ale SBUIL) OYM UOISS4dap L1IM Wi SWOS J0) Bulaas uaaq an | oym 1uaiied e Agissod |9,
(61d) ;way1 soy suondo awos ssnasip pue wiyiobie ayr dn Bunqg 1ybiw | ‘usas bui|
-|25uno> JO g 31| e Bulop pue Wayl yum pa340oq 1uswiuiodde Jsbuo e 106 aa,| Ji ‘mouy
noA Ing wiyiobje ayy ybnoiyy o6 euuob 1ou Ajgeqoid w| awin JO 10| B 9ABY L,UOP | ],

(z1d),yrioy pue syoeq BUIO6 10U ‘31IsGam SUo Jo
abed auo uo bulyikiana Buiney 3wl NoA aAes A|jenide pinod pue aInb Anaid ag euuob
5,111 01 Pasn a4,N0A 9duo 05 *apInb sdjay 11 asneaq Auoud ybiy Anaid e 3g pinom Uiy |,

(€0d) ;|nyasn K1an ‘Kian
20 1YBIw 31 'suoienys JaYIo Ul pue paiinbal 10U 39 1YBIW 3l 'SUOIENIIS SWIOS U] JUSISHIP
99 1ybiw 1ey) uonenlis Yyoes ul pue ‘aw djay pjnom 1 1ybnouy | se Yyanw e i asn pjNom |,

(80d) 42k U 3N [|Im | 1B NUIL | "e3p1 18316 e S qUILL |,

(rLd),own ays e

3|q1ssa22e 5,11 05 2Ins Joj dolde| Aw uo |001 paliagfaid e se uo 11 Ind Ajgeqoid pNom | (|,
(0zd) ;P93 PINOM 31 JUIYL J,UOP | YeIA WdY} 35N pue SINopuey 3soy) Jo Aue

350002 P|N02 | 0S SWooJ AW Ul sia3uld aAeY | puy 431ndwod e ul [ind 01 3AeY NOA Uyl pue
sueyd Jaded UO yIom | 31| 10U S1| “Aem Jey1 Ul JNDLYIP 10U 511 05 J2INdWod B U0 HIOM |,

(50d) ;AemAue suo Jay1o sy dn uado 01 pey | i uayy

SIY) 3SN 3,Up|NOMm | 1ey puy 1snf| pue ‘sisoubelp ayi Japun 21035 1191 UMOP 31LIm Uyl pue
3|y JI3Y) OJUI PaUUEDS 11 3ARY pue 1o 1 jupd ued | 10 310U 3y Jo 1ed se [sDHJ] 3 op ued
| MOU PI0D31 D1UOJID3J3 INO U] 3|y sauaiied ay) 01Ul paAes aq pjnom i pue dn siyy uado
PIN02 NOA 313YM ***YIAIF INO OIUI 1{ING MOYSUIOS SBM 1l JI [NJBSN 1SOUW 3G PINOM 11 [|9M,

(80d),,wjgoid
[e21uyda) e 51ey3 Ing Bunensniy aq Aew 1eyy pue a1y umop pabboq 1iq e 5196 19ussiy|
1IN0 SaWNSWIOS “BUINIOM S| 19UIS1U INOA [[am MOY UO spuadap 11 5| Bulyl Jau10 syl ssanb |,

(51d),sbunssw

[ueiisAyd] Ino Je 1eak/sawry 3dnod e **"S1sIXa 31 1ey3 1284 Y3 INOGE SISPUIWIRI 33| 3GARI
**yeak ‘uonenis 1eyy Ui i asn 01 buabioy Aj211uyap INg uoneniis 1eyl Ul siyl aAey 01 poob
5,21 05 16 ‘sBuIy) SSIL NOA S3WNSWOS ‘Bl PEC B SI SUNNOJ U1 SAWINSWOS ‘YdIYM Ul
-N0J 1Y) Ul [24,N0A] ***pue [[am A|[eas mouy NoA siuaned ayi 1oy 3¢ 1ybiw 11 ‘asim-bunmsbiod,

(c0d) ,yeak ‘st sisoubelp ayy
1BUYM S$59N9) Jnis WiyiLob[e uoissaidap Apogawos Huljieud a4N0A UBSW | ****SUISOUOD
Aoeaud Jo asnedaq uoneziuebio syl Ul susied |lews 01 UsppIgio A|21n|osge a1e I,

(€0d) ;1B20] 5,31 1BY1 321U S,1BY1 OS "33y SUOp

S1BUM A|LIBSSSD3U 10U 21e A3 ING J9AS1BYM 10 SIPIND YN 10 918Q-01-dn 01 0B A ‘|ny
-djay 1 ya1ym 11 ur Jnis [edo] 106 s3I puy “*1eyl 31| BuiyiAue aney Ajjeal ,uop s eyl |
sbuiyy pue aouepinb noA BuIAIb Jo suia) Ul Pa|ie1ap 210w 10| e S| 219|dWod 310w 10| e 5],

(20d)

U0D Sey 11 {UlYy L,UOp | 0S JUSNIBUOD 511 ***abeurW 01 MOY PUE 31BISPOW ‘PlIt SUI WO}
uonsabbNS BWOS SeY 6DHJ 1| **'S|001 asaL) BUISN UdaQ 3A,2M 3SNEIA] OS YUILL LUOP | YO
{UIy) NOA op Aue Yaim 121[Juod 1 S90p pue D,

(€) (4311eq)) [euOOW A1aA sI Juaed By UBYM WLYILOB|e Y 35N 1,UP|NOM |

(£) (42111eq) suonenys Buibua|ieyd ssa| uj wyioble syl Buisn 19PISUOD JUP|NOM |

(S1) (4911eq) WYILOB[e Y1 35N 01 UONEYNSUOD B BULINP SWI1 %8| |

() (13]9eU3) SpINB UONEINSUOD e Se 3AISS URd 1 se Alond e aq pnod wiyitobe syy Buisn

(9) (43|qeUS/JB1MIRG) UOHENYIS Y3 UO pURdap PINOM WLRLOB[R U3 35N 0} UORUIUI AP

(S1) (19]gRUS) WLILOBIR Y3 35N 0} PRILAROW W,|

(@)
(I3]qeUR) 31 BSN 01 BW 9HRINODIUD PNOD J3SMOIC/IINAUWOD AW UO WYIoble 3y buires

(5) (13]9eU3) WyrIob|e 3Y1 35N 01 PaP33U 1P $32IN0S3I [BUONIPPE ON

(€1) (Ja111eq) PAP3BU SI YT DY YIM UoNeIBIUl 2101

(%) (J211eQ) 35N JpUIY ABWI UOIIDBUUOD 13UISIUI MO|S \f

(01) (I2111EG) 1 SN 01 JSPUILIRI B Pasu Aew/wiyiioble ayl asn 01 196104 Aew |

(€) (4a11eq) ANjenuspyuod Jusned
Bujureiurew buipiebal spiepuels 23139e1d JUSND Y1IM 1IU0D Aew wyiobie syl buisn

(L) (43|qeu) spiepuels 2dnoeid 1IN 01 sppe WylLoble Y|

(£) (13]qeU3) splepuels 2210eId JUSLIND YIIM 1DIUOD 10U S0P WILobe ay

SaOUBN|UI 21205

$955920.d UOISIDAP pue ‘UonUNR ‘KIOWSN

$92IN0Sal PUB }X21U0D [eIUSWUOIIAUG

s|eon

uonuu|

asn 104 s1Xajuo) :fy dWaYy |

uone|nbai [einoireyag

S92IN0Sal PUB 1X21U0D [eIUSWUOIIAUG

$39559004d UOISIDap PU ‘UONUSE ‘KIOWS|N

sjeon

buryiom Jo sApm Jua1ind yam uonpibajuj :g dway |

sajonb ajdwes

(u) syuawiazeys Ja1jaq A3y

sujewoq

(panunuod) € 9jqel



Page 14 of 20

25

(2025) 25

McCleary et al. BMC Medlical Informatics and Decision Making

(£0d) ;Buiyihue mou 1,uop
noA ‘|leuoissajoid Asan Jou ase noA 1eya juiyy Asyy -+ auiod 1eyl 1e agAe|y [ybney] jaied ayy
9pInb 01 }00GIxa1 Buisn |ns NoA Aym ‘Aay, ‘mous nok ‘i Addey 10u suaned Ji aghep,

(90d) ;a1 1yBiw A3y 1BYM ‘[SUONEIIPSW] OM] US3MISQ SPIISp 01
BuIfn 21,9M JI puy 301 9ANDE 310U e Ae|d JO 1105 P|NOD A3U) USY) PUE 1 JO SWOS MIIADI PUR
siy1 o|doad moys 01 3|qe aq 0] ‘[sUOILIIPAW JO] S1234J3 3pIs Y1 Buimouy a1 1sn(

(0zd) ,pazijenuad pue 21U SI SIY1 0S PUP SUOAEDIPAW 341 136 pue S¢) 3yl 01
0b 01 aneY NOA UYL puUE $31ISgam dyidads-Jusiied 21| ol sinopuey 136 [|NoA usyQ “* syl
95N 0} 3UI SALIP PINOM JBUYM S S3DINOSI PASEJ-22UIPIAS POOD JO UONEZI[BAUDD 3YI JUIYL |,

(61d),,59x0Q asoy1 Jo
auo Aue ojul 1y Apoayiad 01 bulob sBuiylou 3snedaq ‘oleuads dypads Syl Joj buluosea)
[ed1uld Jo uonedijdde Inoyum wyiobie ayi Jo asn BuiyuIyl 91910U02, 40 DUEI[RI [B10] Y

31 BuIsn woly awod pinod 1eyl syoedwil aAnebau 1o sudiey [enualod Aue 935210 NOA ued D,

(g1d) /ouibew ued | 1ey) SSWOIIN0 dAEBAU OU aARY |,

(#71d),UIy) PINOM | UL NSUOD INO 136 A3 USYM J3L100WS

11 9¥eW PINOYS 11 310J3J2Y1 0S "saulj2pINb SWes sy} ||e BUIMO|[0) 21,9M 3SNeI3( 31043G
359 BuIyIAIana A1) pIp 9m 1BY) UONEINSUOD J0J [BAIDJD] B PUSS BM JI PUBISIDPUN [|IM

Kayy ‘Buiy awes sy Buisn aie sisuieiydAsd (e 41 0 NIHT uteidweyd ayy uiyim osje iIng
alRyu **1J194eS 1 ew PINOM Jeyl ‘UBIDIUID YDes USMIDG SdUBLIEA JO 10| B Jou
521341 J1 05 "Aem awes a1 1usiied 8yl INOGe YUYl aM 05 ***ue(d awes ay1 aAeY am 0S 01 1l
asn 01 susuonneid asinu Jo suepisAyd ‘sanbea)|od Jayio Aw ysnd Algeqoid pjnom | puy,

(c0d) 1 paau

A9 usym paau A3y a1ed Jo puiy ay1 196 01 susned djay 1ybiuw 1+ 919|dwod ajow sbuiyy
Syew o1 djay 1ybiw 11 ‘oS 'sbuiyl 196105 pue sbuiyl diys pue SISUI0D IND 9M USYO UBSW |
‘aJed uoissaidap anoidwl 461 1] BISUL Ul UONBWLIOUI POOD SWIOS 52131 A|Jea|D Ul

(£0d) ,191unoduUa uaned e Bupnp 10| e U331S ay1 budI> Inoge

JnseIsnyIua ag upinom | Aym Ajgegoid s,1eyy oS ‘buiy Jo 110s 1ey ‘j[e 11 U0 32eq 123|ja)
wayy djay pue buikes 21,4341 12YM Jeay pue US1sl| 01 S| X0g|001 AW Ul 5|00] Jofew Aw Jo
3UO 5,181 J01D0P AJILUE) B SB ‘MOUY NOA ‘UsY] 219 Passailsip 31,43yl pue bupj|el a1, Asyy
J10s puy (ybu 'sidoad 01 ua1sl| 01 SIop am eyl sbulyl dINadelayl 3yl JO SUO ueaw |,

(zod) ,2uaned 1eyy yam ob pnod 11 a1aym pue Buissiu 8 1yBIW | 1eyMm Jo seapl awos NoA
316 01 Inq 124 Juaned 3Y) PamaIAISIUL 3, USARY NOA 3SNED3Q ABM 3131DU0D B Ul 10U ‘UYe3A Y
;2qAewW pIemIo} dA0UI pInom NoA moy Inoge 3uiyl 01 sdeylad aq 1eyi pjnom puy D
*+uaned e Bulaas 210jaq J0 syualied U9aMIDT )l SN PINOM | 1Y,

(0zd) 25 Jad syuaned 01 31 MOYS 1,UPINOM | 1BU1 YdNW Ig S31| B S,

(61d) ;A|lenoe syuaned yam ybnoiyy ob 01 buiyy poob e sii puy,

(gd) ;nyasn usaq aneY pjnom 1eyy

(U0123s) WAL 01 A1012B1J31 AU Ul dN-MOJ|0J INOGE JNIS $219Y1 2UNS W[~ ">Deq 06
Kew | ‘a1e Aoy yuiyy | Aem a1 d1nb Buiob Jou aie sBUIY) 219yMm S35 3Y3 1eYd YUIYL |,
(10d) ,;Buiyzawos ppe | piNoys 1o youms A|219|dwod | pjnoys ;paw

sy uo dn ob | pjnoys s1 uolsanb Aw mou os pue [|am Bulop 10U (318) pue ¥deq 3Wod A3y}
" BUIYDUMS Ul JI 10 JUSUIIESI] SUI| PUOISS 01 BUIOD W] USYM SI 11 35N | SWl 3Y1 JO IS0,

(60d),2[N2LJIp 1eY1 10U SI A13JeS YNDYYIP 1eY1 10U
Allensn si sisoubelp ay Ajjeal asnedaq ‘ssnopuey uoesnpa jualied poob a1, 3y Jj buiyy
-AuP UBY) 210W 150W(e 01 06 PINOM | 313YM 3 ||IM JUIL] | UOlEINPS Jusied Yesk oS,

(2) (1211eq) 3dUSPYUOD JuSNEd 3dNPal ABW 3sN WYLIOB)Y

(€) (42]q2US) 2182 Y1IM UOIIBJSIIES JO Ul JUSWSAJOAUI Juied aaoidu Aew asn wiyiobly

(@)
(191qeua) syuaned Bunioddns Joj s921N0sa1 01 $59228 AW saroiduwl wipLoble ayy buisn

() (Ja1eq) JUBWBPN [E2IUID YAIM Pasn Jou Ji s1oedwdl 9AEDAU aARY PINOD SN WYILIOB|Y

(S) (43]eUB) WiLpLODBe 3Y1 Buisn Jo s92USNDISUOD aANEDAU AUe 335210} 1,UOP |

(01) (319eus)
a1ed Alewlid puoag pue uiypim aied uoissaidap aziplepuels djay Aew asn WiLpLob|y

(€1) (43|qeud) 2182 90Ul pInom WylLoble au buisn

(€) (4a11eq) 3|01 dAnadesayl Aw Yaim a1apL1ul Aew wiyioble sy buisn

(6) Juaned e Buiaas Jaye 10 210j3q WYILOB[e aU3 35N Op 10 PINOM |
() s3uaned Yum Wyioble ay) asn Jupnom |

(8) syuaned yum wyiLioble ay1 asn op 4o PNoDd |

(8) UOISsaIdap JO s35eD Xa|dWiod Y djay Joj WLILOBe Y1 35N PINOM |

(9) suonedipaw yum djay 1oy wiyauobie ay1 asn op 1o pjnom |

(8) S921N0SaI UONEINPS 1O JUSWRBRURW-J[2S U1 95N 01 A[2H1| 240U 3G PINOM |

$92UaNbasU0d INode sjaljag

Auap! pue 3|01 [eUOISS3§01d /21205

uonDIIUNWIWO JUd13Pd JNOGD SUIIIUO PUD SIYIUIQ PAIDAIdIIUY 3§ DWAY L

LINoIARY3G 31 JO aInjeN

sajonb ajdwes

(u) syuawazeys Ja1jaq Aoy

sujewoq

(panunuod) € ajqer



Page 15 of 20

25

(2025) 25

McCleary et al. BMC Medical Informatics and Decision Making

Jo1oe) BupuSN|Ul UE

UeyY) Jayiel (MOY/219YM/IBYM/USYM/OYM JO SWLID] Ul) JNOIARYS] dY) JO UoIdLIDSIP B SB S9AIDS UIRWIOP SIY) SE SI9|qeUD IO SIaLlieq Se pasiiobaled 10U d1om UIeWOP INOIABYSJ Y1 JO dIN]eN Y1 0} PIPOD SJUSWIEIS Jo1j9g ,

6/C-211RUUONSAIND

Y}eaH 1us11ed 6DHd/ZDHd “MOMISN uonelbalu| yieaH 8307 NjHT ‘p1033Y [eIIPSIA J1U01II3|F YINF ‘san|e1dads pue sjedianadewleyd JO wnipuadwo) S¢D ‘UOIIRIDOSSY [eJIPSIA UBdSWY Y ‘siuedidied jo ssquinu u

(g1d),2uaned e yum

diysuoneas Au Yum 2194131ul 3,Usa0p 18yl 1eyl aAnisod wi| ‘ains | pue uaned e Buleas
w,| 3)iym Ja1ndwiod aya buisn Ajsnonunuod w,j—siaandwod uo dn 3ybnoiq 3,usem |—isidAy
SINUIW B 3XeISIW-0S ‘PUBSNOY] B W,| yBNoyl UsAs 1eY) 3AS1|2] | PUY "3|GISSaIR S,1eY) U
-eWIOojul YUM Wiay) apiaoid 01 NoA Juem A3y | "A|2AND34J2 JUSWIND0P 01 3|qe 3¢ 0 NOA JueM
A3y siandwod asn ajdoad pueisiapun siuslied - "1ounfpe ue ag pjnom [wyioble ayy
Buisn] sy 1eyy bulop we | Buuapisuod os Ing 1eyl 1oddns 1,uop sanbes|od Aw Jo

Auepy 1uaned e yum sa1ndwiod e buisn Buiieyd snosueiodwialuod Ul Jaaslieg big e w,

(z0d) ;0 wayy uin ybiw 1 s)usied Jo U0l Ul eyl

Buiop 1e1s NoA J1 ‘Ajpusily Jasn a1nb s ybnoyl uaas pue siyi ybnoiyy Bupydid 1els sjd
-03d 1841 51 ys1 1596619 8y Ajgeqoud s,1eyl ***12eIU0D UBWINY 18y Ulelulew 01 A1) [|NS am se
Buoj se 0s susa1ds pue s1INAWOd ay) 1e awn aiow buipuads Jo 110s alam A|buisesdul,

(0zd);peopyiom a1 a5ea PiNod 1l YeaAk 0S "aIayl Woij U0 buirow yeak usyy pue swoiduwAs
95941 BUILIYUOD 31| 89 1SN[ PINOM 1} USY) pUR UOISSaIdap 91eJ9POU B JO PUB LIIM 2DUJ0
INoA J31ud PIN0D A3y “I0j U31DS PN0d 3sinu e 1ey Aldeded awos Ul suonsanb adAl [ed
-IP3W 31| 3Y1 PIPNPUI NOA JI USAS 331 PUB NOA 01 3WIOD PIN0d ASUL 31| 6DHd © Ylm U3Ids
-aid pjnod Asy3 a1aym djulpd e Ul A1deded syl aAeY PIp NOA §| "PeOPLIOM INOA 8DNpal pinod
1105 " "3|qejleAR OS S| UOIIRWIOJUI UONBIP3W O} $$9208 UIAD YB3 '$92IN05al poob auy

[[e Yum 21341 1yBu a4noA asnedaq nydjay Jadns 3q pinom 1 ‘Juswabeurw awi oS,

(2) (121geUa) s3usned yum sdiysuoneai 1oeduw AlpAnnebau 10U pINom asn WylIobly

(S) (Jo111eq) JUBNEd 3U) UO UONUSIIE SDNP3J/3WIL US31DS 35ea0Ul AeU 3N WiyiLob)y

]
(J3]qeUR) Peo|yiom 2npal/AuRWSbeURW W JuswiUlodde aaoidwi pjNod asn wiyaLobly

sajonb ajdwes

(u) syuawzess Ja1aq A3y

surewoq

(panunuod) € alqel



McCleary et al. BMC Medlical Informatics and Decision Making

(2025) 25:25

Page 16 of 20

(3sz )

Interview part one:
Usability testing
Think-aloud: participants verbalise their
thoughts while using the tool to provide
care for a patient described in a scenario

Data collection: Individual participant interviews

Interview part two:
Barriers/enablers assessment
Explore factors influencing use of the tool
in routine practice, with interview
questions informed by the TDF

-/

Workflow

Content

Usefulness

Understandability

Completeness

ayout
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Q
=,
d
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o}

Visibility

[ mmn ]
T
[ em=
[ e ]
]
B
(ot |
)

Navigation

Search

Graphics

Colour

Hardware or
software

Consistency of
operations

Overall ease of use

\

\

\

_Usability

Data analysis part one:

Assign meaningful units of text within interview
transcripts to key usability categories and TDF domains

~TDF
dohqgins

categories

Dashes lines indicate areas where
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medications table, viewed as one of the most useful com-
ponents of the algorithm. Usefulness could be enhanced
by providing information on the average time to impact
for each medication, adding a column reporting cost/
health plan coverage, and allowing users to change the
order of medication presentation depending on patient/
clinical priorities for minimising specific side effects.
Such changes would help to address important informa-
tion needs and subsequently support shared decision
making [33]. A 2% minute video has been added to guide
use of the medications section as it is currently presented.
In some instances, the potential pros and cons of mak-
ing changes need to be considered. Some participants
wanted more guidance for mild depression, and there
was specific interest in symptom-focused medication.
Guidelines do not recommend medication as a first-line
treatment for mild depression [9], and other protocols
developed to support depression care have been viewed
positively for encouraging the treatment of mild depres-
sion without medication [34]. Therefore, such changes
would need to be carefully thought through so as not to
risk encouraging over-medication and focus specifically
on symptom management. Other potential changes need
to be considered from a feasibility perspective. Provid-
ing different versions of all embedded tools (i.e. static pdf
and interactive formats) requires resources to gather such
tools and depends on their availability and requirements
for use, since these tools were developed by others. Devel-
oping a version of the algorithm which is fully interac-
tive or responds to user inputs would involve significant
work to change functionality. In addition, such function-
ality is less aligned with intended use. The algorithm was
designed to be a general resource that can be used flexibly,
as opposed to a step-by-step decision support tool, with
many participants appreciating this aspect of the design.

Implications for an implementation strategy

The findings provide an evidence base to inform the
selection of strategies for encouraging algorithm uptake.
The identified lack of knowledge about the algorithm
suggests that strategies to raise awareness combined with
focused education and training could be a good place
to start. Awareness-raising can involve presentations at
conferences/meetings, and emailing information about
the algorithm to relevant society member lists [34]. Edu-
cation and training could be operationalised in multi-
ple ways depending on resources available and intended
reach. Locally-focused activities could involve interac-
tive workshops embedded within team meetings, whilst
instructional videos could be developed and dissemi-
nated to reach a broader audience. It may be important
to embed instructions on how to use specific compo-
nents of the algorithm, offer demonstrations of use, and
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provide opportunities for practice or rehearsal [35].
Various formats could be considered, such as written
descriptions, videos of mock interactions with patients,
live observations, written scenarios to support individual
practice, or role play activities. Since we identified con-
text-specific intention to use the algorithm, demonstra-
tions and opportunities for practice could incorporate
various examples of situations it can be used in (e.g. using
the algorithm with a patient who is stable; when a patient
is very upset, reviewing the algorithm after the patient
has left). Whilst this may support algorithm uptake, the
range of other factors influencing use indicates that addi-
tional strategies would also be necessary, such as focus-
ing on social influence processes, clarifying how those in
different roles can use the algorithm in accordance with
their scope of practice, and/or embedding reminders at
the point of intended use.

Combining usability testing and behavioural
theory-informed barriers/enablers assessment

We combined two methodological approaches to provide
insights on two distinct but interrelated concepts: factors
impacting tool usability, and factors impacting tool use in
routine practice. This has resulted in a more comprehen-
sive investigation than would have been achieved if we
had only included one component or the other. Assessing
barriers to and enablers of implementation is a key com-
ponent of many implementation process models [15, 36,
37] and is often done using behavioural theory-informed
frameworks which focus on identifying factors influenc-
ing the target behaviour in routine practice. In instances
such as this where a new tool is being implemented, our
findings indicate that supplementing this traditional
approach with an element of usability testing can provide
additional insights. Whilst the findings related to usabil-
ity allow us to propose changes to the tool itself, the find-
ings from behaviour change theory-informed interviews
allow us to propose strategies to encourage uptake of the
tool, both of which should ultimately support integration
of the tool in day-to-day practice.

Whilst we did not conduct a systematic assessment of
conceptual overlap in our coding and theme generation
between the two data sources, our coding indicates the
usability categories and TDF domains for which some
overlap can occur. These are: Workflow and Environmen-
tal context and resources (lack of time to use the algo-
rithm); Workflow and Nature of the behaviour (discussion
of use in specific situations); Content and Knowledge
(familiarity with the resources included in the algorithm);
Usefulness and Beliefs about consequences (comments
on the increased access to resources); and Hardware &
software and Environmental context and resources (slow
internet connection hampering use). Since these issues
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relate to use in everyday practice with likely solutions
being strategies to support uptake rather than changes to
the algorithm, we felt they were best represented in the
TDF section. Other usability issues (Understandability,
Completeness, Layout & organization, Visibility, Naviga-
tion, and Links) did not overlap with content coded to the
TDF domains, which further support the added value of
usability testing.

Other researchers have looked at barriers to imple-
mentation and usefulness and usability issues in the
same study as part of tool development [38, 39]. How-
ever, these studies have some key differences with ours.
Anderson and colleagues [38] recruited one group of cli-
nicians to firstly watch a video demonstration of the tool
and then provide feedback on implementation barriers
and enablers, and a different group of clinicians to think
aloud while using the tool in a simulated environment.
Coleman and colleagues [39] randomised clinicians to
either a think-aloud interview to identify specific usa-
bility issues or a focus group to identify general usabil-
ity issues, for which they provide implementation as an
example. Whilst these previous approaches provide use-
ful examples, a unique contribution of our work is that
we have built our approach on pre-existing frameworks
which outline a range of usability issues [27-31] and fac-
tors influencing behaviour [12, 13], which may help to
increase comprehensiveness. Our work may therefore
provide a useful example for those conducting behaviour
change theory-based barriers assessments on how they
can integrate different methodological approaches to
potentially broaden the insights they obtain. In Fig. 2, we
provide a methods guide for others who may wish to sup-
plement barriers assessments with usability testing.

Strengths and limitations

Through an innovative combination of methodological
approaches, this project has identified usability issues
with, and barriers to, uptake of an evidence-informed
clinical tool. This work has already guided efforts to
improve the tool and can now be used to inform an
implementation strategy designed to enhance uptake.
Our approach may be informative for those looking to
implement similar tools in healthcare contexts. All par-
ticipants practiced in interdisciplinary team-based envi-
ronments and so our findings may not be generalizable
to settings involving different models of care. Whilst we
used written scenarios during think-aloud testing, it is
possible that realism may be enhanced and/or different
usability issues may be identified using different meth-
ods such as involving patient actors [38] or using differ-
ent forms of usability testing altogether such as near-live
clinical simulations [29]. However, participant responses
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during the think-aloud tasks did seem to represent a
description of their approach had the patient been real,
and participants did not appear to have any difficulties
with identifying usability issues during this portion of
the interview. Whilst usability testing forms an impor-
tant part of User-Centred Design approaches, which
are increasingly being advocated for in implementation
science [19], we did not have the capacity to conduct a
User-Centred Design study, wherein multiple rounds of
testing is required to use these approaches effectively
[19]. Whilst others have integrated behaviour change the-
ory into multi-round User-Centred Design approaches
[40], our approach is built on a multi-theory framework
which identifies a broad range of behavioural influences
and so may increase the comprehensiveness of barriers
identified whilst also providing an example of a method
for enhancing the informativeness of behaviour change
theory-based barriers investigations.

Conclusions

This study identified a range of usability issues and bar-
riers to use of an online algorithm designed to support
primary care professionals in caring for people with
depression. The findings have informed some initial
changes to the algorithm designed to enhance usabil-
ity, and will also be reflected on to inform subsequent
updates. The identified barriers to use indicate that
implementation strategies focusing on awareness-rais-
ing about algorithm existence, education and training,
social influence processes, and changing the physical
environment may be best placed to enhance uptake. This
study serves as an example of methods for combining
two methodological approaches and integrating exist-
ing frameworks to broaden the insights obtained from
behaviour change theory-based barriers assessments
which involve implementation of a new tool.
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