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Abstract

Background Computerized clinical decision support systems (CDSSs) can improve care by bridging knowledge

to practice gaps. However, the real-world uptake of such systems in health care settings has been suboptimal. We
sought to: (1) use the Theoretical Domains Framework (TDF) to identify determinants (barriers/enablers) of uptake
of the Electronic Asthma Management System (eAMS) CDSS,; (2) match identified TDF belief statements to ele-
ments in the Guideline Implementation with Decision Support (GUIDES) Checklist; and (3) explore the relationship
between the TDF and GUIDES frameworks and the usefulness of this sequential approach for identifying opportuni-
ties to improve CDSS uptake.

Methods In Phase 1, we conducted semistructured interviews with primary care physicians in Toronto, Canada
regarding the uptake of the eAMS CDSS. Using content analysis, two coders independently analyzed interview
transcripts guided by the TDF to generate themes representing barriers and enablers to CDSS uptake. In Phase 2,
the same reviewers independently mapped each belief statement to a GUIDES domain and factor. We calculated
the proportion of TDF belief statements that linked to each GUIDES domain and the proportion of TDF domains
that linked to GUIDES factors (and vice-versa) and domains.

Results We interviewed 10 participants before data saturation. In Phase 1, we identified 53 belief statements cov-
ering 12 TDF domains; 18 (34.0%) were barriers, and 35 (66.0%) were enablers. In Phase 2, 41 statements (77.4%)
linked to at least one GUIDES factor, while 12 (22.6%) did not link to any specific factor. The GUIDES Context Domain
was linked to the largest number of belief statements (19/53; 35.8%). Each TDF domain linked to one or more GUIDES
factor, with 6 TDF domains linking to more than 1 factor and 8 TDF domains linking to more than 1 GUIDES domain.

Conclusions The TDF provides unique insights into barriers and enablers to CDSS uptake, which can then be
mapped to GUIDES domains and factors to identify required changes to CDSS context, content, and system. This can
be followed by conventional mapping of TDF domains to behaviour change techniques to optimize CDSS imple-
mentation. This novel step-wise approach combines two established frameworks to optimize CDSS interventions,
and requires prospective validation.

*Correspondence:

Samir Gupta

samirgupta@unityhealth.to

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12911-023-02273-6&domain=pdf

Yamada et al. BMC Medical Informatics and Decision Making

(2023) 23:226

Page 2 of 17

Keywords Clinical decision support system, Barriers, Enablers, Uptake, Theoretical domains framework, GUIDES

Checklist

Background

Despite high-quality clinical practice guidelines for
managing asthma [1, 2] knowledge-to-practice care
gaps remain large, and asthma control remains sub-
optimal in up to 90% of patients [3]. Computerized
clinical decision support systems (CDSSs) can address
care gaps by leveraging evidence-based software algo-
rithms to assist healthcare providers with clinical deci-
sion making [4]. However, poor uptake has limited the
usefulness of these systems in real-world settings, and
particularly in primary care [5, 6].

The Electronic Asthma Management System (eAMS)
is an asthma management CDSS for primary care that
was developed through an integrated knowledge trans-
lation approach, leveraging iterative end-user feedback
and applying best evidence for effective communication
of evidence-based guidance [7, 8]. In a clinical trial, the
eAMS significantly improved all 3 key targeted asthma
care practices in those settings [asthma control assess-
ment according to guideline criteria; controller/reliever
medication prescription ratio; and delivery of asthma
action plans (AAPs)] [9]. These quality improve-
ments were achieved despite suboptimal uptake, with
the CDSS being accessed in 205 of 1033 (19.8%) pos-
sible instances and for 168 of 490 (34.3%) eligible
patients over the 1-year study [7]. At the same time,
an “on treatment” analysis demonstrated much larger
improvements in those care practices in the subset of
clinical interactions in which the system was actually
used [9], suggesting that greater uptake would drive
greater outcome improvements.

Recognizing that uptake is the first and neces-
sary step for the success of any CDSS [10], and that
changes in any targeted behaviours would likely corre-
late with initial uptake, we sought to apply the formal,
theory-based Theoretical Domains Framework (TDF)
approach to identify the determinants (barriers/ena-
blers) of uptake of this eAMS CDSS. Next, we sought
to match those determinants to elements in an evi-
dence-based CDSS design and implementation frame-
work - the Guideline Implementation with Decision
Support (GUIDES) Checklist - to determine both the
nature and extent of alignment between these frame-
works, and the potential of this sequential approach to
match identified determinants to system design “solu-
tions” in an effort to improve system uptake.

Methods

Study design and setting

This was a descriptive qualitative study, complying with
Standards for reporting qualitative research [11], con-
ducted with primary care physicians recruited from the
Greater Toronto Area.

Sampling

We invited all 77 primary care physicians practicing
across 5 sites as part of a large academic family health
team in Toronto, and complimented this with purposive
direct invitations sent to 8 physicians recommended by a
study investigator (SG) based on existing clinical relation-
ships. A brief informational email was sent to the family
health team by a family health team administrative assis-
tant on behalf of our research team, and to the eight rec-
ommended primary care physicians by the study research
coordinator. The physicians were invited to contact the
study research coordinator if they were interested in
participating in the study. The research coordinator fol-
lowed up by email with those physicians who expressed
an interest in participating in the study. The only inclu-
sion criterion was current use of an electronic medical
record (EMR) system. As above, purposive sampling was
used to ensure a balance of early (1st 5 years in practice)
and later-career (>5 years in practice), and academic and
community-based clinicians. Each participant received a
$50 gift card for participation. A minimum of 10 inter-
views are recommended for TDF studies, followed by ini-
tial analysis, and up to an additional three interviews or
until data saturation is achieved [12].

Theoretical approach

We applied a two-phased approach to conduct the study.
In Phase 1, we used transcript analysis to derive belief
statements in accordance with the TDF, characterizing
the relevant domain for each statement and whether it
represented a barrier or an enabler. The TDF is an inte-
grative framework comprised of 14 theoretical domains
derived from validated health and social psychol-
ogy theories and constructs that may drive and explain
health-related behaviour change from a psychological
perspective [13, 14]. The interview guide was designed to
explore which domains in the TDF were relevant for the
targeted behaviour (usage of the CDSS by primary care
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physicians, in the primary care clinic, during a scheduled
patient appointment) and how each of those domains
influenced this behaviour [12, 15]. Supplementary file 1
describes the 14 TDF domains [13] and associated inter-
view questions.

In Phase 2, we mapped belief statements and their cor-
responding TDF domains to relevant GUIDES domains
and factors. The GUIDES is a framework of factors that
contribute to successful CDSS interventions, developed
through comprehensive CDSS literature review, expert
input, and user consultation [16]. Sixteen factors that
could affect the success of CDSSs are classified within
four domains: context, content, system, and implementa-
tion. Given that the TDF identifies determinants of system
use, and the GUIDES presents a framework for optimal
CDSS design and implementation, we hypothesized that
barriers and enablers to CDSS use from the TDF analy-
sis would align with factors in GUIDES domains, with
the latter presenting “solutions” (corresponding modi-
fications) to leverage enablers and overcome barriers.
Using belief statements as a bridge between correspond-
ing TDF barriers and enablers and relevant domains and
factors from the GUIDES checklist enabled us to deter-
mine to what extent and how elements within these two
frameworks were aligned. The combined use of the TDF
and GUIDES domains represents a novel marriage of two
validated frameworks to derive specific insights on how to
optimize CDSSs for better user uptake.

Interviews
The semi-structured interview guide was initially devel-
oped by lead investigators (JY and SG), then reviewed
by the interview team (JY, AK, SS) and revised for read-
ability and relevance to the TDF domains. The interview
procedure was pilot tested with members of the research
team and adapted to ensure an approximately 45-minute
duration. Approval was obtained from the Research Eth-
ics Boards at Toronto Metropolitan University and St.
Michael’s Hospital, Unity Health Toronto. Informed con-
sent was obtained from all subjects. All methods were
performed in accordance with the declaration of Helsinki.
After participants completed a demographic question-
naire, the interviewer explained and demonstrated eAMS
functions, role, and workflow. This started with mock
completion of the 5-10-minute electronic question-
naire which patients complete on a smartphone, tablet,
or computer in advance of their clinical visit. Data from
the questionnaire were then processed by the CDSS,
which instantaneously presented clinicians with an EMR-
integrated clickable prompt. Participants were asked to
click on this prompt in a laptop/desktop computer, open-
ing a CDSS window which presented a maximum of 5
screens (typically completed in 3-5 min in real-world
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use) (see Supplementary file 2 for further details). After
system use, the trained interviewer proceeded with ques-
tions exploring each TDF domain (Supplementary file 1).
Interviews were audio-recorded, de-identified and tran-
scribed verbatim. NVivo 12 qualitative software (QRS
International) was used to organize and code data.

Analysis

Phase 1: We summarized participant characteristics
descriptively and analyzed interviews using content
analysis [17]. Two coders (JY and SNS) independently
analyzed interview transcripts and each quote was coded
deductively into the 14 TDF domains using a coding
scheme developed by the coders. Each quote was then
aligned with a belief statement representing a theme
that was inductively generated from the data by the cod-
ers, and represented a core belief (i.e., barrier or ena-
bler) [12]. The coders met on a regular basis to discuss
and resolve discrepencies in coding. All belief statements
corresponding to a TDF domain were considered for rel-
evance, including conflicting or opposing beliefs within a
domain, and any beliefs thought by the research team to
influence CDSS uptake [12]. Verbatim quotes were used
to represent the belief statements within each domain.
Two reviewers (JY, SG) then confirmed the appropriate
TDF domain for each belief statement.

Phase 2: The same two reviewers (JY, SG) indepen-
dently mapped each belief statement to a correspond-
ing GUIDES domain and factor. We calculated: the
proportion of TDF belief statements that were linked to
each of the 4 GUIDES domains; the proportion of TDF
domains that linked to GUIDES factors (and vice-versa)
and GUIDES domains, and which domains and/or fac-
tors remained unmapped. All discrepancies in coding
and mapping were resolved through discussions between
coders.

Results

Of the total 85 primary care physicians invited to partici-
pate in the study, 10 initially consented, and data satura-
tion was achieved after those 10 interviews. Participant
characteristics are summarized in Table 1. Twelve of the
14 TDF domains were considered relevant, with most
belief statements representing enablers to CDSS uptake.
Two of the TDF domains (Optimism and Emotions) were
not considered relevant. A summary of belief statements,
assigned TDF domains, corresponding participant quotes
and associated GUIDES checklist domains and factors
is provided in Table 2. Of the 53 belief statements, 18
(34.0%) were barriers and 35 (66.0%) enablers Forty-one
statements (77.4%) linked to at least one GUIDES factor.
The remaining 12 (22.6%) statements were categorized
as pertaining to one or more of the four broad GUIDES
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Table 1 Participant characteristics of (n=10)

Variable n (%) or Mean+SD
Age (years)

25-30 1(10.0)

31-40 6 (60.0)

41-50 2(20.0)

51-60 1(10.0)
Sex

Female 6 (60.0)
Early career (1st 5 years in practice) 4 (40.0)
Later career (>5 years in practice) 6 (60.0)
Work in an academic centre 5 (50.0)
Work in a community setting 5(50.0)
% of time spent on clinical activities 76.2+28.7
# of asthma patients seen each month 63+34
Number of years using an EMR 88+37
Currently use a CDSS in EMR 5(50.0)

EMR Electronic medical record, CDSS Computerized decision support system

domains. Overall, 19/53 (35.8%) of belief statements
linked to the GUIDES Context Domain, 16/53 (30.2%)
to the Content Domain, 14/53 (26.4%) to the System
Domain, and 5/53 (9.4%) to the Implementation Domain
(one belief statement linked to two GUIDES Domains).
The GUIDES Context Domain linked to the largest
number of TDF barriers (9/18, 50.0%) and the Systems
Domain to the largest number of TDF enablers (12/35,
34.3%). Figure 1 maps the relationships between TDF
domains and GUIDES factors. All TDF domains linked to
one or more GUIDES factor, with 6 TDF domains link-
ing to more than 1 GUIDES factor and 8 TDF domains
linking to more than 1 GUIDES domain (with some
TDF domains linking with up to 3 GUIDES domains).
The TDF domains linked to the most GUIDES factors
(6 TDF domains) were Memory, Attention and Decision
Processes and Beliefs about Consequences. Almost half
of the GUIDES factors (7/16, 43.8%) linked to more than
one TDF domain, with CDSS Context: 1.3 Stakeholders
and users accept CDS linking to the most TDF domains
(5 domains). There were 3 GUIDES factors that were not
raised in any belief statement: CDS Context: 1.1 CDS can
achieve the defined quality objectives; CDS System: 3.4
The decision support is available at the right time; and
CDS Implementation: 4.4 Governance of the CDS imple-
mentation is appropriate. This is likely a reflection of our
specific interview/study process (for factors 1.1 and 4.4),
and of our CDSS design (for factor 3.4). Factor 1.1 CDS
may not have been raised because the evidence base for
the content and effectiveness of the eAMS CDSS was
clearly presented to participants during the interview
preamble (Supplementary file 1). Factor 4.4 may similarly
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not have been a concern because most interviewees were
familiar with research team leadership and recognized
their role and position within the academic institution.
Finally, factor 3.4 was likely irrelevant because of our
CDSS integration within the EMR, at the point-of-care
and during the clinical interaction.

Our analysis yielded several insights about the barri-
ers and enablers to use of the eAMS and corresponding
required intervention adaptations. A large number of
reported determinants of system use (6/18 identified bar-
riers and 8/35 enablers) pertained to the patient-facing
pre-visit questionnaire in the eAMS. Barriers included
concerns about information reliability, with providers
perceiving that older patients might lack the skills to
complete an electronic questionnaire (Social influences)
and providers requiring advance Knowledge that patient
inputs were accurate. Corresponding GUIDES factors
call for ensuring that the quality of the patient data is
adequate (CDSS Context). The questionnaire also raised
concerns about the impact on provider-patient interac-
tions, with Beliefs about Consequences including weak-
ening of the patient-provider relationship and creating
unrealistic patient expectations of care. The former did
not align with a specific GUIDES factor, and the latter
corresponded with ensuring that system requirements
can be added to the existing workload (CDSS Context).
In this case, this might be achieved by setting patient
expectations through messaging within the question-
naire. Limited Environmental Context and Resources (i.e.
staff) for aiding patients with patient-facing components,
and security of the transmitted patient data (i.e. providers
requiring Knowledge of adequate data security protocols)
were also limitations. As per GUIDES factors, the former
requires optimization of CDSS Context by ensuring that
the CDSS can be added to the existing workflows, and
the latter improving on CDSS Implementation by provid-
ing upfront information to users about system security.

However, at the same time, use of a patient-facing
questionnaire presented several enablers to CDSS
uptake. Providers recognized that advance data collec-
tion would save them time (Beliefs about Consequences)
— a concept that did not directly match to any GUIDES
factors but could be emphasized to providers to drive
uptake. Also, what was an Environmental Context and
Resources barrier for some (staff availability, above) was
an enabler for others, where the CDSS Context featured
sufficient clinic staff for any required patient assistance
and where this was recognized as a worthwhile use of
resources. Users also saw this as an opportunity to offer
more patient-centered care (Beliefs about Consequences),
fulfilling the GUIDES requirements for CDSS Content to
be relevant and to provide an appropriate call to action.
Similarly, users would use the system (Memory, Attention
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Table 2 Relevant TDF domains, belief statements, sample quotes and associated GUIDES domains and factors

Frequency  GUIDES checklist

Domain Belief Statements Sample Quote (participant ID) out of 10 domain(s) and factors*

participants

Knowledge I require confirmation of the  R: “I think just background knowledge about 3 CDSS Context:
accuracy of CDSS data how information flows in and out of the system 1.2 The quality of the
inputs in order to consider is essential for any user. So understanding that patient data is adequate
system advice to be reliable  certain information in this system is

prepopulated by patients and that may or may
not be accurate information.” (2006)

Knowledge I require confirmation that R: “...just making sure that the data is secure 1 CDSS Implementation:
all CDSS data are and those linkages are secure.” (2004) 4.1 Information to users
secure/confidential about the CDS system and

its functions is appropriate

Skills Only basic computer skills I: “What kind of skills do you think you would 4 CDSS System:
are needed to use the CDSS  need to use this system?” 3.1 the system is easy to

R: “Just basic computer skills.” (2008) use

Skills I think I have the skills I: “Are there any skills that you, for yourselfif 2 CDSS System:

needed to use the CDSS you were to use the CDSS?” 3.1 the system is easy to
R: “I think I have the skills.” (2005) use

Skills Knowing how to use email I: “What types of skills or training would you 1 CDSS System:
and EMRSs is sufficient to need to use this system?” 3.1 the system is easy to
use the CDSS R: “I think if you’re comfortable using OSCAR use

I don’t think you need any more training and
this is pretty easy to use as a system.” (2003)

Social It is my responsibility to R: “With our practice we don’t have nurse 4 CDSS System:

Professional complete the CDSS practitioners or other allied health really here 3.3 The system delivers the

Role and other than our nurse, so probably in my clinic at decision support to the

Identity least it would be me. I think it’d be my role to right target person

use it.” (2007)

Social Besides myself, allied health  I: “For this particular system, would it be CDSS System:

Professional professionals (e.g NP, PA, mainly you accessing it?” 5 3.3 The system delivers the

Role and Nurses, RT, Pharmacists) R: “The nurses might take it up if we decision support to the

Identity may also use the CDSS implemented something like this because the right target person

nurses in our practice tend to see a broader
scope of patients. I tend to deal with the patients
in my practice but here we have 12 providers so
the nurses might see people from everyone’s
practice and they might see enough less stable
asthmatics that it might make sense for them to
learn how to use it.” (2006)

Social Use of a CDSS is in line R: “I think it looks relatively easy to use and as 1 CDSS Context:

Professional with my professional values  long as I can get my patients to collect that 1.3 Stakeholders and users

Role and information ahead of time, I think it would just accept CDS

Identity be consistent with how I like to practice

medicine now and it would be a nice tool to
kind of be able to offer to my patients going
forward.” (2007)
Beliefs about I am confident that I can use ~ R: “I’m completely confident that I could use it 10 CDSS System: 3.1 The
Capabilities the CDSS I feel it is easy to use. It seems to [be] friendly system is easy to use
enough that you could use it rather fast for a
patient where asthma is a real issue.” (2009)
Beliefs about Using the CDSS enables a R: “I think it [(CDSS)] could work for the 8 CDSS Content:
Consequences  more patient-centered care better. So for example, the asthma action plan, 2.2 The decision support

approach

something that we don’t necessarily always
focus on but I think is very patient centered and
is a good opportunity to address patient fears
and anxieties about their asthma. I think that for
sure you can spin it as a more patient-centered
approach.” (2008)

is relevant and accurate

2.3 The decision support
provides an appropriate
call to action
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Beliefs about
Consequences

Beliefs about
Consequences

Beliefs about
Consequences

Beliefs about
Consequences

Beliefs about
Consequences

Beliefs about
Consequences

Beliefs about
Consequences

Completing the CDSS will
enable me to provide high
quality and guideline-
concurrent care

Completing the CDSS will
save me time/will take more
time

Completing the CDSS will
ensure that I capture all
required patient data

Completing the CDSS will
improve consistency,
transparency, and quality of
provider-patient
communications

CDSS advice might be
misleading in patients with
multiple comorbid
conditions which share
symptoms

CDSS advice might be
misleading in patients who
require care outside of
typical guideline algorithms

Use of a patient
questionnaire in the CDSS
may weaken the patient-
provider relationship

R: “I would, like a top priority make sure that I
provide them proper care. I think it really would
enhance my ability to provide them good
quality care regarding their asthma care so I see
it as a very positive thing.” (2007)

R: “I think as a clinician it's a good timesaver
'cause those are all the questions I'm asking in
the clinic so that would save a lot of time. And
then it also allows me to think of a medication
adjustment ahead of time and to figure out, I
mean the action plan's already doing it for me
but you know I often have to leave the room
and be like okay, is this a combo puffer that I
can use as a rescue or is it not? Do I have to
separate it out?” The action plan's already done
that so it's a big timesaver.” (2010)

R: “I think that it could potentially be a little bit
time consuming, potentially.” (2001)

R: “Like most systems like this, the great thing
is that you capture all of the information, you're
not missing anything as related to the
guidelines.” (2008)

R: “T think it’s just better transparency and
communication between the healthcare provider
and the patient, and that makes things a little
more standard so that you’re not missing
something, there’s less bias.” (2007)

R: “The other one would probably be if there’s
kind of other complex comorbidities stuff like
that where I’m not quite certain that I want to
get involved with this especially when they’re
querying things around, you know, shortness of
breath that might relate to other types of
illnesses that might confuse some of the action
plan so those would probably be the ones where
I’d overrule things and go with more my
clinical judgment or gestalt...rather than
sticking to kind of rigid guidelines.” (2005).

I: “What’s situation would you not decide to
use it?

R: I think in people who’ haven’t done well on
typical medications or someone who I’'m clearly
always veering from guidelines...Kids, elderly
is somewhere where I am not sure, even if they
have an asthma action plan, sometimes things
don’t work.” (2002)

R: “T think the potential thing to always be
aware of is that you don’t lose the patient
connection, that it doesn't become okay, yeah,
looked at your survey, here you go, gone, and
that there's a good discussion about patient
experience and that the patient has a sense of
like this is really still patient-centered care in
the context of my asthma that sometimes can
get missed with decision aids a little.”(2008)

6

Will save
time (5)
/will take
more time

2

CDSS Content:

2.1 The content provides
trustworthy evidence-based
information

CDSS Content + CDSS
System

CDSS Content: 2.4 The
amount of decision support
is manageable for the
target user

CDSS Content:
2.2 The decision support is
relevant and accurate

CDSS Content

CDSS Content:
2.2 The decision support is
relevant and accurate

CDSS Content:
2.2 The decision support is
relevant and accurate

CDSS System
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Beliefs about
Consequences

Beliefs about
Consequences

Beliefs about
Consequences

Beliefs about
Consequences

Reinforcement

Reinforcement

Reinforcement

Intentions

Intentions

Completing the CDSS
provides capacity for other
colleagues to access
standardized patient
information

The CDSS can help me to
stay up-to-date with
guidelines

Completing the CDSS
facilitates my teaching of
medical trainees

Patient-facing CDSS
components may create
unrealistic patient
expectations of care

Seeing improved patient
outcomes from using the
CDSS would influence me to
use the system

Remuneration for providing
best care would influence me
to use the CDSS

Completing the CDSS would
reduce the number of patient
visits

not to use the CDSS

I would be less likely to use
the CDSS if I encounter
technical problems (e.g. a
slow/unreliable system)

R: “Just capacity building. So
probably...because the nurses can use it as well
so if they see patients when I’m not in or if they
see them in triage then they can also have the
same information.” (2003)

R: “I think the CDSS component is helpful. I
think if the software is responsive to changes in
guidelines it’s one way to keep us up to date
because I might not necessarily always be as up
to date with the most current guideline.” (2006)

R: “I think number 1...I do a lot of teaching and
it’s an excellent teaching tool. Number 2, would
be that I think it’s part of best practice as a
physician caring for somebody with chronic
health conditions.” (2001)

R: “I mean I always worry about if patients are
uploading information into systems and
thinking that I’'m going to view that
information...in some sort of timely
manner...when that might not be true because I
don’t want them to be waiting around for
something, a response from me that frankly I'm
not expecting to give and may never come.”
(2006)

R: “I think if it’s, if you really have that sense
that it’s really improving patient outcomes then
you’re more likely to use it.” (2001)

R: “I also think, I mean this maybe speaks to
something bigger that if there was a billing code
for filling out something like an asthma action
plan......that would also really facilitate the
uptake.” (2001)

R: “I think it would be, I"d say medium to high
priority cause I actually think it would save a
lot of visits, if we just disseminated an action
plan properly.”(2002)

I: “Having seen the system, would you plan to
use it?”

R: “Unless anything changes I’m probably not
going to be clicking that link that much.”
(2006)

R: “...if just there were technical issues with it
you know you click on it the link’s broken.”
(2004)

1

Do not
intend to use
much (1)

CDSS System:

3.3 The system delivers the
decision support to the
right target person (the
system is able to facilitate
team processes)

CDSS Content:

2.1 Content provides
trustworthy evidence-based
information

CDSS Content

CDSS Context: 1.4 CDS
can be added to the
existing workload,
workflows and systems

CDSS Content

CDSS Implementation:
4.2 Other barriers and
facilitators to compliance
with the decision support
advice are
assessed/addressed
(assessment of the (dis)
incentives affecting the
adherence of
providers/patients)

CDSS Implementation
4.2 Other barriers and
facilitators to compliance
with the decision support
advice are
assessed/addressed
(incentives are provided)

CDSS Context: 1.3
Stakeholders and users
accept CDS

CDSS System

3.1 The system is easy to
use (If a system is slow or
complex to use, or if it
crashes frequently, users
may become frustrated, use
it less, or stop using it
completely)
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Goals

Goals

Goals

Memory,
Attention and
Decision
Processes

Memory,
Attention and
Decision
Processes

Memory,
attention and
Decision
Processes

Memory,
Attention and
Decision
Processes

Completing the CDSS is a
high priority/low priority for
me

Having a more structured
approach to care is a priority
to me

I would not use the CDSS if
it does not address an area of
clinical priority

I would use the CDSS if
there was a reminder (e.g.
pop up) in the EMR to
complete it

I would use the CDSS if it is
seamlessly integrated with
the electronic medical record
system

Multiple clinical issues
during a visit are likely to
lead me to forget to use the
CDSS

I would be less likely to use
the CDSS in patients with
mild disease/more likely to
use it in those with more
serious disease

R: “I think it would, like a top priority to make
sure that I provide them proper care. I think it
really would enhance my ability to provide
them good quality care regarding their asthma
care so I see it as a very positive thing.” (2007)
R: “I don’t know if it would be a huge priority
and maybe that’s just because I’m just thinking
about my demographics. Maybe it’s just recall
bias and I haven’t had extensive consultations
with asthma patients recently.” (2005)

R: “I think it would be just as much of a priority
as other conditions that we're treating. I think
having a more structured approach to it is a
priority.” (2008)

R: “Well, to be frank, it's probably not about
forgetting to use the system, it's choosing not to
use the system because it's not a priority.”
(2008)

R: “A cue. I think in Oscar there’s a way to put
chronic illnesses in and then it cues me to do
the diabetic flow sheet...So if it cued me every
3 months, 4 months, 6 months, whenever it was
that we haven’t seen them, or when they come
in for that appointment, oh there asthma action
plan is due. It’s a consistent reminder. It won’t
go away until you’ve done it.”’(2002)

I: “So like a forced kind of reminder or just a
friendly reminder?”

R: “A friendly reminder but it’ll keep on
popping up until you’ve done cause that’s what
it does for everything else.” (2002)

I: “What do you think are the key factors that
would influence you to use this system?”

R: “How seamlessly integrated it is with the
chart...” (2008)

I: “When might you forget to use this type of
system?”

R: “Just if I'm busy dealing with other issues in
a visit, you know, usually in a typical visit I’1l
deal with multiple issues.” (2006)

R: “In practice for instance, for the patients and
most of my patients with asthma have mild
asthma, they use just Ventolin as needed a few
times a year and that's it; it might not be
worthwhile to review all those things, maybe
once a year, once every couple years, but
certainly not every consultation go over this to
find out well okay, dust mite is his trigger but
nothing has been triggered, he's using Ventolin
once every two weeks. You wouldn’t waste
time on that.” (2009)

R: “If there was a very difficult to control
patient no matter what, where I was like kind of
at the end of knowing what to do then I'd
probably access it no matter what.” (2010)

Is a high
priority (6)/
low priority

“4)

—_

10

Less likely
in mild
disease
(6)/More
likely in
serious
disease (1)

CDSS Context:

1.3 Stakeholders and users
accept CDSS (users have a
positive attitude towards
the use of CDS)

CDSS Content: 2.1
Content provides
trustworthy evidence-based
information

CDSS Context:
1.3 Stakeholders and users
accept CDS

CDSS System:

3.2 The decision support is
well delivered (appropriate
mode, format and display)

CDSS Context:

1.4 CDS can be added to
the existing workload,
workflows and systems

CDSS Context

CDSS Context
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Memory,
Attention and
Decision
Processes

Memory,
Attention and
Decision
Processes

Memory,
Attention and
Decision
Processes

Memory,
Attention and
Decision
Processes

Memory,
Attention and
Decision
Processes

Memory,
Attention and
Decision
Processes

Memory,
Attention and
Decision
Processes

Memory,
Attention and
Decision
Processes

Environmental
Context and
Resources

A message in my EMR
inbox would be an effective
reminder to complete the
CDSS

I would use the CDSS if it
provided me with a patient-
driven prompt

I would not use the CDSS if
the reason for the visit was
not directly related to the
content of the CDSS

I would use the CDSS if the
additional time required is
counterbalanced by a benefit
of easier provision of
required care

The CDSS may be most
useful in practices with a
high prevalence of the
condition it addresses

I would use the CDSS if it
contains straightforward,
algorithmic advice that is
easy to follow and reduces
clinical load

I would not use the CDSS if
I did not agree with/trust its
recommendations

I would use the CDSS if the
patient-facing CDSS
components are tailored to
patient needs

I would use the CDSS if
had specific appointments
related to the CDSS disease
and/or more time for
appointments

R: “...right now if I get abnormal labs... it
comes in my message box...and then I click on
it and it brings me to the patient chart...then I
wouldn’t, there’s no way I would forget.”
(2004)

R: “I guess I'm less likely to say it’s fairly
important to use this type of system but more
important to act on information that the system
brings to me. Right? Like whether...If all I got
was a message from the patient saying “My
asthma’s poorly controlled.” I would also act on
that.” (2004)

R: “I think if a patient was coming in and
asthma was really not a main feature of their
visit, I would not use it. I think that if they were
coming in and they had an acute situation,
something unrelated, I probably wouldn’t use it.
For example, somebody’s coming in and
they’re depressed or like a family crisis, I’'m
probably not going to pull out the asthma action
plan.” (2001)

R: “The internet is up and running and so that,
that adds one more layer to what you’re doing
but I think even though it’s an extra step outside
of the EMR if it’s gonna make my job easier to
provide better action plans to my patient’s I
think that that’s you know a trade-off.” (2007)

R: “If you had a busy asthma practice I can see
how it would be very useful.” (2006)

R: “I think it’s very simple and, you know, it’s
algorithmic right so it pulls from guidelines and
I think when that’s the case that it does, you
know, the algorithms are created to be
straightforward...and ...they don’t necessarily
require a lot of clinical judgment to apply.”
(2006)

R: “I guess if I didn’t agree with the
recommendations, didn’t feel like it was
evidence based.” (2004)

I:”Thinking of everything we’ve just discussed
what do you think are the most key important
factors that would influence your use of this
system?”

R: “That it’s strongly tailored so that they
engage with it. I think if that would happen and
everything else stays the same I think I would
be pretty satisfied with it.”” (2005)

I: “What other types of things you might think
you need to have it in place so you can use it?”

R: “Probably just some way of making disease-
specific appointments or if they have multiple
things they want to discuss having the ability to
extend the appointment time to include like
instead of a 15 minute, you know, sometimes
you can make it a 30 minute appointment to
devote to asthma-specific patients.” (2003)

CDSS System:

3.2 The decision support
is well delivered
(appropriate mode, format
and display)

CDSS System

CDSS Content:
2.2 The decision support is
relevant and accurate

CDSS Content: 2.4 The
amount of decision support
is manageable for the
target user

2.2 The decision support is
relevant and accurate
CDSS Context: 1.3

Stakeholders and users
accept CDS

CDSS System:

3.2 The amount of decision
support is manageable for
the target user

CDSS Content: 2.1 The
content provides
trustworthy evidence-based
information

CDSS Content

CDSS Context
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Environmental  Clinic personnel are/are not

Context and available for aiding patients

Resources with patient-facing CDSS
components, when required

Environmental ~ The costs of implementing a

Context and CDSS must be justified by

Resources its benefits

Social Specialists and fellow

Influences primary care physicians
would influence my use of
the CDSS

Social I would use the CDSS if 1

Influences received positive feedback
from patients

Social I ' would use the CDSS if the

Influences patient completes his/her
part

Social Older patients may not have

influences the skills to access patient-
facing CDSS components

Behavioural I would use the CDSS if

Regulation there was an organizational

commitment supporting and
monitoring CDSS uptake

R: “I’m lucky to have a nurse practitioner and a
PA and medical students and the staff are
really, their young and computer savvy so they
would be able to troubleshoot if someone said,
“Oh I don’t understand how to use it,” they’re
really kind and able to say, “Oh let me show
you how to use it.” (2002)

Have (6)/do
not have (2)
personnel

R: “We do not have any allied staff in my
practice.” (2005)

R: “With our practice we don’t have nurse
practitioners or other allied health really here
other than our nurse, so probably in my clinic at
least it would be me. I think it’d be my role to
use it.” (2007)

R: “I think the negatives are more just around 1
like how’s this going to work and do I see

benefit for potential implementation costs if you
want to call it that.” (2005)

R: “If other physicians have used it and liked it 5
that would help.” (2003)

R: “So if I got good feedback or a patient said 3
“Oh that was useful.” Or you know I felt like

they were being engaged or they kind of read

and paid attention to their symptoms more
or...they maybe knew the dose of their
medications. Something like that. That might be
more interesting...” (2005)

R: “If it, we can overcome or at least have a 2
plan on how to have the patient embark on the

idea, I mean knows about it, has the app,

etcetera, I wouldn’t have any problems; I will

use it right away.” (2009)

R: “...for the elderly it might be hard, number 1
one because they don’t know how to use any of
this, and a lot of them don’t have email to email
them to tell them to fill it out...it would exclude
some of the people over 65 that still don’t know
how to use their phone or knowing how to
download and app or have email...” (2002)

R: “So if we wanted to make it a priority at the 1
department level quality improvement

committees that they could devote some

resources to talking about it, to bringing it up at
staff meetings and showing people how to use it
and then just tracking whether it’s being used.”
(2003)

CDSS Context: 1.4 CDS
can be added to the
existing workload,
workflows and systems

CDSS Implementation

CDSS Context:

1.3 Stakeholders and users
accept CDS (leaders are
successfully advocating the
priority introduction of CDS)

CDSS Context:
1.3 Stakeholders and users
accept CDS

CDSS Context
1.3 Stakeholders and users
accept CDS

CDS Context:
1.3 Stakeholders and users
accept CDS

CDSS Implementation:
4.3 Implementation is
stepwise and the
improvements in the CDS
system are continuous
(“monitoring a system’s
performance and usage”)

I Interviewer, R Respondent, TDF Theoretical Domains Framework* Barriers in red font

*In some cases, in addition to factors, factor subdefinitions are provided in brackets for clarification. Also, some belief statements did not map to specific factors; in
those cases, we provide only the domain that we deemed most appropriate (italicized for distinction)

and Decision Processes) if the patient-facing CDSS com-
ponents were tailored to patient needs — another con-
cept that did not directly align with a GUIDES factor
but could be used to promote system value. Some also
indicated a perceived benefit that this approach would
capture all required patient data (Beliefs about Conse-
quences), aligning with the GUIDES factor describing the

importance of relevant and accurate CDSS Content. It
was also noteworthy that a patient-facing component was
seen as a potential driver of provider uptake, through a
patient-driven prompt (Memory, Attention and Decision
Processes) — a concept not explored in GUIDES factors. A
related finding was that providers would be more likely to
use the system if patients had completed their part, and
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Knowledge

Skills

Social/Professional Role and Identity

Beliefs about Capabilities

Beliefs about Consequences
Reinforcement
Intentions
Goals

Memory, Attention + Decision Processes

Theoretical Domains Framework Domains

Environmental Context + Resources

Social Influences

Behavioural Regulation
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1.1 CDSS can achieve the defined quality objectives|

1.2 The quality of the patient data is sufficient

1.3 Stakeholders and users accept CDSS

I
1X3LNOD $SaD

1.4 CDSS can be added to existing workload, workflows +
systems =

2.1 Content provides trustworthy evidence-based information

2.2 Decision support is relevant and accurate

I
INILNOD S50

2.3 Decision support provides appropriate call to action
‘ 2.4 Amount of decision support is manageable for target user

3.1 The system is easy to use

sJiope{ jlomaweld S3aiNoe

3.2 The decision support is well delivered

INJLSAS SSAD

3.3 System delivers decision support to the right target person

.4 Decision support available at the right time

4.1 Information to users about CDSS and its function is =
appropriate

4.2 Other barriers/facilitators to compliance with decision
support advice assessed/addressed

4.3 Implementation is stepwise and improvements in CDSS
system are continuous

I
NOILVININI 1dIAI $SD

Fig. 1 Mapping of Theoretical Domains Framework domains to GUIDES framewaork factors, on the basis of elicited belief statements relating

to usage of the Electronic Asthma Management System (eAMS) CDSS. GUIDES factors are grouped by colour, according to the 4 GUIDES
domains (CDSS Context, Content, System, and Implementation). When one or more belief statement(s) linking a TDF domain to a GUIDES

factor was characterized as an enabler to system use, the link was depicted as a green line, whereas when one or more belief statement(s)

was characterized as a barrier to system use, the link was depicted as a red line. GUIDES factors that were not linked to any TDF domains are
depicted in yellow highlight. TDF belief statements that did not link to a specific GUIDES factor are not depicted. CDSS = clinical decision support
systems; GUIDES = Guideline Implementation with Decision Support; TDF =Theoretical Domains Framework

particularly if they had received positive feedback from
patients (Social Influences) — both of which related to the
GUIDES CDSS Context factor calling for all stakeholders
and users to accept the system.

We also noted several determinants of system use that
were related to the specific patient population being
addressed. Providers indicated concerns about the accu-
racy of CDSS guidance in patients with comorbid con-
ditions and/or those requiring care outside of typical
guideline algorithms. Both of these adverse Beliefs about
Consequences could be addressed through GUIDES
CDSS Content factors relating to the relevance and accu-
racy of the content (e.g. by including guidance for special
populations or by clearly identifying and acknowledg-
ing populations in which guidance should not be used).
Another reported barrier was the perception that the
system would not be needed in patients with mild dis-
ease, with the corresponding enabler being that providers
would be more likely to use it in those with more seri-
ous disease (Memory, Attention and Decision Processes).
These are CDSS Context-related issues, suggesting that
implementers may either choose to promote use only in

patients with more severe disease, or focus educational
efforts on relating the health benefits of bridging targeted
practice gaps even in patients with mild disease.

Along similar lines, several determinants surrounded
the nature of the specific patient visit and the broader
nature of the provider’s practice. Providers indicated
that multiple clinical issues during a visit might lead
them to forget to use the CDSS for a specific dis-
ease (Memory, attention and Decision Processes) (an
issue that is broadly relevant to the CDSS Context,
without a specific pertinent GUIDES factor), and they
would not use it if the reason for the visit was not
directly related to the content of the CDSS (Memory,
Attention and Decision Processes) (addressed under
GUIDES CDSS Content — ensuring that the decision
support is relevant). On the other hand, they indicated
a high likelihood of system use if the patient had a visit
dedicated to the CDSS disease (Environmental Context
and Resources) (broadly relevant to the CDSS Context,
without a specific pertinent GUIDES factor). Practice-
related barriers included a low overall priority to use
the system due to a low prevalence of the targeted
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condition in the provider’s practice (Goals), and the
condition not representing an area of clinical priority
(Goals), both relating to GUIDES factors describing the
importance of positive user attitudes towards the CDSS
and user acceptance of the CDSS (CDSS Context). This
was accompanied by a perception that such a system
would be most useful in practices with a high preva-
lence of the condition it addresses (Memory, Attention
and Decision Processes), again relating to the GUIDES
factor emphasizing the importance of stakeholders’
and users’ acceptance of the decision support (CDSS
Context).

Finally, many determinants of use surrounded the
availability of sufficient time to interact with the CDSS.
A belief that use would require additional visit time
was a barrier, addressed by the GUIDES CDSS Content
requirement for developers to ensure that the amount
of decision support is manageable for the target user.
Interestingly, some users perceived time saved through
system use to be an enabler (Beliefs about Conse-
quences) (a concept pertaining to CDSS Content and
CDSS System but not addressed by a specific GUIDES
factor). A perception that time required for system
use was adequately “counterbalanced” by the benefit
of easier provision of required care was also seen as an
enabler (Memory, Attention and Decision Processes),
relating to GUIDES factors calling for relevance of the
decision support and a manageable amount of deci-
sion support for the target user (CDSS content con-
cepts). User perceptions of their Social Professional
Role and Identity were also an enabler, including a
belief that CDSS use aligned with their professional
values (addressing a GUIDES CDSS Context factor sur-
rounding stakeholders’ and users’ acceptance of the
CDSS), and that when qualified allied health staff were
not available to do so, it was physicians’ responsibil-
ity to complete the CDSS (in line with a CDSS System
requirement to deliver the decision support to the right
target person).

Discussion

To our knowledge, this is the first study to apply the TDF
to assess barriers and enablers to using a CDSS, and to
attempt to identify strategies for intervention improve-
ment by mapping those determinants of uptake to a
framework for CDSS intervention design (the GUIDES
Framework).

Unique insights were provided by assessing the identi-
fied determinants of CDSS system use and their linkage
to GUIDES constructs. Our finding that the pertinence of
the reason for the clinical visit to the content of the CDSS
was an important determinant of system use aligns with
a multivariable model in which the strongest predictor

(2023) 23:226

Page 12 of 17

of both accessing the eAMS and completing all eAMS
steps was a respiratory presenting complaint [7]. Prior-
itizing decision support at the “moment of need” aligns
with previous studies of determinants of CDSSs success
[18, 19]. Although chronic disease management CDSSs
are designed to enable maintenance care that prevents
acute events, our data suggest that system usage will be
constrained by acute patient priorities. In our prior study,
a third of asthma patients presented with respiratory
complaints over one year [7]. For diseases such as this,
it might thus be reasonable to follow the GUIDES CDSS
Content recommendation to ensure that the decision
support is highly relevant - leveraging this enabler by
triggering decision support only during visits for corre-
sponding acute complaints. However, CDSSs designed to
address screening or management of asymptomatic risk
factors (e.g. hypertension) will require alternative strat-
egies. Given guidelines calling for periodic preventive
health visits to replace traditional annual physical exami-
nations [20], tailored preventative visits could address
the identified barriers while also leveraging an identified
enabler - a dedicated visit for CDSS use (thereby optimiz-
ing the GUIDES CDSS Context). This also highlights how
CDSS Content and Context solutions related to the same
barriers and enablers will vary as a function of the disease
being addressed.

Our findings that numerous determinants of system
use surrounded user perceptions of value-for-time align
with prior reports that time constraints remain a barrier
to uptake even when users are aware that CDSSs improve
care [21, 22]. In the eAMS trial, in 34% if instances of
CDSS usage, the system was accessed after the patient
appointment [7], indicating that even providers who val-
ued the tool often could not utilize it while facing clinical
demands. Driving system use will thus require increasing
the perceived value, decreasing the required time, or both.
This aligns with the GUIDES requirement to ensure that
content is both manageable in its quantity and relevant
in its quality. Some users considered system use an addi-
tional time burden for completion of low priority “add-on”
tasks, while others were enticed by the time saved relative
to the conventional workflows they employed to complete
perceived “essential” tasks. Accordingly, user percep-
tions of task importance play a key role in whether time
acts as a barrier or enabler to CDSS use. Although the
GUIDES framework emphasizes minimizing additional
time required for decision support, it does not contain
advice to frame system use as time-saving. This enabler
could be leveraged by attempting to change the per-
ceived importance of a CDSS-enabled task by conveying
patient-relevant health impacts expected to result from
it and/or through direct audit and feedback reporting on
patient improvements. Indeed, providers reported that
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the reinforcement received from seeing improved patient
outcomes from CDSS use would act as an enabler to use,
which was a concept broadly relevant to CDSS Content
but not specifically addressed in the GUIDES. One might
also consider designing a system that can be adapted to
different users’ task prioritizations, allowing for both lim-
ited and extensive use cases and preference-based rather
than linear task completion pathways. Furthermore,
given the growing prevalence of multi-chronic disease co-
morbidities [23], the “one issue per visit” axiom [24] may
prove beneficial, whereby the CDSS might employ soft-
ware algorithms to “select” which chronic disease should
be prioritized in a particular visit, or provide the clinician
with that choice (a CDSS System feature).

Incentives might also be used to directly alter the value
component in the value-for-time equation. Participants
identified remuneration for CDSS use as an enabler, align-
ing with “incentives” in the GUIDES CDSS Implementa-
tion domain. Similarly, reducing the number of patient
visits (equating to a financial incentive in capitation
model-remunerated participants) was an enabler address-
ing the same GUIDES factor [25]. Finally, provision of
continuing professional development credits could also
carry an implied monetary value, encouraging system use.

The largest number of identified TDF barriers linked
to the GUIDES Context domain and largest number
of TDF enablers to the Systems domain. This suggests
that to optimize uptake, the Context of intervention use
will require the most adjustment, whereas System fea-
tures offer the most leveraging opportunities. Six TDF
domains linked to more than one GUIDES factor (up to
6), and 8 linked to more than 1 GUIDES domain (up to
3). This reinforces the complexity of successful CDSS
intervention design, whereby addressing or leveraging a
single type of behavioural determinant will not only often
require changes to numerous conceptually similar inter-
vention features (i.e. within a GUIDES domain), but also
to disparate intervention features, across domains. For
example, our findings regarding users’ Beliefs About Con-
sequences of CDSS use indicate the need for: a strategy
to address concerns about the time required to complete
the CDSS (ensuring a manageable amount of decision
support - a CDSS Content factor); efforts to mitigate
the potential for a patient-facing questionnaire to create
unrealistic patient expectations of care (such that pro-
viders believe the system can be added to the existing
workload — a CDSS Context factor); and reinforcing that
CDSS use will allow for one’s colleagues to access stand-
ardized patient information (whereby the system is able
to facilitate team processes- a CDSS System factor).

Almost half of the GUIDES factors also linked to more
than one TDF domain, suggesting that a single change to
the CDSS intervention can impact different behavioural
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determinants of system use. For example, CDSS con-
tent factor 2.2, whereby decision-support should be rel-
evant and accurate, was linked to TDF domains Beliefs
About Consequences (e.g. belief statement “Completing
the CDSS will ensure that I capture all required patient
data”), and Memory, Attention and Decision Processes
(e.g. belief statement “I would not use the CDSS if the
reason for the visit was not directly related to the con-
tent of the CDSS”). Accordingly, changes to the system
that might impact perceived relevance and accuracy
of advice content could impact behavioural determi-
nants surrounding at least 2 theoretical domains. The
GUIDES factor associated with the most TDF domains
(5 domains) was “Stakeholders and users accept CDS”
(CDSS Context), reflecting the multiplicity and diversity
of behavioural factors that might act both as barriers and
enablers to acceptance of this complex intervention.

Finally, the same concept could act as both a barrier
and an enabler, depending on the user. These “oppos-
ing” belief statements lined up almost exclusively with
CDSS Context-related factors and were mostly depend-
ent on the user’s practice environment. For example, the
pre-visit questionnaire was a barrier to system use in
settings with insufficient clinic staff to support patients,
yet an enabler in settings where staffing was sufficient.
This finding emphasizes both the importance of under-
standing the context in which the intervention is being
launched and the potential value of tailored, context-spe-
cific intervention branches. We also noted that whether
the concept underpinning the belief statement acted as
a barrier or enabler could sometimes lead to a distinct
corresponding GUIDES factor. This suggests that inter-
vention changes required to overcome a barrier in some
situations will be different than those that could be used
to leverage the same concept as an enabler in others.

Of the 12 belief statements that could not be linked to a
specific GUIDES factor, three related to how the context
of clinical visits could influence provider CDSS use (the
number of clinical issues addressed during a single visit, a
patient’s disease severity, and the time available to address
the CDSS-targeted condition). Though GUIDES generally
addresses the question of workload feasibility, these beliefs
statements may highlight a need to include more nuanced
contextual factors related to individual patient/visit com-
plexity. Insufficient consideration of such contextual fac-
tors in CDSS design and implementation was believed
to partly explain the small effect sizes achieved by CDSS
interventions in a recent meta-analysis [26]. Another
belief statement not linked to a GUIDES factor was the
positive influence of seeing improved patient outcomes
from CDSS use. Performance feedback on CDSS use and
care quality was identified as a factor of potential inter-
est in a prior Delphi study [4], and feedback on patient
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outcomes may prove even more meaningful [27]. Finally,
although the GUIDES calls for ensuring that the qual-
ity of patient data inputs is adequate, it does not address
identified belief statements pertaining to patient-facing
data collection interfaces as part of the CDSS, including:
how patient questionnaires might enable time savings in
clinical data collection, their effects on patient-provider
relationships; how well they are tailored to patient needs;
and how they might enable patient prompts for providers
to use the CDSS. These factors are equally absent in other
CDSS evaluation frameworks, despite the growing use
of pre-visit electronic patient questionnaires, which have
been shown to be a reliable, acceptable and usable in real-
world settings [28], and present opportunities for patient-
mediated knowledge translation [29, 30]. As CDSSs
continue to evolve to include more patient-reported
data, this should be a consideration in CDSS intervention
development [31]. More broadly, identification of several
potentially important belief statements which underpin
system use through the TDF analysis, which are absent
in the GUIDES framework, demonstrate the value of our
unique approach, and the complimentary nature of these
approaches (i.e. these factors would have been missed in a
GUIDES analysis alone).

A theory-based approach to developing successful
behavioural interventions requires identifying domains
in the TDF influencing a particular behaviour and
matching these to corresponding behaviour change
techniques (BCTs) [32, 33]. However, we believe that
CDSS usage is conceptually different than “typical” pro-
vider behaviors of interest such as testing or prescribing,
as the desired action itself is use of a complex software
system, whereby uptake may be as strongly influenced
by the context, content, and design of the system itself,
as how it is implemented. Indeed, the majority of belief
statements in our study were linked to Context, Con-
tent and System GUIDES domains, whereas only 5/53
(9.4%) were linked to the Implementation Domain. Pre-
viously, Camacho and colleagues [34] proposed a con-
ceptual framework that could be used to improve of
CDSS implementation by connecting factors relating to
behaviour change to factors relating to CDSS technol-
ogy acceptance. We propose a phased approach to opti-
mizing CDSS uptake through existing validated tools.
First, the TDF process could be used to identify barri-
ers and enablers to uptake. Next, as an intermediate
step between the TDF process and matching to BCTs
required for implementation, the GUIDES checklist
could be used to identify required changes to the CDSS
technology and opportunities to optimize the interven-
tion context (by addressing TDF belief statements map-
ping to the GUIDES domains). Finally, all TDF domain
belief statements could be matched/linked to BCTs to
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optimize implementation, through a tool such as the
Theory and Techniques Tool (Fig. 2) [35]. The Theory
and Techniques Tool is an online tool that links 74 BCTs
from a taxonomy to 26 mechanisms of action (includ-
ing the 14 domains in the TDF). The tool was based
on a comprehensive review of the literature and expert
consensus and can be used to develop evidence-based
interventions [36-38]. The strength of evidence for
each BCT'’s effect on each TDF domain is colour coded
within the tool (https://theoryandtechniquetool.human
behaviourchange.org/tool) [36].

Although we have not focussed on BCT matching in
this report because it is well-described elsewhere [35],
the following is an example of how these complimen-
tary frameworks could both be applied. The TDF Beliefs
about Consequences domain and associated barrier that
CDSS advice might be misleading in patients with mul-
tiple comorbidities, aligns with the GUIDES CDSS Con-
tent Domain and factor 2.2 (“the decision support is
relevant and accurate”). In response, the CDSS could be
engineered to detect and exclude patients with certain
comorbidities. At the same time, based on the Theory
and Techniques Tool, a BCT with evidence of effect for
the Beliefs about Consequences TDF domain was linked
to specific information (written, verbal, visual) about
health consequences (in this case) of following the CDSS
advice in patients with multiple comorbidities (for exam-
ple, informing users that these use cases are automati-
cally detected and accounted for by the system) [36—38].

Our study has several strengths and limitations. Our
approach enabled an exploration of the relationships
between elements in the TDF and GUIDES frameworks
and provides a successful test case for our novel proposed
strategy for theory-based CDSS intervention optimiza-
tion. Data were collected from primary care providers,
and determinants of use may vary by healthcare user
type. Similarly, determinants may vary across settings
such as specialty and in-patient care. We also note that
several determinants of use reported by providers were
based on their perceptions of patient experiences with
the system. To validate whether these perceptions were
accurate, we cross referenced corresponding belief state-
ments with those derived directly from a prior TDF anal-
ysis of patient-reported determinants of use of the eAMS
[39]. Although 6 of 9 provider perceptions were validated
by patient report, the remaining three, all relating to
provider perceptions of the impact of the patient-facing
questionnaire, were not reported by patients (Supple-
mentary file 3). Finally, we demonstrated our proposed
model in a single CDSS addressing a specific disease
(asthma), and it now requires testing with other systems
and in other diseases.
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Conclusions

In summary, we applied the TDF framework to assess
barriers and enablers to using a CDSS, then matched
extracted belief statements to elements in the GUIDES
framework, enabling a mapping of TDF domains to
GUIDES factors. Matched GUIDES factors yielded mul-
tiple insights relating mostly to how the context of CDSS
use and the CDSS itself (how the system functions and its
content) could be optimized for user uptake. We believe
that GUIDES domain matching is a useful intermedi-
ate step between the TDF process for identification of
behavioural determinants and the subsequent matching
of TDF domains with BCTs for optimizing CDSS imple-
mentation. This proposed approach now requires both
qualitative validation determining user-perceived value
of system and intervention changes produced, and quan-
titative validation measuring changes in user uptake.
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