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Abstract

Objectives: The aim of the study is to describe the user experiences of a nationwide digital decision support system (DDSS).

Summary of background data: DDSSs have the potential to improve the quality and safety of healthcare services by support-
ing clinical decision-making with evidence-based recommendations. Due to a lack of knowledge, it is difficult to assess
whether DDSSs are fulfilling their purpose. In Estonia, a nationwide DDSS for general practitioners (GPs) was implemented
in 2020. To understand the impact of DDSS on the quality of care in the Estonian context and meet the demands of health-
care, it is necessary to gather information about the experiences of the users. This is the first study that examines the experi-
ences of GPs on the use of DDSS nationwide.

Methods: A qualitative descriptive study was conducted based on snowball sampling. Semi-structured interviews were per-
formed in February-March 2022 with nine GPs. Data were analyzed by thematic analysis. A total of six themes and 16 sub-
themes emerged from the data.

Results: A total of six themes and 16 subthemes emerged from the data. The following themes were identified: user-friend-
liness, DDSS use in clinical practice, benefits of the DDSS, and the impact of the DDSS on GPs’ work, barriers to using the
DDSS, and suggestions for improving the user experience. The results of the study are important, as they address and con-
tribute to the relevant aspects of digital health in primary care.

Conclusion: GPs shared their individual user experiences, including user-perceived barriers and enabling factors that influ-
ence the implementation and use of a decision support system in primary care settings. It is revealed that GPs have different
benefits and barriers depending on the topic discussed. Future research should evaluate the functioning of the DDSS and the
quality of the decisions it provides by observing and evaluating patient records. Systematic user experiences need to be col-
lected and examined to ensure the usability and sustainability of the DDSS.
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Introduction

Digital decision support systems (DDSSs) are software
solutions developed to facilitate clinical decision-making,
where patients’ health data are matched with computerized
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clinical knowledge or a machine learning (ML) algorithm,
and then personalized recommendations are presented
to inform decision-making.'** Different types of DDSSs
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are widely used at different levels within the healthcare
system to support specific processes of care and health
issues, both in medical and nursing care. A DDSS is a
crucial tool that primarily deals with health and medical
data, and recently, genome data as well.'”’

A DDSS is used to support the clinician’s decision-
making process in several ways. It can improve the treat-
ment process by influencing the quality of treatment, redu-
cing treatment errors, increasing healthcare professionals’
adherence to treatment instructions, and improving patient
outcomes/health outcomes involving patients’ data assess-
ment.®!!

There are knowledge-based and non-knowledge-based
DDSSs.’ Knowledge-based systems are based on rules
(IF-THEN statements), and the system retrieves data to
evaluate each rule and produce an action or output
(Figure 1). Non-knowledge-based DDSSs produce recom-
mendations based on different artificial intelligence
methods, such as ML, or statistical design, rather than
evidence-based (EB) knowledge.

Decision-making support can allow healthcare profes-
sionals to work easier and faster. However, one of the
important aspects of using DDSS is a positive user experi-
ence. Unfortunately, based on the literature there is no inter-
national consensus regarding approved methods of
measuring the user experiences of clinical decision
support tools.""™"” Therefore, it is difficult to confirm
whether the decision support systems are effective and
useful (i.e. whether they fulfill their purpose, meet user
expectations, and what is the quality of their outputs).

Implementation of DDSSs in the Estonian
Nationwide Health Information System

Primary care is a gatekeeper of patient journeys in the
Estonian healthcare system, which is based on the
solidarity-based principle, meaning that all insured people
in Estonia are entitled to the same quality healthcare.
General practitioners (GPs) have free access to the
Evidence-Based Medicine Electronic Decision Support
System (EBMeDS) that is implemented nationwide. It is
used for clinical decision-making through patient-specific
recommendations and entries both in real-time and for
special groups of patients.'®

EBMeDS is a unique, simple, and structured knowledge-
based software solution, which was developed by the
Finnish publisher Duodecim Medical Publications and has
been implemented in Estonia since 2020. EBMeDS sup-
ports qualitatively new primary care services by speeding
up the decision-making process. It is registered as a
medical device in Estonia.'®*°

The uniqueness of the Estonian setup is that the system is
anationwide solution, and all patients’ health data across the
country are considered. Likewise, EBMeDS uses a patient-

oriented Estonian Nationwide Health Information System
(EHIS) as an Electronic Health Records (EHR) service, in
which healthcare providers at different healthcare levels
have exchanged patients’ health data since 2008. EHIS
includes a medical overview of visits, anamnesis, diagnoses,
received treatment, and recommendations, which is visible
to all healthcare professionals taking care of the patient.'®
The data in EHIS is partly in the structured form using
international classifiers and terminologies (International
Classification of Diseases 10th Revision (ICD-10),
LOINC, ATC, etc.) and partly in the free text. For data
exchange, international standards, HL7 Clinical Document
Architecture, and Fast Healthcare Interoperatability
Resources are used.”!

All healthcare service providers in Estonia are obliged to
send certain data and documents defined by law to the
EHIS. The data are also visible to the patient through the
patient portal. EBMeDS is connected to all electronic
medical records (EMRs) used by GPs and to the
Prescription Center, which is a central service for e-pre-
scriptions. There are five different EMRs for GPs in use
in Estonia. EBMeDS automatically queries and analyses
the data from EHIS, the Prescription Center, and the
EMR of the GP and presents reminders, therapeutic sugges-
tions, and links to patient-specific guidelines through the
EMR user interface. The aim is to offer users the most
recent medical information relevant to the present treatment
context, supporting their clinical performance. Both the
medical data and data exchange standards are matched to
ensure that decision algorithms receive information in a
structured and standardized format.?*>2

EBMeDS analyzes patient data, compares the patient’s
status to criteria based on clinical guidelines, or looks for
any inconsistencies in the data. Based on the analysis, remin-
ders or alerts are created and sent to the GP’s desktop.
EBMeDS supports decision-making in 27 specialties and
can prefill interactive electronic forms with patient data,
such as calculators, recommendations, or algon'thms..zo’21

According to the register of the Health Board Republic
of Estonia, a total of 1195 GPs are registered in Estonia.”®
Most Estonian GPs (80%) use the DDSS in daily practice,
and for 95% of GPs, the DDSS is available on their
desktop.**

User experiences of a DDSS

Previous studies showed positive user experiences of
GPs due to access to drug interactions and calculations,
EB up-to-date guidelines, and alertness provided by the
EBMeDS, which drew attention to issues that were not
always being paid attention to.'® GPs experienced several
obstacles and negative experiences related to technical pro-
blems, irrelevant reminders, not up-to-date information, and
lack of time for using EBMeDS which encouraged ignoring
reminders.'®'
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Figure 1. Key interactions in a knowledge-based digital decision support system (DDSS).’

Evidence shows that alerts, reminders, or feedback
provided by decision support systems to healthcare profes-
sionals can influence patient care (e.g. diabetes care).'?
Koskela et al.'® investigated individually perceived barriers
and enabling factors affecting the implementation and
use of a DDSS by healthcare professionals. Their study
revealed that the reminders transmitted by the system are
effective in shaping the treatment management behaviors
of doctors.'®

It is assumed that the entry of the GP in the health record
affects the rules/suggestions offered by the decision support
system, which in turn affects the quality of treatment.
Marcolino et al.'* evaluated the perceived feasibility,
usability, and usefulness of a decision support system and
the satisfaction of healthcare workers six months after the
implementation of the system. In addition, two focus
group interviews were conducted with users: GPs and
nurses.'>!> In terms of feasibility, both GPs and nurses
agreed that decision support can be used in primary care.
Regarding ease of use, they stated that the decisions pro-
vided by DDSS were simple to use and particularly useful
in carrying out preventive activities and facilitating the
treatment process.'>

There are several advantages of the DDSS, including
reducing medication errors, improving patients’ safety,
clinical management and documentation, and supporting
diagnostics. The following risks are associated with the
DDSS: disrupted workflow, unnecessary alerts and notifica-
tions, interoperability issues, data content and quality, lack
of standardized metrics, affordability, and other concerns.’

Despite the benefits, little is known about the experi-
ences of users. Thus, the results of this research will be
helpful for improving the implementation of the DDSS by
GPs and the quality of treatment at the primary care level
when using technology to support clinical decision-making.
To understand the quality of decision support in the

Estonian context, it is necessary to evaluate both the func-
tioning of the system as a whole and the experiences of
the users. This was the first study to evaluate the user
experience of a DDSS in response to the expectations of
healthcare providers. This research is important, as it
addresses and contributes to the relevant aspects of digital
health in primary care. Accordingly, the aim of the study
was to describe the user experiences of the DDSS and
gain a sense of the underlying patterns and reasons GPs
have for interacting with it.

Methods

A qualitative descriptive study was conducted, with snow-
ball sampling used to recruit the interviewees. Initially, the
plan was to conduct 10 interviews or to collect data until the
database became saturated, that is, when no new informa-
tion was added during the interviews and the answers
began to repeat.”> For this purpose, the Estonian Society
of General Practitioners (EPS) was approached with a
request to distribute an invitation to participate in the
study, because the majority of GPs are members of the
EPS. The inclusion criteria were as follows:

1. Willing to participate in the study and share user
experiences.

2. Registered as a GP in the registry of the Estonian Health
Board.

3. A member of the EPS.

4. Working as a GP with one’s own or another GP’s
patients list.

5. Using the EBMeDS in her/his daily clinical work.

Hence the exclusion criteria were:

1. Being unable to give informed consent.
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2. Not registered in the registry of the Estonian Health
Board.

3. Does not work permanently with a patients’ list.

4. Does not have access to the decision support system
and, therefore cannot work with it daily.

The GPs who agreed were then asked to recommend other
contacts who fit the research criteria and who might be
willing to participate, and in turn, who could also recom-
mend other potential participants. The reason for utilizing
a qualitative study design and snowball sampling was that
it was difficult to objectively calculate the actual accuracy
and impact of the DDSS. Due to a lack of research data,

Table 1. Main themes and subthemes identified.

User friendliness Positive and negative user

experiences
DDSS use in clinical practice Patient with multimorbidity
Adult health examination
Benefits of the DDSS Modern solution

Supports clinical
decision-making

Digital solution integrated with
GPs dashboard

Convenient to use

Impact of the DDSS on GPs’
work

Time saving

Improved communication
Improved documentation
Barriers to using the DDSS ~ Mismatched input data

Suggestions for improving
the user experience

Warning when entering wrong
information

Warning if data differs from
reference values

Compliance of data with system
recommendations

Data exchange when changing
the patient

Timing of alerts/warnings

DDSS: digital decision support system; GP: general practitioner.

it is unclear whether the DDSS is fulfilling its purpose and
the quality of the decisions, alerts, and reminders it provides.
In order to evaluate the recommendations offered by the
DDSS and their compliance with the physician, the patient’s
health and related sensitive data from the EMR and related
documentation should be used. In other words, it can be
challenging from a data protection perspective.”®

Data were collected in February—March 2022. A total of
nine GPs were interviewed. GPs who agreed to participate
in the interview contacted the researcher using the contact
details listed in the invitation, and then a suitable time
and place for the interview (on-site or online/MS Teams,
Zoom, Skype) were agreed upon.

Informed consent was obtained from all participants.?’
Since all the GPs preferred video interviews (using MS
Teams), digital signing of the informed consent form was
used, as electronic signing allows document files to be
signed without paper and saves time.”® Semi-structured
interview questions (8) adapted from Koskela et al. were
used for the interviews (after translation into the Estonian
language) to clarify user-perceived barriers and enabling
factors that influence the implementation and use of a deci-
sion support system by healthcare professionals.'® The
interview questions were as follows:

1. Please share the user experience of the DDSS?

2. In which clinical situation did you use decision support?
How much time did it take? What was the consequence
of this?

3. What do you think are the best elements of this decision
support?

4. What impact has decision support had on your work or
collaboration between other professionals and patients?
Has it affected the way you work?

5. Which decision support elements have you paid atten-
tion to? Which ones have you not?

6. Have you encountered obstacles when using decision
support?

7. What ideas/suggestions do you have for improving
decision support?

8. Is there anything else about the decision support system
that we haven’t mentioned yet?

During the interviews, the respondents were directed to
delve more into the topics with guiding questions: *“Please
give an example, how was it exactly, can you add some-
thing else, what it meant to you, how it affected you.” At
the end of each interview, the interviewee was given the
opportunity to add something if desired.

Data analysis

The duration of the interviews was 30—45 min, which were
conducted as video meetings. All the interviews were recorded
in MS Teams and transcribed into text by the lead author after
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the interview was finished. All interviews were then listened to
and read over, avoiding the loss of text, and then the recordings
were deleted from the recorder. No personally identifiable
information was transcribed during the interviews.

The data were analyzed based on a six-step thematic ana-
lysis framework, which is a qualitative data analysis method
for identifying themes within qualitative data.”*' In the
first step, the researcher became familiar with the data, and
important notes were recorded. Step two included the gener-
ation of the initial codes. Open coding was used, meaning
codes were developed during the coding process. In the
third step, a search for themes was conducted. Descriptive
initial themes describing patterns in the data relevant to the
research questions were identified. In step four, the initial
themes were reviewed and modified. In step five, the final
refinement of the themes was conducted. The process
ended with a write-up in step six.*’' The result was
based on 26 codes, which were categorized into six themes
and 16 subthemes (see Table 1). The presentation of the find-
ings is based on the themes, subthemes, and quotations.

Results

The analysis revealed six main themes: user-friendliness,
DDSS use in clinical practice, benefits of the DDSS, the
impact of the DDSS on GPs’ work, barriers to using the
DDSS, and user experience improvement suggestions
(Table 1).

The first identified theme was ‘“user-friendliness,”
based on GPs’ shared user experience of the DDSS.
There were both positive and negative experiences shared
by GPs, who reported that the DDSS was “convenient to
use” (GP1, GP2, GP4, GP5, GP6, GP7, GP9) and
“simple.” (GP2, GP4, GP5, GP6, GP7, GP9). As with
any innovation, the users expressed some initial bias: “At
first it seemed complicated, and I was confused. I needed
time to learn how to use it.” (GP3). It was also reported
that the DDSS operates “...slowly, wastes the time of the
visit...” (GP8). The second identified theme, “DDSS use
in clinical practice,” referred to the use of the system in
daily practice with the patient. The majority of patients
GPs are taking care of in their daily practice have several
chronic diseases (multimorbidity). GPs shared that DDSS
was used for “...working with chronically ill patients...,”
(GPS8, GP1, GP3, GP5), as well as for adult patients who
required a license for “...driving a motor vehicle” (GP4).
One of the interviewees used the DDSS with a “... regular
patient arrived for a visit...” (GP1-GP9) and found the
system to be “...time-saving” (GP1, GP2, GP4, GP7, GP9).

Third, the “benefits of the DDSS” were supported by
subthemes like “modern solution” (GP1, GP2, GP4, GP5,
GP6), which “supports clinical decision-making” (GP7,
GP9) and is “convenient to use” (GP1, GP2, GP3),
because it is a “digital solution” that is “integrated with
GPs’ desktop” (GP1-GP9). Based on the interviewees,

the DDSS “supports GPs’ work” (GP1, GP4, GP5, GP6)
by giving “suggestions based on the current treatment
guidelines, no need for search anything else” (GP2, GP3),
as well as providing “instructions, etc., that I would not
have thought of immediately” (GP2, GPS5), and recommen-
dations for “consider making diagnostics and lab tests”
(GP6, GP7, GP8). The participants stated that the current
DDSS is “modern and convenient because of [its] integra-
tion with the GPs’ dashboard” (GP3, GP4).

The fourth identified theme was “impact of the DDSS
on GPs’ work,” which was supported by subthemes like
“time-saving” (GP1, GP2, GP3, GP5) and “improved
both communication and documentation” (GP4, GP6,
GP9). Using the DDSS “enables GPs to spend more time
on the patient” (GP1, GP2, GP4). Moreover, the GPs
stated that “documentation improved” as well as “commu-
nication among other specialists” (GP2, GP7, GP9).

The theme “barriers to using DDSS” was mainly
related to “mismatched input data.” GPs reported that
“When opening new patient’s health record, recommenda-
tions related to the previous patient displayed” (GP2,
GP8), which in turn raises doubts about the trustworthiness
and quality of the data and the system. Also, GPs pointed
out that “when I search for a recommendation, this data
field is empty, but when I click on it, the treatment recom-
mendations appear” (GP8, GP9).

GPs also made suggestions related to “user experience
improvement.” Several subthemes were identified, includ-
ing “warning when entering wrong information” (GP2,
GP3, GPS), “warning if data differ from reference values”
(GP1, GP2, GP5), “compliance of data with system recom-
mendations” (GP3, GP4, GP5, GP9), “data exchange when
changing the patient” (GP8, GP9) and “timing of alerts/
warnings” (GP1, GP8, GP9). When inserting incorrect clin-
ical data, an exception should be generated and displayed,
which does not allow the system to proceed further: “If
there is any error in the values of the blood tests or a repe-
tition, ex-high cholesterol values are over the reference
value, then appropriate warnings or recommendations
should be given/displayed” (GP8) and “While viewing
the health record there is no entry in the health record
about whether the doctor followed recommendations or
not” (GP2, GP5, GP6). This is because it is not possible
to assess whether the decision/recommendation of the deci-
sion support system was taken into account by other GPs:
“The DDSS shows the recommendations given to the previ-
ous patient. Therefore, the reliability/relevance of the
offered recommendation is questionable” (GP8). In this
case, the warning is incomprehensible because the recom-
mendation/warning has already been made.

Discussion

The results of this study are based on user experiences of
the nationwide DDSSs, the first time that GPs’ experiences
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with the DDSS have been examined in Estonia. To the best
of our knowledge, Estonia is the first country in which clin-
ical DDSS is used nationwide. The current study is import-
ant, as it addresses and contributes to the relevant aspects of
digital health in the Estonian primary care settings. Six
main themes were revealed in the study.

The theme “barriers to using DDSS” was mainly related
to “mismatched input data.” There is evidence that non-
relevant recommendations, alert fatigue, a lack of user-
friendliness, slow and poor integration with the EHR, and
information overload affect the use of the DDSS.?
Barriers revealed from this study included technical and
content-related obstacles, while non-relevant recommenda-
tions and information explosion can be considered an
experts’ habit phenomenon. GPs have their own profes-
sional behavior based on individual clinical intuition,
expertise, and beliefs that are not always in alignment
with the organizational changes, which in turn may lead
to difficulties in accepting and effectively making EB clin-
ical decisions. One possible explanation for not adopting
and accepting the DDSS could be that the system does
not meet the needs or support the current way of clinical
working, meaning it simply is not serving its purpose.

In recent studies, several barriers have been reported
related to DDSS use, such as poor digital competence,
limited access to EHRs, lack of timely technical support,
overloaded work environments, and poor interaction with
other software solutions.® In a recent study conducted by
Horwood et al. (2023),'! participants suggested that alerts
could be displayed when incorrect data are inserted by the
GP into the DDSS or if the values do not match the refer-
ence values. In this study, the GPs reported that the
DDSS displays recommendations related to the previous
patient, not the next patient who is visiting the GP. This
could be explained by the fact that the software system is
running slowly, which does not allow the comparison and
alignment of data. Since the DDSS does not analyze or
match free, narrative text, it is important for GPs and
nurses to insert data in a structured way into the appropriate
data fields, to use the correct ICD-10 codes, and to insert the
correct prescription type and treatment plan when writing a
prescription.

DDSSs are used worldwide in various clinical situations,
and they are considered a way to improve healthcare deliv-
ery.lf5 However, the use of a DDSS is limited to the EMRs
of a healthcare provider or EHRs of a specific region. The
results of our study also confirmed that the DDSS in
Estonia is used to deal with various health issues due to
its benefits. GPs are the gatekeepers of the healthcare
system, and patients with various problems need to be
effectively assessed during the limited visit time and
treated appropriately. It is crucial to provide appropriate
conditions at the primary level to assist and support GPs
in achieving their clinical goals to improve patients’
health outcomes.

Based on the study conducted by the Estonian Health
Insurance Fund,24 only 80% of GPs use the EBMeDS,
which is surprising since the DDSS has been enabled for
several years. Similar results were reported in the study of
Kortteisto et al.>> On the one hand, this may be due to the
fact that GPs in Estonia have no unified EMR, and technical
issues may affect the acceptance and usage of the DDSS.
Fragmented digital systems may be a problem and may
affect patients” safety.! However, on the other hand, it
may be due to GPs’ lack of knowledge or previous experi-
ence regarding using the DDSS, or it may be assumed that
the DDSS itself lacks a user-friendly design. Users’ digital
competency, previous experience with similar digital solu-
tions, and appropriate training all facilitate proper usage and
interaction with the DDSS.*** There is a need for clear
and concise training that supports GPs in the use of the
system. The motivation of GPs to use the system could
also be increased by confirming the evidence that informs
the system, which does not replace the clinical intuition
of several specialists. Since the priority of GPs’ clinical
work is patients’ well-being, it would be unreasonable to
waste this valuable professional resource on poor develop-
ment. However, as long as the use of the system is not fully
accepted by GPs and is voluntary, it cannot be ensured that
the target group will use it appropriately despite its benefits.

Moreover, GPs reported the “impact of the DDSS” on
their work, saving time and enhancing communication at
all levels as well as improving documentation. These
results offer valuable insights regarding quality-of-care
coordination, which can improve long-term patient out-
comes. Casey et al.® reported similar findings, as the major-
ity of physicians who participated in their study agreed that
the DDSS improves patient outcomes and saves time. In a
recent study by Meunier et al.,” physicians stated that
using DDSS increases their self-confidence and improves
care, ensuring patients receive appropriate care, including
patient education.

The availability of medical care may be affected by a
lack of healthcare personnel and insufficient time for
patient visits, making it difficult to identify needs, make
decisions, and provide documentation at the same time.
Patients seeking medical help at primary healthcare
centers may have several conditions simultaneously and
may use different healthcare services in various healthcare
institutions. It may also be the case that patient data are
not available to all parties, although all relevant health
data should be transferred to the central system in the
Estonian case. Users prefer DDSSs that are simply
designed, save time, and are easy to learn and install if
needed.® It is an important benefit for GPs that EBMeDS
is integrated with their desktop. This saves time when
dealing with data and, at the same time, harmonizes the
available data and offers relevant recommendations.
Despite the assumptions, it is important for clinicians that
the DDSS recommendations encourage them rather than
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oblige them to interact. One recent study highlighted the
importance of accessing the DDSS from different locations
of the EHR.®

It is vital that the software solution is not distracting
and provides evident value. When developing technical
solutions, specialists working in this field should be
involved in the development process, and their opinions
should be considered." Ineffective care coordination and
the underlying suboptimal teamwork processes are health-
care organization issues. To provide safe and quality
care, accurate and effective teamwork-related interven-
tions, as well as collaboration at different levels, are
required.?*-*>-3¢

The current study has some limitations. Firstly, since it is
a first-time study in Estonia, it is not possible to compare the
results gained with those of previously published ones that
emerged from the same conditions. Secondly, the results
cannot be generalized to all clinical software and/or
DDSSs and GPs, as this study mapped individual user
experiences to a specific EBMeDS. However, the involve-
ment of end users in the development process and system-
atic evaluation of usability are important inputs for the
implementation and sustainable usage of the software.
Thirdly, the study sample is rather poor, but the design of
the study was found in prior methodological studies. The
poor sample may be caused by the fact that only those
GPs who are most interested in e-health and electronic
data systems agreed to participate in the study. The
authors would consider rearranging and reanalyzing inter-
views to confirm saturation in future research. Also, the
focus group interview could be used as an alternative
method in this study or in future studies so participants
could share their thoughts and ideas regarding DDSSs.

Conclusion

GPs shared their individual user experiences including
user-perceived barriers and enabling factors that influ-
ence the implementation and use of a decision support
system in primary care settings. It is revealed that GPs
have different benefits and barriers depending on the
topic discussed. Based on the study results, the DDSS
has the potential to serve this purpose, despite several
developmental issues.

The study showed that certain improvements are
required, and user experiences and opinions should be
considered in making those improvements. In particular,
future studies are needed to examine systematic user
experiences and evaluate the functioning of the system
and the quality of the decisions provided by the DDSS.
This should involve observing and evaluating EHR as
well as focusing on the pros and cons of using the
DDSS. Systematic user experiences need to be collected
and examined to ensure the usability and sustainability of
the DDSS.
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