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ABSTRACT

General Practitioners (GPs) report frustration in locating, customising and prioritising
data in Electronic Health Records, which impairs their situation awareness (SA) and
consequently impacts decision making and quality of care. Gaining SA in primary
care before and during the clinical consultation is challenging, mainly due to barri-
ers including time constraints, fragmented data, limitations in GP-patient interaction,
usability issues of the Electronic Health Record (EHR) and information overload. This
is enhanced with an increasing ageing population, and patients with multimorbidity.
Timely and effective communication of information through data visualizations and
visual analytics are promising avenues to address some of the GPs situation aware-
ness needs and barriers, potentially supporting clinicians in making more accurate
and rapid decisions. In this paper we propose a taxonomy of situation awareness fai-
lure factors in Primary Care, based on interviews with Primary Care GPs and Endsley’s
SA error taxonomy. We then discuss design implications towards enhancing situa-
tion awareness in Primary Care when using EHR systems, supporting the potential of
holistic visualisations to enhance SA before and during the clinical consultation.

Keywords: Situation awareness, Decision making, Primary care, General practitioner, GP,
Electronic health record, Information visualization, Data visualization, Holistic

INTRODUCTION

Primary care clinicians deal with a wide range of patients and disease areas,
and need to make critical decisions, such as diagnosis, referrals, investigati-
ons, treatments and care management in a short consultation time of 10–12
mins (Patel et al. 2020; Porat et al. 2016; Porat et al. 2017). Increasingly,
the primary care environment features a rise in patient complexity, an aging
population, and an upward trajectory of multimorbidity where patients are
likely to present multiple health conditions and issues in one consultation
(Patel et al. 2020, Temte et al. 2020). Furthermore, poor usability of Electro-
nic Health Record [EHR] systems, with fragmented and missing information
can challenge the clinician’s ability to ascertain the key factors and their cri-
tical features to gain and maintain situation awareness (McCarthy, 2016;
Beasley et al. 2011). Reduced situation awareness increases both errors in cli-
nical decision making and the patient risk for experiencing adverse outcomes
(Savoy et al. 2020).

Electronic Health Records (EHR) are the main source of patient infor-
mation in primary care, containing detailed documentation of patient data
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(Aaronson et al. 2019). Whilst EHRs are expected to provide information
required by primary care clinicians, to support and enhance their SA, the
information is poorly organised, and presented as digital translations of
paper-based charts, retaining an archaic format of visual and numerical medi-
cal data (Evans, 2016; Baron, 2007; Peek, 1993). Healthcare providers report
frustration in usability, locating, customising and prioritising data (Bui and
Hsu, 2010; Howe et al. 2018; Roman et al. 2017; Sinsky et al. 2014). An
increase in data contributes to the information overload experienced by pri-
mary care clinicians (Furlow, 2020; Rand et al. 2018), where consequently
critical findings can be missed (Singh et al. 2012; Graber, 2017), or diagno-
stic errors made (Rand, 2018; Singh, 2012). In scenarios of long-term illness,
chronic-care or multimorbidity, the clinicians’ cognitive overload is augmen-
ted (Wenzl, 2019; RCGP, 2020), and situation awareness decreased (Singh
et al. 2006). Thus, there is an opportunity to enhance situation awareness at
each step via more organised and meaningful displays of data (Pashaei and
Gross, 2017), to aid the clinicians’ SA, help them better understand a patient’s
situation, enhance efficiency, improve the quality of care, reduce human error
(Bui and Hsu, 2010; Drews and Westenskow, 2006; Elo, 2008), and conse-
quently support decision making (Waler et al., 2019) “Every physician wants
a balance between the most essential information without the distractions of
data they could live without.” (Prasad, 2016).

Previous studies of medical scenarios in primary care shows that errors
in practice are linked to deficiency in one of the four levels of situation
awareness: 1. information perception, 2. information comprehension, 3.
forecasting future events and 4. selecting an appropriate action (Graber
et al. 2017; Murphy et al. 2019; Powell et al. 2020; Singh et al. 2012). In
our previous study (Patel et al. 2020), we explored opportunities in enha-
ncing physicians’ situation awareness and reducing their cognitive overload
to improve decision making and quality of care before and during the clini-
cal consultation. Interviews with eight General Practitioners explored what
important information is required before and during the GP-patient consul-
tation to enhance situation awareness; when is the right time to display this
information, what is the desired format and what are the main barriers to
gaining situation awareness. The Situation Awareness model (Endsley, 1995)
was used as a conceptual framework to classify emergent themes. Informa-
tion visualization was proposed as having the potential to enhance situation
awareness during the clinical consultation.

In this paper, we aim to map the factors that contribute to SA errors in
primary care, across the four levels of SA: Level 1- gathering of data, Level 2-
interpreting of information, Level 3- anticipation of future states and Level
4- selecting an appropriate action; ‘what exactly should I do?’. Data from
semi-structured interviews was analysed and reviewed to support the develo-
pment of a SA failure factors taxonomy, in Primary Care, mapped to Endsley’s
SA error taxonomy (Endsley, 1995). By identifying the potential errors at
each SA Level, we can better understand the factors that contribute to redu-
ced SA in Primary Care, guiding the identification of possible solutions and
interventions. The emergent taxonomy highlights and identifies improvement
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opportunities at individual and system levels, which are translated into pro-
posed implications and guidelines for practice, for future tool and system
development.

SITUATION AWARENESS IN PRIMARY CARE

Situation Awareness (SA) is “the perception of the elements in the environ-
ment in a volume of time and space, the comprehension of their meaning
and the projection of their status in the near future” (Endsley, 1995; Endsley,
1988). SA is a critical requirement towards providing an understanding of
‘what is going on’ and ‘what is likely to occur next’ (Salmon et al. 2009), and
reduced SA is shown to increase errors in clinical decision making, resulting
in adverse outcomes and patient harm (Savoy et al. 2020; Schulz et al. 2016).
Conversely, higher levels of SA are linked to improved clinical outcomes
(Stubbings, 2012).

Endsley’s model of SA (1995) identifies three levels of SA linked to
decision-making. The SA levels are incremental; Level 1 – Perception of
current situation (gathering data); Level 2 – Comprehension of current situ-
ation (interpreting information); Level 3 – Projection of what can happen in
the future (anticipation of future states). In the context of primary care, a
fourth level (Level 4) is proposed by McGuiness and Foy (2000) - choosing
appropriate action based on the first three levels – “what exactly shall I do?”.

Previous research (Patel et al. 2020; Porat et al. 2016) have shown that
diagnosing patients in primary care has similar phases to the situation awa-
reness model. Patel et al. (2020) mapped four core categories to the SA model
when consulting via EHR, namely: (a) gathering patient data, (b) interpreting
the patient’s information, (c) forecasting of future events and (d) selecting an
appropriate action. Similarly, Porat et al. (2016) stipulated four key cogni-
tive requirements when diagnosing patients: (a) retrieving information from
the patient record, (b) generating diagnostic hypotheses, (c) testing diagno-
stic hypotheses, and (d) deciding on a patient management plan. In most
cases, the initial situation assessment relied on retrieving information from
the EHR and integrating it with the patient’s presented problem and rea-
son for consulting. Throughout the diagnostic process, clinicians generate
and test their diagnostic hypotheses through conversing with the patient,
asking questions, performing clinical examinations and investigations whilst
continually integrating and interpreting the information they elicited. Each
step of the diagnostic process has a cognitive requirement where the General
Practitioner (GP) needs to decide what information is important and requi-
res eliciting, make the link between information, and select an appropriate
course of action. Errors in SA, including missing important information in
the EHR, not referring to necessary investigations, taking inappropriate or
delayed action, are the main cause of diagnostic errors, and were found to
contribute to serious potential harm in primary care settings (Graber et al.
2017; Murphy et al. 2019; Powell et al. 2020; Ramnarayan et al. 2003).

Situation awareness is a critical characteristic influencing decision making
and thus patient safety and quality of care. Where healthcare professionals
work in complex and dynamic environments, increased SA has been shown
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to improve clinical outcomes (Stubbings, 2012). Primary care clinicians are
required to scan, process, and interpret an ever-increasing amount of patient
data, challenging their ability to review all required and relevant information
to make informed decisions that influence patients’ lives. Gaining SA in pri-
mary care prior to and during the clinical consultation is challenging, due to
barriers such as time constraints, GP-patient interaction, usability issues of
the EHR and information overload (Patel et al. 2020). Primary care clinicians
require accessible, comprehensive, timely, and accurate patient information
to assist in facilitating decisions related to diagnosis, prevention, treatment,
and management of acute or chronic conditions (Beasely et al. 2021; Savoy
et al. 2020).

Within the healthcare domain, SA is an important concept in critical care,
anaesthesia, and surgery due to the perceived urgency of tasks requiring
minutes and seconds. It is easier to gain SA in contexts such as the emer-
gency department and operating room (McCarthy, 2016), over primary care
settings due to fragmented information and slow change between data, and
thus SA in primary care is also less researched (Graber et al. 2017). Deci-
sion support systems have been proposed to support GPs in their different
tasks, such as diagnosing patients (e.g., Kostopoulou et al. 2017; Bridgwood
et al. 2018; Porat et al. 2016), supporting treatments and medications (e.g.,
Eghdam et al. 2011; Tory and Moller, 2004) and managing patients with
complex needs (e.g., Porat et al. 2019; Chana et al. 2017). However, we are
not aware of research that has focused on eliciting situation awareness needs
and barriers during the clinical consultation to design interventions that will
support those barriers.

Our previous findings (Patel et al. 2020) supports the need to enhance
Situation Awareness prior to the GP-patient consultation; where all GPs
concurred that a visual presentation, which avoids having to sift through
lines and lines of text could address some of the SA issues that were iden-
tified; and suggests that information visualizations have the potential to
enhance situation awareness by addressing some of the identified barriers
to SA, consequently improving decision making and quality of care.

FAILURE IN SITUATION AWARENESS

A high percentage of failure in human decision making is related to errors in
situation awareness (Endsley et al. 1995; Despins, 2018). Endsley’s taxonomy
for classifying and describing errors in SA (1995), maps factors affecting SA
at each of its three levels to factors contributing to failure in SA. At a top level
these are, Level 1– failure to correctly perceive the situation; Level 2 – failure
to comprehend the situation; and Level 3 – failure to project the situation
into the future (Endsley, 1995).

In developing the taxonomy and to better understand the factors leading
to SA errors, Endsley reviewed major aviation accidents in the United States
(Endsley, 1995). Healthcare organisations have also analysed and categorised
adverse patient outcomes as failure of SA events (Brady et al. 2013), and
subsequently focused quality improvement on improving specific levels of
SA (Brady et al. 2013; Despins, 2017). A similar approach can be realised in
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the (re)design of healthcare systems, to contribute to existing knowledge and
develop a taxonomy of SA failure factors in Primary Care. Established error
definitions at each of Endsley’s three levels of SA can be used to map factors
that contribute to failure in the gathering of data, interpreting of information
and anticipation of future states. Identifying the aims and objectives for each
level of SA in relation to the event help position tasks and responsibilities and
the SA errors can be translated into practice through the creation of tools or
guidelines. The main barriers and limitations to gaining SA in Primary Care
based on interviews with GPs (Patel et al. 2020), can further map to and
align with the SA error taxonomy. This highlights and identifies improvement
opportunities at individual and system levels, thus supporting the ongoing
development of situation awareness in Primary Care, consequently enhancing
patient safety and quality of care.

METHODS

Towards developing a taxonomy and understanding the failure factors lea-
ding to SA errors in Primary Care, data from a prior study (Patel et al.,
2020) consisting of semi-structured interviews with eight General Practiti-
oners (GPs) highlighting ‘Barriers & Suggestions by Level of SA’, was further
analysed and aligned to Endsley’s SA error taxonomy (1995), for the 3 SA
Levels. The fourth level of SA proposed by McGuiness and Foy (2000), which
is specifically for SA in primary care (choosing appropriate action), was also
added to the taxonomy. SeeTable 1: SA Failure Factors and Characteristics of
Barriers to SA in Primary Care. The emergent taxonomy highlights and iden-
tifies improvement opportunities at individual and system levels, which are
translated into proposed implications and guidelines for practice, for future
tool and system development (see Table 2).

FINDINGS

Level 1– Failure to Correctly Perceive the Situation

In the perception of the current situation and gathering patient data, impor-
tant patient information may not be available, or perhaps difficult to
ascertain or assimilate or perceive. The unavailability of data and patient
information can stem from established systemic failures such as the delay
and lack of integration between healthcare providers. This can be augmented
by patients not communicating their medical history and past consultations,
through lack of memory or being fearful of past problems. At times, lan-
guage barriers arising from varying demographics, where English is not the
patient’s first language can also contribute to poor information communica-
tion and recording thereof, resulting in patchy and missing data. Whilst GPs
scan through the EHR and clinical summary, barriers such as time limitations
can prevent GPs from looking at the patient information before the consul-
tation, thus going into the consultation with limited to no understanding of
the patient. This can result in missing significant information and making
errors. Time spent on gathering and interpreting information varies depen-
ding on both the patient and presented problem/s. Looking through the EHR
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and clinical summary will be quicker if they are familiar with the patient
and their medical history. Where there are limitations with the interface and
system design, factors such as usability, coding and up-to-date information
can also make it difficult to perceive information and become barriers in gai-
ning and assimilating patient information and thus impacting the quality of
information and situation awareness of the GP in scope of the consultation.
Where patient information is available, the organisation and presentation of
the information can make it difficult to scan, contextualise and make links
between patterns in longitudinal data. Poor coding practice and information
incorrectly entered also impacts the ability for GPs to ascertain and assimi-
late the required patient information. High task loads and distractions such
as system alerts and notifications can also contribute to misperception of
data where information is overlooked and missed, resulting in perhaps repe-
ating consultations and possibly memory failure, where important patient
information was initially assimilated and links between data made but then
forgotten “Situation awareness often involves keeping information about a
large number of factors in memory.” [Endsley, 2995].

Level 2– Failure to Comprehend the Situation

In comprehending the current situation, interpreting the patient’s information
is an important part in gaining and enhancing the situation awareness when
going into the consultation. GPs form a mental model of the patient from the
information gathered, to get an “idea” and “sense” of the patient they are
consulting with. This also enables the clinician to stratify a patient, so that
they know if it is a “straight forward” or “complex patient”. However, the
limitations in the gathering of patient data can also result in the forming of
an incorrect, or poor mental model in relation to the interpretation of patient
information. Depending on the time constraints, these factors may be elicited
or not, and can impact the nature of the consultation - reducing the limited
10–12 minute GP-patient time if they then have to further scan the EHR to
gather patient data. Similarly, over reliance on prior knowledge of consulta-
tions when recognising a patient name or photo, or reliance on default data
from the EHR can be problematic due to the nature of current healthcare
systems, including poorly organised and fragmented information, inconsi-
stent coding practices, and a lack of sharing between healthcare providers.
These factors can contribute to errors and delays in subsequent diagnosis,
treatment, care and management of conditions and diseases.

Level 3– Failure to Project Situation Into the Future

The GPs ability to project what can happen in the future (anticipation of
future states) is facilitated through information acquired before and during
the consultation. This enables the forecasting of future events and allows the
GP to begin to draw connections between the disparate and diverse data,
i.e., medical history, medications, previous consultations, problems they are
coming in with. A poor model for projecting what can happen in the future
would negatively affect the GPs situation awareness. Thus, the GP will go
into the consultation with a limited understanding of the patient and their
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medical story. This is heightened and compounded with any shortcomings
in the previous stages, information gathering and information interpretation.
If the GP over-relies on information that is inaccurate and/or incomplete; or
incorrectly forecasts the nature or seriousness of the consultation, or causes of
action, they will be insufficiently prepared to forecast future events and states.
In an increasing ageing population with multi-morbidity, the prioritisation
of conditions can differ between the medical perspective and patient needs.
This would become apparent when talking to the patient and subsequently
requires referring back to the EHR.

Level 4– Failure to Select an Appropriate Action

Towards selecting an appropriate action, the GP typically makes connections
between the interpreted information in the first three levels of SA, alongside
dialogue with the patient to understand their presented problem/s and priori-
ties. The failure factors stipulated in SA Level 3, poor mental model and over
reliance on information also negatively affects SA here. Thereupon, the GP
may be fully cognizant of the information and aware of what is going on but
has a poor mental model for projecting what it means for the future, in the
management of a condition or treatment; or the actioning of the plan. Thus,
this at times may result in an over reliance on the EHR system within the
consultation, to recheck information. Likewise, when managing complexity,
if the GP did not get a holistic overview of the patient prior to the consulta-
tion, or assumed they knew the patient, there is reduced SA, and a likelihood
of missing critical information and making mistakes.
Memory failure can negatively affect Situation Awareness across the SA

levels (Patel et al. 2020, Endsley 1995). Forgetting key patient information
or links between data, which is heightened with the disparate and fragmented
organisation of information can contribute to errors. Furthermore, over reli-
ance on previous association and employing a habitual schema, i.e., working
automatically from prior knowledge of consultations with the patient, where
the EHR is not investigated with the same rigor as it would have been for pati-
ents the GP has not recently seen can also contribute to errors in situation
awareness.

DISCUSSION

In this study we propose a systematic approach towards classifying SA fai-
lure factors for each SA level. The emerging taxonomy highlights the SA
Failure Factors in Primary Care (see Table 1). The resulting taxonomy iden-
tifies improvement opportunities at individual and system levels, guiding the
discussion of design implications towards enhancing SA in Primary Care (see
Table 2). The findings reiterate that gaining and maintaining situation awa-
reness before and during the clinical consultation is challenging for GPs. Our
analysis highlights that a holistic/integrated visualisation could improve SA
in all 4 SA levels.

In SA Level 1, perception of the current situation, GPs scan the EHR
and clinical summaries to gather patient data. However, at times, impor-
tant patient information may be unavailable, or perhaps difficult to ascertain,
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assimilate or perceive. Where there is unavailability of data, there is a need to
better integrate and share data across healthcare providers and provide effe-
ctive, complete, consistent and comprehensive communication for both GPs
and patients. Patients may not report on consultations, from not remembe-
ring, out of fear, or due to language barriers, negatively impacting the GPs SA
and completeness of data in the EHR. Thus, a holistic clinical summary or
overview can be important for the initial dialogue between GP and patient,
also providing and building trust and reassurance in the service and system.
GPs can run into a consultation ‘blind’, without any information due to time
constraints. Being able to access key information and summaries prior to the
consultation is extremely beneficial, providing holistic overviews and con-
text to data spanning time, events and multiple conditions. Systemic issues in
the design and usability of current systems provide difficulty in detecting and
perceiving information. Here there is an opportunity to present information
that is accessible, intuitive, prioritising key information through application
of established design principles promoting hierarchy and organisation of ele-
ments. GPs may fail at times to scan and observe data due to factors including
distractions in the environment or system, high task and cognitive load, or
the misperception of information due to familiarity with a patient, or assum-
ptions with data. These SA failure factors can be overcome by ensuring key
information is accessible, concise, efficient and timely whilst capturing con-
nections and patterns between data points and supporting the validation of
pre-conceived assumptions.

In SA Level 2, comprehending the current situation, interpreting the pati-
ent’s information is integral to enhancing the situation awareness going into
the consultation. GPs assimilate information and form a mental model of
the patient from information gathered to get an “idea” and “sense” of the
patient they are consulting with, and to stratify a patient. Here, an incor-
rect, or poor mental model from incorrect projections and assumptions, over
reliance on information and limitations at Level 1, would negatively impact
SA and reduce the limited 10–12 minute consultation time with the need for
further data gathering. It is important that GPs have a holistic overview of
the patient they are consulting with, and able to access the key information
regardless of any projected stratification, through an organised presentation
of information and a clear interface and system.

In SA Level 3, the GPs ability to project what can happen in the future
(anticipation of future states) is aided by information ascertained prior to
and during the consultation. This enables the forecasting of future events.
The GP begins to draw connections between the disparate and diverse data,
i.e., medical history, medications, previous consultations, problems, there is
an opportunity to illustrate and bring the connections to the forefront, redu-
cing the cognitive load. Again, a poor model from incorrect projections and
assumptions, over reliance on information and limitations at SA Levels 1
& 2, negatively impacts SA and the GP will be insufficiently prepared to
forecast future events and states. SA for the Primary Care clinician can be
enhanced by giving GPs an idea of the type of patient they are consulting with
through a clinical summary or holistic overview, which perhaps provides an
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opportunity for the GP to prioritise the urgency of information for patients
with multi-morbidity and multiple medical needs.

In SA Level 4, as the GP selects an appropriate action for the consultation,
deficiency in the first three SA levels can increase the likelihood of missing cri-
tical information and making mistakes. If the GP must refer back to the EHR
to regather information or change course of action after conversing with the
patient, then a holistic overview of the patient can support a quick presentati-
on/refresh of necessary information. Inmanaging complexity of an increasing
landscape of aging and multimorbidity patients, a concise and quick presen-
tation of ongoing conditions can help highlight the priorities and urgencies.
This too can be used as an aid in the GP-Patient dialogue, towards agenda
setting for the time-limited consultation.
Memory failure was flagged to negatively affect Situation Awareness

across all three levels. A high task and cognitive load can augment errors,
and it is possible that important patient information is initially assimilated
but then forgotten. Visual representations of information are proven to be
more engaging, effective and memorable than non-visual alternatives; tex-
tual or verbatim (Murray et al. 2017; Scott et al. 2017; Dur, 2014; Borkin
et al. 2013, Borgo et al. 2012; Hullman et al. 2011). Holistic overviews sup-
porting quick, efficient and effective communication of key information may
become a point of reference for the GP to quickly review if information is
‘lost’ or ‘forgotten’ and can also serve as a ‘prompt’ or ‘aide memoire’ to
validate assumptions in situations where habitual schemas are employed.

The results from the emerging SA failure factors taxonomy supports the
need to enhance Situation Awareness prior to the GP-patient consultation. At
a system level, there is a need to enhance the design and usability of the EHR,
with more accessible, intuitive systems, and improved solutions to support
GP tasks and practices, including both coding and assimilation of informa-
tion. To provide a richer and accurate medical story of the patient, better
integration and sharing of data is required between healthcare providers and
systems. These considerations can contribute towards a more complete and
comprehensive data set, via more accessible, intuitive interfaces, with the
potential of enhancing the Primary Care clinicians’ situation awareness.

Whilst the goal of EHR systems in Primary Care is to provide and convey
accessible, comprehensive, timely, and accurate communication of patient
information, visualizations are promising avenues to address some of the
GPs situation awareness needs and barriers, potentially supporting clinicians
in making more accurate and rapid decisions (Patel et al. 2020; Savoy et al.
2021). It is established that visualisations aid in improving the accessibility of
information, can facilitate universal understanding through traversing langu-
age barriers, offer efficiency in the processing and decoding of information,
and enable the audience to identify, understand and remember relationsh-
ips and patterns (Boehnert, 2016; Cleveland, 1994). Thus, visualisations
can be a great way to overcome the identified SA barriers to communicate
information quickly, in the time constraint working environment of Primary
Care, providing GPs with holistic visualised summaries that captures pat-
terns and connections between data, supporting and validating assumptions
or information assimilation. Holistic overviews and summaries offers the
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opportunity to capture and communicate longitudinal history and stories of a
patient, helping enhance the clinician’s understanding of the patient, helping
clinicians cope with information overload (Huang et al. 2009; Card et al.
1999), enhancing efficiency and situation awareness, thus consequently pro-
viding healthcare practitioners with essential information to provide timely
interventions and advice.

CONCLUSION

Gaining SA in primary care before and during the clinical consultation is chal-
lenging and augmented with an increasing ageing population and patients
with multimorbidity. This paper provides a discussion into SA, utilising inte-
rviews with GPs and Endsley’s SA error taxonomy as a conceptual framework
to develop and propose a systematic approach in classifying SA failure factors
for each SA level. The emerging taxonomy, unique to primary care, highlights
SA failure factors in primary care, and the identification of SA improvement
opportunities at individual and system levels. The discussion and implications
support the potential of holistic visualisations to enhance situation awareness
before and during the clinical consultation through accessible, comprehen-
sive, timely, and accurate communication of patient information in EHR. The
taxonomy further flags the potential of supporting other interventions that
can enhance SA, including the redesign of EHRs, a tool to support GP-Patient
dialogue and the implementation of visualisation in personalised health.
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