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Abstract

Background The Visual Patient Avatar concept transforms conventional patient monitoring data into a dynamic,
animated representation of the patient, enhancing situation awareness of vital signs and measurement status. Rapid
recognition and response to cardiac pathologies are critical in anaesthesia and critical care. Visual Patient Heart (VPH)
integrates cardiac data from the Philips “ST/AR algorithm’, a feature in Philips patient monitors, into visual design
elements inside the heart element of the Visual Patient Avatar, specifically aiming to improve situation awareness of
arrhythmias and ST-segment deviations.

Methods Participants evaluated a randomized series of 12-lead ECGs alongside corresponding VPH visualizations,
each shown briefly to assess the speed of information transfer. Immediately after the exercise, they were asked two
open-ended questions and encouraged to speak freely about perceived advantages and areas for improvement of
the VPH concept. Their verbal responses were transcribed through field notes and analyzed using a template-guided
analysis. The analysis of correct responses in the ECG-avatar comparison test is reported separately in a dedicated
paper.

Results Analysis of 193 statements from 41 participants revealed that participants perceived VPH as intuitive, easy
to learn, and cognitively less demanding than conventional ECG interpretation. Benefits reported by participants
included improved situation awareness, faster rhythm recognition, and increased decision confidence. Suggestions
for improvement addressed visual clarity, the need for more training, and integration with conventional ECG data.
Concerns included over-reliance on the system and potential erosion of traditional ECG interpretation skills.

Conclusion The VPH system was well received, with participants highlighting its simplicity, clarity, and potential
to enhance situation awareness. Feedback also raised important considerations around explainability, trust, and
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integration of the visuals with conventional ECGs. These findings support further development and evaluation in

more complex, clinically realistic settings.

Keywords Diagnosis, Patient monitoring, Situation awareness, Visual Patient Avatar, Qualitative research

Introduction

Background

Technological advancements in patient monitoring have
greatly enhanced the quality and safety of patient care,
particularly in perioperative [1, 2] and critical care set-
tings [3]. Traditionally, vital signs have been displayed
as numerical values or waveforms, each representing a
single measurement from a single sensor [4]. This sin-
gle-sensor-single-indicator format requires clinicians
to mentally integrate multiple data streams in real time
to form a coherent clinical picture of the patient’s situa-
tion. Such piecemeal data gathering may increase clini-
cians’ cognitive load [5]. Up to 80% of anaesthesia and
critical care treatment errors are associated with poor
situation awareness [6—8]. Cognitive psychology sug-
gests the human brain processes visual elements more
efficiently than abstract data [9, 10]. In response, user-
centered monitoring solutions have been developed to
reduce cognitive effort and enhance clinical performance
[11]. One such innovation is the Visual Patient concept,
developed at the University Hospital Zurich, Switzerland,
and commercially available as the Philips Visual Patient
Avatar. This system converts vital sign data into an ani-
mated avatar that visually represents real-time physiolog-
ical changes [12—14]. Cardiac events such as arrhythmias
or myocardial ischemia remain among the most critical
complications in anaesthesia and intensive care, requir-
ing rapid and accurate detection to guide timely interven-
tion [15, 16]. Interpretation of the conventional 12-lead
ECG is the gold standard for cardiac diagnosis, but it is
also cognitively demanding and time-intensive, particu-
larly in acute settings. The Philips “ST/AR algorithm”
supports clinicians by automating ECG waveform analy-
sis, detecting arrhythmias in single-lead traces and isch-
emic changes across multiple leads [17, 18]. The Visual
Patient Heart (VPH) concept, an extension of the Visual
Patient Avatar system, integrates the “ST/AR algorithm”
output into the animated avatar’s heart visualization, pro-
viding a real-time visual representation of cardiac pathol-
ogy. As with the original Visual Patient, we developed
VPH based on principles of situation-awareness-oriented
design, aiming to convey goal-relevant information as
quickly as possible and with minimal cognitive effort
[19]. Originally developed in aviation, these principles
are increasingly applied in anaesthesia and intensive care
[8]. User-centered, situation-awareness-oriented designs
aim to present key patient data clearly, minimizing cogni-
tive load and supporting rapid decision-making [20]. The
VPH leverages this approach by providing direct visual

representations of cardiac activity to help clinicians
detect events, such as suspected myocardial ischemia,
that may require a subsequent 12-lead ECG for confirma-
tory diagnosis.

Objectives

This study evaluated anaesthesia providers’ perceptions
of the VPH concept after exposure to standardized and
randomized simulated scenarios, comparing VPH with
conventional 12-lead ECG displays. In this study, we
qualitatively analyzed participant feedback using reflec-
tive thematic analysis to identify perceived advantages
and potential areas for improvement.

Methods

Ethics approval and consent to participate

Informed consent was obtained from all participants, and
all responses were anonymized to ensure confidential-
ity. The study received a declaration of non-jurisdiction
from the Cantonal Ethics Commission of the Canton
of Zurich, Switzerland (BASEC No.: Req-2024-00353),
as it did not fall within the scope of the Swiss Human
Research Act. All participating centers in Germany
obtained ethical approval from their respective local
ethics committees: Ethics Committee of the Faculty of
Medicine, University of Bonn (AZ 2024-209-BO), Eth-
ics Committee of the Medical Faculty, Goethe Univer-
sity Frankfurt (#2024 -1760), and Ethics Committee of
the School of Medicine, Technical University of Munich
(2024-383-S-CB).

Study design

We conducted a multicenter qualitative study with par-
ticipants recruited from three tertiary care institutions
in Germany: the University Hospital of Bonn (UKB), the
University Hospital of Frankfurt (UKF), and the TUM
University Hospital Munich (TUM). Data collection was
performed between July and November 2024. This quali-
tative study was conducted following a preceding quan-
titative experiment using the same participant cohort,
in which participants were exposed to simulated clini-
cal scenarios comparing the Visual Patient Heart (VPH)
with conventional 12-lead ECG displays. The qualitative
component aimed to capture participants’ perceptions,
interpretations, and experiences after interacting with
both visualization modalities. A study facilitator captured
verbal responses as contemporaneous field notes, includ-
ing verbatim phrases when possible. After documenta-
tion, each statement was read back to the participant to
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confirm its accuracy in meaning and content. This proce-
dure was applied consistently across all participating cen-
ters and for every individual statement. If a response was
misinterpreted, participants could immediately correct
or clarify it. Individual participants could contribute mul-
tiple statements, each of which was coded separately. To
minimize social desirability bias, participation was vol-
untary, organized locally, and conducted during working
hours, with no consequences for participants’ responses.
Data were accessible only to the co-authors and were
fully anonymized prior to coding. Non-identifying con-
textual information (e.g., role, center, prior experience,
gender, ECG experience, and self-reported skill level) was
collected, stored, and analyzed separately from the state-
ments. The full statements are available in Supplemen-
tary Material 1.
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Fig. 1 Four examples showing 12-lead ECG visualisations next to corre-
sponding VPH designs. A Sinus Rhythm. B Atrial Fibrillation. C Ventricular
Tachycardia. D STEMI anterior
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Visual Patient Heart

The Visual Patient Heart (VPH) is a prototype and is not
yet commercially available. It represents an extension of
the Philips Visual Patient Avatar, which currently pro-
vides a simplified cardiac visualization indicating heart
rate (fast/moderate/slow) and ST-segment abnormalities
(anterior/posterior/inferior/multiple), as shown in Sup-
plementary Material 2. The VPH expands this approach
by introducing 11 additional visualizations to represent
a broader range of cardiac pathologies within the same
intuitive, avatar-based visualization system. Importantly,
while developed as an extension of the Visual Patient
Avatar, the VPH concept can also function as a stand-
alone visualization independent of the full avatar system.
In the preceding quantitative experiment, participants
were exposed to simulated clinical scenarios represent-
ing 11 cardiac states [21]. Each scenario was presented
for six seconds, using either the VPH or a conventional
12-lead ECG display. Prior to the experiment, partici-
pants viewed a standardized training video (Supplemen-
tary Video 1) introducing VPH visualizations and were
familiarized with the layout of the conventional ECG
simulations, which followed standard clinical formats.
The six-second exposure time was chosen to simulate
sudden physiological changes and arrhythmia onset, as
encountered in emergency, critical care, or intraopera-
tive settings requiring rapid decision-making. This design
emphasizes situation awareness rather than detailed ECG
interpretation, which remains the diagnostic gold stan-
dard. Figure 1 illustrates representative examples of both
visualization modalities used in the experiment (standard
12-lead ECG and VPH).

Participant survey and thematic analysis
Participants were asked to respond to two open-ended
questions designed to capture spontaneous percep-
tions of the strengths and limitations of the VPH con-
cept. They were encouraged to express their views freely
without constraints. German responses were translated
into English using ChatGPT-4 (OpenAl, San Francisco,
CA, USA). All translations were reviewed and verified
by authors with native-level proficiency in both German
and English to ensure semantic accuracy and minimize
translation bias. Any discrepancies or ambiguities were
resolved through consensus among the authors.
Thematic analysis was conducted using an inductive
approach. Authors DWT and AR developed the initial
coding template through iterative familiarization with
the data and identification of emerging patterns [22].
The resulting coding template is presented in Fig. 2. Six
authors (ME, CAH, TRR, AR, AB, DWT) independently
applied the coding template to the translated statements.
Recurring patterns were continuously evaluated, and the
coding framework was iteratively refined throughout the
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Potential Use-Cases Do You See In il
Using Visual Heart?
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Fig. 2 Coding templates for structured feedback by the participants. A Question 1: What Advantages Do You See in Using Visual Patient Heart? B Ques-
tion 2: Where Do You See Weaknesses or Areas for Improvement in the Technology?




Ebensperger et al. BMC Medical Informatics and Decision Making

analysis. Each statement was defined as a single, coherent
sentence. Individual participants could contribute multi-
ple statements, each of which was coded separately. If the
investigators disagreed after multiple rounds of statement
coding, the final decision was made in a joint discussion.
All co-authors reviewed and approved the final coding
decisions. Statements were assigned to major themes and
subthemes through an iterative coding process.

Data management

Data management was performed using Microsoft Word
and Excel 365 (Microsoft Corporation, Redmond, WA,
USA). To support transparency of the findings, we report
the number and proportion of statements relative to the
total dataset and across identified major themes. These
quantitative summaries are provided for descriptive pur-
poses only and are not intended as statistical inference.
Figures were created using Microsoft PowerPoint 365
and draw.io Version 27.1.4 (Seibert Media GmbH, Wies-
baden, Germany).

Study participants and survey

Of the 75 participants participating in the preceding
quantitative experiment, 41 participated in the sur-
vey. Participants represented a range of professional
roles and experience levels, including resident anaes-
thesiologists, attending anaesthesiologists, and nurse
anaesthetists. All participants were clinically active

Table 1 Participant characteristics in detail (n=41)

(2026) 26:273

Centers Participants
UKF (%) 19 (46%)
TUM (%) 15 (37%)
UKB (%) 7 (17%)

Age Years

Mean (SD) 35.6(9.8)
Median [Min, Max] 33[22,60]
Gender

Male (%) 17 (41.5%)
Female (%) 24 (58.5%)
Job Participants
Nurse (%) 15 (36.5%)
Resident (%) 16 (39%)
Specialist (%) 10 (24.5%)
Experience Years

Mean (SD) 9.3(9.9)
Median [Min, Max] 6 [0, 38]

ECG / week

Mean (SD) 265 (49.2)
Median [Min, Max] 10 [0, 300]
Skill (0-100 scale)
Mean (SD) 45.7 (25.8)
Median [Min, Max] 50 [0, 86]

Abbreviations: UKF: University Hospital of Frankfurt am Main, TUM: Technical
University Hospital of Munich, UKB: University Hospital of Bonn
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anaesthesia professionals who spent the majority of their
clinical working time in operating theatres and were rou-
tinely exposed to standard patient monitoring. Demo-
graphic details are provided in Table 1.

The survey began with two open-ended questions:

1. What advantages do you see in using Visual Patient
Heart?

2. Where do you see weaknesses or areas for
improvement in the technology?

These questions were embedded in a brief interview
guide used to standardize data collection across partici-
pants and study sites. The guide was intentionally mini-
malistic and designed to facilitate open, unconstrained
responses rather than to structure an in-depth qualita-
tive interview. This approach has been applied in several
prior studies by our group to elicit broad, unprompted
feedback [12, 23, 24]. An English-language version of the
interview guide is provided in Supplementary Material 2.

Reflexivity

As authors, we represent the fields of anaesthesiology
and cardiology and span different career stages, with
shared experience in the design, conduct, and analysis
of qualitative research. Our professional backgrounds
and roles inevitably informed our perspectives and ana-
lytic focus. Throughout the study, we engaged in ongoing
interdisciplinary discussions to reflect on and refine our
assumptions and to incorporate diverse viewpoints into
the interpretation of the findings. CAH, TRR, AR, and
DWT conducted interviews at the centers. The distribu-
tion by site was as follows: UKF (TRR, CAH), UKB (AR,
TRR, DWT), and TUM (CAH, TRR, DWT). Among the
authors, ME, CAH, and AR are residents in anaesthesiol-
ogy; TRR, AD, FP, FJR, SL, GM, and DWT are attending
anaesthesiologists; SB is a resident in cardiology; and KZ
is the director of an institute of anaesthesiology, critical
care medicine, and pain therapy.

Results

Qualitative analysis

A total of 193 statements were extracted from the field
notes for qualitative analysis. Participants contributed
more responses to the first question regarding the per-
ceived advantages of VPH (127 out of 193 statements,
66%) than to the second question concerning areas for
improvement (66 out of 193 statements, 34%). Figure 2
presents the coding templates depicting the topics iden-
tified for each of the two interview questions. Comple-
menting this, Tables 2 and 3 provide an overview of
the major themes, their corresponding subthemes, fre-
quencies, and representative participant statements. All
193 statements are presented in full in Supplementary
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Table 2 Major themes and subthemes, including counts, percentages, and illustrative examples. Question 1: What Advantages Do You

See in Using Visual Patient Heart?

Perceived Benefits (7/127 [6%)] subtotal 44/127
[35%])

“Heart rhythms fit well with it’, UKB, nurse’During the study, | realized that adding more details
makes the system better and would effectively help more in everyday use"UKB, physician “Good as a

complementary tool” TUM, physician

Improved Awareness (9/127 [7%])

“Quickly noticed, especially with more complex pathologies” UKF, physician “Faster recognition from

a distance, practical e.g., during room changes or distractions” UKF, physician” Visually, rhythms are

easier to grasp” TUM, nurse
“Faster visual diagnosis, practical” UKF, physician

Increased Decision Confidence (9/127 [7%])

“Some things are more obvious and recognized faster” UKF, physician
"Effective with clearly different frequencies” UKF, nurse

Time Savings (14/127 [11%])
UKF, nurse

Reduced Workload (5/127 [4%)])

User-Friendliness (10/127 [8%)] subtotal 53/127
[42%)])
Quick and Easy Learnability (11/127 [9%)])

nurse

“State becomes recognizable faster once you're familiar with the visualization” UKF, nurse”Fast, easy”

“Easier to recognize certain rhythms" TUM, nurse"” Less stress in a short amount of time "TUM, physician
“Intuitive” TUM, nurse "Easy to understand” UKB, physician” Animations are easy to understand” UKF,

“Easy to learn” TUM, nurse” Does not necessarily require an introduction” UKF, physician” With more

time/training, it could be well memorized” UKF, physician

Understandability Across Experience Levels
(12/127 [9%])
Design Efficiency (15/127 [12%)])

“Good for beginners as it visualizes where it's coming from and going to; if it's backward, something
is wrong" UKB, physician” Helpful for those with little practice as a nursing assistant” UKF, physician

"Visualizations are easy to remember, and rhythms are easy to recognize” UKF, physician "Very clear, no

need to look at 1,000 leads” UKF, nurse” Complex content simplified to basics” UKF, physician

Aesthetic Appeal (5/127 [4%])
Feedback On Specific Visualizations (1/127
[19%)] subtotal 18/127 [15%])

ST-Segment (7/127 [6%])
Atrial Visualizations (3/127 [2%])
Ventricular Visualizations (1/127 [1%])
Pacemaker (6/127 [5%)])
Potential Use-Cases (3/127 [2%])
Non-specific Positive Feedback (9/127 [7%])

“Well presented” UKB, physician
“Pulsation is good" TUM, physician

"Simple visualization, e.g., ST segments are intuitive and assignable” UKB, physician
“Sinus rhythm node is good” UKF, physician

“Bigeminy and trigeminy patterns” UKF, nurse

"Extras like pacemaker leads are cool” TUM, physician

“Clearly visible from a distance” UKB, nurse

“Find it cute” TUM, physician “More impactful” TUM, nurse

Material 1. The following section provides a detailed
overview of the topics that emerged from the responses.

Question 1: What advantages do you see in using VPH?
Perceived benefits

One participant described the VPH visuals as “more
tangible than a 12-lead ECG (UKF, nurse),” suggesting
a more intuitive or accessible presentation of cardiac
information. Another noted that it was “better than just
a single lead or a still image of a single-lead ECG (UKB,
physician)”, suggesting a perceived improvement over
standard patient monitors, which often show only two
ECG waveforms. The statement “increase in clinical ben-
efit through VPH (UKB, physician)” indicates that the tool
was seen as potentially valuable for clinical practice. This
topic included four subthemes.

Improved awareness One participant highlighted that
“individual elements are easy to recognize (UKF, physi-
cian)”, suggesting that the visual representation supports
clarity. Another remarked that “changes in a situation are
perceived better with Visual Patient [Heart] than with
conventional ECG (UKF, physician)”, indicating a poten-
tial benefit in dynamic clinical environments. A further

comment highlighted the system’s salience: ‘advantage
because various things are captured faster and more intui-
tively on the avatar” (UKF, physician).

Increased decision confidence Three participants
reported that the system increased their confidence in
clinical decision-making. One stated that they “felt very
confident in most cases, quickly recognized and acted on
(UKF, nurse)”, suggesting the tool supported rapid and
assured responses. Another reflected that “3—4 images of
training are enough for a confident diagnosis, compared to
ECG, which requires much more daily training, practice,
and experience (UKF, nurse)” A further comment empha-
sized how the system may help resolve uncertainty: “Both
are good: ECG and visualization. Each has its advantages.
Confirms or refutes uncertainties (TUM, nurse)”.

Time savings Six participants noted a speed advantage
of VPH, such as: “instant overview, you get the diagnosis
immediately (UKF, physician)”. Another remarked, “much
faster than ECG interpretation (UKB, nurse)”, reinforcing
the impression of time efficiency. Further, the participant
explained, “it’s immediately clear where it is—atrium, ven-
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Table 3 Major themes and subthemes, including counts, percentages, and illustrative examples. Question 2: Where Do You See

Weaknesses or Areas for Improvement in the Technology?

Trust and Reliability (4/66 [6%)] subtotal
18/66 [24%])

Accuracy and Reliability of Algorithms
(3/66 [4%))

Fear of Declining ECG Skills (2/66 [3%)])

Desire for Integration with Conven-
tional ECG (6/66 [9%)])

Lack of Perceived Value (1/66 [2%])
Improvement Suggestions (7/66 [11%]
subtotal 9/66 [14%)])

Desire for Manufacturer-Neutral Lan-
guage (2/66 [3%])

Feedback On Specific Visualizations (6/66
[9%)] subtotal 31/66 [46%])
ST-Segment (6/66 [9%])

correct” UKB, physician

ity” UKF, nurse
TUM, nurse

physician

“Auto-ECG evaluations are often wrong” TUM, nurse
“Trust necessary that software recognizes, interprets, and visualizes the correct rhythm. Analysis must be

“Training could suffer if ECG interpretation is not practiced hands-on” UKB, physician
“It should make sense to display the primary data source as well, not just the avatar alone” UKB, physician

“No significant benefit of visualization with years of ECG experience: "For me, it's the same” UKB, nurse
“Shorter list of pathologies” UKB, nurse"Heart less relevant than arrow” UKF, nurse”Patient has little personal-

“Philips 'diagnoses' not intuitive (e.g., missed beat)” UKB, physician“Missed beat, VES couplet. What is that”
“Not all animations are quickly recognizable” TUM, physician“Tachycardia changes become difficult” UKF,

“ST deviations need to be more clearly differentiated” UKF, nurseST visualization localizations not entirely

clear” UKF, physician”In 2D visualization anterior is on the right, posterior on the left — you have to remem-

ber it" UKF, physician
Atrial Visualizations (2/66 [3%)])
Ventricular Visualizations (11/66 [17%])

“P wave/curve not understood” TUM, nurse”Make sinus node red (more noticeable)” TUM, physician
"Bigeminy/Trigeminy harder to distinguish due to frequency” TUM, nurse”Two arrows for Trigeminy, for

example” UKF, physician“Ventricular differences are not entirely clear, could still need some help” UKF, nurse

Pacemaker (2/66 [3%])

"Pacemaker visualizations: unclear what is 'working™ UKB, nurse"Pacemaker cable could go into the arrow.

Functional/non-functional pacemaker visually different, e.g., with scissors” UKB, nurse

Asystole (3/66 [5%)])

“Asystole and unknown status confused, maybe omit arrow for unknown” UKF, physician*Yellow dot for

asystole is misleading, looks like a block” UKF, nurse

More Training Required (5/66 [8%)])
Study-Specific Feedback (3/66 [5%])

“Requires training” TUM, physician"Teaching is important” UKF, physician
“It was very short. Does not allow systematic evaluation” UKB, physician“Time issue in the study, uncertainty

due to short duration” TUM, nurse”Would be easier if it could be seen for longer (in the study)” UKF, nurse

tricle, etc. (UKB, nurse)”, suggesting that anatomical clar-
ity contributes to faster recognition.

Reduced workload Three participants experienced the
avatar-based visualization as less mentally demanding.
One stated, “found the representation on the avatar more
relaxing than interpreting the ECG in a short time (UKB,
physician)”, indicating reduced stress under time pres-
sure. Another described it simply as ‘easier,” suggesting
lower cognitive load. A third participant noted, “facili-
tates visual diagnosis compared to a single-lead ECG
(TUM, nurse)”, pointing to improved rhythm interpreta-
tion efficiency.

User-friendliness

Five participants commented, one noted it was “intuitive,
easy to learn (TUM, physician)”, while another empha-
sized that it was “very user-friendly” The design’s sim-
plicity was also appreciated, as reflected in the comment
‘easy to remember (UKF, physician),” highlighting its
positive effect on memory and recall. This topic included
four sub-themes.

Quick and easy learnability Four participants noted
that the system was easy and quick to learn and under-
stand. One stated it was “great for visual learners (TUM,

nurse)”, while another remarked, “with more teaching, it
has incredible potential compared to standard ECG anal-
yses (UKF, nurse)” The learning curve was described as:
“with good training, it is easier than something highly com-
plex (TUM, nurse)”.

Understandability across experience levels One noted
that the system may be beneficial for users with limited
ECG experience. “Diagnoses are immediately obvious,
even for those inexperienced with ECGs (UKF, physician)”,
while another emphasized that it is “good for new employ-
ees and those with limited ECG knowledge (UKB, nurse)”
A third participant found it “particularly valuable for
nursing staff (UKF, nurse)”, highlighting its potential in
interprofessional settings.

Design efficiency Eight participants appreciated the
simplicity and clarity of the visual representation. One
noted that it is ‘clear and well-organized (TUM, nurse),”
while another pointed out the benefit of a “‘compact, con-
cise, quick overview (UKF, physician)” A third remarked,
“the simplicity—there are only three parts to focus on
(UKB, physician),” indicating that the streamlined design
supports rapid comprehension.
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Aesthetic appeal One described VPH as a “beauti-
ful presentation, intuitive (TUM, nurse)”, while another
noted that it “looks better’.

Feedback on specific visualizations
This topic included four subthemes that addressed vari-
ous aspects of visual representation.

ST-segment One participant noted that “ST-segments
are also easy to identify (TUM, physician)”, while another
highlighted that “ST deviations are easier to grasp for
the inexperienced (UKF, physician)” A third participant
emphasized its clinical relevance: “ST helps especially
because it is not easy to identify (TUM, physician)”.

Atrial visualizations “Atrial activity is better recogniz-
able, quickly at a glance (UKF, physician),” while also
highlighting “P-wave is good”.

Ventricular visualizations One participant noted a
superiority for VPH in “bigeminy and trigeminy patterns
(UKF, physician)”.

Pacemaker Three participants highlighted the perceived
value of pacemaker-related visualizations. “Pacemaker
detection is good (UKF, nurse),” and another stated, “Pace-
maker is easy to interpret (TUM, physician)” Additional
comments described the representation as “simple” and
praised the inclusion of ‘extras like pacemaker leads
(UKF, nurse)”.

Potential use-cases

One participant noted it would be “intuitive in emergency
situations (TUM, nurse)”, while another emphasized
its visibility, stating it is “clearly visible from a distance
(TUM, nurse)”

Non-specific positive feedback

Some participants expressed general appreciation for
the concept. One described the system as “nicely done”,
while another noted an ‘emotional connection,” add-
ing, “you want the avatar on the screen to be okay (UKB,
physician)’.

Question 2: where do you see weaknesses or areas for
improvement in the technology?

Trust and reliability

Two participants expressed concerns about placing too
much trust in computer-analyzed visual representations.
One participant questioned whether clinical responsibil-
ity might be delegated too quickly: “Because it is already
evaluated, by what? Al, Philips algorithm? (UKF, physi-
cian)” Another participant remarked: “reliance on the
avatar means reliance on the patient (TUM, nurse)’,
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highlighting the subtle risk that users might assume the
avatar perfectly reflects the patient’s real condition, with-
out critically examining the underlying data.

Accuracy and reliability of algorithms Two partici-
pants raised concerns about whether the system reliably
interprets ECG data. One questioned: ‘does it actually
match the ECG? (UKF, physician)” indicating uncertainty
about the fidelity of the underlying Philips ST/AR algo-
rithm and the entire system. Another emphasized that
“trust [is] necessary that the software recognizes, inter-
prets, and visualizes the correct rhythm (UKB, physician)”,
underlining the importance of algorithmic accuracy. A
third comment reflected scepticism in the underlying
algorithm: “lack of trust. Does it recognize pathologies cor-
rectly? (UKB, physician)”.

Fear of declining ECG skills Two participants expressed
concern that using VPH could erode traditional ECG com-
petence over time. “Training could suffer if ECG interpre-
tation is not practiced hands-on (UKF, physician)”, while
also expressing a “fear of losing information” when relying
too much on simplified visualizations.

Desire for integration with conventional ECG Four
participants wished to combine VPH with conventional
ECG output, stating, “VPH not alone, but ECG and VPA
combined (UKB, physician)”. Another remarked, “higher
accuracy with ECG: can see more on the ECG, in which
lead the problem lies (UKB, physician)”, indicating that
ECG may provide more detail. A third participant noted
that “it should make sense to display the primary data
source as well, not just the avatar alone (UKF, nurse)”,
highlighting a desire for transparency and parallel infor-
mation.

Lack of perceived value One participant with many
years of ECG experience stated that the visualization did
not provide additional benefit, saying, “For me, it’s the
same (UKF, physician)”

Improvement suggestions

Five participants offered various suggestions to further
enhance the VPH system. One proposed a more focused
display: “/It] would be easier if fewer visualizations/
diagnoses were reduced to the essentials. (UKF, nurse)”
Another participant suggested including technical feed-
back: “signal quality index missing (UKF, physician)” A
third suggestion was to introduce additional visual clarity
“by zooming in (UKB, physician)”.

Desire for manufacturer-neutral language Four par-
ticipants wished for clearer terminology in the underlying
Philips ST/AR algorithm. One stated: “Philips diagnoses’
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not intuitive (e.g., missed beat) (TUM, nurse)”, express-
ing confusion over proprietary wording. Another asked:
“missed beat, VES couplet — what is that (TUM, nurse)?”
indicating a desire for more standardized language.

Feedback on specific visualizations

Participants provided a range of comments on the clar-
ity and distinctiveness of individual visual elements. One
stated that “some patterns are too similar to differenti-
ate (ST inferior) (UKF, physician)” Additional feedback
noted that “not all animations are quickly recognizable”
and that ‘“tachycardia changes become difficult (UKB,
Pphysician)”, suggesting limits to visual immediacy. This
was also reflected in a specific case: “missed beat: possi-
bly missed the arrow once, but only briefly”, highlighting
reduced recognizability. Within this topic, we identified
and included four sub-themes.

ST-segment Four participants expressed difficulty in
interpreting ST-segment visualizations. “ST iuferior vs.
widespread [multiple] is difficult to differentiate (UKF,
nurse)”, while another stated bluntly: “ST is confusing”
One comment addressed spatial confusion: “In 2D visual-
ization anterior is on the right, posterior on the left — you
have to remember it, (UKB, nurse)” highlighting the need
for more intuitive spatial mapping.

Atrial visualizations Two participants reported difficul-
ties in interpreting atrial features. “P wave/curve [was] not
understood (TUM, nurse)”, suggesting a need for clearer
design or improved training. Another recommended
enhancement of visual salience: “make sinus node red
(more noticeable)’.

Ventricular visualizations One participant noted that
“bigeminy/trigeminy [is] harder to distinguish due to fre-
quency (UKF, physician)” At the same time, another pro-
vided feedback on general clarity, such as “ventricular dif-
ferences are not entirely clear, could still need some help
(UKEF, physician)”.

Pacemaker Three participants found the pacemaker
visualizations unclear. One commented that it was
“unclear what is ‘working’ and what is defective’ (UKB,
nurse)”, indicating ambiguity in function status. Another
suggested improving the design, for example: “pacemaker
cable could go into the arrow. [Make] functional/non-
functional pacemaker visually different, e.g., with scissors
(UKB, physician)”.

Asystole Two participants expressed confusion about
how asystole and unknown rhythm states are visual-
ized. One noted that ‘asystole and unknown status [are]
confused, maybe omit arrow for unknown (UKF, nurse)”
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Another remarked that the “yellow dot for asystole is mis-
leading, looks like a block (UKF, physician)” A third par-
ticipant felt that ‘asystole [is] visually not severe enough
(TUM, physician)”.

More training required

Six participants emphasized the need for more instruc-
tion than in the study setup. “Training should be more
comprehensive (UKF, nurse),” while commenting,
“requires 1-2 rounds of training” A further participant
reflected that “towards the end, it was difficult with only
the training video (TUM, nurse)”, indicating a desire for
more structured learning support.

Study-specific feedback

Three participants felt that the study’s conditions lim-
ited their ability to perform at their best. “It was very
short. Does not allow systematic evaluation (UKB, physi-
cian)”, while stating, “time issue in the study, uncertainty
due to short duration” A third statement suggested that
“it would be easier if it could be seen for longer (TUM,
nurse)’

Discussion

In this study, we examined qualitative feedback from
41 anaesthesia clinicians, nurses, and physicians across
three university hospitals in Germany. Following their
participation in a simulation study in which they were
asked to interpret arrhythmias and ECGs using both the
new VPH system and conventional 12-lead ECGs, par-
ticipants were surveyed and answered two open-ended
questions: one regarding perceived benefits, and one
concerning potential disadvantages or suggestions for
improvement.

Visualization innovations

The Philips Visual Patient Avatar integrates multiple vital
signs into a single intuitive visualization, using dynamic
colors, shapes, animations, and icons [11]. It improves
the perception of vital signs, yielding higher detection
rates and greater diagnostic confidence than conven-
tional monitors [25, 26]. Other innovative monitoring
displays have been explored since the 2000s. AlertWatch
(AlertWatch, Inc., Ann Arbor, MI, US) integrates patient
comorbidities, lab values, and live physiological data into
animated, color-coded organ icons, improving intraop-
erative process measures [27-29]. Respiratory-focused
systems, such as the Dynamic Lung panel (Hamilton
Medical AG, Bonaduz, Switzerland) and PulmoSight
(Mindray Medical International Limited, Shenzhen,
China), use animated anatomical lungs to visualize tidal
volume, compliance, resistance, and patient-triggered
breaths in real time, facilitating faster recognition and
management of ventilatory events [30-34]. Advanced
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hemodynamic displays, including HemoSight (Min-
dray) and the Physiology screen (BD Franklin Lakes,
NJ, USA), represent the heart, lungs, blood, and vessels
with dynamic animations of cardiac output, vessel con-
striction, oxygenation, and lung fluid status [35-37]. The
Alarm Status Visualizer and UniView (Masimo Corp.,
Irvine, CA, US) display alarm conditions on a 3D body
image, highlighting abnormal organs with color and
motion [38]. These approaches share a common goal:
integrating complex, multi-parameter data into intuitive
visualizations that enhance situation awareness, reduce
cognitive load, and support rapid clinical decision-mak-
ing. The current text-based output of the Philips ST/AR
algorithm presents several limitations. Diagnostic mes-
sages are displayed only after an event has been detected,
limiting anticipatory awareness. In addition, the output
lacks baseline or trend information, making it difficult
to contextualize findings. Finally, the use of manufac-
turer-specific terminology may introduce ambiguity and
reduce interpretability for clinical users. The VPH does
not replace or modify the underlying diagnostic algo-
rithm; rather, it provides a visual representation of algo-
rithm-derived information. Importantly, the VPH itself
does not generate additional alarms; it serves solely as
a visual indication. In a recent simulation study, Philips
Visual Patient Avatar improved the correct identification
of emergency diagnoses, even when participants initially
assigned lower perceived usability to the new system
than to familiar standard monitors [39].

Qualitative feedback from study participants

Overall, participants responded positively to the technol-
ogy. This was reflected not only in the number and con-
tent of specific and non-specific positive statements, but
also in the fact that substantially more responses were
given to the question about advantages than to the ques-
tion about disadvantages, despite participants encounter-
ing the technology for the first time during the study and
having extensive prior experience with conventional ECG
interpretation. Thematic template analysis of the surveys
revealed several recurring perceived benefits. Partici-
pants often mentioned improved recognition of pathol-
ogies, facilitated by the rapid interpretability of a single
visual representation compared to the multiple curves
of a traditional ECG. Visualizations were frequently
described as intuitive, which was associated with greater
decision confidence and reduced cognitive workload.
These observations are consistent with previous research
linking visual technologies to increased confidence and
lower task load in clinical decision-making [11-14].
Furthermore, the system was perceived as user-friendly,
aesthetically appealing, and easy to learn. Participants
emphasized its potential to support understanding across
different user groups, including less experienced nurses,
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physicians, and staff from other specialties. Participants
also highlighted the system’s potential in real-world clini-
cal settings, particularly under high workload or when
improved recognition is needed, for example, when
observing the display from a distance. The system’s low
complexity, combined with the high salience of relevant
information, aligns well with core components of situa-
tion awareness as described in Mica Endsley’s model,
which posits that low cognitive demand, clarity, and
quick information transfer support situation awareness
and decision-making [8, 19]. While responses to the first
question centered on these benefits, the second question
elicited valuable suggestions and critical reflections. Sev-
eral participants expressed concerns about overreliance
on pre-analyzed visualizations. One participant noted,
“reliance on the avatar means reliance on the patient’,
implying that depending solely on the avatar without
verifying the underlying data might create a false sense
of security or lead to a loss of direct clinical connection.
This skepticism mirrors broader challenges associated
with the clinical adoption of automated or Al-based deci-
sion-support tools [40, 41]. Given that VPH is based on
the Philips ST/AR algorithm, which automatically inter-
prets ECG data, some participants expressed skepticism
regarding the algorithm’s reliability and emphasized the
need to critically evaluate what the visualization repre-
sents and how it is generated. To mitigate these concerns,
participants recommended integrating the avatar with
conventional ECG output to combine the intuitive, fast
overview offered by VPH with the gold-standard diag-
nostic value of the traditional 12-lead ECG waveforms
[15]. This notion aligns with findings from studies com-
paring visual monitoring systems, in which clinicians
benefited from an integrated display that enabled early
visual recognition, followed by quantitative validation
[42]. Concerns were raised about potential skill degrada-
tion, specifically, regular ECG interpretation skills might
be lost over time if the avatar is used in isolation. Partici-
pants also stressed the importance of adequate training.
Several remarked that the short instructional video used
in the study was insufficient and called for more compre-
hensive training to ensure confident application. There
were also suggestions to improve the system’s terminol-
ogy, with a preference for more intuitive, manufacturer-
neutral language. Although it is not clear whether the
terms criticized (“missed beat’, “VES couplet”) are truly
manufacturer-specific, the feedback indicates a need for
more transparent, universally understandable diagnostic
labels, particularly if paired with visual elements. Feed-
back on specific visualizations was rich and multifaceted.
Participants welcomed the inclusion of dedicated visual-
izations for ST-segments, ventricular rhythms, and pace-
maker rhythms, noting that these are often overlooked or
difficult to interpret in the conventional format. However,
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they also offered concrete suggestions for improvement,
such as enhancing differentiation among ST-segment
localizations, clarifying pacemaker status, and simplify-
ing the visual distinction between rhythm types, such as
bigeminy, trigeminy, and couplets. Participants identified
monitoring under high workload and from a distance as
potential areas where the technology could be particu-
larly beneficial — both contexts in which the underlying
Visual Patient Avatar has already demonstrated advan-
tages in quantitative studies [43, 44]. One feature that
stood out as particularly valuable was the zoom func-
tion, which enlarges the avatar’s heart for easier viewing.
In terms of study-specific feedback, some participants
noted that the visualizations were only displayed for a
brief duration (6 s), which limited their ability to evalu-
ate them systematically. Although this was intentionally
designed to measure first-glance effectiveness, it may
have constrained more nuanced assessments. At-a-glance
monitoring is common in patient monitoring, the con-
text for which this technology is intended [45, 46].

Need for integration of standard and innovative
visualizations

Our findings support the complementary use of conven-
tional ECG displays and the VPH visualization. While
the Philips “ST/AR algorithm” can detect arrhythmias
using a limited set of leads, human interpretation of
12-lead ECGs remains the clinical gold standard, par-
ticularly for assessing ST-segment deviations. However,
future developments in Al-based ECG analysis may fur-
ther expand automated diagnostic capabilities [47]. The
VPH was designed to alert anaesthesia professionals
with varying levels of expertise to cardiac pathologies. In
contrast to traditional text-based alarms, which may be
overlooked, the VPH provides an immediate visual over-
view that highlights relevant abnormalities, translating
algorithm-detected diagnoses with the location of the
pathology explicitly mapped onto the heart: ventricular
fibrillation is shown with arrows in the apex of the heart,
atrial arrhythmias at the top right corner (right atrium),
and bigeminy is visualized along the normal conduction
pathway (from right top corner to apex) with an upstroke
arrow indicating ventricular extrasystole (see the Supple-
mentary Video 1 for full visualizations). Combining con-
ventional ECG displays with the VPH avatar could reduce
cognitive load during task switching, enhance situational
awareness, and support safer decision-making [48].

Limitations

This study has several limitations. Capturing statements
through field notes may introduce selective capture, loss
of context, and potential facilitator bias. To mitigate this,
all recorded responses were read back verbally to the
participants immediately after documentation, allowing

(2026) 26:273

Page 11 of 14

them to confirm, clarify, or correct the recorded state-
ments. In addition, the template analysis was conducted
separately and retrospectively after the initial documen-
tation process. Translation of participant statements
from German to English using ChatGPT (40) may intro-
duce bias and normalize phrasing. We tried to mitigate
this by using human verification and comparing transla-
tions with the original statements; however, some bias
may still persist. The brief six-second scenario presenta-
tion may favor the VPH visualization, as it is specifically
designed for rapid comprehension. While this duration is
insufficient for detailed ECG analysis, it aligns with the
study’s focus on intuitive, “at-a-glance” information. The
Philips “ST/AR algorithm” has not yet been extensively
validated in large-scale randomized trials, and its clinical
value therefore remains to be fully established. Nonethe-
less, since the algorithm is certified and already in use
across a wide range of Philips monitoring systems, devel-
oping a dedicated visualization like VPH may enhance
usability and user engagement, ultimately helping unlock
the algorithm’s true clinical value in practice. Participants
in our study were not recruited through random sam-
pling but rather based on the availability of physicians
and nurses who participated in the initial simulation
sessions. This approach may have introduced selection
bias, potentially favoring a younger, more technology-
friendly sample, thereby influencing the perceptions and
experiences reported in the qualitative interviews. There
is, however, little reason to believe that staff availability
would introduce significant bias into users’ perceptions
of VPH. To enhance the transferability of our findings,
we conducted this research as a multi-center and multi-
professional study involving three major university hos-
pitals, incorporating diverse perspectives from different
clinical settings and professional roles. The feedback
reflects initial impressions, as this was the first VPH pro-
totype evaluation. Future studies should explore how
these perceptions evolve with real-life exposure in clini-
cal practice.

Conclusion

In summary, VPH was well received by participants who
recognized its potential to enhance situation awareness
after their first exposure to the technology. Their sur-
vey responses revealed numerous qualities: simplicity,
clarity, low cognitive load, and strong visual cues, which
align with human-centered design principles. At the
same time, participants offered thoughtful and construc-
tive suggestions that highlight important considerations
regarding explainability, trust, and the combined use of
conventional ECG waveforms and VPH. Future studies
could focus on more complex, scenario-based simula-
tions, such as multi-patient monitoring situations, and
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eventually involve real patients in clinical environments,
fully integrated into the broader Visual Patient platform.
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