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The increasing complexity of patient monitors and data dis-
plays in the operating theatre places increasing cognitive de-
mands on clinicians. Greater cognitive demands can lead to
errors in patient care, particularly if cognitive load is further
increased by a critical event. Little consideration is typically
given to the human factors involved in the way in which in-
formation is presented to clinicians in the operating theatre,
and little usability testingis typically done before new displays
are introduced. In this issue of the British Journal of Anaesthesia,
Roche and colleagues® present a study involving 52 anaes-
thesia teams undergoing 154 high-fidelity simulations using a
novel ‘humanoid’ display format, which addresses some of
the known problems in patient monitoring, and does so by
making considerably greater use of human factors in the
design solution than previous approaches.

The wholesale entry of computerisation into healthcare in
recent decades has led to a rapid increase in the number and
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complexity of patient monitors and displays, particularly in
high-intensity treatment areas.””* The clear and cogent
display of information in various formats is a well-established
area of study in many industries.” In particular, computer-
isation is known to result in the generation of large volumes of
data. In the 1990s, the difficulties of displaying such data and
making sense of it emerged as a new field of study called in-
formation visualisation.”® However, the most common
approach for the display of data on patient monitors remains
the single-sensor single-indicator (SSSI) paradigm, where the
data from each individual sensor are displayed as a separate
data element on a computer screen.”® With little stand-
ardisation between manufacturers or hospitals in the place-
ment of data elements on displays, including the possibility of
the same data element being displayed on more than one
monitor, the search time to find relevant information can be
increased. In addition, many patient monitors have various
different display modes, including the ability to customise
displays, which can add further confusion.’ The presence of
many separate SSSI data elements on a display, or series of
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displays, crowds the visual field and leaves it up to the clini-
cian to locate, synthesise, and interpret data elements to
determine the status of their patient.

In the solution proposed by Roche and colleagues,’ multiple
separate data elements are combined into a single intuitive
display, that of a stylised human form or avatar. Such an
approach does more than simply standardise the display, as it
groups data elements into a meaningful whole that is the
avatar patient itself, a kind of visual mnemonic. Changes in
body systems of the patient are displayed by analogy as styl-
ised animated changes in body parts of the avatar; for
example, a patient with cyanosis shows the avatar with a
purple body, and high blood pressure is shown in the avatar by
the outline of the entire body pulsating beyond normal limits.
Displaying information in this way makes it more salient and
intuitive than separate data elements on a screen. The reasons
for this can be better understood if we consider how human
brains work.°

The human brain is a powerful and intelligent filter, but one
with limited working memory. Our senses constantly receive
stimuli from the world; yet, most of them are filtered out by
the brain before reaching conscious awareness. The informa-
tion from the world that does get through is first sorted and
grouped by meaning. The process of grouping information
from the world into meaningful units (the chunking hypoth-
esis) applies to every human activity, and particularly to ex-
perts working within their highly practised domain of
expertise. One of the classic studies in this area of cognitive
psychology involves chess players.'>'? Chess masters have
the same cognitive capacities as novice players; yet, masters
are vastly better at determining which sequences of moves
will assure them the win and which are not worth considering.
Masters achieve this by being able to see the entire chessboard
as a small number of meaningful groupings of pieces, each
grouping forming a chunk that can be collectively and effi-
ciently processed by limited working memory. Novices lack
the ability to see meaningful chunks in the pieces on the
chessboard, and so become overwhelmed in considering all
possible individual moves. Most remarkably, the chunking
skills of masters only work when chess pieces on the board are
in meaningful arrangements, such as during a real game of
chess.’™'? In memory recall tests, chess masters are able to
reconstruct the position of every piece on a board after
glancing at a game in progress for only seconds, but perform
almost as poorly as novices when presented with boards of
randomly arranged chess pieces.

In the clinical context, clinicians are the experts, and a data
display that intuitively and meaningfully groups patient
characteristics would be expected to reduce cognitive de-
mands related to synthesising and interpreting data by
allowing clinicians to effectively chunk information. Consis-
tent with this idea, in previous work, the avatar-based display
has been shown to allow care providers to recall more vital
signs with increased diagnostic confidence, and to report
reduced levels of workload, in comparison with conventional
data displays.’® In the current study, Roche and colleagues’
found a 78% increased probability of identifying the cause of
an emergency with the use of the avatar display. Clinicians
participating in the study had a relative lack of experience
with the avatar display, compared with years of experience
with conventional methods, and this seems likely to have
been an influencing factor in the results of Roche and col-
leagues.! For example, task performance improved

significantly over time with increasing use of the avatar
display, suggesting a learning effect.

The current study was designed to test the non-inferiority
of the avatar display compared with conventional methods,
and findings suggest that the avatar is ready to move out of
simulation and into a clinical trial. However, the avatar display
will likely require further improvements. For example,
although the combination of the avatar and side-by-side
conventional trend displays was found to be non-inferior to
conventional monitoring methods in terms of the primary
outcome, the avatar alone showed an inconclusive result in
this regard. This may be related to the fact that the current
version of the avatar shows only the instantaneous status of
the patient, and does not contain historical trend displays that
are known to be important in detecting changes in a patient’s
condition.* Future work may therefore involve resolving the
best way to incorporate trends display into the avatar format
in a similarly integrated and meaningful way as the instan-
taneous data.

As healthcare becomes more networked and computerised,
it is certain that the amount of data that clinicians must
navigate to deliver effective patient care will increase
dramatically.*!> Estimates of the amount of healthcare data
generated worldwide each year, including electronic health
records, have already increased from 153 exabytes (153 x 1000°
bytes) in 2013 to 2 zettabytes (2 x 10007 bytes) in 2020, a 13-fold
increase.'® The 2020 estimate is an amount of digital infor-
mation equivalent to ~1300 billion full-length feature films. It
seems obvious that we will need help in navigating these large
amounts of data, and such efforts must carefully consider the
cognitive ergonomics involved for clinicians using such solu-
tions. Although avatar displays may seem exotic at present, it
is certain that new forms of data presentation will become
more commonplace in clinical practice in the near future. Two
innovations of this nature worth mentioning are artificial in-
telligence (AI) and augmented reality (AR).

Alis a broadly defined technical term meaning the ability of
a computer system to perform tasks previously requiring hu-
man intelligence. Currently, in healthcare, Al is typically used
to perform tasks associated with analysing patient symptoms,
test results, or medical images, and proposing diagnoses.’+'8
However, Al is good at navigating large volumes of data of all
kinds and is likely to appear on patient monitors soon. The
second innovation, AR, involves supplementing a clinician’s
real visual field with virtual elements superimposed over it to
provide data displays that do not require the clinician to look
away from the task at hand to view them. As with all infor-
mation technology, such innovations tend to complement or
supplement each other. For example, the superimposed data
display in AR could be generated through Al The aim with
these kinds of technologies in healthcare should be that they
leverage natural human abilities to improve performance.'”-*
The avatar-based display in the paper by Roche and col-
leagues’ is significant because it represents a shift away from
the status quo of the SSSI paradigm, and may be the first step
towards the future of smarter and more ergonomically
appropriate display formats.
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Medical and scientific journals spread developing knowledge
by facilitating communication between physicians and sci-
entists. Authors, readers, and the public rightfully expect rapid
publication of rigorously reviewed high-quality papers. The
COVID-19 pandemic has highlighted the importance of rapid
dissemination and has put unprecedented demands on jour-
nals. There is genuine urgency to complete medical research

and place the findings expeditiously into the public domain
after expert peer review so that new findings can be used to
improve patient care as soon as possible. The process of peer
review is often a slow process, but is essential to ensure that
changes in patient care are informed by careful and definitive
research. Thus, journal editors must balance the potentially
competing goals of immediacy and quality control.
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