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ABSTRACT

Cognitive aids - artefacts that support a user in the
completion of a task at the time — have raised great interest
to support healthcare staff during medical emergencies.
However, the mechanisms of how cognitive aids support or
affect staff remain understudied. We describe the iterative
development of a tablet-based cognitive aid application to
support in-hospital resuscitation team leaders. We report a
summative evaluation of two different versions of the
application. Finally, we outline the limitations of current
explanations of how cognitive aids work and suggest an
approach based on embodied cognition. We discuss how
cognitive aids alter the task of the team leader (distributed
cognition), the importance of the present team situation
(socially situated), and the result of the interaction between
mind and environment (sensorimotor  coupling).
Understanding and considering the implications of
introducing cognitive aids may help to increase acceptance
and effectiveness of cognitive aids and eventually improve
patient safety.

Permission to make digital or hard copies of all or part of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full
citation on the first page. Copyrights for components of this work owned by others
than the author(s) must be honored. Abstracting with credit is permitted. To copy
otherwise, or republish, to post on servers or to redistribute to lists, requires prior
specific permission and/or a fee. Request permissions from Permissions@acm.org.
CHI 2019, May 4-9, 2019, Glasgow, Scotland Uk

© 2019 Copyright is held by the owner/author(s). Publication rights licensed to ACM.
ACM ISBN 978-1-4503-5970-2/19/05...$15.00.

DOI https://doi.org/10.1145/3290605.3300884

Paper 654

Stephan Huber
Institute Human-Computer-Media
Julius-Maximilians University
Wiirzburg, Bavaria, Germany
stephan.huber@uni-wuerzburg.de

Daniel Reinhardt
Institute Human-Computer-Media
Julius-Maximilians University
Wiirzburg, Bavaria, Germany
daniel.reinhardt@uni-wuerzburg.de

Thomas Wurmb
Department of Anaesthesia and
Critical Care
University Hospital Wiirzburg
Wiirzburg, Bavaria, Germany
wurmb_t@ukw.de

CCS CONCEPTS

« Applied computing > Life and medical sciences > Health care
information systems; Human-centered computing > Collaborative
and social computing > Empirical studies in collaborative and
social computing

KEYWORDS
Cognitive aid; Cardiac arrest; Cardiopulmonary resuscitation;
Embodied cognition; Non-technical performance; Simulation

ACM Reference format:

Tobias Grundgeiger, Stephan Huber, Andreas Steinisch, Oliver Happel,
Thomas Wurmb. 2019. Cognitive Aids in Acute Care: Investigating How
Cognitive Aids Affect and Support In-hospital Emergency. In 2019 CHI
Conference on Human Factors in Computing Systems Proceedings (CHI 2019),
May 4-9, 2019, Glagsow, Scotland, UK. ACM, New York, NY, USA. XX
pages. https://doi.org/10.1145/3290605.3300884

1 INTRODUCTION

Medical crises are complex and challenging situations
that require immediate management. For example, the
treatment of a cardiac arrest can include chest compression,
manual ventilation, and external defibrillation [59].
Combining these elements in practice is always time-
critical and can thus be stressful, unpredictable, chaotic,
and an emotionally demanding situation for staff [4]. Staff
may be supported during crises by different artefacts that
can range from aiding memory to supporting clinical
decision-making [6]. One may distinguish between
checklists, which are most of the time static representations
in form of linear item lists and are intended to aid memory,
and cognitive aids, which incorporate clinical algorithms
and provide decision support [18].
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The acute care medical community shows increased
interest in cognitive aids [42,43] and research showed that
cognitive aids can increase technical performance in
resuscitations [e.g., 15,38] and operating room crises [37].
In operation room crises, cognitive aids also had a positive
effect on non-technical performance [e.g., 23,40,44,45].
However, the medical epidemiological approach provides
limited insights into how cognitive aids work [33]. Indeed,
the explanations of how these artefacts work can be
summarized as classic  cognitive  psychological
explanations. The artefacts are described as reducing work
load [44] or freeing up mental bandwidth [21] and therefore
allow staff to allocate more attention to team coordination
and complex decision-making.

In the HCI community, insights on the effects of
artefacts on how work is done have been reported. Sarcevic
and colleagues have provided a detailed description of the
use of a paper-based trauma resuscitation checklist in the
emergency room [54] and the effects of the checklist on the
team [65]. The paper-based checklist has also been
transformed to a digital checklist [53], and usability tests
[34] and in-the-wild evaluations [36] of the digital checklist
have been conducted. Sarcevic et al. [54] observed that the
team leader used the paper-based checklist not only as a
memory aid but also noted information about the patient
on the list. This indicated that the checklist also served as
an artefact to externalize memory content for later use such
as decision-making or documentation. Zhang et al. [65]
reported that wusing the checklist affected the
communication pattern of the team leader (an increase in
communication frequency with the checklist compared
with no checklist) and descriptive changes in the
communication patterns depending on checklist use.

Wu and colleagues provided a thorough description of
the context of medical crises and proposed [63] and
evaluated [64] a dynamic procedure aid that is displayed on
a large screen and controlled by a tablet computer that
mirrored the content of the display. Wu et al. [64] reported
that, beyond reminding staff about actions, cognitive aids
focus attention on the appropriate task during crises with
multiple task threads. Finally, Gonzales and colleagues
analyzed resuscitation situations [19] and evaluated a
collaborative cognitive aid that was projected at a wall [20].
The results of the evaluation showed that the aid was well
received and that touch-based interaction outperformed
gesture interaction.

In our multi-year project, we aimed to combine the
medical and the HCI approach to leverage the insights into
the mechanisms by which artefacts such as checklists and
cognitive aids work. That is, we collected data about the
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effects of artefacts on clinically relevant variables but also
sought to obtain insights into the mechanisms of how
artefacts affect work. In the context of in-hospital
cardiopulmonary resuscitations, we have developed a
tablet-based application to support the team leader of in-
hospital resuscitation teams to document specific events in
real time — the documentation application (DocuApp). In
the next iteration, we aimed at adding elements to the
application to support the team leader in performing a
resuscitation procedure according to the European
Resuscitation Guidelines [59] - the cognitive aid
application (CaApp). In the present paper, we summarized
the design process of the applications with a focus on the
CaApp, reported the results of a large-scale evaluation of
the DocuApp vs. the CaApp in a full-scale simulation, and
discussed a framework of how cognitive aids change work
and increase performance.

2 APPLICATION DESIGN

2.1 Setting

The hospital under study has a central medical
emergency team with rotating team members. The team
consists of a specially trained senior anesthesiologist, one
intensive care nurse, and a resident anesthesiologist. The
senior anesthesiologist acts as the team leader and is
required to document the operation in the local healthcare
information system. The team is located in the intensive
care unit of the Department of Anaesthesia and Critical
Care. If alerted, the team can be at any hospital site within
10 minutes. At the site, the emergency team is taking over
the leadership and the medical staff, who served as first
responders, will support the team.

Compared to previous HCI studies, the present setting
showed several differences. First, in contrast to trauma
resuscitation in the emergency department [65], the
emergency team has to set off immediately after being
alerted and has no preparation phase. Second, the team is
located in the intensive care unit but serves several units.
In contrast to the summarized HCI work [19,64,65], any
artefact needs to be mobile and there is no time available to
set up the system at the site.

2.2 Documentation Application (DocuApp)

Good documentation, especially data of time-critical
interventions during cardiopulmonary resuscitation (CPR),
is important because of legal issues [39] and quality
improvement. At the hospital under study, the team leader
is required to enter detailed information (ie. time of
endotracheal intubation) in a user-unfriendly hospital
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information system after the resuscitation. The medical
literature shows that good documentation can be erroneous
when done from memory [60], and Gonzales et al. [19]
reported that staff used paper towels for notetaking
because the provided tools were not usable in fast-paced
emergency situations. We developed an application to
support the team leader in the real-time documentation of
CPR events. Although motivated by the above reasons,
such an application also provides benefits for the team
leader because it reduces the documentation work. Such
benefits are important because this is a benefit for the team
leader and may increase the application’s acceptance [64].

Using different usability methods for the context
analysis and interactive design process, the final tablet-
based DocuApp had a time-critical and time-non-critical
mode (for details see [52]). In short, if the tablet is taken out
of the docking station, the application automatically
switches to the time-critical mode. This is important
because the team has no preparation time and unplugging
and unlocking a tablet has already been reported as
challenging in settings with the pre-arrival time of the
patient [35]. With one touch, the team leader can start a
new resuscitation protocol, confirm when arriving at the
site, and the main site of the time-critical mode is shown
(Figure 1). All interactions are timestamped. In the time-
critical mode, the team leader can document tasks, which
have timestamps associated such as the time of intubation.
In addition, there are timers for repeated actions such as
defibrillation. Such support for reoccurring events is
important [53,64]. After the resuscitation, the team leader
can complete the documentation in the time-non-critical
mode (i.e., information that does not require specific time
stamps).

We evaluated the DocuApp in a full-scale simulation
including real emergency teams by comparing teams that
used the DocuApp vs. teams that did not use the app [22].
We observed that the DocuApp supported the emergency
team leader in the real-time documentation of simulated
CPR (i.e., more accurate documentation) and also enabled
the team leader to document faster after the resuscitation.
In addition, we observed that technical performance during
the resuscitation was equal or even better when using the
DocuApp than without the application. One variable, the
no-flow fraction — fraction of time during the cardiac arrest
when no external chest compression is performed - was
even significantly shorter when using the DocuApp
compared with no DocuApp. The no-flow fraction is
directly related to patient outcome [8] and an important
clinical variable.
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Figure 1: Time-critical mode screen of the DocuApp.

2.3 Cognitive Aid Application (CaApp)

The evaluation of the DocuApp indicated that the
application also affected technical performance. Similarly,
the previously mentioned trauma resuscitation checklist
did not

only aid memory but affected the team leader’s
communication [65] and decision-making processes [54].
Furthermore, we observed that, independent of application
use, the teams were unsuccessful to adhere strictly to the
temporal recommendations of the European Resuscitation
Council guidelines. We followed a user-centered design
approach and redesigned the application to foster the
DocuApp’s function as a cognitive aid further.

2.3.1 Cardiopulmonary resuscitation. A core part of the
guidelines distributed for example by the FEuropean
Resuscitation Council is the Advanced Life Support
algorithm [59]. In short, for effective CPR, a defibrillator
and monitoring equipment need to be attached. The
patient’s heart rhythm needs to be checked every two
minutes and, if indicated, the patient needs to be
defibrillated. This 2-minute iteration proceeds until the
return of spontaneous circulation (ROSC). Interruptions of
the CPR shall be reduced to a minimum. Injections of
adrenaline every 3 to 5 minutes shall be given to the patient
without spontaneous circulation. Amiodarone shall be
administered once after the third shock for patients with
persisting ventricular fibrillation.

CPR will restore and maintain blood circulation in many
cases but CPR will in most cases not treat the actual cause
of the cardiac arrest. Therefore, diagnosing the cause is
important for an effective treatment. The reversible causes
are summarized in English with the mnemonic H’s and T’s
(Hypoxia, Hypovolemia, Hypo- /hyperkalemia /metabolic,
Hypo-  /hyperthermia and Thrombosis, Tension
pneumothorax, Tamponade, Toxins). In different studies,
the theoretical recall of the Advanced Life Support

Page 3



CHI 2019 Paper

algorithm and H’s and T’s among clinicians ranged from
good [41] to bad [31]. During an emergency the possible
causes should be verbalized and then excluded or treated
[18].

2.3.2 Context analysis. We re-used parts of the
contextual analysis of the DocuApp and conducted semi-
structured  interviews  with  two  experienced
anesthesiologists. The gained insights were: (1) Help users
to coordinate the team. (2) No need to remind users of what
the Advanced Life Support algorithm is about (because the
experts know). (3) Assist users in assessment of timeframes
(compromised time perception during CPR [5,48]). (4)
Avoid redundancy with output of other devices (e.g.,
compression rhythm suggested by automated external
defibrillator). (5) No acoustic output (scene of emergency is
often noisy). (6) Remind to consider the cause of cardiac
arrest.

Interestingly, our analysis suggests to not include a
visual model of the Advanced Life Support algorithm that
is a core part of CPR and has been central in other
applications [20,38,51]. The team leader in the current
context has extensive training in CPR. Therefore,
reminding the team leader of basic CPR steps would result
in too much unnecessary information on the application.
From this point of view, the requirements are in line with
previous observations by Wu et al. [64] who report that
doctors preferred clear and simple presentations instead of
too much information and Sarcevic et al. [54] who suggest
to adapt checklists contents to the experience level of the
user. Finally, previous research also highlighted the
support to keep track of timespans in reoccurring steps
[20,64].

2.3.3 Prototyping. Prior to adding new features, we
mirrored parts of the original interface of the DocuApp
(Figure 1). Since users start looking for information in the
top left corner [2], we swapped the running timers with the
buttons. Right handed people, who pose a majority among
users, draw an additional advantage from the buttons being
on the right side. We had four iterations starting with paper
prototypes and moving to fully functional prototypes
implemented in Android (Google, Mountain View, CA)
optimized for a 10” tablet (Xperia Z2, Sony, Tokyo, Japan,
Figure 2). The final CaApp display and an explanation of
the single functions are shown in Figure 3. Note that we
removed the checkboxes of the H’s and T’s mnemonic in the
course of the design process because we did not want to
evoke the impression that a checked-off diagnosis has been
ruled out and should not be considered again.
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Figure 2: Different paper (top) and functional Android-
based prototypes (bottom) of the cognitive aid application.

3 APPLICATION EVALUATION

Real potential emergency teams consisting of one team
leader, and two additional team members, were called to a
simulated emergency. The team leader used either the
CaApp or the DocuApp. We evaluated non-technical and
technical performance to compare the applications and
contribute to the understanding of how cognitive aids
work.

Previously, few studies considered real teams. Zhang et
al. [65] observed in a qualitative analysis that using a
trauma resuscitation checklist in the emergency
department affected the communication pattern of the
team leader. Marshall et al. [45] showed that the presence
of a cognitive aid improved non-technical performance of
teams in a simulated intra-operative anaphylaxis. However,
Everett et al. [14] have observed that non-technical
performance was not affected (positively or negatively) by
using checklists in different simulated emergency
situations of which some involved CPR. In summary, the
evidence of an association of cognitive aid use and non-
technical performance is mixed and not well studied.

The first aim of the study was to investigate the
association between application use and non-technical skill
performance in real emergency teams. Because of our
positive experience with the DocuApp [22] and the user-
centred design approach, we expected a positive
association between application use and non-technical
performance. The second aim was to compare the effect of
application type (CaApp vs. DocuApp) on technical
performance. Based on the added elements in the CaApp,
we expected better technical performance with the CaApp
compared with the DocuApp. The third aim was to
investigate the association between technical and non-
technical performance and application use.
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3.1 Method

3.1.1 Participants. Ethical approval for this study was
provided by the Ethical Committee at the Medical Faculty
of the University Hospital Wiirzburg, Germany. Written
informed consent was obtained from all participants.
Without previous knowledge of which anesthesiologist or
other staff would be available for a specific session, we
determined which session included the CaApp or the
DocuApp. Anesthesiologists participated depending on
their work schedules.

Because the data collection was piggybacked on to full-
scale simulation CPR trainings, we were only able to collect
the data of 36 team leaders. Three data sets had to be
excluded because one team leader forgot to bring the tablet,
one team leader placed the tablet on a shelf and did not
interact with the tablet at all, and during one scenario the
application crashed. Finally, due to technical failure, the
video of one team in the CaApp group could not be
analyzed for non-technical performance. We observed no
significant differences in the demographics of the team
leader between the CaApp group (n=17, Mage=35 years,
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Muwork experience=7.25 years) and the DocuApp group (n=16,
Mage=36 years, Muork experience=6.25 years, p=.790 and
p=.924).

3.1.2 Procedure. The study was conducted at the local
simulation center, using a Resusci Anne Simulator® (Laerdal,
Stavanger, Norway). We used two scenarios, both including
a cardiac arrest, albeit for different reasons (scenario 1:
hypovolemia, scenario 2: asphyxia; see supplementary
materials for scenario descriptions). On each day of the
study period, we conducted two sessions (morning and
afternoon), and each session included both scenarios. The
application condition was counterbalanced in relation to
the time of day. The emergency team always consisted of a
team leader (a senior anesthesiologist with qualifications in
emergency medicine and intensive care medicine) and two
additional team members (one nurse with qualifications in
intensive care medicine and special training in CPR and an
anesthesia trainee). Three other participants pretended to
be ward nurses or other staff members as part of the
scenario.
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All participants received a short introduction to the
simulation environment. The team leader received 3
minutes of training to become familiar with the respective
application. Our previous study [22] showed that such a
brief training was sufficient to use the application
effectively. For both applications, participants were
instructed to document as many actions and interventions
as possible (start time of CPR, defibrillations, etc.). After the
training, the tablet was placed in a docking station. The
emergency team waited outside of the simulation room
until a member of the simulation team placed the
emergency call via phone. After the scenario, the team
leader answered a questionnaire including demographics
and a workload measure.

3.1.3 Measures. To investigate non-technical
performance, one blinded reviewer (an anesthesiologist
from a different hospital with 7 years of work experience
and 10 years of simulation training experience who did not
know the participants of the study) watched the recordings
and rated the teams’ performances using the Team
Emergency Assessment Measure (TEAM), a measurement
instrument specifically developed for medical emergency
teamwork [10,11]. We aggregated the TEAM questions 1 to
11 and used the percentage of the maximum TEAM score
as the dependent variable. In addition, the reviewer rated
how frequently the team leader used the tablet on a scale
from 0 (never/hardly ever) to 4 (always/nearly always).

To investigate the technical performance, we followed
the approach of previous research [37,46] and calculated a
technical performance score in percentages. We analyzed
10 (hypovolemia scenario) and 9 (asphyxia scenario)
variables and assigned either 0, 1, or 2 points (Table 1). The
variables and the scoring were based on the information of
the European Resuscitation Council guidelines [59].

The no-flow time was defined as the time of cardiac
arrest in which no chest compressions were being
performed. We did not count a pause in chest compressions
shorter than 1 second as CPR interruptions. The no-flow
fraction was the ratio between no-flow time and the total
time of cardiac arrest at which the emergency team was
present (i.e., team entered the simulation room until return
of spontaneous circulation). The time to the first heart
rhythm analysis/defibrillation was defined as the time of
patient until the first rhythm
analysis/defibrillation. For chest compression depth and
rate, no-flow fraction, and time to first rhythm
analysis/defibrillation calculations, we used the data
recorded by the patient manikin (SimPad®, Laerdal,
Stavanger, Norway). For guideline-conform changes of the
helper (i.e., the person providing chest compressions),

arrival at the
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adrenaline administration, and heart rhythm analysis, we
extracted the time intervals between each of the specific
actions, starting with the first event. We subtracted these
intervals by 2 minutes for the change of the helper and
heart rhythm analysis, or 3 to 5 minutes for adrenaline
administration, depending on whether adrenaline was
administered too early (before 3 minutes had passed) or too
late (after 5 minutes had passed). We also measured the
time until diagnosis-related actions were performed
(hypovolemia: order a blood gas analysis, asphyxia: assess
the location of the tracheal tube). Finally, we assessed the
workload of the team leader using the NASA TLX [24].
Each of the six sub-scales was rated on a 20-point Likert-
scale, and we report the average of all six sub-scales.

We coded the number of diagnosis-related statements
from the team leaders (see supplementary materials for
coded statements). Furthermore, we coded each time the
team leader engaged in a manual task that could have been
done by other staff members (e.g, drawing up a
medication) and calculated the relative proportion of time
of such hands-on activities (see supplementary materials
for coded activities).

3.1.4 Analysis. The data were analyzed using parametric
tests or non-parametric tests if the dependent variable was
not normally distributed based on a Kolmogorov-Smirnov
test. We used Pearson’s correlation (r) for parametric data
and Spearman's rho (rs) for categorical data. The statistical
analysis was conducted using IBM SPSS Statistics for
Windows, Version 24 (Armonk, NY: IBM Corp). Alpha was
set at .05 and all reported p-values are two-sided.

3.2 Results

We observed a positive correlation between the TEAM
score and application use (rs=0.525, p=.002, Figure 4). A
correlation between the ratings on application use and the
objectively logged interactions with the application
validated the expert rating (rs=0.419, p=.017). When
comparing the applications, we observed no difference
between the TEAM score in the CaApp group 73.3%
(SD=12.7) and the DocuApp group 68.9% (SD=23.4,
p=0.515). The CaApp (Mdn=2, IQR=2) was used more
frequently by the participants than the DocuApp (Mdn=1,
IQR=2, p=.021; scale ranging from 0 =never/hardly ever to
4=always/nearly always).

We observed no difference in the technical performance
score between the CaApp group (M=40.8%, SD=15.4) and
the DocuApp group 33.7% (SD=10.8, p=0.140; see also
Table 1). We observed no significant correlations between
the technical performance score and the TEAM score
(r=0.137, p=0.455) or application use (r;=0.061, p=0.739).
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Figure 4: Correlation of TEAM score and application use.

Finally, we observed no significant difference in
subjective mental workload between the CaApp (M=6.18,
SD=0.94) and the DocuApp (M=5.81, SD=1.30, p=.368; scale
ranging from O=lowest possible rating to 20=highest
possible rating).

The CaApp group made 113 and the DocuApp group
made 102 diagnosis-related statements. The visual
inspection of Figure 5 indicates that the CaApp group
started to make diagnosis related statements earlier. More
diagnosis-related statements were significantly associated
with higher TEAM scores (rs=0.533, p<.002) but only
descriptively with frequent application use (r;=0.277,
p=.125). There was no association between diagnosis-
related statements and technical performance scores
(r:=0.031, p=.865).
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Figure 5: Absolute frequency of diagnosis-related

statements.
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The average hands-on time was 22.6% (SD=16.2). There
was no difference between the CaApp group (M=23.9%,
SD=20.3) and the DocuApp group (M=21.3%, SD=114,
p=0.655). Less hands-on time was significantly associated
with more diagnosis-related statements (rs=-0.356, p=.045)
and more application use (r;=-0.491, p=.004). Hands-on
time and the TEAM score (rs=-.269, p=.136) and the
technical performance scores (rs=-.161, p=.380) were
descriptively associated.

Table 1. Description and results of technical performance
scoring. Values indicate frequencies.

Variable Scores
0 1 2
> - <=
No-flow — fO 20115 1515
fraction (%) PP
DocuApp 0 2 14
Average chest other - 5-6
compression CaApp 13 - 4
depth (cm) DocuApp 15 - 1
Average chest other - 100-120
compression CaApp 7 - 10
rate (min!) DocuApp 5 - 11
Time to first >138 121-138 <=120
heart rhythm CaApp 7 3 7
analysis (s) DocuApp 12 0 4
Time to the >138 121-138 <=120
first shock (s)* CaApp 4 ! 4
DocuApp 4 0 3
Deviation from >36 19-36 <=18
helper change CaApp 6 6 5
algorithm (s) DocuApp 9 1 6
Deviation from other - 0
adrenaline CaApp 15 - 2
algo. (3-5min) | DocuApp 13 - 3
Deviation from >36 19-36 <=18
heart rhythm CaApp 11 4 2
algorithm (s) | DocuApp 12 4 0
Amiodarone None Given | 3"shock
administration CaApp 4 2 3
* DocuApp 4 2 1
Time until >180 121-180 <=120
order of blood CaApp 14 2 1
gas analysis (s) | DocuApp 14 1 1
Time until >180 121-180 <=120
tracheal tube CaApp 4 1 3
assessment (s)* | DocuApp 6 2 1

*Only hypovolemia scenario, *Only asphyxia scenario
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3.3 Discussion

Consistent with the qualitative results of Zhang et al.
[65] and the quantitative results of Marshall et al. [45], we
observed the expected positive association between
application use and non-technical performance. The
absence of such a positive association in the study of
Everett et al. [14] has been attributed to the measurement
tool, which was not validated for their context [43]. We
used the same tool (i.e., the TEAM score), albeit on CPR
scenarios for which the tool was developed [10,11]. Finally,
our results are also in agreement with recent studies on
various operating room crises, which reported a significant
positive association between individual (i.e., only the team
leader was a participant and the other team members were
actors) non-technical performance and cognitive aid use
[e.g., 37,40,44].

We did not observe the expected significant advantage
of the CaApp vs. the DocuApp in relation to technical
performance. Because the DocuApp already improved
technical performance [22], the present baseline against
which we evaluated the CaApp may have been already very
high. This argument may be supported by the very low no-
flow fractions in the present study (29 out of 33 teams
achieved a no-flow fraction of <15%) compared with our
previous study (with DocuApp 16.91%, without DocuApp
22.44%, [22]) and other research on emergency teams such
as real in-hospital adults CPR (24%, [1]) or simulated CPR
(25%, [47]). The very low no-flow fractions may be due to
highly qualified participants and the uptake of the 2015
CPR guidelines [59] that further emphasizes the
importance of uninterrupted chest compressions.

Although studies showed a positive association
between performance and
performance [55], the present results provide only
descriptive evidence for such an association. Similarly, in

technical non-technical

the context of cognitive aid research, recent studies have
reported a significant positive association between team
[45] and individual [44] non-technical performance and the
use of a cognitive aid, but only descriptive beneficial effects
for clinical performance during different simulated crises in
the operation room. At present, we can only speculate why
this is the case. First, the benefits may be small and previous
and our study may have been underpowered. Second, non-
technical performance may only be related to specific
performance measures and not to performance scores.
Third, the effect of non-technical performance on technical
performance may only arise in specific situations such as
very challenging events.

Our study has several limitations. First, we assigned the
application condition to specific times and staff
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participated depending on their work schedule. Therefore,
the comparison between the different applications was not
experimental because it did not include full random
assignment. Second, for the quantitative application
comparison, an a priori power analysis on the main
outcome variable would have been appropriate [7]. Third,
interrater reliability has been an issue when using the
TEAM score to measure non-technical performance, and
we only had one rater. However, in contrast to a previous
study [14], our scenarios included only CPR, for which the
TEAM measure has been designed [11]. In addition, the
rater was blinded to the application condition because
every team leader used a tablet. Finally, the coded
application use and the objectively logged interactions with
the applications showed a strong positive correlation.

In summary, the results of the present study provide
evidence for a positive association between electronic
cognitive aid use and non-technical performance during
simulated in-hospital CPR. Cognitive aids seem to be a
promising way of supporting clinicians in challenging
crisis situations; however, as noted by Marshall [43], more
studies on the relationship between (different versions of)
cognitive aids, non-technical team performance, and
clinical performance are needed.

4 FRAMEWORK FOR THE EFFECTS OF
COGNITIVE AIDS IN ACUTE CARE CRISIS

The presented results, among other things, no
differences between the applications in terms of technical
performance. The results answer the epidemiological
question ‘does it work? In relation to technical
performance, the cognitive aid application did not improve
performance, in comparison with the documentation
application. However, the question provides only limited
understanding of how cognitive aids work. Building an
understanding of how cognitive aids work is important;
otherwise, the research is on a trial-and-error basis.

Considering the healthcare literature, we are not aware
of an explicit or more comprehensive explanation of how
cognitive aids work [cf. 33]. Recent medical publications
have provided practical frameworks [e.g., 6,17] for the
design of cognitive aids such as context analysis, examining
the purpose of the aid, presentation modality, etc. However,
these have fallen short of addressing theoretical
explanations. In final section, first, we summarize how the
effects of cognitive aids are explained in the healthcare
domain. These explanations can be summarized in terms of
the classic information-processing view. Second, we
suggest a framework, based on embodied cognition, for
understanding the effects of cognitive aids in acute care
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settings. Third, we consider how this framework may
contribute to the design of future cognitive aids or
healthcare information technology in general.

4.1 Classic Information-Processing View

In the medical literature, cognitive aids have been
described in a classic information-processing view.
Cognitive aids assist memory and reduce workload [44] or
free up mental bandwidth [21] and therefore allow staff to
focus more attention on team coordination and complex
decision-making. Sarcevic et al. [54] considered checklists
as memory externalization tools. By referring to distributed
cognition [28,29], Sarcevic et al. expand the unit of analysis
beyond the team leader’s individual cognition and
considered the team leader and the list as the unit of
analysis. However, at the core, the checklist is still
considered as tool that prompts or aids memory of the
artefact user (Figure 6). Such an explanation seems
unsatisfying for several empirical and theoretical reasons.

First, despite informal feedback by the participants, that
the applications were good memory aids, the workload
measure in the present study showed no differences
between the DocuApp and the CaApp even though the
latter included more reminders and was used more
frequently. Similarly, Parsons et al. [50] reported no
differences in subjective workload between a trauma
resuscitation checklist group and the no checklist group.

Second, prospective memory research — the research on
how humans remember intentions at the right time in the
future — suggests that, if good environmental cues are
provided, such as in the form of checklists, the cognitive
costs of remembering to remember are very small [58] or
there are no costs at all [57]. Considering the prospective
memory literature, the aforementioned workload findings
do not seem surprising.

Third, checklists and cognitive aids affect physical
behavior and communication. In the present study,
frequent application use was associated with more
diagnosis-related statements and less hands-on time.
Similarly, Zhang et al. [65] reported that instruction on
how to use a checklist changed the interaction style of the
team leader. In particular the comparison of two
applications (e.g., the present study) and one checklist with
different user instructions [65] challenges a classic
information-processing view on artefact use in acute care.

Fourth, the idea that checklists are followed in a linear,
sequential order and all steps can be read off the list applies
to settings with lower time-pressure and enforced checklist
use such as during take-off in aviation. In routine cases, a
strong emphasis on the memory aid aspect of checklists
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Figure 6: Information-processing view: only cognition of
the team leader is affected by application.

seems appropriate. However, as Burian et al. [6] note,
in acute care, checklists are used in a sample-fashion. That
is, the checklist is not followed in a linear fashion but the
procedure may be started and the artefact is only consulted
later or sampled in between actions. This observation
highlights that attention is an important mechanism in the
use of cognitive aids. Indeed, Wu et al. [64] make the point
that cognitive aids need to allocate attention to the
appropriate task at the appropriate time. Different from
routine checklist use, where actions are checked-off as
completed, the time-pressure, the patient case, and the
team determine the use of the artifacts [54].

4.2 Embodied System View

We first describe the implications of taking a system
view. Then, in order to understand the effects of checklists
and cognitive aids on the user, we suggest an embodied
cognition approach [9,13]. As a reference, we use the three
perspectives to embodied cognition suggested by Van Dijk
et al. [62]: the distributed perspective, the socially situated
perspective, and the sensorimotor coupling perspective.

4.2.1 The system view. ‘Taking a systems view’ is
generally considered to study the user in the actual context
of the task including other human and non-human agents
and the whole environment that may influence behavior
[27]. In the context of emergency situations in acute care,
such as the scenarios in the present paper, this includes the
patient, the other team members and further staff,
technological and non-technological equipment, and other
resources. The actual boundaries of such an activity system
need to be determined by the researcher or designer who
needs to decide whether there is sufficient connectivity
between a specific agent and other elements in the system
to include this specific agent in the analysis [25,30].
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4.2.2 The distributed perspective. The distributed
perspective considers human and non-human agents in the
system and analyses the information flow between the
agents. In short, the information-processing approach is
extended to a larger activity system. For example, Sarcevic
et al. [54] described a checklist as an externalized memory.

Introducing an artefact into an activity system,
however, has more severe implications. First, the task of the
individual who is using the artefact changes [49]. For
example, without a checklist, a clinician has to remember
all necessary task steps from memory, which can be
considered as a retrospective memory task. With a
checklist, the clinician has not to retrieve the steps from
memory but allocate attention to and read off the checklist.
The former memory task is replaced by a reading task.

Another example is the heart rhythm analysis check
every two minutes. Without the CaApp, the team leader
has to remember the time of the current heart rhythm
check, monitor the timeframe for approximately two
minutes or calculate the time for the next check, and
remember to initiate the next check at the appropriate time.
With the CaApp, if the tablet is held in one hand, the team
leader needs to document the current heart rhythm check,
notice the color change on the tablet or the vibration of the
tablet at 1:40 or 2:00 minutes after the initial check. In this
case, a prospective memory task is changed. The resulting
task has a much larger perception component.

Second, the system’s output changes. Ideally,
introducing a cognitive aid improves technical or non-
technical team performance and eventually improves
patient outcome.

In light of the distributed perspective, the unit of the
analysis changes from a team leader-cognitive aid dyad to
a larger activity system consisting of human and non-
human agents. The system, however, can still be analyzed
using a cognitive approach [28], ie. information
manipulation and transition between agents, and the
cognitive tasks of the team leader changes [49] (Figure 7).

The distributed perspective offers an explanation for
why artefacts result in more guideline conform processes
[50], but also provides an explanation for why a different
version of a checklist with the same content results in a
different performance. For example, Ramachandran et al.
[51] investigated the effect of artefact design on the
identification of the correct reversible cause in a cardiac
arrest scenario. A context sensitive cognitive aid required
from the user to assess several medical symptoms whereas
an alphabetic cognitive aid simply showed the causes in
alphabetic order. The medical content of the two versions
was the same.
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Figure 7: Distributed perspective: information transition
(dashes lines) and information manipulation (dots).

Because the medical performance (i.e., systems output)
was the same, one may have the impression that both
versions acted as ‘memory aids’. However, the designs of
the aids resulted in two very different cognitive demands
for the team leader. The context sensitive version required
more user input and significantly longer interaction times
compared to the alphabetic version.

4.2.3 The socially situated perspective. The socially
situated perspective emphasizes the specific circumstances
of a situation and the actual options for action in this
situation [61]. In the context of acute care, the perspective
highlights that the team leader has received training, is
experienced in crisis management, and therefore has a
‘plan of action’, but that each crisis is very unique and the
speciﬁc patient case, environmental circumstances, and so
on immediately affect that plan and require or result in
adjustments. Similarly, artefacts influence the plan and
actions. From a socially situated perspective, checklists and
cognitive aids shape how work is done and therefore stress
the coordination of work.

The socially situated perspective can help explain the
effects of a sample-fashion use [6] of artefacts in acute care.
That is, the situation has a stronger effect on the actions of
the team leader than the plan provided by the checklist.
Importantly, it is probably impossible to make a general
statement whether the intended plan suggested by the
checklist or the actual actions result in a better patient
outcome. On average, the checklist should result in a better
outcome, because the content is based on the state-of-the-
art literature. However, in one of the scenarios, the
automated external defibrillator was already set up and
connected but not in use. Making use of this situation
would have resulted in a faster first check of the heart

rhythm.
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Figure 8: Socially situated perspective: application affects
team via team leader behavior and bed location affects staff
behavior.

In such a case, using the situational circumstances as
encountered would result in improved performance.
Another example is the rearrangement of the environment.
In one scenario, the patient’s bed was located in the corner
of the room. Many (but not all) teams moved the bed out of
the corner to get better access to the patient.

The socially situated perspective highlights the
situatedness of action and the active component of artefacts
for work organization [62]. The applications in the present
study are such an artefact that also may have affected the
actions of the team leader. For example, frequent
application use was associated with more diagnosis-related
statements and less hands-on time. Critically, different to
the classic information-processing view, the effects of the
applications did not only affect the cognitive processes of
the team leader but changed work coordination and
therefore affected the whole team (Figure 8).

4.24 The sensorimotor coupling perspective. The
sensorimotor coupling perspective considers that our
actions and behavior influence how we perceive the world
around us. This tight connection between action and
perception highlights that ‘sense-making’ is not only
something that happens in an individual’s brain but also in
the physical world around us [62].

In acute care crisis, staff frequently want to get hands-
on, contribute, and ‘do something to help’. Such
involvement can make it hard to stay on top of the global
situation — so-called situation awareness [56] — and can
result in fixations errors [16]. By holding a physical
artefact, the team leader is forced to not engage in manual
hands-on tasks. In such a situation, tasks are delegated and
communication and coordination becomes more important.
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Figure 9: Sensorimotor coupling perspective: application
affects team leader behavior and behavior affects sense-
making,.

The sensorimotor coupling perspective highlights the
effect of the continuous interaction with the environment
in the process of creating meaning or situation awareness
(Figure 9). The positive association of cognitive aids use and
non-technical performance in the present study and
previous studies [45] may well be due to holding the
artefact in the hand and disengaging from the manual
operations and focusing on higher level activities [32].

4.3 Implications of an embodied system view

Finally, we discuss the design possibilities for cognitive
aids and other healthcare information technologies taking
an embodied system view. First, Van Dijk et al. [12,62]
provided four general “entry-points” for the integration of
technology (so-called coupling) into the loop of existing
work to support, in particular, socio-sensorimotor
integration. For example, the entry point trace relates to the
traces left by people’s actions, which may act as a guide for
further actions.

The already connected automated external defibrillator
(section 4.2.3) can be considered as a ‘trace’ in its capacity
of guiding the action of the team leader. The defibrillator
could be modified to encourage the team leader to pick up
this trace in their socio-sensorimotor loop. Alternatively,
the tablet application could support the entry-point sense-
to-act by enabling team leaders to sense the connected and
ready-to-use defibrillator. For example, the tablet
application could highlight the defibrillator, using
augmented reality. The general idea of entry points is to
fluently integrate social or physical elements of the
environment in the sense-making and action loop of an
individual.

Page 11



CHI 2019 Paper

Second, in relation to the distributed perspective, the
design could consider how an artifact changes the cognitive
processes of the user or the whole team. As illustrated
above (section 4.2.2), introducing an artefact such as a
cognitive aid can change the cognitive task of an individual
profoundly. This insight is also relevant for other
healthcare information technologies, such as those of
electronic health records. Introducing, for example,
electronic anesthesia protocols allows for the automatic
documentation of vital signs or blood gas analysis results.
The anesthesiologist need only to acknowledge new values,
by clicking on respective buttons on the computer monitor,
where previously the values had to be noted on paper or
entered in charts. In the latter case, the information has to
be actively processed and, in the case of charts, related to
previous values - which may have increased the
understanding of trends. Cognitive ethnography (e.g., [3])
is a good method for studying cognitive processes between
agents (human and non-human) in a system.

Third, in general, consideration of different theoretical
views affects what one considers important in the design.
Hornbeek and Oulasvirta [26] recently summarized various
concepts of interaction and made the point that the
different concepts work as a thinking tool. Taking an
embodied system view (but also other concepts of
interaction, see [26]) is likely to highlight novel aspects in
the design process of cognitive aids or other healthcare
information technology.

5 CONCLUSION

There is a persisting need to support clinicians during
fast-paced and stressful, emergencies such as in-hospital
resuscitations [1]. Artefacts such as checklists and
cognitive aids can provide such a support [42]. So far, the
medical community focused on the effectiveness of
cognitive aids in relation to medical outcomes and the HCI
community focused on describing the use of such artefacts.
We summarized our multi-year research program on
technological support during in-hospital resuscitations
and, based on the literature and our own results, suggested
embodied cognition as an approach to understand the
multiple effects of checklists and cognitive aids. We believe
that considering the distributed, socially situated, and
sensorimotor coupling perspectives can provide a basis to
understand how cognitive aids work, provide insights in
the design of supporting artefacts, and eventually help to
improve patient safety.

Paper 654

CHI 2019, May 4-9, 2019, Glasgow, Scotland, UK

ACKNOWLEDGMENTS

The authors would like to thank Eva Maria Richter and
Tabea Blenk for assistance in video analysis, Clara Hiisch
for illustrating Figures 6-9, and Dr. Christopher Neuhaus
for rating the TEAM scores. The study was supported by a
Research Award of the Vogel Stiftung Dr. Eckernkamp.

REFERENCES

[1] Benjamin S. Abella, Jason P. Alvarado, Helge Myklebust, Dana P.
Edelson, Anne Barry, Nicholas O'hearn, Terry L. Vanden Hoek, and
Lance B. Becker. 2005. Quality of cardiopulmonary resuscitation
during in-hospital cardiac arrest. JAMA 293, 3: 305-310.
http://dx.doi.org/10.1001/jama.293.3.305.

[2]  Petra Bacso and Diego Quintanilha Miranda Pereira, 2014. Web
design and usability Issues: how people read webpages. Haaga-Helia
University of Applied Sciences.

[3] Linden J. Ball and Thomas C. Ormerod. 2000. Putting ethnography
to work: the case for a cognitive ethnography of design.
International Journal of Human-Computer Studies 53, 1: 147-168.
http://dx.doi.org/https://doi.org/10.1006/ijhc.2000.0372.

[4] Jurgen Bengel and Markus Heinrichs, 2004. Psychische Belastungen
des Rettungspersonals. In Psychologie in Notfallmedizin und
Rettungsdienst, ]. BENGEL Ed. Springer, Berlin, 25-43.

[5] Mikkel Brabrand, Lars Folkestad, and Susanne Hosbond. 2011.
Perception of time by professional health care workers during
simulated cardiac arrest. Am J Emerg Med 29, 1: 124-126.
http://dx.doi.org/10.1016/j.ajem.2010.08.013.

[6] Barbara K Burian, Anna Clebone, Key Dismukes, and Keith J
Ruskin. 2018. More than a tick box: medical checklist development,
design, and use. Anesth Analg 126, 1: 223-232.
http://dx.doi.org/10.1213/ANE.0000000000002286.

[7]  Kelly Caine. 2016. Local standards for sample size at CHIL In
Proceedings of the 2016 CHI Conference on Human Factors in
Computing Systems (CHI'16), 981-992.
http://dx.doi.org/10.1145/2858036.2858498.

[8] Jim Christenson, Douglas Andrusiek, Siobhan Everson-Stewart,
Peter Kudenchuk, David Hostler, Judy Powell, Clifton W. Callaway,
Dan Bishop, Christian Vaillancourt, Dan Davis, Tom P.
Aufderheide, Ahamed Idris, John A. Stouffer, Ian Stiell, Robert Berg,
and The Resuscitation Outcomes Consortium Investigators. 2009.
Chest compression fraction determines survival in patients with
out-of-hospital ventricular fibrillation. Circulation 120, 13: 1241-
1247. http://dx.doi.org/10.1161/circulationaha.109.852202.

[9] Andy Clark, 1998. Being there: putting brain, body, and world
together again. MIT press.

[10] Simon Cooper and Robyn P. Cant. 2014. Measuring non-technical
skills of medical emergency teams: an update on the validity and
reliability of the Team Emergency Assessment Measure (TEAM).
Resuscitation 85, 1: 31-33.
http://dx.doi.org/10.1016/]j.resuscitation.2013.08.276.

[11] Simon Cooper, Robyn Cant, Joanne Porter, Ken Sellick, George
Somers, Leigh Kinsman, and Debra Nestel. 2010. Rating medical
emergency teamwork performance: development of the Team
Emergency Assessment Measure (TEAM). Resuscitation 81, 4: 446-
452. http://dx.doi.org/10.1016/].resuscitation.2009.11.027.

[12] Jelle Van Dijk and Caroline Hummels. 2017. Designing for
Embodied Being-in-the-World: Two Cases, Seven Principles and
One Framework. In Proceedings of the Eleventh International
Conference on Tangible, Embedded, and Embodied Interaction, 47-56.
http://dx.doi.org/10.1145/3024969.3025007.

[13] Paul Dourish, 2001. Where the action is. MIT press Cambridge.

[14] Tobias C. Everett, P. J. Morgan, R. Brydges, M. Kurrek, D. Tregunno,
L. Cunningham, A. Chan, D. Forde, and J. Tarshis. 2017. The impact
of critical event checklists on medical management and teamwork
during simulated crises in a surgical daycare facility. Anaesthesia 72,
3: 350-358. http://dx.doi.org/10.1111/anae.13683.

Page 12


http://dx.doi.org/10.1001/jama.293.3.305
http://dx.doi.org/https:/doi.org/10.1006/ijhc.2000.0372
http://dx.doi.org/10.1016/j.ajem.2010.08.013
http://dx.doi.org/10.1213/ANE.0000000000002286
http://dx.doi.org/10.1145/2858036.2858498
http://dx.doi.org/10.1161/circulationaha.109.852202
http://dx.doi.org/10.1016/j.resuscitation.2013.08.276
http://dx.doi.org/10.1016/j.resuscitation.2009.11.027
http://dx.doi.org/10.1145/3024969.3025007
http://dx.doi.org/10.1111/anae.13683

CHI 2019 Paper

(15]

[16]

(17]

(18]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

(31]

(32]

(33]

Larry C. Field, Matthew D. Mcevoy, Jeremy C. Smalley, Carlee A.
Clark, Michael B. Mcevoy, Horst Rieke, Paul J. Nietert, and Cory M.
Furse. 2014. Use of an electronic decision support tool improves
management of simulated in-hospital cardiac arrest. Resuscitation
85, 1: 138-142. http://dx.doi.org/10.1016/j.resuscitation.2013.09.013.
Evie Fioratou, Rona Flin, and Ronnie Glavin. 2010. No simple fix for
fixation errors: cognitive processes and their clinical applications.
Anaesthesia 65, 1: 61-69. http://dx.doi.org/10.1111/j.1365-
2044.2009.05994 x.

Keaton A Fletcher and Wendy L Bedwell. 2014. Cognitive aids:
design suggestions for the medical field. In Proceedings of the
International Symposium on Human Factors and Ergonomics in
Health Care, 148-152. http://dx.doi.org/10.1177/2327857914031024.
Sara N Goldhaber-Fiebert and Steven K Howard. 2013.
Implementing emergency manuals: can cognitive aids help translate
best practices for patient care during acute events? Anesth Analg
117, 5: 1149-1161. http://dx.doi.org/10.1213/ANE.0b013e318298867a.
Michael J. Gonzales, Vanice C. Cheung, and Laurel D. Riek. 2015.
Designing collaborative healthcare technology for the acute care
workflow. In Proceedings of the 9th International Conference on
Pervasive Computing Technologies for Healthcare, 145-152.
http://dx.doi.org/10.4108/icst.pervasivehealth.2015.259287.

Michael J. Gonzales, Joshua M. Henry, Aaron W. Calhoun, and
Laurel D. Riek. 2016. Visual task: a collaborative cognitive aid for
acute care resuscitation. In Proceedings of the 10th EAI International
Conference on Pervasive Computing Technologies for Healthcare, 45-
52.

Eliot Grigg. 2015. Smarter clinical checklists: how to minimize
checklist fatigue and maximize clinician performance. Anesth Analg
121, 2: 570-573. http://dx.doi.org/10.1213/ane.0000000000000352.
Tobias Grundgeiger, Moritz Albert, Daniel Reinhardt, Oilver
Happel, Andreas Steinisch, and Thomas Wurmb. 2016. Real-time
tablet-based resuscitation documentation by the team leader:
evaluating documentation quality and clinical performance. Scand ¥
Trauma Resusc Emerg Med 24, 1: 1-7.
http://dx.doi.org/10.1186/s13049-016-0242-3.

T. Kyle Harrison, Tanja Manser, Steven K. Howard, and David M.
Gaba. 2006. Use of cognitive aids in a simulated anesthetic crisis.
Anesth Analg 103, 3: 551-556.
http://dx.doi.org/10.1213/01.ane.0000229718.02478.c4.

Sandra G. Hart and Lowell E. Staveland. 1988. Development of
NASA-TLX (Task Load Index): results of empirical and theoretical
research. Adv Cogn Psychol 52: 139-183.
http://dx.doi.org/10.1016/S0166-4115(08)62386-9.

Erik Hollnagel and David D. Woods, 2005. Joint cognitive systems:
foundations of cognitive systems engineering Taylor & Francis,
Boca Raton, FL.

Kasper Hornbzek and Antti Oulasvirta. 2017. What Is Interaction?
In Proceedings of the Proceedings of the 2017 CHI Conference on
Human  Factors in Computing  Systems, 5040-5052.
http://dx.doi.org/10.1145/3025453.3025765.

Edwin Hutchins, 1995. Cognition in the wild. MIT Press, Cambridge,
Mass.

Edwin Hutchins. 1995. How a cockpit remembers its speeds. Cogn
Sci 19, 3: 265-288. http://dx.doi.org/10.1207/s15516709c0g1903 1.
Edwin Hutchins, 2001. Distributed cognition. In The International
Encyclopedia of the Social and Behavioral Sciences, ].S. NEIL and B.B.
PAUL Eds. Pergamon, Oxford, 2068-2072.

Edwin Hutchins. 2010. Cognitive ecology. Top Cogn Sci 2, 4: 705-
715. http://dx.doi.org/10.1111/j.1756-8765.2010.01089.x.

Nicola Jones, Craig Lammas, and Carl Gwinnutt. 2010. Poor recall
of “4Hs and 4Ts” by medical staff. Resuscitation 81, 11: 1600.
http://dx.doi.org/10.1016/j.resuscitation.2010.06.015.

Victor Kaptelinin and Bonnie Nardi. 2012. Activity theory in HCI:
Fundamentals and reflections. Synthesis Lectures Human-Centered
Informatics 5, 1: 1-105.
http://dx.doi.org/10.2200/S00413ED1V01Y201203HCI013.

John Kinnear. 2017. Cognitive aids and ‘behavioural anaesthesia’.
Anaesthesia 72, 6: 794-795. http://dx.doi.org/10.1111/anae.13900.

Paper 654

(34]

(35]

(36]

(37]

(38]

(39]

(40]

[41]

[42]

(43]

[44]

[45]

[46]

(47]

(48]

CHI 2019, May 4-9, 2019, Glasgow, Scotland, UK

Alyssa Klein, Leah Kulp, and Aleksandra Sarcevic. 2018. Designing
and optimizing digital applications for medical emergencies. In
Proceedings of the Extended Abstracts of the 2018 CHI Conference on
Human  Factors in  Computing  Systems (CHI'18), 1-6.
http://dx.doi.org/10.1145/3170427.3188678.

Leah Kulp and Aleksandra Sarcevic. 2017. Design in the wild:
lessons from researcher participation in design of emerging
technology. In Proceedings of the Extended Abstracts of the 2017 CHI
Conference on Human Factors in Computing Systems (CHI'17), 1802-
1808. http://dx.doi.org/10.1145/3027063.3053170.

Leah Kulp and Aleksandra Sarcevic. 2018. Design in the “medical”
wild: challenges of technology deployment. In Proceedings of the
Extended Abstracts of the 2018 CHI Conference on Human Factors in
Computing Systems (CHI'18), 1-6.
http://dx.doi.org/10.1145/3170427.3188571.

R Lelaidier, B Balanga, S Boet, A Faure, M Lilot, F Lecomte, J-J Lehot,
T Rimmelé, and J-C Cejka. 2017. Use of a hand-held digital cognitive
aid in simulated crises: the MAX randomized controlled trial. Br §
Anaesth 119, 5: 1015-1021. http://dx.doi.org/10.1093/bja/aex256.
Daniel Low, N Clark, J Soar, A Padkin, A Stoneham, Gavin D
Perkins, and J Nolan. 2011. A randomised control trial to determine
if use of the iResus© application on a smart phone improves the
performance of an advanced life support provider in a simulated
medical emergency”. Anaesthesia 66, 4: 255-262.
http://dx.doi.org/10.1111/§.1365-2044.2011.06649.x.

John M. Lyons, Jorge A. Martinez, and J. Patrick O'leary. 2009.
Medical malpractice matters: medical record M & Ms. J Surg Educ
66, 2: 113-117. http://dx.doi.org/10.1016/j.jsurg.2008.12.002.

Tanja Manser, T. Kyle Harrison, David M. Gaba, and Steven K.
Howard. 2009. Coordination patterns related to high clinical
performance in a simulated anesthetic crisis. Anesth Analg 108, 5:
1606-1615. http://dx.doi.org/10.1213/ane.0b013e3181981d36.
Stephan C. U. Marsch, Christian Miller, Katja Marquardt, Gerson
Conrad, Franziska Tschan, and Patrick R. Hunziker. 2004. Human
factors affect the quality of cardiopulmonary resuscitation in
simulated cardiac arrests.  Resuscitation 60, 1: 51-56.
http://dx.doi.org/10.1016/j.resuscitation.2003.08.004.

Stuart D. Marshall. 2013. The use of cognitive aids during
emergencies in anesthesia: a review of the literature. Anesth Analg
117, 5:1162-1171. http://dx.doi.org/10.1213/ANE.0b013e31829¢397b.
Stuart D. Marshall. 2017. Helping experts and expert teams perform
under duress: an agenda for cognitive aid research. Anaesthesia 72,
3: 289-295. http://dx.doi.org/10.1111/anae.13707.

Stuart D. Marshall and Rishi Mehra. 2014. The effects of a displayed
cognitive aid on non-technical skills in a simulated ‘can't intubate,
can't oxygenate’ crisis.  Anaesthesia 69, 7: 669-677.
http://dx.doi.org/10.1111/anae.12601.

Stuart D. Marshall, Penelope Sanderson, Cate A. Mcintosh, and
Helen Kolawole. 2016. The effect of two cognitive aid designs on
team functioning during intra-operative anaphylaxis emergencies:
a multi-centre simulation study. Anaesthesia 71, 4: 389-404.
http://dx.doi.org/10.1111/anae.13332.

Matthew D Mcevoy, William R Hand, W David Stoll, Cory M Furse,
and Paul ] Nietert. 2014. Adherence to guidelines for the
management of local anesthetic systemic toxicity is improved by an
electronic decision support tool and designated ‘reader’. Reg Anesth
Pain Med 39, 4: 299-305.
http://dx.doi.org/10.1097/AAP.0000000000000097.

Frederik Mondrup, Mikkel Brabrand, Lars Folkestad, Jakob Oxlund,
Karsten R Wiborg, Niels P Sand, and Torben Knudsen. 2011. In-
hospital resuscitation evaluated by in situ simulation: a prospective
simulation study. Scand J Trauma Resusc Emerg Med 19, 55: 1-6.
http://dx.doi.org/10.1186/1757-7241-19-55.

Felipe Scipiao Moura, Felipe Veiga De Carvalho, Maria Do Carmo
De Carvalho E Martins, Gerardo Mesquita Vasconcelos, and Patricia
Machado Veiga De Carvalho Mello. 2016. Knowledge of Guidelines
for Cardiopulmonary Resuscitation among Brazilian Medical
Students. Revista Brasileira de Educa¢io Médica 40: 77-85.
http://dx.doi.org/10.1590/1981-52712015v40n1e01772015

Page 13


http://dx.doi.org/10.1016/j.resuscitation.2013.09.013
http://dx.doi.org/10.1111/j.1365-2044.2009.05994.x
http://dx.doi.org/10.1111/j.1365-2044.2009.05994.x
http://dx.doi.org/10.1177/2327857914031024
http://dx.doi.org/10.1213/ANE.0b013e318298867a
http://dx.doi.org/10.4108/icst.pervasivehealth.2015.259287
http://dx.doi.org/10.1213/ane.0000000000000352
http://dx.doi.org/10.1186/s13049-016-0242-3
http://dx.doi.org/10.1213/01.ane.0000229718.02478.c4
http://dx.doi.org/10.1016/S0166-4115(08)62386-9
http://dx.doi.org/10.1145/3025453.3025765
http://dx.doi.org/10.1207/s15516709cog1903_1
http://dx.doi.org/10.1111/j.1756-8765.2010.01089.x
http://dx.doi.org/10.1016/j.resuscitation.2010.06.015
http://dx.doi.org/10.2200/S00413ED1V01Y201203HCI013
http://dx.doi.org/10.1111/anae.13900
http://dx.doi.org/10.1145/3170427.3188678
http://dx.doi.org/10.1145/3027063.3053170
http://dx.doi.org/10.1145/3170427.3188571
http://dx.doi.org/10.1093/bja/aex256
http://dx.doi.org/10.1111/j.1365-2044.2011.06649.x
http://dx.doi.org/10.1016/j.jsurg.2008.12.002
http://dx.doi.org/10.1213/ane.0b013e3181981d36
http://dx.doi.org/10.1016/j.resuscitation.2003.08.004
http://dx.doi.org/10.1213/ANE.0b013e31829c397b
http://dx.doi.org/10.1111/anae.13707
http://dx.doi.org/10.1111/anae.12601
http://dx.doi.org/10.1111/anae.13332
http://dx.doi.org/10.1097/AAP.0000000000000097
http://dx.doi.org/10.1186/1757-7241-19-55
http://dx.doi.org/10.1590/1981-52712015v40n1e01772015

CHI 2019 Paper

[49]

(50]

(51]

(52]

(53]

[54]

(55]

[56]

(57]

Donald A. Norman, 1993. Things that make us smart: defending
human attributes in the age of the machine Addison-Wesley Pub.
Co., Reading, Mass.

Samantha E. Parsons, Elizabeth A. Carter, Lauren J. Waterhouse,
Jennifer Fritzeen, Deirdre C. Kelleher, Karen J. O'connell,
Aleksandra Sarcevic, Kelley M. Baker, Erik Nelson, Nicole E.
Werner, Deborah A. Boehm-Davis, and Randall S. Burd. 2014.
Improving ATLS performance in simulated pediatric trauma
resuscitation using a checklist. Ann Surg 259, 4: 807-813.
http://dx.doi.org/10.1097/s1a.0000000000000259.

Meera Ramachandran, Joel S. Greenstein, Michael Mcevoy, and
Matthew D. Mcevoy. 2014. Using a context-sensitive ranking
method to organize reversible causes of cardiac arrest in a digital
cognitive aid. In Proceedings of the 58th Annual Meeting of the
Human Factors and  Ergonomics Society, 788-792.
http://dx.doi.org/10.1177/1541931214581144.

Daniel Reinhardt, Ann-Kathrin Kraft, Mortiz Albert, Tobias
Grundgeiger, Oliver Happel, Andreas Steinisch, and Thomas
Wurmb. 2015. A tablet-based documentation tool for in-hospital
resuscitations. In Proceedings of the 59th Annual Meeting of the
Human Factors and  Ergonomics Society, 531-535.
http://dx.doi.org/10.1177/1541931215591114.

Aleksandra Sarcevic, Brett J. Rosen, Leah J. Kulp, Ivan Marsic, and
Randall S. Burd. 2016. Design challenges in converting a paper
checklist to digital format for dynamic medical settings. In
Proceedings of the 10th EAI International Conference on Pervasive
Computing Technologies for Healthcare, 33-40.

Aleksandra Sarcevic, Zhan Zhang, Ivan Marsic, and Randall S. Burd.
2016. Checklist as a memory externalization tool during a critical
care process. AMIA Annu Symp Proc 2016: 1080-1089.

Jan Schmutz and Tanja Manser. 2013. Do team processes really have
an effect on clinical performance? A systematic literature review.
Br J Anaesth 110, 4: 529-544. http://dx.doi.org/10.1093/bja/aes513.
Christian M. Schulz, Mica R. Endsley, Eberhard F. Kochs, Adrian W.
Gelb, and Klaus J. Wagner. 2013. Situation awareness in anesthesia
concept and research. Anesthesiology 118, 3: 729-742.
http://dx.doi.org/10.1097/ALN.0b013e318280a40f.

Michael K. Scullin, M. A. Mcdaniel, and G. O. Einstein. 2010. Control
of cost in prospective memory: evidence for spontaneous retrieval
processes. J Exp Psychol Learn Mem Cogn 36, 1: 190-203.
http://dx.doi.org/10.1037/a0017732.

Paper 654

(58]

(59]

[60]

[61]

[62]

[63]

[64]

(65]

CHI 2019, May 4-9, 2019, Glasgow, Scotland, UK

Rebekah E. Smith, R. Reed Hunt, Jennifer C. Mcvay, and Melissa D.
Mcconnell. 2007. The cost of event-based prospective memory:
salient target events. J Exp Psychol Learn Mem Cogn 33, 4: 734-746.
http://dx.doi.org/10.1037/0278-7393.33.4.734.

Jasmeet Soar, Jerry P. Nolan, Bernd W. Béttiger, Gavin D. Perkins,
Carsten Lott, Pierre Carli, Tommaso Pellis, Claudio Sandroni,
Markus B. Skrifvars, Gary B. Smith, Kjetil Sunde, Charles D. Deakin,
Rudolph W. Koster, Koenraad G. Monsieurs, and Nikolaos I
Nikolaou. 2015. European Resuscitation Council Guidelines for
Resuscitation 2015. Resuscitation 95: 100-147.
http://dx.doi.org/10.1016/j.resuscitation.2015.07.016.

Lillian Su, Mary Waller, Seth Kaplan, Anne Watson, Melissa Jones,
and David L. Wessel. 2015. Cardiac resuscitation events: one
eyewitness is not enough. Pediatr Crit Care Med 16, 4: 335-342.
http://dx.doi.org/10.1097/pcc.0000000000000355.

Lucy A. Suchman, 1987. Plans and situated actions: the problem of
human-machine communication. Cambridge University Press,
Cambridge; New York.

Jelle Van Dijk, Remko Van Der Lugt, and Caroline Hummels. 2014.
Beyond distributed representation: embodied cognition design
supporting socio-sensorimotor couplings. In Proceedings of the 8th
International Conference on Tangible, Embedded and Embodied
Interaction (TEI '14), 181-188.
http://dx.doi.org/10.1145/2540930.2540934.

Leslie Wu, Jesse Cirimele, Stuart Card, Scott Klemmer, Larry Chu,
and Kyle Harrison. 2011. Maintaining shared mental models in
anesthesia crisis care with nurse tablet input and large-screen
displays. In Proceedings of the 24th Annual ACM Symposium Adjunct
on  User Interface  Software  and  Technology,  71-72.
http://dx.doi.org/10.1145/2046396.2046428.

Leslie Wu, Jesse Cirimele, Kristen Leach, Stuart Card, Larry Chu, T.
Kyle Harrison, and Scott R. Klemmer. 2014. Supporting crisis
response with dynamic procedure aids. In Proceedings of the 2014
Conference on  Designing  Interactive  Systems,  315-324.
http://dx.doi.org/10.1145/2598510.2598565.

Zhan Zhang, Aleksandra Sarcevic, Maria Yala, and Randall S. Burd.
2014. Informing digital cognitive aids design for emergency medical
work by understanding paper checklist use. In Proceedings of the
18th  International Conference on Supporting Group Work
(GROUP'14), 204-214. http://dx.doi.org/10.1145/2660398.2660423.

Page 14


http://dx.doi.org/10.1097/sla.0000000000000259
http://dx.doi.org/10.1177/1541931214581144
http://dx.doi.org/10.1177/1541931215591114
http://dx.doi.org/10.1093/bja/aes513
http://dx.doi.org/10.1097/ALN.0b013e318280a40f
http://dx.doi.org/10.1037/a0017732
http://dx.doi.org/10.1037/0278-7393.33.4.734
http://dx.doi.org/10.1016/j.resuscitation.2015.07.016
http://dx.doi.org/10.1097/pcc.0000000000000355
http://dx.doi.org/10.1145/2540930.2540934
http://dx.doi.org/10.1145/2046396.2046428
http://dx.doi.org/10.1145/2598510.2598565
http://dx.doi.org/10.1145/2660398.2660423



