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Abstract: Survival from on-street cardiac arrest is dependent on three factors: early recognition, CPR, and defibrillation. These
three elements rely on a successful and complex interaction between a remote dispatcher and a bystander non-expert in on-site
care. Digital applications have been developed to assist the bystander in performing the rescue procedures. This study focuses
on the impact of introducing such an application on the already complex interactions between a bystander and a dispatcher.
We performed cardiac arrests simulations and analyzed the results under the prism of distributed cognition. The results show
that although the application helps the bystanders perform CPR, it disrupts an already complex interaction due to its
characteristics; the distance and number of speakers can hinder the activity of the dispatcher while causing a feeling of loss of
meaning and insecurity.
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1 Introduction

Approximately 55 out-of-hospital cardiac arrests (OHCA) occur for every 100,000 people worldwide each year [1]. Among
these, only 7 to 10% survive [2,3]. The studies on the management of a cardiac arrest victim by a bystander! demonstrate
that the earlier the cardiac arrest is recognized and thus the earlier the necessary rescue acts are performed (cardiac massage,
defibrillation), the greater are the chances of survival [4,5]. These actions require prior recognition of the cardiac arrest by
the dispatcher (operator of the emergency center) who is remote from the situation and has to acquire and identify the
relevant information in a call with a non-expert person. Once cardiac arrest is identified, the dispatcher can engage the
bystander to perform CPR as well as defibrillation, although the process is not seamless. Moreover, studies reveal that
victims of cardiac arrest receive 10-40% of CPR and 1-18% of defibrillation by bystanders depending on the country [6,7].
This is why OHCA healthcare recommendations suggest using every available resource whether they be human and/or
technological (apps) to improve theses rates [5,8]. However, implementing an app in an already complex interaction may
cause additional difficulties rather than providing actual help. In this paper, we investigate, through simulations of cardiac
arrest management (on a training dummy) analyzed through the lens of Distributed Cognition theory, how information flows
between the different actors, how they manage the imbalance of expertise and how an application impacts this information
flow.

2 State of the art

2.1 Bystander assistance under the guidance of a dispatcher: a complex interaction

2.1.1Assessing the patient's condition

Research on emergency management situations highlights the difficulties healthcare professionals have in obtaining
complete and adequate information [9-11]. The dispatchers dispose of a limited amount of time to carry out the assessment
and to make a decision on the resources required as well as on the treatment to provide [12,13]. They frequently have to
make a decision despite incomplete information, within a context of insufficient situation awareness. Individual situation
awareness is defined as " the perception of the elements in the environment within a volume of time and space, the
comprehension of their meaning, and the projection of their status in the near future " [14]. Distributed situation awareness,
when actors are separated "by distance, time or obstacles" is much more difficult to achieve since it requires an

1 A bystander is a person who witnesses an emergency and calls the emergency responders, but is not necessarily trained in emergency procedures.
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understanding of roles, goals and an ability to determine what needs to be shared and how to prioritize information on both
or more parts [15]. The collaboration between a dispatcher and a bystander is then particularly difficult, as the bystanders
have neither a clear understanding of goals and procedures associated with OHCA nor any prior knowledge of the
information to be shared [16-18].

2.1.2 Getting the bystander to perform CPR

As mentioned in the introduction, recognition of cardiac arrest is only one of the elements to increase a patient's chance of
survival; the next step is to perform early CPR and early defibrillation. Once again, the dispatcher is the key element in
initiating these actions [19]. However, few bystanders perform these procedures because they fear causing further injury to
the victim [20-22]. To address the bystanders' lack of knowledge about CPR and consequently, the fear of hurting the
patient, several digital applications provide the possibility for dispatchers to transmit videos of CPR demonstrations via the
bystanders' smartphone [23]. A series of studies have been conducted and indicate positive effects on the number of CPR
performed [24] and on its quality (rhythm, interruptions, position) [25,26]. While studies show a benefit on the bystander's
side, this paper questions the addition of an extra application into the already complex activity of an OHCA regulation on the
dispatcher side.

2.2 Distributed cognition framework

The paradigm of distributed cognition proposed by Hutchins [27-29] aims to explain the cognitive processes involved in the
execution of tasks. He suggests that cognition is distributed between actors and artefacts, which together constitute a "unit of
cognitive ecology”. Based on the cognitive ethnography method, which includes an ethnographic field analysis (cultural
dynamics) and an analysis of activity episodes, it allows the detailed description of distributed cognitive processes in terms
of "information flows". Cognition is thus seen as a process of coordination of external and internal representations
supporting an information processing system [30]. Hollan et al. [31] built further on this theory by suggesting that cognition
could also be distributed across team members, multiple structures (internal and external), and within a given temporality.
While this theory is widely recognized in the CSCW field, it is often criticized for its lack of operationally [32]. The DiCot
model allows objectifying and analyzing a collaborative work situation according to the theory of distributed cognition. In
2005, in order to answer the criticism that this theory was not really applicable as an analysis method [33], the authors
divided this theory into principles enabling the development of several situational models. Further details of the Dicot model
are presented in the methodology section below. The distributed cognition gives access to a situational model in terms of
"information flows" mainly based on the researchers’ observation and on complementary interviews (and thus based on the
individuals’ behaviors). It permits to focuses on a "unit of cognitive ecology" taking the global collective cognitive process
as an object of study. It is possible to use a complementary approach to include the lived experience during interviews to
deepen the understanding of the situation [34-36].

3 Methods

Healthcare experiments are recommended to be conducted in a semi-real context rather than in a real one since it might be
dangerous for citizens and professionals as well as for the victim to experiment in a live setting [37]. Several authors
recommend the use of simulations or scenarios to replicate emergency situations [38,39]. This paper focuses on testing an
OHCA scenario involving all the real stakeholders (bystanders, first responders, dispatchers, paramedics).

3.1 Objectives and research questions

The objective of this study is to investigate the effects of the integration of an assistive application into an OHCA call. The
aim is to understand if and how this technology articulates with the dispatcher's work in a semi-real context including the
interaction's complexity factors: distance, stress for the bystander, time pressure for the dispatcher and multiple stakeholders.
This paper proposes exploring three research questions embedded in a theoretical framework of distributed cognition:

e RQ1: How does information flow in an emergency call for a cardiac arrest?

The first stage is to identify the flow of information between the different participants (dispatcher, bystander, first
responders, etc.) with various modalities; face-to-face, mediated Human/Human (telephone, radio, computer) and mediated
Artefact/Human (application, defibrillator) to model the interaction situation in its ensemble. It is expected that the situation
awareness might be poor and that the dispatcher might have to make decisions with incomplete information.

e RQ2: How does imbalanced expertise between bystander and health professionals affect communication?
To examine the actual effects of the application's integration in this complex interaction, other elements that might interfere
in the interaction's progress also require analysis.
e RQ3: Does the application have any effect (positives or negatives) on the interaction and thereby on the treatment
of OHCA?
Lastly, the analysis will focus on evaluating the impacts of using the application on several interactions. We propose to
analyze significant elements from eliciting inteview.
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3.2 Protocol

3.2.1Experimentation field and population

We collaborated with an Emergency Dispatch Center in Switzerland. The Center has been working with an application of
first responders since three years (1500 volunteers). They are called in case of a life-threatening emergency such as cardiac
arrest. The participants involved in this study were 2 dispatchers (noted D1 and D2); men, (50 years old), , 6 patient partner
(noted B)?; 2 women and 4 men (45 to 75) 5 first responders (FR); men (30) and 6 paramedics (P), men (40).

3.2.2 Materiel

The application tested was developed in 2017. The application allows dispatchers to transmit to |§
any bystander calling one video demonstrating the first-aid procedures: cardiopulmonary
resuscitation (adult, child, infant) or Heimlich maneuver (airway obstruction in adults). In this
study, we used the adult CPR video (Figure 1) consisting of a three-minute loop that provides §
help for the positioning for chest compressions, a sound for CPR pacing, visual support for i o e ——
performing cardiac massage and incentive messages. Figure 1: CPR video

3.2.3 Methodology of the experiment

The 5 simulation workshops took place on 2 sites simultaneously: the dispatch center (dispatcher) and a park (bystander, first
responders and paramedics). Bystanders were asked to take part on simulations using the application video with the
following set point: “You find a 60-year-old man unconscious in a Park. You call 1443 and follow the instructions the
dispatcher gives you”. The bystander called the 144 center and the dispatcher assessed the victim’s state by audio. The
patient turns out to be in cardiac arrest, therefore the dispatcher sends the video of CPR demonstration gestures. They then
ask the participants to perform CPR on the training dummy until the paramedics arrive (8 minutes in the district of interest).
first responders reach the participant at around the 6-minute mark. The simulations were followed by collective elicitation
interviews with all participants per simulation (about 30 minutes). Elicitation interviews [40] are a particular interview
technique that allows the interviewee to focus on their experiences and feelings during a particular event. The interviewer
aims at deepening the lived experience and sensations while avoiding questions that lead to a rationalization of discourse
[41,42]. This technique can be used with a single person or a group [43].

3.2.4 Data collection
All simulations and debriefing situations were audio recorded, filmed, and then transcribed.

3.3 Data analysis

Data was explored using Atlas, a software that allows for video, audio, and verbatim analysis. This was carried out in two
stages: simulation films and audio as well as the verbatim from both the simulations and debriefings which were first coded
in terms of the principles described by the DiCot method (3.3.1). From this initial analysis, we selected key moments to be
discussed in elicitation interviews (3.3.2).

3.3.1Model Distributed Cognition for Teamwork (DiCoT)
DiCoT models allow researchers to analyze each element of a unit of cognitive ecology in terms of cognitive support
(physical layout, information flow, artefacts and environments)[33]. These principles are described in Table 1.

Principle Description

Physical Layout

1: Space and Cognition How information is presented in physical space

2: Perceptual Principle The information is represented in a spatial environment or not (map)
3: Naturalness Principle The representation of information matches its real form

4: Subtle Bodily Supports Use of the body for cognitive support

5: Situation Awareness Capacity to know the situation in real time.

6: Horizon of Observation What the actor can see and hear in his direct field of view

7: Arrangement of Equipment The layout of the equipment itself may change the individual’s perception
Information Flow

8: Information Movement Movement of information around the system

9: Information Transformation Change of information (verbal/computerized/text)

10: Information Hubs Grouping of diverse information to process them together

11: Buffering Storage of certain information

12: Communication Bandwidth Assessment of the communication media's richness

13: Informal Communication Importance of informal communication in completing the task

14: Behavioral Trigger Factors Communication that is only intended to lead to action

Artefacts

15: Mediating Artefacts Artefacts used to collaborate

16: Creating Scaffolding Artefacts created to support the activity

2 “partner patients” are former patients who have agreed to be contacted to participate in research protocols. They are not trained in first aid gestures.
3 144 is the Swiss Emergency number
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17: Representation-Goal Parity Artefact updating is status and representation along the evolution of the situation
18: Coordination of Resources Resources (plans, goals, affordance, history, action-effect, current state) can be
coordinated by the artefact to aid cognition

Table 1: DiCoT principles (extracted from Blandford A, Furniss D, 2005)

For this paper, the emphasis lies in analyzing the information flow with the addition of a new technological cognition
tool. The first analysis (4.1) focuses on the description of the information flow principles and incorporates the physical
layout and artifact principles in it. This primary analysis highlighted interest in conducting an in-depth analysis of the
elements related to situation awareness (5), observation horizon (6), information movement (7) and communication
bandwidth (8).

3.3.2Analysis of critical situations with explicitation interviews

By combining our first analysis of the DiCoT and the verbatim of the debriefings, a selection was made in order to deepen
significant moments in terms of cognitive and emotional processes from a subjective point of view. To perform the
evaluation of the application's impact on the emergency call-taking activity, two categories were made: application related /
non-related to the application.

4 Results

In this section, we will present a short description of the situation and analyze the information flow during the simulations.
We will then analyze the effects of the interaction with a bystander on the handling of the victim of cardiac arrest and
present the impacts of the use of the application on the process.

4.1 A brief description of the situation

For all 5 situations, the process is as follows: the bystander(s) arrives and finds an inanimate training dummy and then calls
144. The dispatcher assesses the victim's condition by verbally guiding the bystander and then announces that it is cardiac
arrest. The dispatcher calls an ambulance, the first responders, and sends the link for the application video. The bystander
opens the video and begins cardiac massage; they are joined at around 5 minutes by the first responders who bring a
defibrillator. The simulation ends when the paramedics have taken full control of the situation.

4.2 Information flow (RQ1)

4.2.1 Descriptive Information Flow

In the victim’s location, the physical layout was similar to a cardiac arrest situation. As all interveners surround the
victim and have both the ability to observe and hear anything happening in the area, principle 5 (situation awareness) and 6
(horizon of observation) are optimal. The different responders can also communicate directly verbally and non-verbally
(through visual contact or gestures) allowing for subtle bodily support (principle 4). The dispatcher is at their dispatch center
in another part of the city and can only communicate face-to-face with the others dispatchers. The interactions between the
participants are described in Figure 2 and their number corresponds to the chronology of the interactions. The details of the
content of these interactions are shown in Table 2.

ID  Information movement description

Figure 2: Information flow 1 Phone and computer interactions between the dispatcher and

the bystander, assessment of the victim.

On site, face-to-face communication. The dispatcher informs

2 the emergency center when cardiac arrest is identified.
3 Radio and computer communication between the dispatcher
@ and one paramedics unit to ask them to go on the site.
ﬁ 4 Computer interaction between the dispatcher and first
) responders.
=] 0 @...‘3 5 Onpsite, CPR video instructions given to the bystander via the
m application.
[a] / 6 The dispatcher overheard on the phone the instructions of the
L+ ) video.
5 (7 7 Face to face, on-site, communication between first
() ' responder(s) and the bystander (about AED)
'ﬁ 8 On site, first responder(s) overheard on the phone with the
CPR video.
Lagund _— 9 On s!te, audio instructions given by the defibrillat(_)r.
D: Dispatcher 10  On site, the bystander overheard the AED instructions.
.’ P parmedts ., @0 Gmmuenim | 14 ON site, face to face, paramedics exchange information with
ﬁ?ﬁ AR P first responder(s).
__, Jarastc nformation transrission AM mediated 12 On site, face to face, paramedics exchange information with

the bystander.

Table 2: Description of information paths
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Interactions and information flow are face-to-face between bystanders, first responders and paramedics (7, 8, 9, 10, 11,
and 12). Interactions between the dispatcher and other participants is always mediated, by telephone, radio or computer (1, 3,
and 4). The use of two technological artifacts brings additional mediated information that is sometimes necessary (5, 9) and
sometimes disturbing (6, 8, 10). From an information bandwidth point of view (P12) indicating that information given face
to face is richer than mediated interactions, only on-site participants are able to have such communication while the
dispatcher, who acts as the information hub (P10), has the least bandwidth communication. As an information hub, they
should be the one who has the maximum amount of information but it is dependent on the information transmitted by the
bystander that may be inadequate or incomplete and on technologies (with varying degrees of reliability). On the other hand,
the communication on victim’s site is indeed direct and verbal between the participants, yet it is blurred by the amount of
information arriving at the same time. As more people and artifacts are brought in, the amount of information is multiplied
simultaneously, making it difficult to identify the most important information. The information in 7, 8, 9, and 10 is actually
associated and non sequential. The most critical information comes from the defibrillator (9), which instructs participants to
conduct a heart rhythm analysis and to perform a defibrillation if it is possible. It was found during the simulations that
participants did not actually hear this instruction because there is no possibility of buffering (P11). This situation will be
developed in the latter section.

4.2.2 Information transformation

Only the dispatcher performs transformations of the information. They receive raw verbal information from the bystander,
perform a filtration of the relevant elements (location, age, gender, condition of the patient) and then enter this information
into the engagement aid system which indicates the next step to follow (assessment of the victim's condition, engagement of
resources). Each processing of the information leads the dispatcher to request to perform an action, to trigger one behavior of
the bystander (P14). The dispatcher is the one knowing the overall plan and must lead the bystander to carry out this plan
systematically by analyzing, updating, and implementing the elements previously achieved.

4.3 The bystander as an informational source with varying degrees of reliability

(RQ2)

Following the principles of physical layout outlined in Dicot, it would appear that the spatial layout and the way in which the
information is represented allows the dispatcher to reach an important awareness situation while reducing the cognitive
effort required to take in the information. Indeed, the system used by the dispatcher is conceived in order to optimize the
principles 2 (perceptual principle), the information is displayed by order of priority and by color, 3 (natural principle), the
ambulances are represented as an ambulance icon which moves on a map and 7 (arrangement of equipment), all the
information is accessible directly in front of the dispatcher. Therefore, one could think that the situation awareness (principle
5) and the observation horizon (principle 6) are also optimal. However, while this is the case in terms of being aware of the
activities occurring in the district, it is less so when monitoring the intervention. Only one screen (screen 1) is dedicated to
the current intervention, the information available to the dispatcher is the location (with map) and the information provided
by the interveners on site. The awareness situation relies entirely on the bystanders, first responders, or paramedics because
the dispatcher's horizon of observation is very limited. They cannot see what is going on and may only be able to hear. In the
intervention situations, the dispatcher is the lead with the bystander; he is the one who has the resources (computerized
procedures, access to paramedics, etc.) and knowledge on how to act on the victim. However, he also has the least visibility
on the situation.

4.3.1 Incompatibility of “what to do next” representations
In order to assess the victim’s status, dispatchers use the Swiss triage scale as a "code that corresponds to a pathology, a
degree of urgency and a destination " (interview with dispatcher 1). This scale enables the assessment of the patient with the
help of decision support schemes, "you see the call in the form of answers and questions™ (D1). The answers to the questions
allow the dispatcher to categorize the pathologies (“cardiac arrest, chest pain, tachycardia, rhythm disorders, hypertension,
hypotension™ D1) classified by systems (nervous, cardiovascular and respirator). This assessment procedure leads to the
diagnosis of the patient's condition by asking different questions and different actions to be taken by the bystander:

e Are they conscious? Pinch them gently on the back of the hand

e Are they breathing? Place your hand on their belly and say "top" every time it rises.
At this point, the dispatcher and the bystander share the same final goal: to save the patient, but do not follow the same steps.
The dispatcher follows a clear plan (displayed concretely on their screen and abstractly in their memory) which requires
validating steps, meanwhile the bystander remains unaware of this procedure. Therefore, the bystander finds themself in a
certain incomprehension caused by the lack of knowledge of this plan and leading to frustration as described by a bystander:
“I personally wanted to go faster because there are things that | know need to be done fairly quickly, but it is true that |
could hear 144 asking me questions on the other end of the line and sometimes | got ahead of them a little bit” (interview
with Bystander 2 B2). It can also lead to inaction or error. The deficit of situational awareness is on both sides; the bystander
does not have the mental representation of the plan that the dispatcher is following and the dispatcher has no visibility on the
actions performed by the bystander. It may become a major obstacle in terms of treating the patient since it leads to a loss of
time and quality of care for the victim.
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4.3.2 Incomplete information transmission

The dispatcher needs to have the most accurate representation of the situation before making a decision. This picture is
filled with information provided by the bystander. Yet, there are times when the bystander omits to report crucial
information that influences the dispatcher's choices. In one situation, there were two bystanders; B3 calls 144 while B4 is
already performing CPR on the training dummy. B3 doesn’t says that the massage has already started and the video does not
work. This poses two problems, the cardiac massage given is not very effective and the dispatcher does not have update on
the situation. They will explain in the debriefing “It was a little difficult for me to visualize the situation because I thought
[B3] was all alone initially. I had no notion that there was already someone who was doing CPR. Above all | didn't know
that the video didn't work, unfortunately, and I could have guided you instead of the video”. The partial and false information
affects the choices that the dispatcher makes (to not verbally guide CPR and not sending B3 to get an AED) since ha has a
distorted representation of what’s really happening. The loss of information is detrimental to the treatment of the patient who
receives an unguided CPR of lower quality.

4.4 Effects of the application implementation in the process (RQ3)

4.4.1Benefits for the bystanders

The goal of the application is to help bystanders perform CPR, but in concrete situations. However, its implementation leads
to several difficulties. For the bystander, it is indeed “good input”, a “help”, a “stimulation”. Participants commented on how
seeing the video made them correct their position and as a result press harder on the chess. Moreover, having a sound to
indicate each compression and the seeing a person performing a massage helps participants to synchronize with the video
and find the right rhythm; "I heard the beep, that's when | saw that | had to go much faster" (B4). Another noteworthy effect
was the reassurance gained from the video's inclusion in a complex and stressful situation: "I was happy to have a link, to be
able to see it " (B1), "it added something comforting to us" (B3), "I felt well supported, even encouraged " (B5).

4.4.2 Dispatcher uncertainty over whether CPR is performed or not

The implementation of the video provokes a deterioration of the dispatcher’ awareness and horizon of observation. It may
affect communication or the performance of CPR itself. When the video starts, it takes the lead over the dispatcher. This can
be explained by the fact that the communication between the bystander and the application is richer, it is more direct and
provides two indications; both visual and audio whereas the dispatcher is speaking over the same channel as the video, they
have no visual feedback and the bystander does not see them. Interaction then shifts from 2 speakers to 3 speakers. However,
the application is unable to monitor if the cardiac massage is performed or not and prevents the dispatcher from talking to the
bystander who can be overwhelmed by the amount of information received. As can be seen in situation 3, the
communication breakdown between them. The dispatcher tries to maintain the link, but the bystander cannot respond.

Situation 3

B5: | can't hear you

D3: Are you massaging?

[B5 doesn’t respond but is performing CPR]
D3: Are you still with me, madam?

D3: Do you have people with you madam?

D3: Madam, | understand that there are two first responders with you, is that correct?

The communication was reestablished only when the first responders arrive and take the lead over the application,
perform CPR and defibrillation. Only then, the bystander was able to take back the phone and answer the dispatcher. This
absence provokes uncertainty for the dispatcher who expressed in the later debriefing "I was not convinced that the massage
was there, that it was going well. | didn't have the feedback at all. [....] it was total uncertainty. " (D4) He feels that "this loss
of communication was damaging for [the bystander] as well as for [him], and maybe for the patient too” (D4). In this
instance, the awareness situation appears to be null because the only source of information is unavailable. In situation 4, the
dispatcher's awareness is distorted by the bystander' answers. The dispatcher thinks that the bystander is massaging while
following the video, which would allow them to perform an effective massage because the bystander answers "yes".
However, the bystander did not start the video and the dispatcher has no means of knowing this.

Situation 4

D4: Okay, you do exactly as in the video. You put the phone in front of you and you do exactly as in the video.
[B6 doesn’t press play on the video]

D4: Do you see the video sir?

B4: Yes

D4: Okay, so arms straight out and decompress at least 5 cm.

D4: Follow the video; you do exactly as in the video.

[B6 perform a weak cardiac massage but doesn’t follow the video]

D5: Are you doing CPR, sir?

B6: Yes
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At this point, everything leads the dispatcher to believe that the cardiac massage is done well, especially since, as they will
specify during the debriefing, the video is launched on their computer, leaving them to believe that it is running on the
bystander' side. The dispatcher explains "the problem is that, as not seeing what is happening on the ground, having audio
feedback from the application, here, we think that the person on the spot performs 100% what is projected on the video
(D5). The dispatcher then specifies that launching the video undermined their role while creating a false sense of
reassurance: “ Ultimately, it completely misled me. I thought they were doing the massage, they have the video, they are
going to do it by mimicry. That' s not the case at all”. The dispatcher's awareness situation is already non-ideal in a "normal”
intervention since they are the only one who is not on the scene and cannot see what is going on, but the addition of a tool,
that is not necessarily reliable, will further deteriorate this essential element.

4.4.3 Information blurring

Interveners (bystander and first responders) can be overwhelmed by the amount of information they receive, which may lead
to an error. Figure 3 displays the various types of information transmitted during a period of 2 minutes and 15 seconds. This
sequence took place 5'45 after the beginning of the simulation. Before that, the bystander (B) had started CPR while
following the video and then switched over to the First responder (FR), which then arrived with the AED.

5’45 6’ 6’15 6’30 6’45 7 7’15 7’30 7'45 8’
Tries to apply the defibrillator patches Success  Performs CPR
" Here ? " "Isthatok ?"
Performs CPR Relay CPR

“you will put the “Turn it "Onthe "Great ! The  "Onthe “The blugmust  "The other

patch right under over” other side, other patch other side” b_e Iowered”a way the ,

my hand" turn it here" little more other way
“Don't stop “ Press with the « Arms "You are effective, " You are doing « Press hard on " At the top « Top change
massaging” heel of the hand, outstretched, release the chest very well, rescue the chest". change the masseur”

SARA asonthe drawing”  pressashardas  completely” is on its way ". masseur "
you can".
C o} n 5 t a n t m € t r o] n o} m e

“Adult patient, “Tear the clothing “Tear the clothing " Removethe « Apply « Apply « Apply « Do nottouch the
if the victim is a to expose the to expose the packaging defibrillation defibrillation defibrillation victim, analysisin
child, press the victim's bare victim's bare from the electrodes to the electrodes tothe  electrodes to the  progress".
child button” chest” chest.” electrode " patient's chest" patient's chest” patient's chest"

Figure 3: Information blurring between participants and technologies
Figure 3 shows that over a period of 2 minutes, the defibrillator and the application provide 8 verbal instructions each. The
first responder gives 7 instructions and the bystander replies 2 times. Additionally, during the entire time, the video is paced
with the CPR with a constant beeping sound. The first responder and the defibrillator give similar instructions, but the first
responder is slightly ahead of the defibrillator, suggesting that he does not pay attention to the instructions given by the
latter. Indeed, he was massaging exactly on the rhythm given by the video, which seems to suggest that his attention was at
least partly focused on the application. The other part of his attention was on instructing and correcting the bystander
attempting to place the defibrillator patches. The bystander who has to perform an unknown task in a stressful situation
receives 23 instructions in 2 minutes, most of them simultaneously. The fact that she changes the patches according to the
feedback from the first responder indicates that her attention is focused on him rather than on the technologies. Once she has
successfully applied the patches, her attention is redirected to the application, which at that very moment indicates "At the
top switch to another masseur”. The first responder also seems to have heard this instruction because at 8', they switch.
However, they both miss the most important instruction "do not touch the victim, analysis in progress"”, which will prevent
the release of the victim's electric shock. During the debriefing, the first responder explains what he found difficult: “the
confusion you can have between the defibrillator and the video. Because me, every time | massage, | try to count with the
defibrillator and I was waiting for ‘next analysis in ... to stop and instead I would hear a voice saying ‘keep massaging’, |
thought it was the defibrillator” (FR2). Moreover, the sometimes contradictory instructions of the dispatcher, the video, and
the defibrillator lead to a conflict for the interveners, especially novices: "who do we let go now? Should we drop the video?
Should we listen to the defibrillator? Without any training at all, | think we can be a bit lost.” (FR2) It appears there may be
a conflict in the prioritization of information and resources, as tools should not be additive, but should rather replace each
other. However, the application is managed remotely by the dispatcher who has poor awareness of the situation, not always
allowing them to realize that the video should be stopped.

5 Discussion

As shown above, emergency-call-taking situations are particularly complex interactions because they include several
stakeholders with different levels of expertise and are carried out in a very limited amount of time under stressful conditions.
Dicot's model allows for capturing the complexity of this interaction by modeling the different flows of information.
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However, using complementary explanatory interviews made it possible to document specific confusing and stressful
moments experienced by the participants that would not have been detected otherwise.

5.1 Recommendations
This section will discuss the results of the study by reviewing the research questions in recommendation form.

5.1.1 Reducing the number of simultaneous information channels to improve information transmission (RQ1)

Our first research question concerned the flow of information in a cardiac arrest call, and we wanted to investigate the
information flow between the different participants and modalities. We found that it was difficult to gather relevant
information not only because the dispatcher is remote as suggested in the literature [9, 11] but also because of the number of
interaction channels. The results show that in an 8-minute interaction, there are at least 4 people on site, 2 artefacts and 1
remote person (the dispatcher). Information flows through 12 different channels (live verbal, verbal on the phone, face-to-
face, overheard, technological artefact to human) simultaneously and non-sequentially. As a result, the dispatcher who is the
only one at a distance, but who acts as the lead, loses information and effectively makes decisions even when they do not
have all the elements in hand and they are lacking of situation awarness [14, 15]. The first recommendation is to reduce the
information channels to maximize the chances that the dispatcher and the responders can hear the relevant information. It
would be beneficial to sequence the tools rather than adding them on top of each other. It could be integrating the
communication channels so that the application is silent when the dispatcher is talking and that the sound of the application
is muted when the defibrillator is on, as well as giving the dispatcher feedback on the sound of the defibrillator so that he can
modulate his interventions.

5.1.2 Giving visual feedback for the dispatcher (RQ2)

Several situations revealed that the bystander did not know the procedures and therefore did not understand the correct
action to take. Nevertheless, the dispatcher did not express any reluctance to rely on them, contrary to what is reported in the
literature. Instead, the bystanders expressed frustration that they were not moving fast enough. In addition, their lack of
knowledge of the procedures also leads to an omission of certain information such as the number of people present, which
further deteriorates the visibility and awareness of the dispatcher. In order to improve upon this, it is possible to implement
an application in the interaction that allows the dispatcher to have visual feedback on the situation. Several studies have
shown that this significantly increases visibility and saves time in the care process [44,45].

5.1.3 Using the application only at the key moment of CPR if there is video feedback (RQ3)

The third research question hypothesized that the addition of explanatory interviews would provide insights into difficulties
that could not be captured by the Dicot model. The findings indicate that the application helps the bystander perform CPR in
consistency with other research findings [24] by helping them with their pace and position [25,26]. Nevertheless, we found
out through the exploratory interviews that using SARA video has a negative effect on the dispatcher's experience as they no
longer know if CPR is performed or not. The dispatcher feel substituted by an artefact and therefore suffers from a lack of
control over the situation, which causes them to feel insecure. As the intention is not to replace the dispatcher by an artifact
but rather to assist them in their activity, it appears that for the time being, the application drains the dispatcher's activity
whereas the dispatcher has no confidence in it. This valuable element didn’t appeared either in the analysis with the Dicot or
in the literature. Therefore, it seems beneficial to use the two methods in a complementary way.

5.2 Limitations and perspectives

One of the limitations of this work is that it was a biased simulation where a new tool was added to a standard simulation to
which neither the bystanders nor the dispatchers had been trained. Furthermore, the simulations were carried out in the
context of Heart Day and the participants were sensitive to the cause. Therefore, it was impossible to confirm or deny the
willingness of each participant to perform cardiac massage since they all agreed from the start. The small number of
participants also constitutes a limitation. Consequently, our future work will focus on diversifying the situations to address
this bias while adding a visual feedback tool for the dispatchers to improve upon their awareness. We will also focus on the
links between information flow and the actor’s behaviours (errors, regulations, efficiency of safety gestures, etc.).

References

[1] Shijiao Yan, Yong Gan, Nan Jiang, Rixing Wang, Yungiang Chen, Zhigian Luo, Qiao Zong, Song Chen, and Chuanzhu
Lv. 2020. The global survival rate among adult out-of-hospital cardiac arrest patients who received cardiopulmonary
resuscitation: a systematic review and meta-analysis. Critical Care 24, 1 (2020), 1-13.

[2] Jan-Thorsten Grasner, Jan Wnent, Johan Herlitz, Gavin D. Perkins, Rolf Lefering, Ingvild Tjelmeland, Rudolph W. Koster,
Siobhan Masterson, Fernando Rossell-Ortiz, Holger Maurer, Bernd W. Boéttiger, Maximilian Moertl, Pierre Mols, Hajriz
Alihodzi¢, Irzal HadZibegovi¢, Marios loannides, Anatolij Truhlaf, Mads Wissenberg, Ari Salo, Josephine Escutnaire,
Nikolaos Nikolaou, Eniko Nagy, Bergthor Steinn Jonsson, Peter Wright, Federico Semeraro, Carlo Clarens, Steffie Beesems,
Grzegorz Cebula, Vitor H Correia, Diana Cimpoesu, Violetta Raffay, Stefan Trenkler, Andrej Markota, Anneli Strémsoe,



Implementing an assistive app in a complex emergency interaction

Roman Burkart, Scott Booth, and Leo Bossaert. 2020. Survival after out-of-hospital cardiac arrest in Europe - Results of the
EuReCa TWO study. Resuscitation 148, (March 2020), 218-226. DOI:https://doi.org/10.1016/j.resuscitation.2019.12.042

[3] John S Rumsfeld, Steven C Brooks, Tom P Aufderheide, Marion Leary, Steven M Bradley, Chileshe Nkonde-Price, Lee
H Schwamm, Mariell Jessup, Jose Maria E Ferrer, and Raina M Merchant. 2016. Use of mobile devices, social media, and
crowdsourcing as digital strategies to improve emergency cardiovascular care: a scientific statement from the American Heart
Association. Circulation 134, 8 (2016), e87—e108

[4] Amy Souers, Christian Zuver, Alexa Rodriguez, Christine Van Dillen, Christopher Hunter, and Linda Papa. 2021.
Bystander CPR occurrences in out of hospital cardiac arrest between sexes. Resuscitation 166, (September 2021), 1-6.
DOl:https://doi.org/10.1016/j.resuscitation.2021.06.021

[5] Spyros D. Mentzelopoulos, Keith Couper, Patrick VVan de VVoorde, Patrick Druwé, Marieke Blom, Gavin D. Perkins, lleana
Lulic, Jana Djakow, Violetta Raffay, Gisela Lilja, and Leo Bossaert. 2021. European Resuscitation Council Guidelines 2021:
Ethics of resuscitation and end of life decisions. Resuscitation 161, (April 2021), 408-432.
DOl:https://doi.org/10.1016/j.resuscitation.2021.02.017

[6] Ailish Valeriano, Shyan Van Heer, Francois de Champlain, and Steven C. Brooks. 2021. Crowdsourcing to save lives: A
scoping review of bystander alert technologies for out-of-hospital cardiac arrest. Resuscitation 158, (January 2021), 94-121.
DOl:https://doi.org/10.1016/j.resuscitation.2020.10.035

[7] Salim S Virani, Alvaro Alonso, Emelia J Benjamin, Marcio S Bittencourt, Clifton W Callaway, April P Carson, Alanna M
Chamberlain, Alexander R Chang, Susan Cheng, and Francesca N Delling. 2020. Heart disease and stroke statistics—2020
update: a report from the American Heart Association. Circulation 141, 9 (2020), e139—e596.

[8] Gavin D. Perkins, Anthony J. Handley, Rudolph W. Koster, Maaret Castrén, Michael A. Smyth, Theresa Olasveengen,
Koenraad G. Monsieurs, Violetta Raffay, Jan-Thorsten Grasner, Volker Wenzel, Giuseppe Ristagno, Jasmeet Soar, Leo L.
Bossaert, Antonio Caballero, Pascal Cassan, Cristina Granja, Claudio Sandroni, David A. Zideman, Jerry P. Nolan, lan
Maconochie, and Robert Greif. 2015. European Resuscitation Council Guidelines for Resuscitation 2015: Section 2. Adult
basic life support and automated external defibrillation. Resuscitation 95, (October 2015), 81-99.
DOl:https://doi.org/10.1016/j.resuscitation.2015.07.015

[9] Marc van den Homberg, Robert Monné, and Marco Spruit. 2018. Bridging the information gap of disaster responders by
optimizing data selection using cost and quality. Computers & geosciences 120, (2018), 60-72.

[10] Nitesh Bharosa, JinKyu Lee, and Marijn Janssen. 2010. Challenges and obstacles in sharing and coordinating information
during multi-agency disaster response: Propositions from field exercises. Information Systems Frontiers 12, 1 (2010), 49-65.
[11] Laura G Militello, Emily S Patterson, Robert Wears, and Jill A Ritter. 2005. Large-scale coordination in emergency
response. SAGE Publications Sage CA: Los Angeles, CA, 534-538.

[12] Aleksandra Sarcevic and Nicole Ferraro. 2017. On the use of electronic documentation systems in fast-paced, time-critical
medical settings. Interacting with Computers 29, 2 (2017), 203-219

[13] William W Tollefsen, Mark Gaynor, Marissa Pepe, Dan Myung, Matt Welsh, and Steven Moulton. 2005. iRevive: A pre-
hospital database system for emergency medical services. International journal of healthcare technology and management 6,
4-6 (2005), 454-469.

[14] Mica MR Endsley. 1995. Toward a theory of situation awareness in dynamic systems. human factors, 37 (1), 32-64.
(1995).

[15] Mica R Endsley. 2015. Situation awareness misconceptions and misunderstandings. Journal of Cognitive Engineering
and Decision Making 9, 1 (2015), 4-32.

[16] Martha Bird, Louise Hansen, and Massimo Lanfranco. 2020. New ways of volunteering. Challenges and opportunities.
A working paper and toolbox for care and support for spontaneous unafilliated volunteers.

[17] Blythe McLennan, Julie Molloy, Dr Joshua Whittaker, and Professor John Handmer. 2016. Centralised coordination of
spontaneous emergency volunteers: the EV CREW model. 31, 1 (2016), 8.

[18] Christian Reuter, Thomas Ludwig, Marc-André Kaufhold, and Thomas Spielhofer. 2016. Emergency services’ attitudes
towards social media: A quantitative and qualitative survey across Europe. International Journal of Human-Computer Studies
95, (November 2016), 96-111. DOI:https://doi.org/10.1016/j.ijhcs.2016.03.005

[19] Sumitro Harjanto, May Xue Bi Na, Ying Hao, Yih Yng Ng, Nausheen Doctor, E. Shaun Goh, Benjamin Sieu-Hon Leong,
Han Nee Gan, Michael Yih Chong Chia, Lai Peng Tham, Si Oon Cheah, Nur Shahidah, and Marcus Eng Hock Ong. 2016. A
before—-after interventional trial of dispatcher-assisted cardio-pulmonary resuscitation for out-of-hospital cardiac arrests in
Singapore. Resuscitation 102, (May 2016), 85-93. DOI:https://doi.org/10.1016/j.resuscitation.2016.02.014

[20] David D Berg, Bentley J Bobrow, and Robert A Berg. 2019. Key components of a community response to out-of-hospital
cardiac arrest. Nature Reviews Cardiology 16, 7 (2019), 407-416.

[21] Andrew J Bouland, Megan H Halliday, Angela C Comer, Matthew J Levy, Kevin G Seaman, and Benjamin J Lawner.
2017. Evaluating barriers to bystander CPR among laypersons before and after compression-only CPR training. Prehospital
Emergency Care 21, 5 (2017), 662-669.

[22] Bjorn Knaevelsrud Kanstad, S Aa Nilsen, and KCPR Fredriksen. 2011. CPR knowledge and attitude to performing
bystander CPR among secondary school students in Norway. Resuscitation 82, 8 (2011), 1053-1059.

[23] Clément Derkenne, Daniel Jost, Florian Roquet, Paul Dardel, Romain Kedzierewicz, Alexandre Mignon, Stéphane
Travers, Benoit Frattini, Laurent Prieux, Emmanuel Rozenberg, Xavier Demaison, John Gaudet, Félicité Charry, Olivier



Implementing an assistive app in a complex emergency interaction

Stibbe, Frédérique Briche, Frédéric Lemoine, Xavier Lesaffre, Olga Maurin, Eric Gauyat, Eric Faraon, Sabine Lemoine, and
Bertrand Prunet. 2020. Mobile Smartphone Technology Is Associated With Out-of-hospital Cardiac Arrest Survival
Improvement: The First Year “Greater Paris Fire Brigade” Experience. Acad Emerg Med 27, 10 (October 2020), 951-962.
DOl:https://doi.org/10.1111/acem.13987

[24] Sun Young Lee, Kyoung Jun Song, Sang Do Shin, Ki Jeong Hong, and Tae Han Kim. 2020. Comparison of the effects
of audio-instructed and video-instructed dispatcher-assisted cardiopulmonary resuscitation on resuscitation outcomes after out-
of-hospital cardiac arrest. Resuscitation 147, (February 2020), 12—-20. DOI:https://doi.org/10.1016/j.resuscitation.2019.12.004
[25] Yu-You Lin, Wen-Chu Chiang, Ming-Ju Hsieh, Jen-Tang Sun, Yi-Chung Chang, and Matthew Huei-Ming Ma. 2018.
Quality of audio-assisted versus video-assisted dispatcher-instructed bystander cardiopulmonary resuscitation: A systematic
review and meta-analysis. Resuscitation 123, (February 2018), 77-85.
DOl:https://doi.org/10.1016/j.resuscitation.2017.12.010

[26] Samuel Stipulante, Anne-Sophie Delfosse, Anne-Frangoise Donneau, Gary Hartsein, Sophie Haus, Vincent D’Orio, and
Alexandre Ghuysen. 2016. Interactive videoconferencing versus audio telephone calls for dispatcher-assisted cardiopulmonary
resuscitation using the ALERT algorithm: a randomized trial. European Journal of Emergency Medicine 23, 6 (2016), 418—
424,

[27] Edwin Hutchins. 2013. Culture and inference. Harvard University Press.

[28] Edwin Hutchins. 1995. Cognition in the Wild. MIT press.

[29] Edwin Hutchins. 1983. Understanding micronesian navigation. Mental models (1983), 191-225.

[30] Zhan Zhang, Karen Joy, Pradeepti Upadhyayula, Mustafa Ozkaynak, Richard Harris, and Kathleen Adelgais. 2021. Data
Work and Decision Making in Emergency Medical Services: A Distributed Cognition Perspective. Proceedings of the ACM
on Human-Computer Interaction 5, CSCW?2 (2021), 1-32.

[31] James Hollan, Edwin Hutchins, and David Kirsh. 2000. Distributed cognition: toward a new foundation for human-
computer interaction research. ACM Transactions on Computer-Human Interaction (TOCHI) 7, 2 (2000), 174-196.

[32] Christine A Halverson. 2002. Activity theory and distributed cognition: Or what does CSCW need to DO with theories?
Computer Supported Cooperative Work (CSCW) 11, 1 (2002), 243-267.

[33] Ann Blandford and Dominic Furniss. 2005. DiCoT: a methodology for applying distributed cognition to the design of
teamworking systems. Springer, 26-38.

[34] Ludovic Seifert, Julien Lardy, Jérdme Bourbousson, David Adé, Antoine Nordez, Régis Thouvarecq, and Jacques Saury.
2017. Interpersonal coordination and individual organization combined with shared phenomenological experience in rowing
performance: two case studies. Frontiers in psychology 8, (2017), 75.

[35] Mehdi R’Kiouak, Jacques Saury, Marc Durand, and Jérome Bourbousson. 2018. Joint action in an elite rowing pair crew
after intensive team training: The reinforcement of extra-personal processes. Human movement science 57, (2018), 303-313.
[36] Eric Terrien, Benoit Huet, Paul lachkine, and Jacques Saury. 2020. Coordination between crew members on flying
multihulls: a case study on a Nacra 17. Journal of Sports Science & Medicine 19, 2 (2020), 298.

[37] Gerhard Leitner, David Ahlstrém, and Martin Hitz. 2007. Usability of mobile computing in emergency response systems—
Lessons learned and future directions. Springer, 241-254.

[38] Lars Gerhold, Roman Peperhove, and Edda Brandes. 2020. Using Scenarios in a Living Lab for improving Emergency
Preparedness. (2020), 12.

[39] Tilo Mentler, Henrik Berndt, Daniel Wessel, and Michael Herczeg. 2017. Usability Evaluation of Information Technology
in Disaster and Emergency Management. In Information Technology in Disaster Risk Reduction, Yuko Murayama, Dimiter
Velev, Plamena Zlateva and Jose J. Gonzalez (eds.). Springer International Publishing, Cham, 46-60.
DOl:https://doi.org/10.1007/978-3-319-68486-4_5

[40] P Vermersch. 1994. L’entretien d’explicitation [The explicitation interview].

[41] Béatrice Cahour, Pascal Salembier, and Moustapha Zouinar. 2016. Analyzing lived experience of activity. Le travail
humain 79, 3 (2016), 259. DOI:https://doi.org/10.3917/th.793.0259

[42] Armelle Balas-Chanel. 2013. La pratique réflexive: un outil de développement des compétences infirmiéres. Elsevier
Health Sciences.

[43] Gitte Linderoth, Oscar Rosenkrantz, Freddy Lippert, Doris @stergaard, Annette K. Ersbgll, Christian S. Meyhoff, Fredrik
Folke, and Helle.C. Christensen. 2021. Live video from bystanders’ smartphones to improve cardiopulmonary resuscitation.
Resuscitation 168, (November 2021), 35-43. DOI:https://doi.org/10.1016/j.resuscitation.2021.08.048

[44] Gitte Linderoth, Thea Palsgaard Mgller, Fredrik Folke, Freddy K. Lippert, and Doris @stergaard. 2019. Medical
dispatchers’ perception of visual information in real out-of-hospital cardiac arrest: a qualitative interview study. Scandinavian
Journal of Trauma, Resuscitation and Emergency Medicine 27, 1 (January 2019), 8. DOI:https://doi.org/10.1186/s13049-018-
0584-0

10



