Data Work and Decision Making in Emergency Medical
Services: A Distributed Cognition Perspective

ZHAN ZHANG, Pace University, USA

KAREN JOY, Pace University, USA

PRADEEPTI UPADHYAYULA, Pace University, USA
MUSTAFA OZKAYNAK, University of Colorado, USA
RICHARD HARRIS, Pace University, USA
KATHLEEN ADELGAIS, University of Colorado, USA

Emergency medical services (EMS) teams are first responders providing urgent medical care to severely ill or
injured patients in the field. Despite their criticality, EMS work is one of the very few medical domains with
limited technical support. This paper describes a study conducted to examine technology opportunities for
supporting EMS data work and decision-making. We transcribed and analyzed 25 simulation videos. Using
the distributed cognition framework, we examined EMS teams’ work practices that support information
acquisition and sharing. Our results showed that EMS teams leveraged various mechanisms (e.g., verbal
communication and external cognitive aids) to distribute cognitive labor in managing, collecting, and using
patient data. However, we observed a set of prominent challenges in EMS data work, including lack of
detailed documentation in real time, situation recall issues, situation awareness problems, and challenges in
decision making and communication. Based on the results, we discuss implications for technology
opportunities to support rapid information acquisition, integration, and sharing in time-critical, high-risk
medical settings.
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1 INTRODUCTION

Emergency medical care is a fast-paced and dynamic process that addresses severe illnesses or life-
threatening injuries (e.g., trauma, stroke, and seizure) [1]. Following an incident, Emergency
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Medical Services (EMS) teams are dispatched to provide urgent medical care in the field and
transport patients to the nearest point of definitive care (e.g., a hospital). There are nearly 20,000
reported EMS agencies providing emergency care to over 37 million patients annually in the
United States [2]. Management of critically-ill patients requires rapid and accurate information
acquisition and decision making [1]—EMS providers (e.g., paramedics) need to quickly seek,
collect, integrate, and manage various types of information about the patient’s status, needs, and
treatment activities (pre-hospital information) from multiple sources. In addition, EMS providers
need to share pre-hospital information with emergency department (ED) teams at the receiving
hospital to help them better anticipate the patient’s needs and allocate necessary clinical resources
before patient arrival [1, 3-5]. Despite its criticality, there is a lack of effective approaches by
which pre-hospital information is accrued to allow for easy integration and analysis in real time
for effective clinical decision making.

Unlike ongoing care in hospital wards, the information acquisition and integration in
emergency care is performed during a short and highly intense process (e.g., within a scale of
minutes and even seconds) [6]. However, the highly dynamic and interruption-driven nature of
EMS work at the point of accident ground poses significant challenges for accurate and timely
data acquisition and documentation [7]. For example, a study reported that 40% of the data fields
on an ambulance medical record were either left blank or filled in erroneously [8]. Similarly,
another study found that 28% of EMS records were missing patient’s physiologic data [9]. Even
more concerning is that EMS teams do not always have a dedicated role for data acquisition and
documentation—a cognitive- and time-consuming task which is usually performed by a scribe
person (e.g., nurse recorder) in other medical teams. These unique challenges and characteristics
of EMS work often result in difficulties in acquiring information needed for decision-making and
failures in communication with hospital teams. Therefore, it is of utmost importance to
understand patterns and information flow in EMS work to address these challenges. However, to
date, there is limited research examining how to support real-time information acquisition and
decision making in the field.

The long-term goal of this research is to design and develop technology solutions to support
the capture and sharing of pre-hospital information in real time. The first step to achieve this goal
is to understand the work practices and information behaviors of EMS teams and the challenges
they face in their data work. In this paper, using distributed cognition (DC) as an analytical
framework [10], we examined EMS teams’ verbal communication and work practices related to
information acquisition, recording, and sharing. By reviewing and analyzing the videos of 25 EMS
simulations, we found that EMS teams relied on various mechanisms (e.g., verbal communication,
tacit monitoring, and external cognitive aid) to distribute cognitive labor and coordinate work. We
also observed a set of challenges, including lack of detailed documentation in real time, situation
recall issues, situation awareness problems, and challenges in decision making and
communication. We conclude by discussing the implications of this study from three perspectives:
1) the application of the distributed cognition framework in examining complex social-technical
systems, 2) technology opportunities for supporting real-time data collection and decision making
in fast-paced medical settings, and 3) EMS team training.

Our contributions to the CSCW community are three-fold: First, we contribute a detailed

account of EMS work practices and faced challenges in real-time information acquisition and
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decision making, which remain understudied in the CSCW community. Second, we presented a
case study of using the analytical models of distributed cognition to examine highly dynamic and
complex socio-technical systems. Lastly, our study informs design implications for technology
solutions that support rapid information acquisition, integration, and sharing in time-critical,

high-risk medical settings.

2 BACKGROUND AND RELATED WORK

In this section, we first provide an overview of EMS work and then describe a strand of literature
on data work, decision-making, and information acquisition in dynamic medical settings. Lastly,
we introduce the theoretical framework that guides this study—distributed cognition (DC)—and
the reasons for choosing this framework.

2.1 EMS WORK

Emergency Medical Services (EMS) teams are dispatched to the field to provide emergency care
once activated by an incident that causes severe illness or injury. In the United States, EMS
services can be based in a fire department, a hospital, or a non-profit organization (e.g., rescue
squad). There are usually two types of EMS personnel, emergency medical technician (EMT) and
paramedic. EMT training focuses on basic life support techniques such as cardiopulmonary
resuscitation, oxygen administration, and wound treatment. In contrast, paramedics need to
undertake more extensive trainings to be qualified for performing advanced life support
procedures, such as administering medication and fluids, resuscitating patients, and providing
breathing support and advanced airway management. Both EMTs and paramedics also take
special trainings to act when a mass casualty incident (e.g., disaster, massive shooting) happens. In
particular, some EMS agencies prepare their providers at all levels to work with first responders
from other agencies, many of whom they do not normally come in contact with [11].

EMS teams are organized flexibly in reaction to changing situations. Usually, before a medic
unit leaves the base, the director or dispatcher decides whether one ambulance staffed with two
EMS professionals can handle the situation or if a backup ambulance is necessary. For a major
incident, multiple units may need to be dispatched to the scene. Typically, the EMS dispatch center
provides incident information to help EMS teams determine which equipment to take, what to
plan for the situation, and what complications to expect. At the scene, EMS providers have to
assess the situation and make decisions quickly. They usually use three diagnostic tools:
interviews, physiological evaluations such as electrocardiograms (ECGs), and physical assessments
(e.g., primary and secondary survey). These evaluation procedures and tools could help EMS teams
decide treatment and the next most pressing task. For critical procedures or ambiguous cases, EMS
teams can choose to call ED physicians at the receiving hospital for online medical control.
However, in the meantime, EMS providers are often busy with patient care, complicating many of
their activities, including data gathering and documentation.

Much work in EMS has focused on improving work efficiency and addressing human factors of
EMS working environment (e.g., [10, 12-15]). For example, Kristensen, et al. [12] employed a
participatory design approach to examine the features of EMS work and technology use in
different emergency situations. Their work contributes design implications for new interactive
technology systems to support multidisciplinary work in future EMS practice. Despite these
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efforts, the EMS domain remains understudied in the CSCW field—there is a lack of empirical
studies to examine the issues and challenges in EMS work [12]. Since many of the challenges in
EMS work are tied to data work—collecting, identifying, using, and sharing patient information in
the field—our research focuses on this long-standing yet unsolved problem. This study aims to
gain a comprehensive understanding of how EMS teams communicate and collaborate to acquire
and integrate pre-hospital information and what challenges exist in this process. These insights
will inform the design of novel technologies to better support EMS teamwork.

2.2 Data Work in Healthcare

Data work refers to the effort involved in “creating, collecting, managing, curating, analyzing,
Interpreting, and communicating data” (16, 17]. In the healthcare field, care providers use patient
data for various purposes, such as quality improvement, research, patient care, and
communicating with other care members or teams. A central theme of this line of research centers
around understanding how patient data is collected, contextualized, shared, and used [18, 19]. For
example, Pine [20] uncovered how medical records coders and clerks used situated judgement and
calculation to create administrative data from clinical records (e.g., birth certificate data) for
secondary uses. In a systematic review, Bossen, et al. [19] pointed out that medical scribes have
emerged as a new data work occupation as a response to the increased demands for
documentation (i.e., through EHRs). Unlike the studied clinical scenarios and despite the advent of
electronic patient report modalities, our study setting is unique in that there is no dedicated or
emerging role for documentation and data collection. The present study contributes to the
research on data work by investigating how such fast-paced care teams with no data work
occupation collect, manage, share, and communicate data.

2.3 Decision Making in Time-Critical Medical Settings

Rapid and accurate decision making in time-critical medical settings is of utmost importance.
Many research efforts have been devoted to developing computerized clinical decision support
systems (CDSS) for hospital-based critical care teams, such as intensive care (ICU) [21], surgical
teams [22], and trauma resuscitation teams [23]. However, only a few attempts focused on
developing decision support systems for EMS teams who work outside of a hospital. For example,
Mentler and Herczeg [24] developed a tablet-based cognitive artifact for enhancing situational
awareness of ambulance incident commanders in cases of mass casualty incidents. The system
interface has visual charts to illustrate the number of patients in specific triage categories. The
system also supports personal note taking. Their study highlighted several usability and
ergonomic challenges for implementing and using CDSS in the context of pre-hospital care, such
as difficulties arising from wearing gloves, or accidentally touching a device while working with
dirty hands [24]. Another example is SAFER 1 [25], a handheld CDSS for EMS providers to assess
and determine care needs and plan for older patients. A significant step required for using this
system is recording the patient’s past history and examination results into the electronic health
record (EHR) for recommendation generation. Despite its promising features, the study showed
that EMS providers used the system with only 12.4% of eligible patients [25]. In a similar vein,
Hagiwara, et al. [26] investigated the effects of a CDSS on pre-hospital stroke care and concluded
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that the system can improve patient assessment, decision making, and compliance to process
recommendations. However, several negative effects emerged through the testing process, such as
increased on-scene time, ineffective documentation, cognitive burden of using the system, and
changed workflow.

A significant disadvantage of these computerized clinical decision systems is that data entry
was manual, requiring additional work and time from emergency care professionals who were
already busy with unpredictable and cognitively consuming tasks. As such, few decision support
systems have been used in clinical practice [27]. These challenges motivated researchers to
investigate how to improve information acquisition in time-critical healthcare settings. Similar to
other hospital settings [28-32], EMS practitioners often use informal documentation methods, such
as taking quick notes on a rubber gloved hand or a piece of scrap paper [33]. However, this
documentation practice may result in information loss (e.g., rubber gloves do not have the
affordance of documenting an accurate description of the sequence of events and medical
treatments; gloves can be easily contaminated or soiled and need to be discarded) [33].

2.4 The Use of Electronic Health Records in Time-Critical Medical Settings

As the push toward digitizing medical work continues, some fast-paced, critical care settings are
increasingly using EHR systems. Not surprisingly, a gap still exists between the formal EHR
documentation and actual clinical workflow [32]; that is, the EHR system is not able to document
procedural information, capture key information, and present information according to the actual
clinical workflow [32, 34]. For example, one study examined the use of an EHR system in an ICU
and found that the system decreased the time ICU nurses spent on patient care compared to
manual paper charting [35]. In a similar vein, Sarcevic and her colleagues [27, 36] examined the
use of an EHR system in trauma resuscitation and found that the use of EHR in this time-critical
domain resulted in inefficiencies and incomplete real-time data capture.

In our study context, EMS teams face similar issues in the use of electronic systems for real-
time data collection and documentation. For example, Tollefsen, et al. [7] developed and evaluated
a menu-driven electronic system for EMS providers to document field information (e.g., vital signs,
demographics, and medical history). They noted several barriers in the effective use of this system,
including medical professionals’ resistance to using technology and the gap between data entry
methods and EMS workflow. In another study, Hertzum, et al. [37] described the lessons learned
from implementing an electronic ambulance record by highlighting several key challenges:
exceedingly time consuming in using the system, complicated data entry across too many screens,
integration issues with the hospital system, and delays in addressing recurring technical problems.

2 and

In addition, several commercial electronic systems, such as emrCharts
EmergencyReporting®, have been developed to help structure data collection, providing many data
fields for detailed data entry. These systems, however, are rarely used at the point of the accident
or during transport [38]. Three explanations may account for the limited use of these systems in
real time. First, EMS providers usually engage in complex tasks that are unpredictable, time-

critical, and cognitively consuming, with limited time to use handheld data entry devices. Second,

2 www.emscharts.com
3 info.emergencyreporting.com
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the use of these systems may increase the cognitive burden and result in a higher workload,
especially if the workflow of EMS is not considered at the point of design [39, 40]. Third, during
patient transport, one provider is in the back of ambulance providing care while the other is
driving, making real-time documentation very challenging.

Therefore, we argue that the specifics of work practice for data collection need to be considered
before designing electronic documentation systems for EMS practitioners, because the
documentary practices and overall workflow of pre-hospital care are intrinsically intertwined [33].
However, few studies have examined the workflow within which EMS providers collect and
document patient data. Our work contributes to bridging this knowledge gap.

2.5 Theoretical Framework: Distributed Cognition

Distributed cognition (DC) is a theoretical framework developed by Hutchins [41] to illustrate the
distributed nature of cognition. Using the example of how the team of a large vessel performs the
navigation task, Hutchins [41] presented DC as a view on how information is transformed and
propagated within a socio-technical system. Later, Hollan, et al. [42] expanded the concept by
suggesting three ways in which cognition may be distributed: 1) across the members of a team, 2)
between internal and external structure, and 3) through time so that earlier events may transform
the nature of later events. The theory of DC has been used to analyze fast-paced medical domains,
such as emergency medical dispatch [10] and emergency coordination center [43].

Even though DC is a well-known theory in CSCW, for much of its history, how to use this
theory to analyze social-technical systems has remained largely opaque [44]. As Furniss and
Blandford [10] stated: “Most prior work on DC has been largely descriptive, and some researchers
have interpreted it as principally a descriptive theory.” (p. 28) They proposed a codified framework
with a set of principles and models, namely Distributed Cognition for Teamwork (DiCoT), to
analyze the strengths and weaknesses of a socio-technical system from a DC perspective. Since
then, a few studies have applied DiCoT to the analysis of safety-critical medical systems such as
mobile healthcare work [45] and ICU [46, 47].

In this study, we used three interdependent models of DiCoT to examine information flow
during EMS work. These three models are physical layout, information flow, and artifacts. The
physical model describes physical-level factors (e.g., things that can be physically heard, seen, and
accessed by individuals) that directly impact people’s cognitive space. The information flow model
focuses on the communication between the participating team members, while the artifact model
represents how artifacts and their representations within a work setting support (or fail to
support) cognition. These three models provide a holistic analytical view to examine a socio-
technical system and identify sources of weakness in that system. We chose this framework
because its focus is on the cognitive processing among people and artifacts rather than the
cognitive properties of individual people. Therefore, it is useful for studying EMS work, a complex
socio-technical system where most representations of the patient status and team activities are
managed using observable social (e.g., paramedics’ inquiries and verbal reports) and material
elements (e.g., paper and computerized artifacts). Another goal of using DiCoT in this study is to
examine the ability of DiCoT in evaluating socio-technical healthcare systems, and to advance the
effort of bringing this analytical framework to a broader audience.
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In this work, our analysis centered around verbal communications and interactions between
EMS providers, and the artifacts used for information acquisition and documentation. Through
detailed analysis, we were able to identify the challenges in EMS teams’ cognitive processing, and
the use of coordination mechanisms [48, 49], including both material (e.g., artifacts) and
immaterial (e.g., short term memory, situation awareness) mechanisms [3, 50, 51], to coordinate
tasks and distribute cognitive labor.

3 METHODS
3.1 Dataset

This is a secondary analysis of video recordings of 25 simulations performed in an urban fire-
based EMS agency in the U.S. western mountain region. The original investigation focused on
evaluating team-based care of pediatric emergencies following medical trainings, leading to a total
of 140 simulations being conducted and videotaped. On average, 8 simulations were conducted
each day of data collection. The present study took a random sampling (n=25) of this large dataset.
The simulations utilized high-fidelity patient mannequins with advanced features such as breath
sounds and simulated ECG rhythms, allowing for continuous monitoring of patient status and
real-time physiologic response to provider interventions. Licensed EMS providers from the agency
were recruited to participate in three high-fidelity simulations over six months. The simulation
scenarios included a 15-month-old seizure, a 1-month-old with hypoglycemia, and a 4-year-old
clonidine ingestion. The clinical scenarios varied by patient age, weight, clinical condition, and
required treatments. The participants of the simulations are EMS providers who staff either an
ambulance or a fire truck in their daily job. Most of the participants have more than 10 years of
experience. Some of the participants chose to attend more than one simulation. Each simulation
team had 4-6 members with one paramedic serving as the team leader. Each participant may not
always have the same role if they participated multiple times. For example, the paramedics
switched roles on occasion with different team members taking the role of team leader. There
were no roles removed during the scenarios and simulation teams were instructed to carry out
each scenario as they normally would in an actual event. In this paper, we refer to the study
participants as paramedics.

Three video cameras with audio capabilities captured each simulation, allowing us to obtain a
comprehensive view of activities carried out. One camera captured the patient’s overhead view
and the other captured the foot side of the patient. The third camera provided a zoom-out view of
the entire team. The view of vital signs monitors was also captured and included in the video
recordings. The length of videos varies, ranging between 9 and 14 minutes (the average length is
11 minutes). The videos were transcribed verbatim using excel sheets to provide a linear list of the
conversations and performed tasks. As shown in Table 1, each video transcript includes time
stamps, conversations, tasks, speaker (who was speaking), subject (who the speaker was talking
to), and action (who was performing what task). One researcher (R2) transcribed the videos while
two other researchers (R1 and R3) performed quality control to ensure the transcription was
correct. These researchers have qualitative research and design background, while also being
briefly trained to interpret medical procedures and terminologies in the context of EMS.
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Table 1: Excerpt from a coded transcript (Note: due to space limit, other columns such as “non-verbal cues”,
“observed challenges”, and “notes” are excluded from this table).

Time Speaker Subject Dialogue Action Comm. Info. Info. Type Info. Type Action
Code Source  (L1) (L2) Code
2:40 TL PR1 How are the lung Request
sounds? Information
2:46  PR1 TL The sounds are PR1 listens Respond to Co- Physical ~ Breathing Physical
clear. patient’s Inquiries worker Findings Exam
chest using
stethoscope
2:48 TL PR1 Clear? Okay. Ack.
Information
2:50 PH TL Sitting at  95. Report Co- Physical ~ Vital Signs
Pulse ox. Heart Information worker Findings

rate’s raising up a
little bit to 194.

3.2 Video Review and Data Analysis

Two researchers (R1 and R2) first reviewed four videos randomly selected to develop a coding
scheme. Based on the DiCoT framework [10], we focused our analysis on physical arrangements,
communicative and work practices, and artifacts used, while also paying special attention to the
challenges related to information acquisition and decision-making in the field. The initial list of
codes was discussed among researchers to determine which codes to keep, merge, or discard. After
the coding scheme was set, we created a codebook defining each code to standardize the coding
process. Our final codebook contained five categories, including verbal communication, type of
communicated information, information source, action, and challenges. For example, codes related
to verbal communication included assign tasks, request information, report information,
acknowledge information, relay information, provide clarification, respond to inquiries, state
decision, discuss decision, summarize care process, and report to hospital. Action codes included
physical examination, measurement, instrument reading, equipment setup, medication
administration, and note-taking.

R1 and R2 then coded the remaining transcripts using the developed codebook. Specifically, R1
coded all 25 simulation videos while R2 coded 30% of the total simulations (n=8). Cohen’s Kappa
coefficient was used to determine the inter-rater reliability by comparing two researchers’ codes
on the commonly coded transcripts. The coders presented a “substantial” agreement on the codes
(kappa value is 0.7). Disagreements on the analysis were discussed and resolved during weekly
group meetings. An excerpt of a coded transcript is shown in Table 1. Using the second row (time
stamp 2:46) as an example, PR1 (a medication paramedic) reported the status of patient’s breathing
after checking the patient’s chest using stethoscope. Since PR1 reported the information in
response to the team leader’s question, we coded this verbal communication as “Respond to
Inquiries”. The high-level (L1) type of reported information was “Physical Findings”, and the lower
level (L2) of information category was “Breathing”. The code for PR1’s action was “Physical
Exam”.

In addition, we also performed quantitative analysis. For example, we calculated the frequency
of different types of verbal communications and tasks for each role over 25 simulation events. We
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also analyzed the frequency of observed challenges in all 25 simulations. The quantitative analysis
augmented our qualitative observations, enabling us to obtain an in-depth understanding of EMS

teamwork.

4 RESULTS

Timely and accurate information acquisition is never easy, especially when a dedicated role for
data collection and integration does not exist. In this section, we first draw on the DiCoT
framework (e.g., physical layout, information flow, and artifact) [10] to describe the mechanisms
and work practices for distributing cognitive labor in the field, which allowed EMS providers to
effectively collect, share, and manage patient data under time pressure. Then we present the
challenges that resulted in inefficient information flow and teamwork.

4.1 Mechanisms for Distributing Cognitive Labor in the Field

4.1.1 Physical Layout. Even though team composition (e.g., number of members in an EMS team)
may vary across different EMS agencies, in our study context, paramedics were strategically
positioned around the patient bed based on their primary responsibilities (Figure 1a). For example,
the paramedic who was responsible for managing the patient’s airway (airway-paramedic) was
usually at the head of the bed. This location allowed him/her to easily perform treatment for
airway and closely monitor patient breathing. The paramedics in charge of medication and fluid
administration (medication-paramedic) usually sit on both sides of the patient to not only facilitate
the establishment of intravenous (IV) or intraosseous (IO) access and administration of medication
but also to ensure easy access to the stored materials (e.g., equipment, medications) on both sides
of the ambulance. The team leader usually sits next to or face-to-face with the patient’s parent or
guardian at the foot of the bed where the vital signs monitor was always placed (Figure 1),
allowing for easy communication with the patient’s parent. Also, with proximity to the vital signs
monitor, the team leader could closely monitor the patient’s status and determine intervention
promptly.

Overall, we found this team composition and physical layout worked well for supporting each
paramedic’s “horizon of observation” (e.g., what they can see or hear) [41]. We also found that this
collocated setting allows for 1) subtle bodily supports—using body gestures and movements to
support cognitive processes (e.g., pointing at a specific part of the patient body while discussing
symptoms or physical findings) [41], and 2) tacit monitoring or overhearing of each other’s work—
a widely used mechanism for coordinating task and maintaining awareness in dynamic teamwork
settings [52].
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Fig. 1. a) A typical EMS team positioning and physical layout in the simulation; b) A simplified illustration of
the distributed cognition of EMS team. Here we can see that the team leader acts as an information hub,
collecting and integrating a variety of information from different sources and “cognitive labors”.

4.1.2 Information Flow. We identified 16 information types that were often communicated
among paramedics and grouped them into four major categories, including demographics (e.g.,
age and medical history), physical findings (e.g., vital signs, pulses, breathing, consciousness,
symptoms, and changes of patient status), mechanism of injuries (e.g., how the incident
happened), and treatments (e.g., medication, fluid, and oxygen).

We found that the information reporting/sharing was strongly associated with the tasks
paramedics were performing even though there was no pre-defined role for each paramedic
(Figure 2a, bottom). For example, the team leader usually talked to the patient’s parent or guardian
to obtain patient demographics and how the incident happened. Therefore, team leaders shared
such information with the entire team. In contrast, the physical findings and treatments were
usually shared by the medication-paramedic and airway-paramedic since they performed hands-
on patient examination and treatments most of the time. Regarding who requested what,
paramedics often requested patient’s medical history and mechanism of injury, real-time vital
signs, and medication during the care process (Figure 2a, top). Another interesting observation is
that airway-paramedics requested vital signs information more often than other paramedics (e.g.,
medication-paramedic). One possible explanation is that it was not easy for them to clearly read
vital signs information from a distance because they sit at the head of the patient bed while the
vital signs monitor was placed at the foot of the bed (Figure 1a). This can be considered a negative
effect of current team positioning and spatial arrangement of the artifacts.

The dominant form of data collection and sharing in EMS work is verbal communication.
Inquiries and responses appeared to be the primary means for maintaining the division of
cognitive labor (Figure 2b). We found that team leaders made the most inquiries (averaged 19
instances in a simulation session). In particular, our data shows that team leaders requested almost
all information types more frequently than others. It is not surprising since team leaders needed to
collect and integrate different types of information to make decisions (Figure 1b). We also found
that team leaders were also the top information providers since they often responded
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Figure 2: a) Frequency of who requested or proactively reported what information, by role, averaged over 25
simulation events; b) Frequency of verbal communications and tasks, by role, averaged over 25 simulation
events.

to inquires based on the information they acquired earlier (on average, team leaders responded to
inquiries 6 times in a simulation, compared to an average of 3 instances by other members). For
example, since the team leader usually talked to the patient’s parent, he/she was often probed by
other paramedics about information on patient demographics or mechanism of injury.

In addition to inquiries and responses, we also observed proactive information reporting. This
work practice is similar to the concept of “talking to the room” in [53], referring to undirected talk
and sharing relevant information to the entire team or the room at large. Similar to [53], we also
observed both information-related and action-related reporting. The former refers to the sharing
of interpretation and observation (e.g., “the patient’s breathing is improving.”), while the latter is
related to self-reporting the performance of on-going task (e.g., “I am going to administer IV
fluid.”). Such proactive information sharing and reporting is an important coordination
mechanism, allowing users to maintain awareness and coordinate work dynamically [54].

Overall, EMS team members primarily relied on “articulation work” [55, 56] to facilitate
information flow across paramedics. We also found that team leaders had more communicative
instances than other members, suggesting that the team leader was the “information hub” of an
EMS team (Figure 1b). They needed to collect and integrate various information from multiple
sources (including artifacts and co-workers) in real time while working on hands-on tasks (e.g.,
patient examination) from time to time. This high workload poses significant challenges in their
work. Next, we describe how paramedics, especially team leaders, utilized external cognitive aids
to maintain the working memory.
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(© (d)

Figure 3: a) jotting down notes on a gloved hand, b) taking notes on a notepad, c) referring to notes while
reporting to the hospital, d) sharing notes with other paramedics.

4.1.3 Artifacts. We found several artifacts in this setting were used as cognitive aids—prompts
designed to help users complete a task or a series of tasks [57]—by EMS providers. A typical
example is the vital signs monitor which is a medical tool for monitoring the patient’s
physiological status. We noticed that paramedics looked at the vital signs monitor from time to
time to keep track of patient status. In particular, they would gaze at the monitor on occasion,
such as after performing a treatment (i.e., to check if the treatment was effective). Another
example of external cognitive aids is the paper-based or mobile medication chart, which was often
used to determine the most appropriate medication dosage for the patient. This tool reduced
paramedics’ cognitive workload in remembering the correct medication dosage for patients with
different age and weight.

We also found that team leaders sometimes took notes to preserve information. The commonly
documented information types included patient demographics (e.g., age), mechanism of injury
(e.g., how the patient got illness or what happened to the patient), and vital signs (e.g., blood
pressure, respiratory rate). This work practice occurred in 16 out of 25 simulations. We found that
team leaders neither used electronic documentation systems or paper records nor performed any
formal documentation practice in the simulations. Instead, they used some “temporary” memory
aids, such as hand glove (Figure 3a) or paper note (Figure 3b), to document patient data. Such
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documentation practice is related to the “creating scaffolding” concept of the DiCoT framework,
that is, EMS providers created and used temporary artifacts to simplify their cognitive tasks (e.g.,

remembering critical patient information). The excerpt below (excerpt#1) illustrates the work

practice of a team leader jotting down notes on his gloved hand with a pen.

#Excerpt 1
Speaker Subject Dialogue and Action
Team Leader Patient Mother How old is your boy?
Patient Mother Team Leader He is four. [Team leader makes a note on his hand]
Team Leader Patient Mother When did you last see him normal?

Patient Mother

Team Leader
Patient Mother
Team Leader
Patient Mother
Team Leader
Patient Mother

Team Leader

Patient Mother
Team Leader
Patient Mother
Team Leader
Patient Mother
Team Leader

Well | was getting in the shower about half an hour ago. [Team leader
makes a note on his hand)]

I heard him in the kitchen and | thought he was just getting something to
eat. And then | went out there and | noticed he was on the floor. But |
think he was getting his medicine, because | found this bottle on the
counter.

What kind of medicine is it?

He takes Clonidine.

Clonidine? [Team leader makes a note on his hand]

Yes. He has ADHD. [Team leader makes a note on his hand)]

Okay. And you found it (the bottle of Clonidine) open?

Yeah, and it’s liquid and it’s all gone. There was a little bit on the counter,

but it was mostly gone. [Team leader makes a note on his hand]

This finding is consistent with prior work that medical professionals often create temporary
documents due to the lack of time for documentation or the difficulty accessing documentation
tools [28-30, 32, 33]. Despite their informal nature, these artifacts serve as a means to support
cognition by reducing the memory load of paramedics. For example, we found that team leaders
often referred to the notes for further use, such as when 1) answering other team members’
questions about the patient’s details (e.g., age, medical history), 2) making treatment decisions
(e.g., using patient’s age to determine medication dosage), and 3) calling the hospital to relay
information (Figure 3c). We also found a few instances where the scribbled notes serve as a
“common artifact” [58] as they were shared between paramedics. For instance, in a simulation, a
medication paramedic rather than the team leader was notifying the hospital. This paramedic first
reported a few pieces of information such as the treatments and the most recent vital signs. But
the reporting paramedic forgot to mention the mechanism (e.g., medicine overdose) and the
patient’s medical history (e.g., allergies and medical conditions). At this point, the team leader
pointed to this information on his notepad to remind the medication paramedic to report these
details as well (Figure 3d).

We also found that the pattern of using temporary artifacts varied among paramedics. Of the
16 simulations where temporary artifacts were used, only three paramedics used a notepad while
the rest taking notes on their gloved hand. The frequency of using the temporary artifact in a
simulation also varied, ranging between one time and seven times. These findings may signal that

the use of memory aids is contingent on individual habits.
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4.2 Challenges in the Information Acquisition and Decision Making during Pre-hospital
Care

Even though each EMS team functions as a distributed cognition system, we observed several
challenges in information acquisition and decision making during this fast-paced medical
environment, including 1) lack of detailed documentation in real time, 2) situation recall issues, 3)
situation awareness issues, 4) miscommunication and lack of closed-loop communication, 5)
challenges in decision making, and 6) issues in pre-hospital communication. Below we describe
each challenge in greater details.

4.2.1 Lack of Detailed Documentation. Documentation is a critical component of patient care
that records the detailed and temporal account of treatments and patient status [59]. Usually
hospital-based care teams have a dedicated role (e.g., scribe nurse) or dedicated time for the
documentation tasks; for example, nurses or clinicians can spend a significant amount of time
charting patient record using EHRs during and after clinical encounters. In our research setting,
however, we observed the lack of detailed and formal documentation by paramedics in real time.
First, despite note-taking that occurred in 16 out of 25 simulations, there was no formal
documentation practice. That is, neither paper patient record nor electronic documentation system
was used by paramedics to capture patient data in the field. They only scribbled notes on either
their hand glove or notepad. This finding aligns with the prior work reporting that EMS
practitioners often use temporary artifacts and informal documentation methods, despite the
availability of EHRs [33]. These artifacts, however, are vulnerable to being torn, lost, or
contaminated. Second, minimal information was recorded. Other than patient’s demographics and
vital signs, we rarely saw paramedics recording other types of information (e.g., dosage of
administered medications and fluids and what medical procedures have been completed), even
though they sometimes encountered issues in recalling such information, as we report in the
following section.

Several factors may contribute to the lack of detailed and formal documentation. Unlike other
clinical settings, the EMS team does not have a dedicated role (e.g., scribe nurse) for
documentation. The task of recording information usually falls on the shoulder of team leaders.
However, they had to perform hands-on examinations and treatments on patients from time to
time while managing the entire team, communicating with the patient’s parents, and integrating a
significant amount of information coming from multiple sources in a short time period. As a
result, EMS team leaders often experienced high physical and cognitive workload, limiting their
capability for detailed information recording. Therefore, the hands- and eyes-busy EMS context
poses significant challenges on real-time data capture and decision making.

4.2.2 Situation Recall Issues. Paramedics relied heavily on short-term memory to recall
information when responding to inquiries. Consequently, we found 44 instances in 17 simulation
sessions where paramedics could not quickly recall certain information, such as what had
happened to the patient (e.g., the mechanism of injury), what had been done (e.g., the dosage of
medications and fluids given to the patient), what was the patient status (e.g., vital signs before
administering a medication), and what was the decision (e.g., the treatment decision made a
moment ago). In particular, almost half of the observed situation-recall problems occurred to team
leaders. When this happened, they usually asked for the information from other team members.
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The following excerpt (excerpt#2) illustrates how paramedics encountered issues in recalling
patient information. In this excerpt, the team leader asked for the patient’s blood pressure, which
was provide by one team member (PL1). The team leader wrote it down on his glove and then
inquired about the heart rate and respiratory rate of the patient. About one minute later, the
paramedic (PL1) who previously reported the respiratory rate asked for that information. Here we
can see that PL1 encountered difficulty in recalling the information that was identified only a
moment ago. Later, the team decided to administer normal saline to improve the patient’s status.
About three minutes after the fluid administration was started, the team leader asked the team to
report any improvement over the patient’s status (e.g., respiratory rate). PL1 reported the result
(heart rate was improved) and suggested rechecking the blood pressure. The team leader then
asked about the blood pressure before administering the fluid, which was reported a few minutes
ago. This is another example of the situation recall issue. It is worth noting that the team leader
jotted down the number when it was reported, but he did not check his note for the information;
instead, he chose to make a verbal inquiry.

#Excerpt 2
Speaker Subject Dialogue and Action
Team Leader Team Can we get the blood pressure?
PL1 Team Leader  What we can see is 60/35.
Team Leader 60/35. [Team leader makes notes on his glove]
Team Leader PLA1 And what's her respiratory rate?
PL1 Team Leader  43.
[About a minute later]
PLA1 Team What's her respiratory rate?
Team Leader PLA1 43 and we don't have breath sounds on her yet.
PH Team Leader  We had breath sounds, and they were clear.
[About three minutes after the fluid has been started, the following conversation occurs.]
Team Leader Team Okay, is there any change with her respiratory? Are we getting
really good compliance?
PLA1 Team Leader  Heart rate is starting to come down a little bit. | see it at one
hundred. Let’s go ahead and recycle blood pressure please.
Team Leader PLA1 What was the last pressure by the way?
PL1 Team Leader  60/35 | believe is what | saw.

4.2.3 Situation Awareness Issues. Situation awareness is defined as “the perception of elements
In the environment within a volume of time and space, the comprehension of their meaning, and
projection of their status in the near future’ [60]. Awareness of individual and group activities is
critical to successful collaboration. In care delivery, providers need to maintain awareness of their
tasks, team activities, patient status, and the care process [61, 62].

Like other high-stake medical settings [62-64], we found that paramedics also relied heavily on
verbal communication to maintain awareness during pre-hospital care process. We also observed
team leaders often summarizing the tasks that had been performed so that everyone was on the
same page. Despite so, we still observed the occurrence of problems in maintaining situation
awareness (n=56, occurred in 19 simulations). That is, paramedics sometimes lacked knowledge of
the tasks that other paramedics had already carried out, such as the administration of medication
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and fluids. It is more evident when the paramedics did not verbally report the task they were
performing, and thus, other team members, including the team leader, may not be aware of the
completion of the task. This issue could lead to repeated questions and even affect efficient team
collaboration and decision making. For example, as shown in the following excerpt (excerpt#3),
while the team leader was talking to the patient’s mother to learn details about the patient, one
paramedic (PL1) started preparing the fluids and getting IV access on the patient (without the
instruction from the team leader). When the fluid bag was set up, PL1 did not verbally report its
readiness. About half a minute later, the patient’s blood pressure was dropping, but the team
leader was not aware of this situation. PR1, who was managing medications, noticed it and
reported to the team leader. After confirming the vital stats with PR1, the team leader asked if the
IV fluid was started. In this example, we can see that as the team leader was busy with other tasks,
he could not effectively maintain awareness of on-going tasks and patient status. Fortunately, as
the EMS team functions as a distributed cognition system, other members noticed the issue and
alerted the entire team.

#Excerpt 3

Speaker Subject Dialogue and Action
[Team leader is talking to the patient’s parent while another paramedic (PL1) is preparing the 1V fluid.]
[A moment later, the 1V fluid is ready to administer but PL1 didn’t announce it.]

PR1 Team Leader So his BP is pretty low right now.

Team Leader PR1 What is it?

PR1 Team Leader It's 55 over 28.

Team Leader Team It's quite low. Where is our I1V? It started yet?

Our analysis also showed that paramedics lacked awareness of mutual information needs,
resulting in inefficient information flow and collaboration. We used the concept of “anticipation
ratio” [65]-the ratio of the number of communications providing information to the number of
communications requesting information-to measure the extent to which paramedics were aware
of each other’s information needs. A greater than one (>1.0) anticipation ratio indicates that team
members are anticipating the information needs of others and are proactively “pushing”
information towards those need the information. In contrast, a less than one (<1.0) ratio suggests
low awareness of mutual information needs among team members, requiring them to actively
request or “pull” information from each other [65]. By analyzing the number of inquiries and
reporting instances in 25 simulations, we identified an average anticipation ratio of 0.49 (range:
0.21-0.84, SD: 0.21), suggesting that paramedics were poorly anticipating each other’s information
needs. This issue could lead to repeated questions, affecting communication efficiency in the field.
This observation can be exemplified by excerpt#3: PL1 had little anticipation of the team leader’s
need to know the fluid administration, so he did not verbally report this task. This lack of
communication led to situational awareness issues.

4.2.4 Miscommunication and Lack of Closed-Loop Communication. Similar to other fast-paced,
dynamic medical settings, we observed many instances of miscommunication. One primary cause
of miscommunication is the ambient noise, such as cross-talking, hindering the clear information
exchange between paramedics. As shown in the following excerpt (excerpt#4), the patient started
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shaking due to seizure, so the team leader (TL) directed the medication-paramedics (PL1) to start
administering fluids immediately. TL asked PL1 about what type of fluid they were preparing (IV
vs. I0) while using a smartphone-based medication application to calculate the dosage. But at this
moment, PL1 was discussing with PR1, another paramedic who was preparing fluid bag and
syringe, on the dosage and type of fluid to give. Apparently, they did not hear the question so TL
had to ask the same question again.

Our analysis also revealed another salient issue—lack of closed-loop communication—which
often resulted in inefficient information flow and situation awareness. A typical example of this
issue is that a paramedic who asked about patient status received no response from other
members. For instance, in one scenario, we observed the medication paramedic asked: “Can
somebody get a BP (blood pressurel?” Since this inquiry was not directed to a specific person, he
did not get a response. Our quantitative data confirmed our observation as about 17.6% of inquiries
(149 out of 854) went unanswered.

#Excerpt 4

Speaker Subject Dialogue and Action
[Team leader is talking to the patient’s mother. At this moment, the patient starts shaking due to seizure and the
patient’s mother is panicking.]
[Team leader directs the medication paramedics to administer fluids immediately while using a smartphone
application to determine the fluid dosage.]

Team Leader PL1 IV or10?

PLA1 PR1 We are going to go with one milligram per milliliter.

PR1 PLA1 Let’s go with IM (intramuscular injection) for now.

PL1 PR1 Okay.

Team Leader PL1 IV or10?

PLA1 Team Leader IV or I0? Nope. He said IM.

Team Leader PL1 IM?

PLA1 Team Leader Yeah. The pink one. [PL1 points to a specific section of the

smartphone medication application].

4.2.5 Challenges in Real-Time Decision Making. In total, we observed 76 individual decision-
making and 149 group decision-making instances. This observation reveals that unlike some other
medical teams where team leaders (e.g., physicians in charge) made all decisions and rarely
consulted others [66, 67], the EMS team has more collaborative problem-solving activities. For
instance, we found that the supervisory team members frequently discussed patient examination
findings, vital signs, and symptoms with other paramedics to collectively make a decision that
everybody agreed upon.

However, we did observe challenges in real-time decision making. For example, paramedics
might not be able to recognize the need to perform the required treatments. Simulated scenarios in
this study (e.g., hypovolemic shock) required the EMS team to perform timely interventions, such
as administering IV fluid. To make this decision, paramedics must first recognize the patient is in
shock, which is usually indicated by the vital signs and the patient’s condition. However, we
observed that paramedics sometimes had delays in obtaining vital signs or even missed taking a
blood pressure that would had alerted them the patient was in shock. We also found that
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paramedics sometimes struggled to find and use the correct equipment; for instance, they used
adult equipment on the pediatric patient in several simulation sessions.

4.2.6 Issues in Pre-Hospital Communication. In addition to stabilizing the patient, another
essential task for paramedics is calling the hospital to give a verbal summary of the patient’s
condition and the care administered en route [5]. Timely and accurate communication between
EMS teams in the field and hospital teams (also known as pre-hospital communication) is of
utmost importance. However, prior work points out that this communication practice is always
challenging [3, 68]. Based on our analysis, we found specific issues that lead to challenges in pre-
hospital communication. First, the paramedics who reported to the hospital sometimes had
difficulties in recalling specific information. This issue is related to the lack of documentation
during the care process; since some situational information was not captured and properly
recorded, the team leader often missed or could not remember the exact information when
reporting to the hospital. Second, it is not always the same paramedic that gathered the
information to communicate with the hospital. For instance, in one simulation, the team leader
carried out data gathering but the verbal report to the hospital was performed by another
paramedic. Lastly, the verbal report was conducted via radio and very brief. The lack of contextual
information in the verbal report makes it difficult for hospital teams to anticipate the patient’s
needs [3]. We also noticed that the patient status might change drastically and new medications
could be administered after the verbal report. However, such information was not shared with the
hospital at all since EMS providers only communicated with the hospital once.

5 DISCUSSION

In this section, we first outline how the DiCoT framework helped us understand the way through
which cognition is distributed in the EMS system. Then we describe the implications of our study,
including 1) technology opportunities for supporting real-time data collection and integration,
situation awareness, and decision making in dynamic medical settings, and 2) training

opportunities for improving EMS teamwork and communication.
5.1 Distributed Cognition in the EMS Social-Technical System

The codified principles of the DiCoT framework guided us to look at whether cognition was
distributed in the EMS system. The findings of this study show that cognition is indeed distributed
across paramedics, artifacts/medical equipment, and physical environment in EMS. The physical
layout model showed how the spatial arrangement of EMS crews influenced their horizon of
observation, situation awareness, and access to artifacts. The information flow model allowed us
to identify the information hub and understand how the information moves around the system.
This model also helped us examine the existing challenges in information flow (e.g.,
miscommunication or lack of closed-loop communication, situation recall issues). Lastly, the
artifacts model showed the important roles of medical equipment (e.g., vital signs monitor) and
temporary artifacts (e.g., gloves and notepad) in supporting distributed cognition. By considering
artifacts in the analysis, we also noticed issues in real-time documentation in the field, such as the
lack of formal and detailed documentation.

The DiCoT framework has another model, called “Social Structures”, which emphasizes how
the social structures of a team or an organization map onto the goal structures of the system and
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how work is shared between different professionals. We did not explicitly apply this model in the
study because we did not conduct interviews to collect data related to team hierarchy and social
relationship (this is a limitation of this study as we describe later). Nevertheless, a typical
ambulance unit is staffed by providers (e.g., two paramedics) who have same occupation and
similar training. In the field, they self-organize their work towards the same goal (i.e., stabilizing
the patient), even though a more experienced EMS professional may implicitly take the role of
“team leader”, similar to what was reported about other self-organizing teams [51]. In this regard,
what is interesting is how the lack of clear division of labor would influence how the work is
shared and coordinated. In our study, we observed that since all participants have undertaken
similar training, they can monitor each other’s work for “error checking” and offer help or even
take over their co-worker’s task if necessary. This self-organizing team nature enables effective
functioning of EMS teams under extreme time pressure. However, we did observe drawbacks due
to self-organizing; for instance, they could self-assign tasks and decide what to do without
communicating with their co-workers, leading to situation awareness issues and
miscommunication.

Overall, these results highlight the usefulness of DiCoT and its principles in helping
researchers understand the basic mechanics of a socio-technical system. To the best of our
knowledge, this is the first study using DiCoT to investigate EMS teamwork. We hope this study

could contribute to the effort of bringing the DiCoT framework to a broader audience.
5.2 Implications for Technology Design

5.2.1 Enabling Rapid Data Collection in Real Time. As EMS teams do not have a designated scribe
person for data work, we found that team leaders often took the responsibility of collecting,
integrating, and documenting data. However, due to the fast work pace, it was never easy for team
leaders to document detailed patient data using electronic documentation system. As such, we
observed that paramedics or team leaders sometimes jotted down notes on scrap paper, notepads,
or gloves to remember and recall certain information. This work practice is not uncommon in fast-
paced medical work—care providers create and use temporary artifacts to work around issues in
recording information and enable flexible modes of operation [24]. However, such informal
documentary practice has many drawbacks. First, these temporary artifacts are easily getting torn,
lost, or contaminated. Second, the physical handling of handheld artifacts could increase the
likelihood of cross-contamination and patient infections, and consequently, affecting patient
outcomes. Third, these temporary artifacts have limitation in recording accurate and detailed
descriptions of the sequence of medical events [33], leading to challenges in situational
information recall, decision making, and verbal communication with the receiving hospital. Also,
the temporary artifacts are not considered formal documentation, and thus, paramedics still need
to spend a significant amount of time after patient transport to complete the electronic medical
record to fulfill the legal requirement. However, it is not only time-consuming but also that EMS
providers may not be able to correctly recall all the essential details. Lastly, using paper-based or
temporary artifacts may lead to inevitable poor handwriting, hindering real-time information
processing to support situation awareness and communication during time- and safety-critical
work settings [24].
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These challenges highlight the necessity of providing appropriate technology support for real-
time digitization of patient care activities during pre-hospital care [69]. HCI and CSCW
researchers have paid considerable attention to patient data collection in a range of medical
settings [32, 70-77]. Of interest here are related studies that focus on the use of EHR systems
during patient encounters. These studies have shown that EHRs play an essential role in
supporting information sharing and situation awareness in medical work [70, 72, 78]. However,
the introduction of EHRs has also made the documentation of patient information more
complicated because of the gaps between the actual clinicians’ workflows and EHR design [36, 71,
79, 80]. For example, EHR systems force adherence to specific procedures and workflows that are
not always feasible in practice, leading to adverse effects on clinicians’ workflows [71, 75]. Also,
electronic documentation is perceived cumbersome as it requires more time and cognitive
resources to navigate information across screens [6, 81, 82]. The challenge in using handheld
electronic documentation systems is exacerbated in EMS work, since the EMS team does not have
a dedicated role for documentation. As we observed, EMS team leaders’ eyes and hands are often
occupied with patient assessment and treatment, limiting their abilities to hand carry a computer,
interact with information on its screen, and use a pen for making inputs.

The unique characteristics of the EMS team call upon new modes of interaction with
computing devices for data collection. Wireless biomonitoring systems with sensors have been
proposed to continuously measure and record the vital parameters of the patient in the field [83,
84]. These systems are particularly useful in massive casualty incidents (MCI) or disaster scenarios
because they can immediately detect and alert a deterioration in health status, allowing EMS
providers to make triage decisions based on the measured physiological values. Despite their
advantage in auto collection of vital signs, EMS providers still needed to use a separate handheld
device (e.g., a tablet) to manually record other types of patient data (e.g., injury, treatment,
symptoms, and neurological status), which still imposed a physical burden on them. Another
technology solution for data capture is digital pen-based device. The digital pen is an ordinary ink
pen with digital camera that digitally records the writing actions of the user by recognizing an
almost invisible nonrepeating dot pattern that is printed on the paper. A number of studies have
evaluated the feasibility of using the digital pen and paper technology to digitize patient data
collection in clinical settings (e.g., [85-87]). The advantage of this technology is obvious, that is,
allowing care providers to continue working with a familiar environment using pen and paper
without any disruption to their current workflow. However, its accuracy is not optimal, especially
in fast-paced environments [88].

In recent years, smart glasses (e.g., head-mounted, wearable devices with a transparent screen
and a video camera that can capture visual data) have been evaluated to determine their ability of
supporting data capture and integration in real time [69, 89, 90]. They offer novel interaction
techniques, such as hands-free operation and context-aware user interaction [91, 92], which can
minimize clinicians’ active interaction with the systems and thus, making the smart glasses better
coexist with the clinical workflows [93]. For example, to improve wound care management, Aldaz,
et al. [94] developed a smart glass application to enable hands-free digital image capture and
transfer to a patient’s EHR record through gestural and voice commands. Although studies have
examined the use of smart glasses for both in-patient and remote medical procedures in hospital-

based clinical settings [95-99], how they can support fast-paced and noisy medical work during
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out-of-hospital encounters remains unanswered. Future research can examine how fast-response
teams with limited time and cognitive resources might use wearable technologies (such as smart
glasses) to capture and integrate patient data in a hands-free manner.

Lastly, we observed individual differences in using temporary artifacts for data capture. That is,
some paramedics preferred using a notepad while the rest preferred jotting down notes on their
gloved hand. In addition, their documentation frequency in the field was also different. These
differences need to be taken into consideration when designing technology support to meet
individual care provider’s needs. Considering the cost of system maintenance and the importance
of system integration, it might not be realistic to provide individualized technology solution for
paramedics in the same EMS agency. But future work should look into the pattern of technology
use by EMS providers as they may use the same technology in different ways [100].

5.2.2 Enhancing Situational Awareness and Decision Making in Dynamic Medical Settings. We
observed a considerable number of issues related to situation awareness. For example, team
leaders sometimes lacked knowledge of the tasks that had already been carried out or medication
that had been administered by other paramedics. We also observed that it is not always the same
paramedic (e.g., team leader) reporting patient information to the receiving hospital. Therefore, it
is necessary for other team members to maintain an awareness of patient status and team
activities in case they need to make the verbal report. These findings highlight the importance of
designing and developing technical systems to support situation awareness in the field. The
technology for situation awareness support needs to capture, manage, and distribute situational
information, requiring a medical professional (e.g., a scribe nurse) to manage the technology or
provide input. However, as discussed in the preceding section, this task is very challenging for
EMS teams since there is no such role in data work. In addition, the velocity of information to be
captured and maintained in the field is very high, posing burdens on EMS providers’ cognitive
process. It might be useful to leverage sensing technologies such as radio-frequency identification
(RFID) to automatically recognize and capture medical activities (e.g., administration of
medication). Prior work has demonstrated the feasibility of using RFID along with other sensing
technologies to identify cues for recognizing activities and use of objects in a crowded and fast-
paced medical setting [101]. To distribute situational information to the entire EMS team, one
option is through shared information displays installed inside the ambulance [102]. Such displays
have been used to present contextual information to augment work coordination and situation
awareness in various dynamic medical domains, including critical care units [103], operating
rooms [64], emergency departments [104], and trauma resuscitation [4]. Future work can examine
the feasibility of implementing and deploying shared information displays inside the ambulance
(e.g., where to install, and the size and orientation of the display).

Our analysis also revealed the challenges faced by paramedics in making timely and accurate
decisions. For example, they may not be able to recognize the symptoms of a specific illness or the
needs of performing the required treatments. They also have difficulties in managing pediatric
patients. One primary reason for these challenges is that paramedics usually do not receive
extensive medical training as their counterparts (e.g., physicians) do. Therefore, they sometimes
lack experience and adequate knowledge to manage critical and complicated patient cases,
demanding effective decision support. A possible solution is medical checklists, which have been

widely used as cognitive aids to guide a range of complex patient care activities and ensure
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compliance with protocols [105-107]. We believe EMS team can benefit from medical checklists
given their challenges in managing certain types of patients [108]. For example, the checklist can
suggest the correct equipment and medical procedures for treating pediatric patients who present
symptoms of, i.e., seizure or medicine overdose. The design of the EMS checklists needs to account
for the unique characteristics of pre-hospital care. That is, pre-hospital care is often characterized
as messy and unpredictable. The checklist, therefore, cannot be static and linear—a limitation that
often leads to ineffectiveness in patient care, and low adoption and compliance rates [109, 110].
Instead, the EMS checklists need to be dynamic and flexible enough to cover not only frequent
activities but also less frequent but critical tasks, allowing for adaptability to different patient
scenarios and changing environment.

Some studies in emergency responses have developed digital cognitive aids for EMS teams [24-
26]. Despite so, some key challenges for developing effective decision support for EMS teams have
not been successfully addressed, including obstacles in timely information integration and
acquisition, usability issues, cognitive burden of using the system, and impacts on patient
interaction and teamwork. Future work should focus on what technology form and mode of
interaction can address those limitations.

5.2.3 Facilitating Information Sharing and Care Coordination Between EMS and ED Teams.
Management of critically-ill patients in diverse field settings (e.g., rural areas, wilderness) requires
timely and responsive care coordination between EMS and ED teams [38]. For example, the
treatment of a pediatric patient with traumatic brain injury with a rapidly changing state of
consciousness often requires a considerate level of knowledge and skills that EMS providers may
not have. When a complicated patient case presents, EMS providers may need to consult with a
more experienced ED physician regarding treatment plan, likely diagnoses, and even how to
perform some advanced medical procedures that are critical to saving patients’ lives during
ambulance transport [38, 111-115]. However, care coordination and communication between pre-
hospital EMS and hospital ED teams remain ineffective and challenging [68, 116, 117]. Unlike
collocated teams which can rely on a range of coordination mechanisms (e.g., tacit monitoring,
visual cues) to facilitate their work [48, 49, 63], EMS teams can only rely on radios or cellular links,
a traditional mechanism that has been used since 1990s, to communicate with the hospital.
Although cellular radio has benefits that lead to its persistent use in healthcare settings, it has
intrinsic limitations such as limiting the accuracy and efficiency of describing the situation and
patient status [118]. This limitation makes the EMS verbal report very brief and lack essential
details. On the other side, ED physicians at the hospital have difficulties understanding what is
precisely happening in the field and the signs of the patient [5]. These limitations of current
mechanisms inevitably lead to confusion and miscommunication, creating challenges in
establishing common understandings between EMS teams in the field and ED teams at the
receiving hospital [3]. Literature calls for a more effective approach to facilitate information
sharing between distributed EMS and ED teams [119].

Over the past two decades, many research efforts have been devoted to developing ambulance-
based telemedicine systems (e.g., [114, 120-126]) to support EMS-ED care coordination. This type
of technology is integrated into ambulances and uses mobile networks to enable EMS providers in
the field to access experts at the receiving hospital through real-time, audio-video communication.

Despite the benefits, these systems have not been adequately adopted due in part to their specific
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limitations, such as portability and usability issues [120, 126, 127]. For example, EMS providers are
mobile as they provide urgent care to patients, therefore, it is almost impossible for them to use
ambulance-based telemedicine devices outside of the ambulance where a significant portion of
patient care occurs [120]. Even inside the ambulance, using telemedicine devices is also
challenging due to fixed placement of the equipment; for instance, EMS providers may need to
maneuver the camera and speaker for better information relay [126].

With the motivation to address the limitations of ambulance-based telemedicine technology,
several mobile- or tablet-based visual systems for pre-hospital communication were developed and
tested [7, 115, 128-131]. These visual technologies provide a portable solution for EMS providers to
share text, still images, and video clips with ED physicians. If needed, they can also have direct
video conversation with ED physicians to better explain the patient situation and receive medical
guidance. Another visual technology that has been gaining momentum is the smart glass
applications, which can serve as an unobtrusive technological conduit between pre-hospital and
hospital care providers. For example, they can be used to capture contextual information in the
field (e.g., photos and videos) and share them with hospital teams to support their understanding
of the patient’s conditions. Also, the novel interaction techniques afforded by smart glasses, such
as Augmented Reality (AR) and remote hand gesturing, allow for seamless care coordination and
consultations at a distance [132, 133]. Several studies have demonstrated that smart glasses are
useful in supporting care management [92, 132, 134-137] and can enable secure, Health Insurance
Portability and Accountability Act (HIPAA) compliant communications [138]. Thus, using smart
glasses to support information sharing and care coordination between the field and hospital is a
feasible approach.

To ensure the adoption of such advanced visual-based systems, several design considerations
should be taken into account. First, a common problem of video-based communication is that it
might be difficult for the sender to establish what visual information is shared and for the receiver
on the other side to capture the full array of visual cues [139]. Studies on smart glasses have
reported this problem—there is a mismatch between what the onsite care provider and the tele-
consultant can see due to the range of the camera and the direction of gaze [140, 141]. Second,
technical limitations are a major barrier of successful use of visual-based systems between
distributed medical teams, including unstable connections to mobile network [142] and difficulties
in transmitting clear audios and high-resolution videos [96, 115, 130]. With the rapid development
of 5G technology and the proposition of building a dedicated broadband network for first
responders (e.g., First-Net?), it is anticipated that those technical barriers can be addressed in the
near future. Third, prior studies on visual-based pre-hospital communication systems primarily
focused on technical aspects, with few attentions paid to usability and human factors. Since
usability issues could affect the efficient use of technologies in the pre-hospital setting, they
should receive equal attention as technical challenges [119]. In particular, researchers and
designers should pay close attention to the cognitive and physical stressors of EMS providers who
need to deal with critical patients and perform multiple tasks simultaneously. The hands- and
eyes-busy nature of pre-hospital care pose challenges in using computing devices. For example,
one study reported that difficulties could arise from touching accidentally or working with dirty

4 FirstNet. https://firstnet.gov/about
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hands because users tended not to touch their device when their hands are not clean or with blood
[24]. Another study reported that when wearing a wearable communication device, sudden head
movements by EMS providers could cause issues in generating stable visualization for remote tele-
consultants [142]. Lastly, literature has highlighted the importance of integrating systems into the
workflow of emergency care providers [68, 119]. Failing to account for existing workflow could
lead to unintended consequences, such as increased workload or limited system use in real time
[26]. Future work should look into whether introducing visual-based technologies could change
the job requirements and work practices of EMS and ED providers.

5.24 Integrating Technology Supports. EMS remains one of few medical domains that have
limited technology support. As described in the preceding sections, there are several technology
opportunities to support different aspects of EMS work, including data collection and integration,
decision making, situation awareness, and communication. The technology types range from
handheld data collection tools to wearable devices. However, given the hands- and eyes-busy
nature of EMS, the technology supports for EMS should be as unobtrusive and minimal as
possible. Thus, we suggest that system designers and researchers should think about how to
integrate different types of technology supports into one interoperable platform. For example, the
checklist can be digitized by integrating into an existing data collection system (e.g., EHR) or a
new digital tool (e.g., smart glasses) to reduce the needs of managing multiple devices and
artifacts. In addition, ensuring seamless information flow across different devices is also crucial.
Researchers have examined different approaches and strategies to achieve such goals. For
example, the openEHR infrastructure has been piloted in many countries to standardize data
operation and ensure universal (and even international) interoperability among all forms of
electronic data [143]. Despite reported success from several research projects [144, 145], further
research is called upon by CSCW researchers to investigate social-technical issues associated with
implementing and scaling the openEHR infrastructure [78, 146].

5.3 Implications for EMS Training

Communication is a critical aspect of emergency care and teamwork [53, 147-149]. Similar to prior
work [149], we found that verbal communication was the major vehicle for sharing information
and facilitating the division of cognitive labor. Even though our participants had undertaken
training modules on closed-loop communication, we still found many instances where paramedics
miscommunicated or closed-loop communication was not used, posing challenges in teamwork
and maintaining situational awareness. We also observed the lack of mutual awareness of
information needs among paramedics. These challenges aligned with previous work showing that
unstructured communication was the leading factor of communication errors [148]. Thus, further
training on communication and teamwork would be beneficial. Educators and managers of EMS
teams should include core principles and concepts of team communication, which are standard
curriculum for hospital-based teams, in their training curriculum, and continue investigating
strategies and mechanisms to improve communication among paramedics. In addition, more
contextualized simulation-based trainings are needed [150-152]. That is, simulations should
include the complicating characteristics of pre-hospital care to help EMS practitioners 1) practice
patient care skills, 2) manage barriers in communication and teamwork, and 3) test critical
situations that can be challenging to conduct in real emergencies. When designing such
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contextualized simulations and training environment, it is important to involve both end-users
(e.g., EMS and ED providers) and other stakeholders during the whole design process [151].

5.4 Limitations

Several limitations of this study should be noted. First, we solely relied on video review to
investigate data work and decision making in emergency medical services, which may not allow
us to capture a comprehensive view of EMS work practices. For example, some activities may have
occurred outside the visual field of the cameras and video recordings may not have captured all
verbal communication and non-verbal cues clearly. Also, simulations cannot speak to care
delivered outside of an ambulance. We will conduct field studies, including interviews and in situ
observation, to confirm our findings and elicit additional insights (e.g., the impact of EMS social
structures and team hierarchy on work distribution and collaboration). Despite this limitation, it is
worth noting that video analysis allowed us to analyze the data offline and capture fine-grained,
essential details of fast-paced EMS work, which are otherwise challenging to study in real-world
settings. Second, there may exist reviewer bias in the observations. To limit this bias, two
reviewers coded the video data independently and their analyses were discussed as a group until
reaching consensus. Third, we did not pay close attention to medical errors or patient safety
issues. Future work can look into how the issues in data collection and teamwork contribute to
adverse patient outcomes.

6 CONCLUSION

In this study, we reviewed 25 simulation videos to examine information acquisition and decision-
making in emergency medical services. Based on the DiCoT framework, our qualitative and
quantitative analyses showed that EMS teams relied on verbal communication, non-verbal cues,
and cognitive aids to distribute the cognitive labor and maintain the working memory. Several
challenges in information acquisition and decision making were also noted. Lastly, we discussed
the implications of this study to theoretical development of DiCoT, technology opportunities for
supporting dynamic EMS teamwork, and EMS training. Our continuing efforts include conducting
field studies to derive system requirements for novel technologies that can reduce the physical and

cognitive load of using computing devices by emergency care professionals.

ACKNOWLEDGMENTS

This work was supported by National Science Foundation (NSF) Award #1948292. We also would
like to thank the participants of EMS simulations.

PACM on Human-Computer Interaction, Vol. 5, No. CSCW?2, Article 356, Publication date: October 2021.



356:26 Zhan Zhang et al.

REFERENCES

(1]

(2]
(3]

(4]

(5]

(6]
(7]

(10]

(11]

(12]

(13]
(14]

(15]

(16]
(17]
(18]
(19]
[20]
(21]

(22]

(23]

(24]

A. Sarcevic, Z. Zhang, and D. S. Kusunoki. 2012. Decision making tasks in time-critical medical settings. In
Proceedings of the 17th ACM International Conference on Supporting Group Work. ACM, Sanibel Island, Florida, 99-
102.

T. McCallion. And the survey says: NASEMSO analysis provides snapshot of EMS industry. Journal of Emergency
Medical Services, 37, 1 (2012), 34-35.

Z. Zhang, A. Sarcevic, and C. Bossen. 2017. Constructing common information spaces across distributed emergency
medical teams. In Proceedings of the 2017 ACM Conference on Computer Supported Cooperative Work and Social
Computing. ACM, Portland, Oregon, 934-947.

D. S. Kusunoki, A. Sarcevic, N. Weibel, I. Marsic, Z. Zhang, G. Tuveson, and R. S. Burd. 2014. Balancing design
tensions: iterative display design to support ad hoc and multidisciplinary medical teamwork. In Proceedings of the
SIGCHI Confeérence on Human Factors in Computing Systems. ACM, Toronto, Canada, 3777-3786.

Z. Zhang, A. Sarcevic, and R. S. Burd. 2013. Supporting information use and retention of pre-hospital information
during trauma resuscitation: a qualitative study of pre-hospital communications and information needs. In AMIA
Annual Symposium Proceedings. American Medical Informatics Association, Washington, DC, 1579-1588.

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

W. W. Tollefsen, M. Gaynor, M. Pepe, D. Myung, M. Welsh, and S. Moulton. iRevive: a pre-hospital database system
for emergency medical services. International Journal of Healthcare Technology and Management, 6, 4-6 (2005), 454-
469.

T. G. Holzman. Computer-human interface solutions for emergency medical care. Inferactions, 6, 3 (1999), 13-24.

D. J. Laudermilch, M. A. Schiff, A. B. Nathens, and M. R. Rosengart. Lack of emergency medical services
documentation is associated with poor patient outcomes: a validation of audit filters for prehospital trauma care.
Journal of the American College of Surgeons, 210, 2 (2010), 220-227.

D. Furniss and A. Blandford. Understanding emergency medical dispatch in terms of distributed cognition: a case
study. Ergonomics, 49, 12-13 (2006), 1174-1203.

J. Landgren and U. Nulden. 2007. A study of emergency response work: patterns of mobile phone interaction. In
Proceedings of the SIGCHI Conference on Human Factors in Computing Systems. ACM, San Jose, CA, 1323-1332.

M. Kristensen, M. Kyng, and L. Palen. 2006. Participatory design in emergency medical service: designing for future
practice. In Proceedings of the SIGCHI Conference on Human factors in Computing Systems. ACM, Montreal,
Canada, 161-170.

S. Biesbroek and E. Teteris. 2012. Human factors review of EMS ground ambulance design. In Symposium on Human
Factors and Ergonomics in Health Care. SAGE, Baltimore, Maryland, 95-101.

M. A. Feufel, K. D. Lippa, and H. A. Klein. Calling 911: emergency medical services in need of human factors.
Ergonomics in Design, 17, 2 (2009), 15-19.

R. Chow and K. J. Vicente. 2002. A field study of emergency ambulance dispatching: Implications for decision
support. In Proceedings of the Human Factors and Ergonomics Society Annual Meeting. SAGE, Baltimore, Maryland,
313-317.

C. Bossen, K. H. Pine, F. Cabitza, G. Ellingsen, and E. M. Piras. Data work in healthcare: An Introduction. SAGE
Publications Sage UK: London, England, City, 2019.

N. H. Mgller, C. Bossen, K. H. Pine, T. R. Nielsen, and G. Neff. Who does the work of data? Inferactions, 27, 3 (2020),
52-55.

M. Bonde, C. Bossen, and P. Danholt. Data-work and friction: Investigating the practices of repurposing healthcare
data. Health Informatics Journal, 25, 3 (2019), 558-566.

C. Bossen, Y. Chen, and K. H. Pine. The emergence of new data work occupations in healthcare: The case of medical
scribes. International Journal of Medical Informatics, 123 (2019), 76-83.

K. H. Pine. The qualculative dimension of healthcare data interoperability. Health Informatics Journal, 25, 3 (2019),
536-548.

K. A. Thursky and M. Mahemoff. User-centered design techniques for a computerised antibiotic decision support
system in an intensive care unit. [nfernational Journal of Medical Informatics (IJM1), 76, 10 (2007), 760-768.

Q. Yang, A. Steinfeld, and J. Zimmerman. 2019. Unremarkable ai: Fitting intelligent decision support into critical,
clinical decision-making processes. In Proceedings of the 2019 CHI Conference on Human Factors in Computing
Systems. ACM, Glasgow, UK, 238-248.

A. S. Gertner and B. L. Webber. TraumaTIQ: online decision support for trauma management. [EEE Intelligent
Systems and Their Applications, 13, 1 (1998), 32-39.

T. Mentler and M. Herczeg. Interactive cognitive artifacts for enhancing situation awareness of incident commanders
in mass casualty incidents. Journal of Interaction Science, 3, 1 (2015), 1-9.

PACM on Human-Computer Interaction, Vol. 5, No. CSCW2, Article 356, Publication date: October 2021.



Data Work and Decision Making in Emergency Medical Services 356:27

(25]

[26]

(31]
(32]

(33]

(34]
(35]

(36]

(48]
(49]

(50]

H. A. Snooks, B. Carter, ]. Dale, T. Foster, I. Humphreys, P. A. Logan, R. A. Lyons, S. M. Mason, C. J. Phillips, and A.
Sanchez. Support and Assessment for Fall Emergency Referrals (SAFER 1): cluster randomised trial of computerised
clinical decision support for paramedics. P/oS One, 9, 9 (2014), e106436.

M. A. Hagiwara, L. Lundberg, B. A. Sjoqvist, and H. M. S6derholm. The Effects of Integrated IT Support on the
Prehospital Stroke Process: Results from a Realistic Experiment. Journal of Healthcare Informatics Research, 3, 3
(2019), 300-328.

A. X. Garg, N. K. Adhikari, H. McDonald, M. P. Rosas-Arellano, P. J. Devereaux, J. Beyene, J. Sam, and R. B. Haynes.
Effects of computerized clinical decision support systems on practitioner performance and patient outcomes: a
systematic review. The Journal of the American Medical Association (JAMA), 293, 10 (2005), 1223-1238.

G. Fitzpatrick. Integrated care and the working record. Health Informatics Journal, 10, 4 (2004), 291-302.

M. Hardey, S. Payne, and P. Coleman. ‘Scraps’: hidden nursing information and its influence on the delivery of care.
Journal of Advanced Nursing, 32, 1 (2000), 208-214.

G. Hardstone, M. Hartswood, R. Procter, R. Slack, A. Voss, and G. Rees. 2004. Supporting informality: team working
and integrated care records. In Proceedings of the 2004 ACM conférence on Computer Supported Cooperative Work.
ACM, Chicago, lllinois, 142-151.

J. W. Blaz, A. K. Doig, K. G. Cloyes, and N. Staggers. The hidden lives of nurses’ cognitive artifacts. Applied Clinical
Informatics, 7, 3 (2016), 832-849.

Y. Chen. 2010. Documenting transitional information in EMR. In Proceedings of the SIGCHI Conference on Human
Factors in Computing Systems. ACM, Atlanta, GA, 1787-1796.

O. Pilerot and H. Maurin Séderholm. 2019 of Conference. A conceptual framework for investigating documentary
practices in prehospital emergency care. In Proceedings of the Tenth International Conference on Conceptions of
Library and Information Science. Information Research, Ljubljana, Slovenia, 24(4).

S. J. Davidson, F. L. Zwemer, L. A. Nathanson, K. N. Sable, and A. N. Khan. Where's the beef? The promise and the
reality of clinical documentation. Academic Emergency Medicine, 11, 11 (2004), 1127-1134.

K. Saarinen and M. Aho. Does the implementation of a clinical information system decrease the time intensive care
nurses spend on documentation of care? Acta Anaesthesiologica Scandinavica, 49, 1 (2005), 62-65.

S. Jagannath, A. Sarcevic, V. Young, and S. Myers. 2019. Temporal Rhythms and Patterns of Electronic
Documentation in Time-Critical Medical Work. In Proceedings of the 2019 CHI Conference on Human Factors in
Computing Systems. ACM, Glasgow, UK, 334-347.

M. Hertzum, M. I Manikas, and A. a Torkilsheyggi. Grappling with the future: The messiness of pilot
implementation in information systems design. Health Informatics Journal, 25, 2 (2019), 372-388.

A. Sarcevic and R. S. Burd. 2009. Information handover in time-critical work. In Proceedings of the ACM 2009
International Conference on Supporting Group Work. ACM, Sanibel Island, Florida, 301-310.

M. Ozkaynak, K. M. Unertl, S. A. Johnson, ]. J. Brixey, and S. N. Haque. Clinical workflow analysis, process redesign,
and quality improvement. Springer, Cham, 2016.

D. A. Norman. 7hings that make us smart: Defending human attributes in the age of the machine. Diversion Books,
New York, 1993.

E. Hutchins. Cognition in the Wild. MIT press, Cambridge, MA, 1995.

J. Hollan, E. Hutchins, and D. Kirsh. Distributed cognition: toward a new foundation for human-computer interaction
research. ACM Transactions on Computer-Human Interaction (TOCHI), 7, 2 (2000), 174-196.

H. Artman and Y. Weern. Distributed cognition in an emergency co-ordination center. Cognition, Technology &
Work, 1, 4 (1999), 237-246.

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

J. McKnight and G. Doherty. Distributed cognition and mobile healthcare work. People and Computers XXII Culture,
Creativity, Interaction 22, (2008), 35-38.

A. Rajkomar and A. Blandford. Understanding infusion administration in the ICU through distributed cognition.
Journal of Biomedical Informatics, 45, 3 (2012), 580-590.

M. Hussain and N. Weibel. 2016. Can DiCoT Improve Infection Control? A Distributed Cognition Study of
Information Flow in Intensive Care. In Proceedings of the 2016 CHI Conference Extended Abstracts on Human
Factors in Computing Systems. ACM, San Jose, CA, 2126-2133.

Y. Rogers. Coordinating computer-mediated work. Computer Supported Cooperative Work (CSCW), 1, 4 (1992), 295-
315.

K. Schmidt and C. Simonee. Coordination mechanisms: Towards a conceptual foundation of CSCW systems design.
Computer Supported Cooperative Work (CSCW), 5, 2-3 (1996), 155-200.

C. Bossen. 2002. The parameters of common information spaces: The heterogeneity of cooperative work at a hospital
ward. In Proceedings of the 2002 ACM Conference on Computer Supported Cooperative Work. ACM, New Orleans,
LA, 176-185.

PACM on Human-Computer Interaction, Vol. 5, No. CSCW?2, Article 356, Publication date: October 2021.



356:28 Zhan Zhang et al.

(51]
(52]

(53]

(54]

(55]

(69]
(70]

(71]

(72]
(73]
(74]
(75]

(76]

(7]

Z. Zhang and A. Sarcevic. Coordination Mechanisms for Self-Organized Work in an Emergency Communication
Center. Proceedings of the ACM on Human-Computer Interaction, 2, CSCW (2018), 199.

C. Heath and P. Luff. Collaboration and controlCrisis management and multimedia technology in London

Underground Line Control Rooms. Computer Supported Cooperative Work (CSCW), 1, 1-2 (1992), 69-94.

M. Kolbe, B. Kiinzle, E. Zala-Mezo, M. ]. Burtscher, J. Wacker, D. R. Spahn, and G. Grote. 2010. The functions of team
monitoring and ‘talking to the room’for performance in anesthesia teams. In Proceedings of the Human Factors and
Ergonomics Society Annual Meeting. SAGE, San Francisco, CA, 857-861.

P. Dourish and V. Bellotti. 1992. Awareness and coordination in shared workspaces. In Proceedings of the 1992 ACM
Conference on Computer-Supported Cooperative Work. ACM, Toronto, CA, 107-114.

K. Schmidt and L. Bannon. Taking CSCW seriously. Computer Supported Cooperative Work (CSCW), 1, 1 (1992), 7-

40.

A. Strauss. The articulation of project work: An organizational process. Sociological Quarterly, 29, 2 (1988), 163-178.

S. Marshall. The use of cognitive aids during emergencies in anesthesia: a review of the literature. Anesthesia &
Analgesia, 117, 5 (2013), 1162-1171.

P. J. Liu, J. M. Laffey, and K. R. Cox. 2008. Operationalization of technology use and cooperation in CSCW. In

Proceedings of the 2008 ACM Conference on Computer Supported Cooperative Work. ACM, San Diego, CA, 505-514.

S. J. Davidson, F. L. Zwemer Jr., L. A. Nathanson, K. N. Sable, and A. N. G. A. Khan. Where's the Beef? The Promise

and the Reality of Clinical Documentation. Academic Emergency Medicine, 11, 11 (2004), 1127-1134.

M. R. Endsley. Toward a theory of situation awareness in dynamic systems. Human Factors, 37, 1 (1995), 32-64.

D. Kusunoki, A. Sarcevic, Z. Zhang, and M. Yala. Sketching awareness: A participatory study to elicit designs for

supporting ad hoc emergency medical teamwork. Computer Supported Cooperative Work (CSCW), 24, 1 (2015), 1-38.

J. E. Bardram, T. R. Hansen, and M. Soegaard. 2006. AwareMedia: a shared interactive display supporting social,

temporal, and spatial awareness in surgery. In Proceedings of the 2006 ACM Conference on Computer Supported
Cooperative Work. ACM, Banft Alberta, Canada, 109-118.

Z. Zhang and A. Sarcevic. 2015. Constructing awareness through speech, gesture, gaze and movement during a time-

critical medical task. In ECSCW 2015: Proceedings of the 14th European Conference on Computer Supported
Cooperative Work. Springer, Oslo, Norway, 163-182.

A. Parush, C. Kramer, T. Foster-Hunt, K. Momtahan, A. Hunter, and B. Sohmer. Communication and team situation
awareness in the OR: Implications for augmentative information display. Journal of Biomedical Informatics, 44, 3

(2011), 477-485.

E. E. Entin and D. Serfaty. Adaptive team coordination. Human Factors, 41, 2 (1999), 312-325.

K. J. Klein, J. C. Ziegert, A. P. Knight, and Y. Xiao. Dynamic delegation: Shared, hierarchical, and deindividualized

leadership in extreme action teams. Administrative Science Quarterly, 51, 4 (2006), 590-621.

A. Sarcevic, I. Marsic, M. E. Lesk, and R. S. Burd. 2008. Transactive memory in trauma resuscitation. In Proceedings of’
the 2008 ACM Conference on Computer Supported Cooperative Work. ACM, San Diego, CA, 215-224.

M. C. Reddy, S. A. Paul, J. Abraham, M. McNeese, C. DeFlitch, and J. Yen. Challenges to effective crisis management:

using information and communication technologies to coordinate emergency medical services and emergency

department teams. International Journal of Medical Informatics, 78, 4 (2009), 259-269.

J. E. Bardram. 2003. Hospitals of the future-ubiquitous computing support for medical work in hospitals. In

Proceedings of UbiHealth, Vol.3, Seattle, WA.

M. C. Reddy, P. Dourish, and W. Pratt. 2001. Coordinating heterogeneous work: information and representation in

medical care. In ECSCW 2001. Springer, Bonn, Germany, 239-258.

K. H. Pine and M. Mazmanian. 2014. Institutional logics of the EMR and the problem ofperfectbut inaccurate

accounts. In Proceedings of the 17th ACM Conference on Computer Supported Cooperative Work & Social
Computing. ACM, Baltimore, Maryland, 283-294.

M. Berg. Accumulating and coordinating: occasions for information technologies in medical work. Computer
Supported Cooperative Work (CSCW), 8, 4 (1999), 373-401.

P. Bilyeu and L. Eastes. Use of the electronic medical record for trauma resuscitations: how does this impact

documentation completeness? Journal of Trauma Nursing, 20, 3 (2013), 166-168.

S. Y. Park and Y. Chen. 2012. Adaptation as design: learning from an EMR deployment study. In Proceedings of the
SIGCHI Confeérence on Human Factors in Computing Systems. ACM, Austin, TX, 2097-2106.

C. Bossen. Accounting and co-constructing: the development of a standard for electronic health records. Computer
Supported Cooperative Work (CSCW), 20, 6 (2011), 473.

X. Zhou, M. S. Ackerman, and K. Zheng. 2009. I just don't know why it's gone: maintaining informal information use

in inpatient care. In Proceedings of the SIGCHI Conference on Human Factors in Computing Systems. ACM, Boston,

MA, 2061-2070.

X. Zhou, M. Ackerman, and K. Zheng. 2011. CPOE workarounds, boundary objects, and assemblages. In Proceedings
of the SIGCHI Conference on Human Factors in Computing Systems. ACM, Vancouver, BC, 3353-3362.

PACM on Human-Computer Interaction, Vol. 5, No. CSCW2, Article 356, Publication date: October 2021.



Data Work and Decision Making in Emergency Medical Services 356:29

(78]
(79]

(80]

(81]

(82]

(83]

(84]

(85]
(86]

(87]

(88]

(89]

[90]

[91]

[92]
(93]

(94]

[95]

[96]
[97]
(98]

[99]

[100]

G. Fitzpatrick and G. Ellingsen. A review of 25 years of CSCW research in healthcare: contributions, challenges and
future agendas. Computer Supported Cooperative Work (CSCW), 22, 4-6 (2013), 609-665.

S.Y. Park, S. Y. Lee, and Y. Chen. The effects of EMR deployment on doctors’ work practices: A qualitative study in
the emergency department of a teaching hospital. International Journal of Medical Informatics, 81, 3 (2012), 204-217.
J. S. Ash, M. Berg, and E. Coiera. Some unintended consequences of information technology in health care: the nature
of patient care information system-related errors. Journal of the American Medical Informatics Association, 11, 2
(2004), 104-112.

T. Y. Kenneth and R. A. Green. Critical aspects of emergency department documentation and communication.
Emergency Medicine Clinics, 27, 4 (2009), 641-654.

C. Coffey, L. A. Wurster, J. Groner, ]. Hoffman, V. Hendren, K. Nuss, K. Haley, J. Gerberick, B. Malehorn, and J.
Covert. A comparison of paper documentation to electronic documentation for trauma resuscitations at a level I
pediatric trauma center. Journal of Emergency Nursing, 41, 1 (2015), 52-56.

N. Koceska, R. Komadina, M. Simjanoska, B. Koteska, A. Strahovnik, A. Jost, A. Madevska-Bogdanova, V. Trajkovik, J.
F. Tasi¢, and J. Trontelj. Mobile wireless monitoring system for prehospital emergency care. European journal of
Trauma and Emergency Surgery, (2019), 1-8.

G. Kramp, M. Kristensen, and J. F. Pedersen. 2006. Physical and digital design of the BlueBio biomonitoring system
prototype, to be used in emergency medical response. In 2006 Pervasive Health Conference and Workshops. IEEE,
Innsbruck, Austria, 1-11.

C. Despont-Gros, C. Beeuf, A. Geissbuhler, and C. Lovis. The digital pen and paper technology: implementation and
use in an existing clinical information system. Studies in Health Technology and Informatics, 116 (2005), 328-333.
P.-Y. Yen and P. N. Gorman. 2005. Usability testing of a digital pen and paper system in nursing documentation. In
AMIA Annual Symposium Proceedings. American Medical Informatics Association, Washington, DC, 844.

P. C. Dykes, A. Benoit, F. Chang, J. Gallagher, Q. Li, C. Spurr, E. J. McGrath, S. M. Kilroy, and M. Prater. 2006. The
feasibility of digital pen and paper technology for vital sign data capture in acute care settings. In AMIA Annual
Symposium Proceedings. American Medical Informatics Association, Washington, DC, 229.

A. Sarcevic, N. Weibel, ]J. D. Hollan, and R. S. Burd. 2012. A paper-digital interface for information capture and
display in time-critical medical work. In 2012 6th International Conference on Pervasive Computing Technologies for
Healthcare (PervasiveHealth) and Workshops. IEEE, San Diego, CA, 17-24.

J. E. Bardram. 2004. Applications of context-aware computing in hospital work: examples and design principles. In
Proceedings of the 2004 ACM Symposium on Applied Computing. ACM, Nicosia, Cyprus, 1574-1579.

H. Noma, A. Ohmura, N. Kuwahara, and K. Kogure. 2004. Wearable sensors for auto-event-recording on medical
nursing-user study of ergonomic design. In Eighth International Symposium on Wearable Computers. IEEE,
Washington, DC, 8-15.

S. Jonas, A. Hannig, C. Spreckelsen, and T. M. Deserno. 2014. Wearable technology as a booster of clinical care. In
Medical Imaging 2014: PACS and Imaging Informatics: Next Generation and Innovations. International Society for
Optics and Photonics, 90390F.

S. Mitrasinovic, E. Camacho, N. Trivedi, J. Logan, C. Campbell, R. Zilinyi, B. Lieber, E. Bruce, B. Taylor, and D.
Martineau. Clinical and surgical applications of smart glasses. Technology and Health Care, 23, 4 (2015), 381-401.

W. Glauser. Doctors among early adopters of Google Glass. Canadian Medical Association Journal, 185, 16 (2013),
1385.

G. Aldaz, L. A. Shluzas, D. Pickham, O. Eris, J. Sadler, S. Joshi, and L. Leifer. Hands-free image capture, data tagging
and transfer using Google Glass: a pilot study for improved wound care management. PloS One, 10, 4 (2015),
e0121179.

A. Doherty, W. Williamson, M. Hillsdon, S. Hodges, C. Foster, and P. Kelly. 2013. Influencing health-related
behaviour with wearable cameras: strategies & ethical considerations. In Proceedings of the 4th International
SenseCam & Pervasive Imaging Conference. ACM, New York, NY, 60-67.

O. J. Muensterer, M. Lacher, C. Zoeller, M. Bronstein, and J. Kiibler. Google Glass in pediatric surgery: an exploratory
study. International Journal of Surgery, 12, 4 (2014), 281-289.

J. Y. C. Chang, L. Y. Tsui, K. S. K. Yeung, S. W. Y. Yip, and G. K. K. Leung. Surgical vision: Google Glass and surgery.
Surgical Innovation, 23, 4 (2016), 422-426.

J. C. Sinkin, O. F. Rahman, and M. Y. Nahabedian. Google Glass in the operating room: the plastic surgeon’s
perspective. Plastic and Reconstructive Surgery, 138, 1 (2016), 298-302.

U.-V. Albrecht, U. von Jan, J. Kuebler, C. Zoeller, M. Lacher, O. J. Muensterer, M. Ettinger, M. Klintschar, and L.
Hagemeier. Google Glass for documentation of medical findings: evaluation in forensic medicine. Journal of Medical
Internet Research, 16, 2 (2014), e53.

H. J. Lanham, L. K. Leykum, and R. R. McDaniel Jr. Same organization, same electronic health records (EHRs) system,
different use: exploring the linkage between practice member communication patterns and EHR use patterns in an
ambulatory care setting. Journal of the American Medical Informatics Association, 19, 3 (2012), 382-391.

PACM on Human-Computer Interaction, Vol. 5, No. CSCW?2, Article 356, Publication date: October 2021.



356:30 Zhan Zhang et al.

[101]

[106]

[107]

[108]

[109]
[110]

[111]

[114]

[115]

[116]

[117]
[118]
[119]
[120]

[121]

[122]

[123]

X. Li, D. Yao, X. Pan, J. Johannaman, J. Yang, R. Webman, A. Sarcevic, I. Marsic, and R. S. Burd. 2016. Activity
recognition for medical teamwork based on passive RFID. In 2016 IEEE International Conference on RFID (RFID).

IEEE, Guangdong, China, 1-9.

Z. Zhang and D. Kusunoki. Situation Awareness in Medical Teamwork. CRC Press, Boca, Raton, 2020.

S. Wilson, J. Galliers, and J. Fone. 2006. Not all sharing is equal: the impact of a large display on small group

collaborative work. In Proceedings of the 2006 ACM Conference on Computer Supported Cooperative Work. ACM,

Alberta, Canada, 25-28.

R. L. Wears, S. J. Perry, S. Wilson, J. Galliers, and J. Fone. Emergency department status boards: user-evolved artefacts

for inter-and intra-group coordination. Cognition, Technology & Work; 9, 3 (2007), 163-170.

A. B. Haynes, T. G. Weiser, W. R. Berry, S. R. Lipsitz, A.-H. S. Breizat, E. P. Dellinger, T. Herbosa, S. Joseph, P. L.

Kibatala, and M. C. M. Lapitan. A surgical safety checklist to reduce morbidity and mortality in a global population.

New England journal of medicine, 360, 5 (2009), 491-499.

A. Sarcevic, Z. Zhang, I. Marsic, and R. S. Burd. 2016. Checklist as a memory externalization tool during a critical care

process. In AMIA Annual Symposium Proceedings. American Medical Informatics Association, Chicago, IL, 1080.

Z. Zhang, A. Sarcevic, M. Yala, and R. 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. ACM, Sanibel Island, FL, 204-214.

M. Ozkaynak, C. Dolen, Y. Dollin, Kathryn, Rappaport, and K. Adelgais. 2020. Simulating Teamwork for Better
Decision Making in Pediatric Emergency Medical Services. In American Medical Informatics Association Annual
Symposium (AMIA), Virtual, 993-1002.

C. L. Bosk, M. Dixon-Woods, C. A. Goeschel, and P. J. Pronovost. Reality check for checklists. 7he Lancet, 374, 9688

(2009), 444-445.

E. A. Sparks, H. Wehbe-Janek, R. L. Johnson, W. R. Smythe, and H. T. Papaconstantinou. Surgical Safety Checklist

compliance: a job done poorly! Journal of the American College of Surgeons, 217, 5 (2013), 867-873. e863.

J. Emberson, K. R. Lees, P. Lyden, L. Blackwell, G. Albers, E. Bluhmki, T. Brott, G. Cohen, S. Davis, and G. Donnan.

Effect of treatment delay, age, and stroke severity on the effects of intravenous thrombolysis with alteplase for acute

ischaemic stroke: a meta-analysis of individual patient data from randomised trials. 7he Lancet, 384, 9958 (2014),

1929-1935.

H. J. Audebert and L. Schwamm. Telestroke: scientific results. Cerebrovascular Diseases, 27, Suppl. 4 (2009), 15-20.

K. Aase, E. Soeyland, and B. Hansen. A standardized patient handover process: Perceptions and functioning. Safety
Science Monitor, 15, 2 (2011), 1-9.

S. Bergrath, D. Rortgen, R. Rossaint, S. K. Beckers, H. Fischermann, J. C. Brokmann, M. Czaplik, M. Felzen, M.-T.

Schneiders, and M. Skorning. Technical and organisational feasibility of a multifunctional telemedicine system in an

emergency medical service-an observational study. Journal of Telemedicine and Telecare, 17,7 (2011), 371-377.

B. Schooley, Y. Abed, A. Murad, T. A. Horan, and J. Roberts. Design and field test of an mHealth system for

emergency medical services. Health and Technology, 3, 4 (2013), 327-340.

Z. F. Meisel, J. A. Shea, N. J. Peacock, E. T. Dickinson, B. Paciotti, R. Bhatia, E. Buharin, and C. C. Cannuscio.

Optimizing the patient handoff between emergency medical services and the emergency department. Annals of
Emergency Medicine, 65, 3 (2015), 310-317. e311.

A. Rowlands. An evaluation of pre-hospital communication between ambulances and an accident and emergency

department. Telemedicine and Telecare, 9, 1_suppl (2003), 35-37.

C. A. Sneiderman and M. J. Ackerman. Cellular radio telecommunication for health care: benefits and risks. Journal of
the American Medical Informatics Association, 11, 6 (2004), 479-481.

Z. Zhang, ]J. Brazil, M. Ozkaynak, and K. Desanto. Evaluative Research of Technologies for Prehospital

Communication and Coordination: a Systematic Review. Journal of Medical System, 44, 5 (2020), 100.

S. J. Cho, I. H. Kwon, and J. Jeong. Application of telemedicine system to prehospital medical control. Healthcare
Informatics Research, 21, 3 (2015), 196-200.

Y. Xiao, D. Gagliano, M. LaMonte, P. Hu, W. Gaasch, R. Gunawadane, and C. Mackenzie. Design and evaluation of a

real-time mobile telemedicine system for ambulance transport [1] Work reported here was partially supported by

National Library of Medicine. Journal of High Speed Networks, 9, 1 (2000), 47-56.

A. Johansson, M. Esbjoérnsson, P. Nordqvist, S. Wiinberg, R. Andersson, B. Ivarsson, and S. Méller. Technical

feasibility and ambulance nurses’ view of a digital telemedicine system in pre-hospital stroke care-A pilot study.

International Emergency Nursing, 44 (2019), 35-40.

P. Gilligan, A. Bennett, A. Houlihan, A. Padki, N. Owens, D. Morris, I. Chochliouros, A. Mohammed, A. Mutawa, and

M. Eswararaj. The doctor can see you now: A key stakeholder study into the acceptability of ambulance based

telemedicine. Irish Medical Journal, 111, 6 (2018), 769.

PACM on Human-Computer Interaction, Vol. 5, No. CSCW2, Article 356, Publication date: October 2021.



Data Work and Decision Making in Emergency Medical Services 356:31

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]
[133]
[134]
[135]
[136]
[137]
[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

L. Yperzeele, R.-J. Van Hooff, A. De Smedt, A. V. Espinoza, R. Van Dyck, R. Van de Casseye, A. Convents, I. Hubloue,

D. Lauwaert, and J. De Keyser. Feasibility of AmbulanCe-Based Telemedicine (FACT) study: safety, feasibility and
reliability of third generation in-ambulance telemedicine. P/oS One, 9, 10 (2014), e110043.

F. Geisler, A. Kunz, B. Winter, M. Rozanski, C. Waldschmidt, J. E. Weber, M. Wendt, K. Zieschang, M. Ebinger, and H.

J. Audebert. Telemedicine in Prehospital Acute Stroke Care. Journal of the American Heart Association, 8, 6 (2019),

€011729.

S. N. Chapman Smith, P. C. Brown, K. H. Waits, J. S. Wong, M. S. Bhatti, Q. Toqeer, J. V. Ricks, M. L. Stockner, T.

Habtamu, and J. Seelam. Development and Evaluation of a User-Centered Mobile Telestroke Platform. Telemedicine
and e-Health, 25, 7 (2019), 638-648.

H. Rogers, K. C. Madathil, S. Agnisarman, S. Narasimha, A. Ashok, A. Nair, B. M. Welch, and J. T. McElligott. A
systematic review of the implementation challenges of telemedicine systems in ambulances. Telemedicine and e-
Health, 23, 9 (2017), 707-717.

M. Biischer, P. H. Mogensen, and M. Kristensen. When and how (not) to trust IT? Supporting virtual emergency
teamwork. International Journal of Information Systems for Crisis Response and Management (IJISCRAM), 1, 2

(2009), 1-15.

O. A. Abdellah, M. M. Aborokbah, and A. O. Elfaki. Improving Pre-hospital Care of Road Traffic Accident's Victims

with Smartphone Technology. Int. J. Interact. Mob. Technol, 12, 2 (2018), 130-141.

X. Wu, R. Dunne, Z. Yu, and W. Shi. 2017. STREMS: A smart real-time solution toward enhancing EMS prehospital
quality. In 2017 IEEE/ACM International Conference on Connected Health: Applications, Systems and Engineering
Technologies (CHASE). IEEE, Philadelphia, PA, 365-372.

F. Bergstrand and J. Landgren. 2011. Visual reporting in time-critical work: exploring video use in emergency
response. In Proceedings of the 13th International Conference on Human Computer Interaction with Mobile Devices
and Services. ACM, Stockholm, Sweden, 415-424.

G. O.Klein and K. Singh. Smart Glasses--A New Tool in Medicine. Studies in Health Technology and Informatics, 216

(2015), 901-901.

V. Carlsson, T. Klug, T. Ziegert, and A. Zinnen. 2006. Wearable computers in clinical ward rounds. In 3rd
International Forum on Applied Wearable Computing. VDE, Bremen, Germany, 1-9.

T. Aungst and T. Lewis. Potential uses of wearable technology in medicine: lessons learnt from Google Glass.

International Journal of Clinical Practice, 69, 10 (2015), 1179-1183.

T. S. Wu, C. J. Dameff, and J. L. Tully. Ultrasound-guided central venous access using google glass. The Journal of
Emergency Medicine, 47, 6 (2014), 668-675.

J. Yu, W. Ferniany, B. Guthrie, S. G. Parekh, and B. Ponce. Lessons learned from google glass: telemedical spark or

unfulfilled promise? Surgical Innovation, 23, 2 (2016), 156-165.

K. Klinker, M. Wiesche, and H. Krcmar. Digital transformation in health care: Augmented reality for hands-free

service innovation. Information Systems Frontiers, 22, 6 (2019), 1419-1431.

P.R. Chai, R. Y. Wu, M. L. Ranney, P. S. Porter, K. M. Babu, and E. W. Boyer. The virtual toxicology service: wearable

head-mounted devices for medical toxicology. Journal of Medical Toxicology, 10, 4 (2014), 382-387.

S. R. Fussell, R. E. Kraut, and J. Siegel. 2000. Coordination of communication: Effects of shared visual context on

collaborative work. In Proceedings of the 2000 ACM Conference on Computer Supported Cooperative Work. ACM,

Philadelphia, PA, 21-30.

B. A. Ponce, M. E. Menendez, L. O. Oladeji, C. T. Fryberger, and P. K. Dantuluri. Emerging technology in surgical

education: combining real-time augmented reality and wearable computing devices. Orthopedics, 37, 11 (2014), 751-

757.

D. Drummond, C. Arnaud, R. Guedj, A. Duguet, N. de Suremain, and A. Petit. Google Glass for residents dealing with

pediatric cardiopulmonary arrest: A randomized, controlled, simulation-based study. Pediatric Critical Care Medicine,

18, 2 (2017), 120-127.

M. J. Kwak, J. M. Kim, L. H. Shin, S. D. Shin, K. ]J. Song, G. J. Suh, and H. C. Kim. Real-time medical control using a

wireless audio-video transmission device in a pre-hospital emergency service in Korea. Journal of Telemedicine and
Telecare, 15, 8 (2009), 404-408.

S. Garde, P. Knaup, E. J. Hovenga, and S. Heard. Towards semantic interoperability for electronic health records.

Methods of Information in Medicine, 46, 03 (2007), 332-343.

J. Buck, S. Garde, C. D. Kohl, and P. Knaup-Gregori. Towards a comprehensive electronic patient record to support

an innovative individual care concept for premature infants using the openEHR approach. International Journal of
Medical Informatics, 78, 8 (2009), 521-531.

D. Wollersheim, A. Sari, and W. Rahayu. Archetype-based electronic health records: a literature review and

evaluation of their applicability to health data interoperability and access. Health [nformation Management Journal,

38, 2 (2009), 7-17.

PACM on Human-Computer Interaction, Vol. 5, No. CSCW?2, Article 356, Publication date: October 2021.



356:32 Zhan Zhang et al.

[146] G.-H. Ulriksen, R. Pedersen, and G. Ellingsen. Infrastructuring in healthcare through the openEHR architecture.
Computer Supported Cooperative Work (CSCW), 26, 1-2 (2017), 33-69.

[147] E. A.Bergs, F. L. Rutten, T. Tadros, P. Krijnen, and I. B. Schipper. Communication during trauma resuscitation: do we
know what is happening? Injury, 36, 8 (2005), 905-911.

[148] L.I Rabel, M. L. Andersen, D. Ostergaard, B. Bjorn, B. Lilja, and T. Mogensen. Descriptions of verbal communication
errors between staff. An analysis of 84 root cause analysis-reports from Danish hospitals. BMJ Quality & Safety, 20, 3
(2011), 268-274.

[149] S. Gundrosen, E. Andenzes, P. Aadahl, and G. Thomassen. Team talk and team activity in simulated medical
emergencies: a discourse analytical approach. Scandinavian Journal of Trauma, Resuscitation and Emergency
Medicine, 24, 1 (2016), 1-10.

[150] P. Backlund, H. Engstrom, M. Johannesson, M. Lebram, M. A. Hagiwara, and H. M. Soderholm. 2015. Enhancing
immersion with contextualized scenarios: role-playing in prehospital care training. In /th International Conféerence
on Games and Virtual Worlds for Serious Applications (VS-Games). IEEE, Skévde, Sweden, 1-4.

[151] B. Alenljung and H. M. Séderholm. 2015. Designing Simulation-Based Training for Prehospital Emergency Care:
Participation from a Participant Perspective. In International Conference on Human-Computer Interaction. Springer,
Los Angeles, CA, 297-306.

[152] H. M. Soderholm, H. Andersson, M. A. Hagiwara, P. Backlund, J. Bergman, L. Lundberg, and B. A. Sj6qvist. Research
challenges in prehospital care: the need for a simulation-based prehospital research laboratory. Advances in
Simulation, 4,1 (2019), 1-6.

Received October 2020, revised April 2021; accepted May 2021.

PACM on Human-Computer Interaction, Vol. 5, No. CSCW2, Article 356, Publication date: October 2021.



