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Clinical documentation is a time-consuming and challenging task, especially in time-critical medical
settings. Even with a dedicated scribe person, timely and accurate documentation under time constraints is
never easy. In this work, we present a unique type of fast-paced medical team—emergency medical services
(EMS)—which has no designated role for documentation while constantly working outside in the field to
provide urgent patient care. Through interviews with 13 EMS practitioners, we reveal several interesting
and prominent characteristics of EMS documentation practice as well as their associated challenges: EMS
practitioners self-organize and collaborate on documentation while in the meantime being both physically
and cognitively preoccupied with high-acuity patients, having limited capability to use handheld
documentation systems in real-time, and being overwhelmed by strict documentation requirements and
regulations. Lastly, we use our findings to discuss both technical and non-technical implications to support
timely and collaborative documentation in dynamic medical contexts while accounting for care providers’
physical and cognitive constraints in using computing devices.
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1 INTRODUCTION

In the medical field, documentation has a critical role in supporting decision-making and work
coordination because it provides a historical and temporal record of care team activities and
patient care tasks [1]. As U.S. healthcare moves toward digitization, Electronic Health Records
(EHRs) are being increasingly adopted by medical providers. Over the past two decades, seminal
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HCI and CSCW studies have examined the use of EHR in various medical settings and
documented many challenges and limitations in EHR use, such as the gap between the formal
EHR documentation and actual clinical workflow [2-4]. These limitations become more evident
in time-critical medical settings because the documentation task in such settings is performed
during a short and highly intense process, i.e., within a scale of minutes and even seconds, posing
significant challenges in the timely and accurate creation of patient medical records [5-7].

Emergency medical services (EMS) is an example of time-critical medical domain with a highly
dynamic and interruptive work context that often leads to extreme challenges in documentation,
such as incomplete, delayed, or erroneous patient data entry [8]. For example, a study found that
28% of EMS records were missing physiologic data [9], while another study reported that almost
40% of the data fields on EMS records were either left blank or filled in erroneously [10]. What
makes this medical domain even more interesting for the study of clinical documentation is that
unlike other clinical teams which usually have a designated person (e.g., medical scribe, nurse
recorder) in charge of documentation [11, 12], EMS teams do not have a dedicated role for data
collection and documentation. Also, EMS teams work outside in the field and are constantly on
the move while performing hands-on tasks to address patients’ life-threatening illnesses and
injuries, making the real-time use of the EHR system very challenging. Given those unique
characteristics of EMS work, it is of utmost importance to understand how EMS documentation
is performed and what challenges EMS practitioners face in recording time-critical patient data.
These insights will inform technology implications for better supporting time-sensitive and
highly dynamic documentation during EMS work. However, to date, there is limited research
examining such challenging work practice that can provide important insights applicable to other
similar dynamic environments.

In this paper, we report an interview study with 13 EMS practitioners conducted in the U.S.
Northeast region. Based on our data analysis, we first describe the workflow of EMS and their
specific tasks associated with data collection and documentation (Section 4). Then we report the
key characteristics and challenges of EMS documentation work (Section 5). Specifically, we found
that EMS documentation work is self-organized, and highly collaborative due to the dynamic and
unstructured nature of the EMS work. The use of the handheld documentation system was
affected by the time-sensitive and hands-busy nature of EMS work as well as strict documentation
requirements. Based on the findings, we then conclude this paper by discussing both technical
and non-technical implications that provide valuable insights for improving improvised,
collaborative, and real-time data collection and documentation in time-critical medical settings.

Our contributions to the CSCW community are two-fold. First, we contribute insights on the
characteristics, challenges, and strategies of documentation work in highly collaborative, time-
critical, and dynamic patient care settings, such as EMS. Second, our study informs both technical
and non-technical implications to support rapid and collaborative documentation in highly
dynamic medical settings.
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2 BACKGROUND AND RELATED WORK
2.1 Research Context: Emergency Medical Services

Following an incident that causes severe illness or injury, EMS teams are dispatched to the field
to provide emergency care. Their primary goal is to quickly stabilize a patient’s urgent health
condition and transport the patient to the nearest or most appropriate care facility. In the United
States, EMS services can be operated by a fire department, a hospital, a private agency, or a non-
profit organization. There are two major types of EMS practitioners: emergency medical technician
(EMT) and paramedic. They all undergo similar training in field data collection and
documentation. However, there are significant differences between these two roles. For example,
EMTs are trained to provide basic life support (BLS) such as cardiopulmonary resuscitation,
oxygen administration, and wound treatment. While EMTs might work with paramedics, their
scope and autonomy are limited. As compared to EMTs, paramedics have a higher level of
education (e.g., 1,200 to 1,800 additional hours of training) so they can provide advanced life
support (ALS) for patients, such as administering medication and fluids and providing advanced
airway management (e.g., intubation). A typical EMS team has two practitioners, such as two
paramedics or two EMTs. When a team has two paramedics, it is considered an ALS unit; in
contrast, two EMTs can only form a BLS unit. In some cases, an EMS team is comprised of one
paramedic and one EMT.

When an incident occurs, the ambulance dispatcher decides what level of EMS response is
needed (BLS versus ALS) and how many ambulance units are needed. After arrive at the scene,
EMS practitioners have to assess the patient and make decisions quickly. If a critical medical
procedure is required or an ambiguous case presents, EMS practitioners can call remote experts,
such as emergency department (ED) physicians at the receiving hospital, for decision support and
online medical control. While performing patient care, EMS practitioners also need to collect,
integrate, and document patient data from various sources. Depending on the agency, EMS
practitioners may use paper forms or an electronic documentation system to record patient data.

2.2 EHR Use and Documentation Practices in Time-Critical Medical Settings

With the widespread adoption of EHRs in various clinical settings, the recording of patient
encounters using this computerized system and its associated challenges have been the focus of
many CSCW and HCI studies. For instance, a considerable challenge reported by prior work is
the gap between the formal EHR documentation and actual clinical workflow—the current design
of many EHR systems was found to have inherent limitations in capturing procedural and
temporal information according to the actual clinical workflow [2]. In addition, recording patient
data using EHRs is time-consuming and often results in clinician burnout [13]. To work around
these barriers, clinicians and nurses often use paper charts and personalized report tools [14], as
well as informal documentation mechanisms such as “working records” [15], “scraps” [16], and
“provisional information” [17], to summarize patient situations and facilitate information sharing
among team members during shift meetings.

The challenges in clinical documentation are exacerbated in time-critical medical settings,
leading to ineffective and even limited use of EHRs. For example, one study examined the use of
EHR in intensive care unit (ICU) settings and reported that the EHR system decreased the time
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ICU nurses spent on patient care compared to using paper records [4]. Another study examined
the use of an EHR system in trauma resuscitation and found that using EHR often led to
incomplete or delayed data capture [5]. In a similar vein, Park and her colleagues examined the
deployment of an EHR system in ED and its effects on ED clinicians’ work practices [6, 7]. They
found that the introduction of EHR in the ED has both direct and indirect effects, including
increased documentation time and cognitive burden, decreased patient care time, shifted
documentation responsibilities from attending physicians to residents, and temporary use of
paper notes to transfer information. Altogether, these studies highlighted the significant
challenges in clinicians’ use of EHR systems due to the gap between the EHR system design and
the clinicians’ actual workflow in dynamic, fast-paced, and interruptive medical settings.

In our research domain, EMS teams face similar issues in the use of EHR systems for real-time
charting. For example, a recent study [18] reported several key challenges in using an electronic
record system by EMS teams, such as time-consuming and complicated data entry across screens,
integration issues with existing hospital systems, and delays in addressing recurring technical
problems. As such, it is not surprising to see that EHRs are rarely used in real-time by EMS
practitioners who are already busy with unpredictable care situations and cognitive-consuming
tasks. Literature suggests that the workflow and challenges of EMS documentation need to be
thoroughly investigated to determine how to design or re-design electronic documentation tools
for EMS practitioners [19]. However, limited research has investigated the specifics of EMS data
collection and documentation in the field. Our work contributes to bridging this knowledge gap.

2.3 Role-Based Clinical Documentation

Roles in work and their impact on team coordination and communication have been extensively
studied by CSCW researchers, especially in high-stake settings, such as underground control [20],
air traffic control [21], search and rescue [22, 23], emergency preparedness [24], trauma
resuscitation [25], and emergency medical dispatch [26]. In those settings, team members relied
on clearly defined roles and responsibilities or division of labor to distribute cognition, assign or
self-assign tasks, and coordinate work. For example, nurses are usually charged with collecting
and documenting patient data so that physicians can attend to patients.

With the rising interest to offset the burdens of EHRs and improve documentation quality,
new roles and occupations have started emerging in medical teams in recent years [12]. A typical
example of such new roles is a clinical documentation specialist whose primary responsibility is
to monitor the charting of physicians in real-time to make sure the data entry is accurate and
complete [27]. Prior work has examined the work practices of scribe roles during patient
encounters and their impacts on teamwork and patient care efficiency (e.g., [11, 28-30]). However,
how fast-response medical teams with no designated role for documentation, such as EMS,
complete documentation under extreme time pressure remains understudied in the CSCW
community [31]. Thus, our work presents an important case that could contribute new knowledge
and insights to the body of research in clinical documentation and role-based coordination in
dynamic medical settings. Identifying key characteristics of teamwork when members cannot rely
on clearly defined roles and specifications of who works on what to distribute workload and
cognition is critical for understanding how to design (or re-design) EHRs and other computerized
support for data collection and recording in highly dynamic clinical work environments.
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3 METHODOLOGY
3.1 Data Collection

We conducted semi-structured interviews with 13 EMS practitioners recruited from four hospital-
based EMS agencies in the U.S. Northeast region. The study was approved by the first author’s
University Institutional Review Board (IRB). Among our participants, 11 are paramedics while the
other two are EMTs (see Table 1). Five of them “wear multiple hats” by serving other roles in their
agency, such as an EMS director, an operation manager, and a quality assurance coordinator (e.g.,
being a field practitioner, P2 also does EMS training in his agency).

Table 1. Participant demographics

ID Gender Occupation(s) Years of Experience
P1 Male Paramedic 28 years
P2 Male Paramedic & EMS Educator 15 years
P3 Male Paramedic & EMS Director 25 years
P4 Male Paramedic 18 years
P5 Male Paramedic & Quality Assurance Coordinator 30 years
P6 Male Paramedic & EMS Director 30+ years
P7 Female EMT 11 years
P8 Male Paramedic 23 years
P9 Male Paramedic 14 years
P10 Male EMT 4 years
P11 Male Paramedic & EMS Operation Manager 21 years
P12 Male Paramedic 11 years
P13 Male Paramedic 7 years

The interviews were remotely conducted by two trained researchers in early 2021. Each
interview lasted between 45 and 90 minutes. At the beginning of each interview, we started with
questionnaires related to the participant’s demographics, work experiences, and training
backgrounds. To help us better understand their workflow, we asked them to describe one of their
typical days, such as tasks they complete during a shift and who/which organization they
communicate and collaborate with. The researchers then asked a series of questions regarding
work practices, technologies and tools used, and challenges they faced concerning
documentation, communication, and care coordination. All interviews were audio-recorded and
transcribed verbatim.

In addition to the interviews, two EMS agencies also shared several samples of digital patient
records (which were originally created with dummy data for training purposes) with the
researchers and provided access to their web-based electronic documentation system, called
electronic Patient Care Report (ePCR). The ePCR system has several tabs (e.g., incident, patient,
vitals, treatments, assessments, narrative, and billing), with each tab detailing different types of
information. For example, the assessments section contains data fields related to head-to-toe
examination, mental status, chest, abdomen, pelvis, back, etc. (Figure 1). By exploring these
artifacts, the researchers got an in-depth understanding of the documentation system our
participants have been using.
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Figure 1: The mockup of the “Assessment” section of the ePCR system.

3.2 Data Analysis

We used an open coding technique [33] to analyze the interview transcripts. The codes were
generated and discussed by two researchers in an iterative manner to determine which codes to
keep, merge, or discard. Once consensus on the codes was reached, the researchers then used
affinity diagrams [34]—a common approach for finding patterns in the qualitative data—to group
all the codes under themes. This step allowed the researchers to identify high-level themes
describing the characteristics and practices of EMS documentation work and the challenges faced
by EMS practitioners in collecting, integrating, recording, and sharing patient data in the field.

In the next section, we describe our first finding—the EMS workflow—that emerged through
our data analysis. This finding will help contextualize our subsequent findings about the key
characteristics and challenges of EMS documentation work.

4 EMS WORKFLOW

Our analysis of the interviews with EMS participants showed that the entire EMS workflow could
be roughly divided into five phases, and each phase has some unique information-gathering and
documentation practices (Figure 2). Below we describe each phase in greater detail.

Phase 1: To be dispatched. The first phase is between dropping off a previous patient and
getting a next patient assignment. During this period, the ambulance crews perform different
tasks: they might still stay at the hospital or inside the ambulance finishing up the documentation
for the previous patient who was handed off at the hospital, get back to their station to restock
the ambulance, or do other things like getting meals. When a new task is assigned by the
ambulance dispatcher, their second phase starts off immediately until they arrive at the new
patient’s location.
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Figure 2: An illustration of the EMS workflow and the phases where documentation practice
could occur.

Phase 2: En route to the scene. During this phase, EMS practitioners use the information
relayed by the dispatcher to anticipate the patient’s status and needs. The information is usually
communicated via radio first and then sent to the Computer Aided Dispatching (CAD) system in
the ambulance. As CAD is well integrated with the ePCR system, the patient’s address,
mechanism of incident, and some basic information (e.g., age, gender), if available, are
automatically transferred from CAD to ePCR: “They married their program [ePCR] to the CAD
system. So now what ends up happening is when the unit receives an assignment, it will actually
auto-populate the address and the call type into their documentation program” [P2]. At that point,
EMS practitioners only need to manually enter a few pieces of information into ePCR while they
are en route to the scene: “There are different sections of the documentation system. So, the first
section is the incident information. We try to get that done before getting to the scene. Like where did
we go? How did we go? How long did it take us to get there? Were there any weather issues?” [P4].

Phase 3: Stabilizing patient at the scene. The third phase is from the moment of arriving at
the scene until moving the patient to the ambulance. During this phase, EMS practitioners closely
coordinate to assess, treat, and stabilize the patient, and collect the patient’s information.
Depending on the patient acuity, they may also document patient information into ePCR, such as
demographics, medical history, mechanism of illness, and chief of complaints. If any treatment or
initial assessment is performed at the scene, that information also needs to be captured and
recorded. As one participant explained this process: “What type of place did we find the patient, an
apartment or a street corner or a hospital or a subway? How many patients are on the scene? [...]
Then the patient information, so, the demographics where the patient lives, age, sex, and the
insurance. [...] And the history of present illness. So that’s where we document what happened to the
patient, how long they’ve been feeling sick, the mechanism of injury, etc. And the next section [on
ePCR] is known as the event log. So, the event log is where we do a line-by-line breakdown of every
treatment record. So, you gave a medication that goes on one line, gave a second medication, goes on
the second line, you did a splint, you started an IV, you gave oxygen. All of those interventions,
whether they’re clinical or not, or even assessment goes on a separate line. So, if you take a pulse ox,
if you check their blood sugar, all of those go on a separate line. So, for a high acuity patient, you
may have had 15 or 20 separate entries in an event log” [P4].

While stabilizing the patient and deciding treatment options, EMS practitioners also need to
make other decisions. For example, they have to determine the destination for the patient based
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on various factors, such as the distance to the hospital, traffic, whether special care (e.g., trauma
or neurology) is needed or not, and the patient's preference.

Phase 4: In transit to the hospital. This phase is where the EMS team and the patient are in
transit to the receiving hospital. When the patient is stabilized, EMS practitioners move the
patient to the ambulance and start transporting him/her to the nearest or most appropriate care
facility they have decided. During the transit, only one practitioner stays with the patient while
the other drives the vehicle. If the patient is in stable condition, the practitioner in the back starts
documenting the patient's record. But if the patient’s acuity is high and demands full attention,
the practitioner usually relies on short-term memory or quickly jots down notes on temporary
artifacts to preserve information for later use. One participant mentioned that although he
primarily relied on his memory, he also used any convenient artifact to aid his memory: “We
pretty much know what we have done with the patient, so we just usually remember it, but if we need
to write anything down like specific things, we can write it on a piece of paper, on our gloves and
things like that” [P1].

Another essential task in this phase is to give a brief verbal notification to the receiving
hospital. This task is usually done by the ambulance driver who summarizes the patient’s history
and the last status on the scene. While doing so, the driver usually cannot communicate with the
practitioner in the back of the ambulance regarding the current patient's status due to various
reasons, such as the noisy environment of the ambulance, limited communication channel, and
high cognitive load because of multitasking of navigating direction, driving, and contacting the
hospital.

Phase 5: Patient handoff. Upon arriving at the hospital, EMS practitioners hand over the
patient to ED providers. In addition to giving a comprehensive verbal report to the ED care team,
EMS practitioners work with an ED nurse to register the patient. This registering process is
usually followed by completing patient documentation, transferring the patient record to the
receiving ED, and then getting a sign-off by the ED nurse. If EMS practitioners need more time
to complete the patient record, they may stay in the ED or go back to the ambulance to focus on
completing their documentation, particularly for the “Narrative” section in their ePCR system
that requires a detailed description about the patient care trajectory: “The last piece is a narrative
history. So even if you do the event log, you still need to write a narrative that can be read in plain
language of what occurred. [...] That’s where you're going to have to write a whole lot” [P4].

5 KEY CHARACTERISTICS AND CHALLENGES OF EMS DOCUMENTATION

In this section, we describe four unique, prominent characteristics of EMS documentation work,
which provide important insights for designing appropriate documentation technology for urgent
and dynamic care settings like EMS. While describing those characteristics, we also illustrate the
challenges associated with each characteristic, and the workarounds (if any) EMS practitioners
employed.

5.1 Self-Organized and Collaborative Nature of EMS Documentation

A typical EMS team consists of two members who usually decide and perform their tasks based
on their own experience and in-situ situations, rather than having a certain structure in assigning
their tasks, roles, and responsibilities. Moreover, unlike other clinical teams that have a dedicated
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documenting role (e.g., a scribe) who mainly documents patient records, EMS teams do not have
a specific or designated role for documentation. As a result, EMS team members self-organize
documentation tasks and, more broadly, patient care activities. For example, EMS team members
might explicitly discuss who will work on what right before their shift starts: “So typically, they
[EMS team members] would talk it out. The way that I like to say in the beginning of the shift is that
‘are you wheeling or are you healing?’ You know, which one are you doing today? So, we kind of
decide on our own who is driving and who is doing patient care” [P9]. A long-term partnership could
help two EMS team members form a routine of work distribution, so that each of them could
assume an implicit “role” over a certain time. For example, one person works on documentation
as well as driving while the other takes the lead on patient care work for a week, and then they
may switch their primary task and responsibilities in the following week, as one of our
participants explained: “When I had a steady partner one week I would drive, and he would do all
the patient care sitting in the back of the ambulance and the next week we'd switch” [P11]. This self-
organized nature of EMS work could lead to an experienced-based, informal team hierarchy—a
non-bureaucratic, informal structure among team members who had equivalent roles and shared
identical responsibilities, with a more experienced worker emerging as an informal leader [21]—
which could affect the work distribution. For example, one participant explained how his work
could be shifted and coordinated differently based on the partner for the shift: “If I'm a senior guy,
if I'm working with someone who's brand new, you're doing all the patient care because you need to
learn. I'll do the documentation stuff in real-time” [P8].

Due to the self-organized nature of EMS documentation, we found that this task was carried
out in a highly collaborative effort between two EMS members. That is, two EMS practitioners
usually contribute to documenting a single patient’s information using the same ePCR system.
This collaborative work practice is enabled by similar training in documentation and shared
responsibilities of practitioners in an EMS team. Our participants explained that the collaboration
between EMS team members was very dynamic and improvised, so that the documentation task
could be taken over by any EMS practitioner at any time. In a typical case, the ambulance driver
(who is also a practitioner) often starts collecting a patient’s basic demographics and the chief
complaint when they get to the scene, while the other EMS practitioner assesses and takes care
of the patient’s condition (phase 3, Figure 2). After the patient is moved to the ambulance for
transportation, the driver hands over the documentation system to the EMS practitioner who sits
in the back of the ambulance to take care of the patient. When time permits, the practitioner in
the back of the ambulance may continue documenting the patient assessment and treatment
information during the transit (phase 4, Figure 2). As EMS work is dynamic, switching
documentation work between two practitioners could occur more often than in the typical case
described above. One participant explained this dynamic, collaborative nature of their
documentation practice: “So, like if my partner is the one who is writing the final ePCR and I'm the
driver, I might start by writing in the patient demographics, maybe if I have time, if I can, I'll
document procedures in real-time, kind of like a scribe type person. And then when we get going
during transportation, my partner can go through [my notes], and just double check and then they
will write the narrative and fill in the missing pieces” [P8].

Challenges: Despite the benefits of collaborative documentation practice, there were
challenges found to be associated with this collaborative documentation process. First, we found
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that the individual’s preference and style in documentation could vary significantly between EMS
practitioners: some of them lean toward a succinct narrative, whereas others prefer documenting
as many details as possible. Also, each practitioner develops and uses his/her own style and format
to follow when writing the narrative section. For instance, P8 described how his way of
documenting patient information in ePCR was different from some other EMS members, in terms
of what information should be entered, which section should be completed first and which can
be left toward the end to complete, whether using abbreviations or not, and how much
information needs to be documented and repeated: “I see a lot of people repeating what they wrote
in the flow in their narrative. Whereas me, if it’s in my flow and the flow covers it, I don’t write it in
my narrative. If I have to emphasize something on the flow, I'll write a little bit more detail in the
narrative. But otherwise, if it’s in there [the flow], I don’t rewrite medications, I don’t rewrite IV
because that is in the flow already” [P8]. Such individual differences in documentation styles could
lead to problems in their collaboration when both EMS practitioners work on the same
documentation. For example, it is challenging for each EMS practitioner to quickly get a sense of
where to read and what information their partner has documented or missed. In particular, when
working with a new partner, it requires some time to be familiar with each other’s documentation
style.

Second, issues related to quality assurance could arise. For every submitted patient record by
EMS, quality assurance staff reviews the quality, correctness, and comprehensiveness of the
report. For the reports with missing or incorrect values, they will be sent back to the EMS
practitioners for corrections; however, because of multiple EMS practitioners contributing to one
patient record, it is difficult to track and identify who has completed which information and
whom to ask questions about a specific data entry.

5.2 Highly Time-Constrained and Time-Sensitive EMS Documentation

Unlike other clinical settings where the patient encounters span hours, days, or months [35], the
work pace in EMS is very rapid and usually situated within a highly condensed time frame (i.e.,
minutes and even seconds) [36]. During such a short amount of time, EMS practitioners are
required to capture and record time-sensitive information, such as timestamps of vital signs and
treatments. Such temporal information is crucial for EMS practitioners to plan next activities,
maintain awareness of the patient’s condition, and coordinate patient care across members or
teams. For example, for some time-sensitive medications that may lose effect after a certain
amount of time, EMS practitioners need to rely on accurate timestamps to calculate how much
time had passed since the medication was administered. Our participants confirmed the
importance of documenting temporal information in a timely and critical manner: “[They] need
to be timestamped appropriately so that you can communicate what type of care you’ve given to the
patient” [P12].

Challenges: Not surprisingly, the fast-paced EMS work left providers with very limited time
to properly collect, integrate, and document patient information, especially time-sensitive
information: “It’s actually kind of hard to collect and document patient data in real-time. A lot of
times, you know, a whole call might be finished within 45 minutes or even shorter from responding
to the call to meeting up with the patient and then going to the hospital. You could just imagine
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trying to get all information documented with evaluating the patient within that short period of time
is a little hard” [P5].

Workarounds: To cope with challenges with fast and accurate information documentation,
EMS practitioners used several strategies. For example, they typed some bullet points in the
narrative section of ePCR and used them to recall information: “What I ended up doing now is just
going straight into the narrative part of the ePCR and briefly jotting down certain bullet points, like
chief complaint, medications, things like that. And then I go back and edit it once I hand off patient
care” [P9]. Also, EMS practitioners used other devices to help them keep track of some temporal
information. For example, one participant explained that he would use a unique feature of the
vital signs monitor to record the timestamps of medication administration: “I personally like to use
the event stamp on our heart monitor for medication giving. I think a lot of people don’t necessarily
know that that function even exists. But I will use that and then I can do a printout and go back after
the patient handoff, and say, okay, this is the time stamps I did everything” [P8]. Lastly, a common
practice cited by many participants was that they tended to just rely on their short-term memory
to remember when each procedure was done and then estimate the timestamp for each procedure
after handing the patient off: “As far as [documenting] treatment and medications are concerned, a
lot of that you’ll tend to do after you drop off the patient because sometimes, let’s say a cardiac arrest,
you’re heavily involved. You might be using 10 to 20 medications throughout that whole process, and
you’re not going to have time to punch everything in. So, you do your best to estimate the time after
the call is over. Usually, you look at what time you actually arrived on the scene, and then you sort
of guesstimate [guess and estimate], okay, I probably gave X at this time, and Y at that time. So, it’s
not a perfect science, but it is how we do our work in the real world” [P2].

5.3 Hands-Busy Nature of EMS Care and Documentation

Due to the lack of dedicated documentation role, EMS practitioners need to multitask during pre-
hospital encounters—collecting and integrating vast amounts of information from multiple
sources, communicating with partners, remote experts (e.g., an ED physician), or patient’s family,
and observing the scene, while performing hands-on patient care tasks. This multitasking practice
is more prominent in phases 3 (stabilizing patient at the scene) and 4 (in transit to the hospital)
where patient care demands a lot of care providers’ cognitive attention and physical involvement.
Such hands-busy nature of EMS work poses challenges in using the ePCR system to document
numerous patient information in real-time, as described below.

Challenges: EMS practitioners had limited cognitive and physical capability to use the handheld
ePCR system in real time to document all necessary information related to the patient’s condition,
treatment, and relevant contextual information. In particular, when patient severity was high, EMS
practitioners had to focus on patient care tasks rather than documenting tasks and therefore, often
neglecting documentation until the patient handoff. In such cases, the documentation work often
became a secondary task, as one of our participants elaborated: “EMS is situation specific. If the
patient is a lower acuity patient who doesn’t necessarily need immediate care, we’ll usually spend some
time on the scene detailing demographics. But if it’s a high acute patient and they need constant
monitoring, changing of their medications, the person in the back performing patient care is not going
to be doing any documentation. I would wait until the end of the job to document, because obviously it’s
really difficult to document, and give them medications or perform the intervention while moving in
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the ambulance” [P12]. Also, performing hands-on patient care while interacting with handheld
medical as well as computing devices could lead to concerns about cross-contamination and patient
infections: “If we're both working on patient care at the same time, we only have two sets of hands and
we’re both needed on taking care of the patient and can’t really document in real time. Infection control
also comes to mind where if I'm wearing gloves, I don't necessarily want to touch my ePCR with it
because I don't want to get that all contaminated” [P8].

The challenges of using ePCR were further exacerbated by its usability issues: First, many of the
data fields on the ePCR system interface that were rarely used made practitioners feel overwhelmed
and frustrated without having an option to customize the interface like hiding the unnecessary
fields: “There are some annoying parts about it. I think it has to do with what information can or can’t
be hidden on the interface. Like the information fields that we’d never use, and they are just kind of
there all the time, and that really annoys me. [...] It seems like it’s a very universal document, and it’s
not specifically tailored to our work. Our supervisors not knowing how to adjust it or if it’s just not able
to be done” [P13]. Another usability issue with the ePCR system was no physical keyboard available
for documenting on the mobile platform since typing on the touch screen could be cumbersome and
require much more EMS practitioners’ visual attention compared to typing on physical keyboards.
Several participants commented that the lack of a physical keyboard decreases their documentation
efficiency: “At my organization, we’re using iPads that don’t even have keyboards. Not having a
physical keyboard to fill out a lot of fields could be a little bit difficult to submit your paperwork in a
timely fashion” [P12]. Lastly, although many usability issues with ePCR were apparent to EMS
practitioners and their agencies, they found that the underlying issue lied on the system’s vendor
and their interests, because one of the primary purposes of the system design was to streamline the
billing process, rather than improving EMS work: “I think one of the biggest issues is they [ePCR
vendors] solely look at it for NEMSIS? and as a billing document and they forget that it's still a patient
care document. So, if NEMSIS doesn't require it, they don't want to add it because it has nothing to do
with NEMSIS, even if it were beneficial to us. So, I find that maybe these ePCR companies just build a
system around NEMSIS, and they didn't talk to the people who would be using it and what they're
looking for on top of it” [P8].

Workarounds: To work around these limitations in using ePCR, our participants mentioned
that they would use temporary artifacts (e.g., notepad, glove, thick tape, etc.) to quickly jot down
notes to help themselves remember critical and easy-to-forget information. P12 explained how he
used various artifacts based on the situation at that moment as a memory aid: “If it's a high acuity,
I'll usually write something on my glove. If it's something like a cardiac arrest where I'm going to be in
one place for a long period of time, honestly, what I'll do is I'll take like a couple of different pieces of a
two-inch tape and then put it on my pants. And then, I'll write on the tape that's on my pants” [P12].

5.4 Highly Regulated EMS Documentation

The EMS documentation is highly regulated by policies and standards with an aim to improve
patient care through the standardization of EMS data collection and documentation. For example,
EMS practitioners should follow the guidelines and requirements to complete a great number of

2 NEMSIS is an acronym of the National Emergency Medical Services Information System, which is a universal standard
for how patient care information resulting from an emergency 911 call for assistance is collected.
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required data fields: “There are data elements that are required by state. There are fields and
information that must be input for every call, no matter what call it is” [P3]. If a piece of particular
required information was not documented, the ePCR system would alert the user to complete that
data element: “It [ePCR] will be in red and telling you, ‘hey, you left something out’. Sometimes they
leave out the respiratory rate or they leave out a time or something, the software puts these red marks
on those areas” [P6].

Challenges: Despite the needs and the benefits of such EMS data standardization, EMS
practitioners have expressed concerns about the challenges imposed by these regulations, which
introduce strict requirements for EMS practitioners to comply: “There's a lot of extraneous check
boxes that are required. So that just adds unnecessary time. For example, if I put on a pulse-ox, I have
to write, was it successful? How did it affect the patient? Positively or negatively? And were there any
bad side effects to it? It's putting on a piece of plastic on a finger. It's not going to have any of that,
it's not pertinent, but it's required documentation. And, you know, it's for every single procedure, even
if those procedures have no real potential to cause that [harm] to happen” [P8]. Also, different
organizations have slightly different standards and requirements, creating confusion and
complexity to EMS practitioners: “We have to figure out a way to make NEMSIS happy, because
they have their own requirements on how to do it. Our agency has its own requirements on how to
do it, and then the state EMS council and the city EMS council have their own requirements on how
to do it. All of those requirements create such a complex thing” [P2].

Given the complex requirements and varying standards, all of our participants shared that
completing their documentation in the field was nearly impossible, and the documentation task
became a huge burden on their time-sensitive patient care work. P12 expressed his concern that
extensive documentation work required for EMS practitioners could take their time and attention
away from the patient care, which should be the most important task: “There are so many data
fields that need to be filled out. [...] What somebody was saying to me the other day I agree with is
you almost feel like you're being penalized for performing more patient care, because the more patient
care you perform, you have to document all of it. And the more you have to document, it becomes a
little bit more complex, and it takes a lot more time because of all the fields in ePCR that you have to
fill out” [P12].

6 DISCUSSIONS

In this study, we present an interesting yet understudied case of clinical documentation in the
context of EMS that could contribute new knowledge and insights about fast-paced, collaborative
documentation practices and opportunities for enhancing real-time documentation in dynamic
medical settings. Below, we discuss the technical and non-technical implications of our findings.

6.1 Technical Implications

6.1.1 Supporting collaborative documentation practice

As described in section 5.1, EMS documentation is highly collaborative in its nature with more
than one practitioner contributing to recording patient data. This flexible work practice is enabled
by similar training in documentation and self-organized, unstructured, and improvised teamwork.
This unique team dynamic allows EMS practitioners to collaborate to focus and complete pressing
tasks, including documentation, in a timely and efficient manner. Despite the benefits of
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collaborative documentation, our analysis has shown that there are critical challenges in this
work practice that could cause potential problems in the completion and review of
documentation. For example, individual EMS practitioners may have different documentation
styles and preferences, which may lead to collaboration barriers when both EMS practitioners
work on the same documentation, since it is challenging to quickly get a sense of where to read
and what information their partner has documented or missed. To mitigate the gap in different
documentation styles and support the collaborative documentation process, it might be useful to
provide an "at-a-glance" overview of the documentation progress on each section of ePCR (e.g.,
displaying a progress bar). By doing so, EMS practitioners can quickly get a sense of how much
required documentation is left and which specific part is missing, when taking over the
documentation from their partner.

In addition, as shown in our findings the retrospective reviews on the patient records for
quality assurance purposes (e.g., who documented what) could trigger potential issues when
multiple practitioners work on the same patient record. Inspired by prior research on emergency
response [37], the ePCR design needs to support accountability to make documentation and
information sources attributable [38]. This can be achieved by enabling multiple authorship, color-
coding, and tracking the history of edits and changes within ePCR, similar to the design
requirements for many collaborative authoring tools [39, 40].

6.1.2 Semi-automated recording of micro-temporal information

Temporality is one of the most important aspects of EMS work. Although temporality in medical
work has been discussed extensively in the existing CSCW literature (e.g., [35, 36, 41-45]), the
level of temporality in the EMS practice is much more micro at scale (i.e., within a scale of minutes
or even seconds), compared to other patient care settings. As described in section 5.2, many key
data that the EMS team must collect and record (i.e., timestamps of the patient’s vital sign
information, medication administration, treatment, etc.) are time-sensitive and ephemeral. As
such information provides medical providers with the necessary evidence and awareness about
the timing of past and present medical activities [36, 42, 46] for appropriate clinical decision-
making, timely and accurate collecting and recording of temporal information are essential in the
EMS work practice.

However, the temporal information is hard to be recorded during such an extremely short time
of patient encounters. Even more concerning fact is that our study has shown that EMS
practitioners may not have the capability to use their electronic documentation system in real-
time and lack other effective mechanisms to record temporal information in a timely fashion. To
work around this issue, our practitioners often took a retrospective approach to complete the
information record after the patient handoff, such as thinking backward to estimate the past
timestamps of each activity like vital signs and medication administration based on their arrival
time at the scene. However, this workaround has been found to be problematic because such
micro-temporal information is difficult to be accurately recalled purely from memory given the
high-intense EMS care setting [47].

To alleviate this problem, semi-automated recording of time-sensitive information can be a viable
solution. Existing research has explored different technologies to accomplish automated patient
data collection. For example, a recent study leveraged a combination of sensors (e.g., gesture
control armbands) to passively collect data, such as the sequence of patient care procedures
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performed, medication timing and dosage, and specific vital sign ranges, to create an abbreviated
care record [48]. Another proven approach is utilizing a barcode-enabled medication
administration application to scan medication barcodes to extract and record the medication
information and administration timestamps rapidly with fewer errors [49]. According to the
literature, these technologies, coupled with the EMS documentation system, may enable more
accurate and timely capture of key temporal information and events while reducing practitioners’
cognitive burden on remembering them.

6.1.3 Enabling hands-free documentation

Recording patient data in real-time using a handheld electronic documentation system is a
challenging task cognitively as well as physically for EMS practitioners since they have to
constantly move around and manage various information, while performing hands-on patient
care tasks. To deal with this challenge, our participants mentioned that they sometimes had to
postpone the documentation tasks till they became available (e.g., after the patient handoff). EMS
practitioners also commonly used temporary artifacts, such as gloves or tapes, to preserve easy-
to-forget information (e.g., baseline of vital signs, dosage, and time of medication administration)
and aid their memory. However, these workarounds used by our participants have inherent
limitations. For example, the temporary artifacts are vulnerable to getting lost, contaminated, or
torn, as experienced by our participants and also reported in prior work [19]. It is, therefore, not
surprising to have incomplete, delayed, and erroneous EMS patient records, hindering real-time
information processing and decision support as well as timely information sharing between care
team members [50].

To help their real-time documentation while accounting for the constraints in using handheld
computing devices in such hands-busy settings, it would be worthwhile considering means to
enable hands-free data collection and documentation. In recent years, researchers have explored,
developed, and evaluated new technology solutions for EMS teams to use in the field to reduce
their need to use physical handling of computing devices. For example, a wireless biomonitoring
system with sensors was tested in a massive casualty incidents scenario to help EMS practitioners
continuously measure, record, and monitor the vital signs of multiple patients and make triage
decisions at the field site [51]. Despite their advantage in the auto collection of vital signs, EMS
practitioners still needed to use a separate handheld device (e.g., a tablet) to manually record other
types of patient data (e.g., treatments, assessments, etc.).

Another promising technology is wearable technologies, such as smart glasses, since they offer
hands-free interactions via voice controls and hand gestures [52]. While researchers have mainly
tested its usefulness and affordance as a telemedicine tool (e.g., [53, 54]), its potential in facilitating
clinical documentation has begun drawing attention recently. For example, in the context of
wound care management, Aldaz, et al. [55] developed and evaluated a smart glass application to
enable hands-free digital image capture and transfer to the EHR system through gestural and
voice commands. However, to date, limited research has investigated its application in time-
critical medical settings. Future work will need to examine the feasibility of leveraging smart glass
technology to offset the burden required for dynamic real-time documentation. For example, EMS
practitioners can 1) capture images and videos to preserve time-sensitive contextual information
and 2) dictate directly to smart glasses to automatically populate the data fields on ePCR.
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6.1.4 Summary

Given the prominent challenges in the current EMS work practice, it is urging to consider what
existing technologies are available or what kinds of new technologies are needed to better support
this dynamic and challenging documentation task. Prior research in time-critical domains has
explored and proposed different technology solutions, ranging from sensors to mobile and
wearable applications. Even though these technologies are all very promising, it is important for
technology designers and researchers to keep in their mind that EMS is a fast-paced, dynamic,
and hands-busy environment, which could create tensions between technology use and the
temporal aspects of the actual work practice. Researchers have argued that introducing new
information technology in time-critical settings should avoid features that could lead to delays in
clinical workflow and patient care [56]. In line with this argument, we believe that technology
support for EMS should be as unobtrusive, hands-free, and minimal as possible. If new technology
needs to be introduced, it needs to be seamlessly integrated with the current workflows and
technologies (e.g., EHR) without causing any extra burden on emergency care providers.

6.2 Non-Technical Implications

6.2.1 Enhancing self-organized work and supporting informal team hierarchy in EMS

Clearly defined roles or division of labor have an important function in organizations and teams
because they affect how work is organized and coordinated [57]. However, unlike other typical
work settings where collaboration is carried out based on clearly defined work boundaries,
distinguished roles, and explicit responsibilities, in our study on EMS there is no specific role or
responsibility assigned to each team member. Moreover, the EMS team does not have any formal
hierarchical structure.

As shown in our analysis, this unstructured and informal characteristic of EMS teams has
allowed the EMS practitioners to actively self-organize their tasks and improvise their work
routines based on varying situations. This flexible, self-formed practice has helped them better
prioritize the time-pressing patient care tasks, effectively assist each other, and coordinate tasks
to address urgent needs of different situations. Such self-organized, less structured work practice
is found to be beneficial and efficient and should be sustained. However, as pointed out by prior
work, self-organized work practice can be vulnerable to teamwork and collaboration problems;
for example, without the organizational-level procedures and policies about who does what, some
tasks may become “no-ones-tasks”, blurring the boundaries of task ownership [58]. In addition, a
lack of clear division of labor can lead to redundant task performance or even tensions in work
distribution between team members, creating more challenges in teamwork [7, 32].

Thus, by acknowledging both the benefit and potential downside of the self-formed,
unstructured team practice, we suggest that simply using computerized solutions may not be an
appropriate approach to support the EMS practice. Instead, we believe enhanced training that
particularly focuses on non-medical skills, such as communication and care coordination, will be
useful and necessary to quickly develop and improve self-organized teamwork [59, 60]. Also,
gathering various experiences and knowledge from the experienced EMS practitioners (e.g., tips,
guidance, and suggestions based on various EMS situations) and sharing them among
inexperienced or incoming practitioners can help build conventions and team dynamics
collectively over time [61].
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6.2.2 Encouraging the use and creation of workarounds

Even though there are exciting technology opportunities for improving EMS documentation, we
as system designers and researchers need to bear in mind that technology is not perfect, and it is
inevitable for care providers to encounter unseen technical issues or unintended problems in
reality. In addition, EMS is a tough environment that can easily cause damage or loss of computing
devices. As such, EMS system designers, organizations, and policymakers should consider and
prepare alternatives and support EMS practitioners’ use and creation of workarounds. For
example, a popular tool adopted by some EMS practitioners is a special glove with a pre-printed
template of vital signs to assist in the capture of baseline vital information of the patient. Even
though using a printed vital sign template on a glove is not part of the formal documentation
process, EMS practitioners may find it useful and easy for rapid data collection compared to using
technologies. Another possible approach for supporting the use of workarounds is to combine the
formal and the transitional artifacts [62], such as digital tools and papers. Since EMS practitioners
frequently jot down notes on gloves or notepads, it would be useful to provide them with a digital
pen—an ordinary ink pen with a digital camera that digitally records the writing actions of the
user—which can allow EMS practitioners to continue working with a familiar environment using
pen and paper without any disruption to their current workflow. Several studies in time-critical
medical settings have demonstrated the usefulness and feasibility of the digital pen-paper tool in
supporting clinical documentation in real-time [63, 64], and others have reported the need of
incorporating physical paper notes along with the EHR-based electronic charts to support the
dynamic nature of clinicians’ documentation and workflow in emergency care settings [2, 6].

6.2.3 Addressing the tension between documentation requirements and patient care needs

Our study has revealed the challenges brought by various levels of strict regulations and
requirements for EMS work. Such regulations and requirements have shaped the design of ePCR,
such as the creation of numerous text fields, checkboxes, and other data elements required to be
completed for billing purposes. However, the time-critical and hands-busy nature of EMS poses
constraints on the use of ePCR in real-time, leading to the tension between accomplishing
documentation requirements and meeting patient care needs. Literature in the health informatics
field has pointed out that such documentation tools have become “a bloated repository of repetitive
and redundant information” [65]; they produce limited clinical value but add more time to the
documentation process and lead to clinician burnout [66].

This common and long-lasting problem in healthcare practice is too complicated and not easy
to solve. However, recently researchers have been exploring approaches to tackle this issue. For
example, they suggested that the U.S. healthcare system should emphasize the need to transition
from ‘pay-for-transactions’ to ‘pay-for-value’ so that the focus of documentation could return to
supporting high-quality patient care delivery and care team communication [65]. Our study also
calls for a need for essential players and stakeholders, such as the Centers for Medicare and Medicaid
Services (CMS), to consider re-examining and deemphasizing documentation requirements as a
condition of payment for health care services.

6.2.4 Summary

Our study also offers organizational and policy implications: 1) increasing training opportunities for
EMS practitioners to enhance self-organized and collaborative team dynamics, 2) supporting the use
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and creation of workarounds to cope with barriers and potential failures in using necessary
technology, and 3) deemphasizing and phasing out the granular documentation requirements over
time at the national level. We believe that these non-technical solutions are equally important as
technical solutions to solve the complex EMS documentation challenges.

7 CONCLUSIONS AND FUTURE WORK

In this paper, we report an interview study with EMS practitioners to present the characteristics of
EMS documentation work, challenges in real-time data collection as well as challenges in
documentation using currently available technology and artifacts. We found that EMS teams self-
organize and collaborate on documentation while being affected by time constraints, technology
use constraints, and strict regulations and documentation requirements in the EMS context. We
finally use these findings to discuss both technical and non-technical implications.

It is worth noting several limitations of this study. First, we solely relied on interviews in this
study and lacked other types of data (e.g., observations) to corroborate our findings. In our future
work, we will conduct additional user studies, including in-situ observations and design workshops,
to further investigate how to design technology support to address challenges of real-time EMS
documentation while taking unique characteristics of EMS teamwork into consideration. Second,
our work was conducted in only one area (U.S. northeast region). The results thus may not be fully
generalizable to other regions or countries. Future studies including other regions are needed to
compare with and generalize the findings reported in the present work. Lastly, our study
participants were mostly male with only one female EMS practitioner. Although EMS is a male-
dominant work practice, female participants may have different opinions and preferences. Thus,

future work needs to be done by including more female EMS practitioners.

ACKNOWLEDGMENTS
This work was supported by National Science Foundation (NSF) Award #1948292.

REFERENCES

[1] 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.

[2] 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.

[3] 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.

[4] 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.

[5] 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.

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

[7] 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.

[8] 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.

[9] 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.

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

PACM on Human-Computer Interaction, Vol. 6, No. CSCW2, Article 386, Publication date: November 2022.



Characteristics and Challenges of EMS Documentation 386:19

(11]
(12]
(13]

(14]

[21]
[22]
(23]

[24]

[25]
[26]
(27]

(28]

A. Sarcevic. 2010. " Who's scribing?" documenting patient encounter during trauma resuscitation. In Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems, 1899-1908.

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. L. Downing, D. W. Bates, and C. A. Longhurst. Physician burnout in the electronic health record era: are we ignoring
the real cause? American College of Physicians, City, 2018.

B. Strople and P. Ottani. Can technology improve intershift report? What the research reveals. Journal of Professional
Nursing, 22, 3 (2006), 197-204.

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 Conference on Computer Supported Cooperative Work, 142-151.
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.

O. Pilerot and H. Maurin S6derholm. A conceptual framework for investigating documentary practices in prehospital
emergency care (2019).

Z. Zhang, K. Joy, P. Upadhyayula, M. Ozkaynak, R. Harris, and K. Adelgais. Data Work and Decision Making in
Emergency Medical Services: A Distributed Cognition Perspective. Proceedings of the ACM on Human-Computer
Interaction, 5, CSCW2 (2021), 1-32.

C. Heath. Crisis management and multimedia technology in London underground line control rooms. Journal of
Computer Supported Cooperative Work, 1, 1 (1992), 24-48.

J. Berndtsson and M. Normark. 1999. The coordinative functions of flight strips: air traffic control work revisited. In
Proceedings of the International ACM SIGGROUP Conference on Supporting Group Work, 101-110.

B. Jones. 2018. Designing for Distributed Collaboration in Wilderness Search and Rescue. In Companion of the 2018 ACM
Conference on Computer Supported Cooperative Work and Social Computing, 77-80.

B. Jones, A. Tang, and C. Neustaedter. Remote communication in wilderness search and rescue: implications for the
design of emergency distributed-collaboration tools for network-sparse environments. Proceedings of the ACM on
Human-Computer Interaction, 4, GROUP (2020), 1-26.

A. Wu, G. Convertino, C. Ganoe, ]J. M. Carroll, and X. L. Zhang. Supporting collaborative sense-making in emergency
management through geo-visualization. International Journal of Human-Computer Studies, 71, 1 (2013), 4-23.

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, 215-224.

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

T. Barnhouse and W. J. Rudman. Growth in the clinical documentation specialist profession. Educational Perspectives in
Health Informatics and Information Management, Summer (2013).

[29] H. A. Heaton, D. M. Nestler, C. M. Lohse, and A. T. Sadosty. Impact of scribes on emergency department patient

(30]
(31]
(32]
(33]
(34]
(35]
(36]

(37]
(38]

(39]
(40]

[41]

throughput one year after implementation. The American Journal of Emergency Medicine, 35, 2 (2017), 311-314.

D. V. Woodcock, R. Pranaat, K. L. McGrath, and J. S. Ash. 2017. The Evolving Role of Medical Scribe: Variation and
Implications for Organizational Effectiveness and Safety. In ITCH, 382-388.

B. Allen, B. Banapoor, E. C. Weeks, and T. Payton. An assessment of emergency department throughput and provider
satisfaction after the implementation of a scribe program. Advances in Emergency Medicine, 2014 (2014).

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), 1-21.

J. A. Holton. The coding process and its challenges. The Sage Handbook of Grounded Theory, 3 (2007), 265-289.

R. Hartson and P. S. Pyla. The UX Book: Process and guidelines for ensuring a quality user experience. Elsevier, 2012.

E. Zerubavel. Patterns of Time in Hospital Life. A Sociological Perspective. University of Chicago Press, 1979.

D. S. Kusunoki and A. Sarcevic. 2015. Designing for temporal awareness: The role of temporality in time-critical medical
teamwork. In Proceedings of the 18th ACM Conference on Computer Supported Cooperative Work & Social Computing,
1465-1476.

J. E. Fischer, S. Reeves, T. Rodden, S. Reece, S. D. Ramchurn, and D. Jones. 2015. Building a birds eye view: Collaborative
work in disaster response. In Proceedings of the 33rd Annual ACM Conference on Human Factors in Computing Systems,
4103-4112.

T. Bader, A. Meissner, and R. Tscherney. 2008. Digital map table with Fovea-Tablett®: Smart furniture for emergency
operation centers. In proceedings of the 5th International Conference on Information Systems for Crisis Response and
Management, 679-688.

J. Birnholtz and S. Ibara. 2012. Tracking changes in collaborative writing: edits, visibility and group maintenance. In
Proceedings of the ACM 2012 Conference on Computer Supported Cooperative Work, 809-818.

D. Wang, J. S. Olson, J. Zhang, T. Nguyen, and G. M. Olson. 2015. DocuViz: visualizing collaborative writing. In
Proceedings of the 33rd Annual ACM Conference on Human Factors in Computing Systems, 1865-1874.

J. E. Bardram. Temporal coordination-on time and coordination of collaborativeactivities at a surgical department.
Computer Supported Cooperative Work (CSCW), 9, 2 (2000), 157-187.

PACM on Human-Computer Interaction, Vol. 6, No. CSCW2, Article 386, Publication date: November 2022.



386:20 Zhan Zhang et al.

[42]

[50]

[51]

[52]

(53]

[60]

[61]
[62]

(63]

(64]

(65]

66]

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 Conference on Computer Supported Cooperative
Work. ACM, 109-118.

C. Bossen and L. G. Jensen. 2014. How physicians' achieve overview": a case-based study in a hospital ward. In
Proceedings of the 17th ACM Conference on Computer Supported Cooperative Work & Social Computing. ACM, 257-268.
M. Reddy and P. Dourish. 2002. A finger on the pulse: temporal rhythms and information seeking in medical work. In
Proceedings of the 2002 ACM Conference on Computer Supported Cooperative Work. ACM, 344-353.

M. C.Reddy, P. Dourish, and W. Pratt. Temporality in medical work: Time also matters. Computer Supported Cooperative
Work (CSCW), 15, 1 (2006), 29-53.

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

S. M. Evans, A. Murray, I. Patrick, M. Fitzgerald, S. Smith, N. Andrianopoulos, and P. Cameron. Assessing clinical
handover between paramedics and the trauma team. Injury, 41, 5 (2010), 460-464.

S. M. Bloos, C. D. McNaughton, J. R. Coco, L. L. Novak, J. A. Adams, R. E. Bodenheimer, J. M. Ehrenfeld, J. R. Heard, R.
A. Paris, and C. L. Simpson. 2019. Feasibility assessment of a pre-hospital automated sensing clinical documentation
system. In AMIA Annual Symposium Proceedings. American Medical Informatics Association, 248.

A.Landman, P. M. Neri, A. Robertson, D. McEvoy, M. Dinsmore, M. Sweet, A. Bane, S. S. Takhar, and S. Miles. Efficiency
and usability of a near field communication-enabled tablet for medication administration. JMIR mHealth and uHealth, 2,
2 (2014), €3215.

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

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.

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.

J. Broach, A. Hart, M. Griswold, J. Lai, E. W. Boyer, A. B. Skolnik, and P. R. Chai. 2018. Usability and reliability of smart
glasses for secondary triage during mass casualty incidents. In Proceedings of the.. Annual Hawaii International
Conference on System Sciences. Annual Hawaii International Conference on System Sciences. NIH Public Access, 1416.

M. X. Cicero, B. Walsh, Y. Solad, T. Whitfill, G. Paesano, K. Kim, C. R. Baum, and D. C. Cone. Do you see what I see?
Insights from using google glass for disaster telemedicine triage. Prehospital and disaster medicine, 30, 1 (2015), 4.

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), €0121179.

J. Landgren. Investigating the tension between information technology use and emergency response work (2007).

A. Strauss. Work and the division of labor. Sociological Quarterly, 26,1 (1985), 1-19.

L. I. Rabel, M. A. McPhail, D. @stergaard, H. B. Andersen, and T. Mogensen. Promoters and barriers in hospital team
communication. A focus group study. Journal of Communication in Healthcare, 5, 2 (2012), 129-139.

L. I. Rabgl, M. L. Andersen, D. @stergaard, B. Bjern, 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.

M. Kolbe, B. Kiinzle, E. Zala-Mez6, M. J. 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 Publications Sage CA: Los Angeles, CA, 857-861.

J. E. Pointer. Experience and mentoring requirements for competence in new/inexperienced paramedics. Prehospital
Emergency Care, 5, 4 (2001), 379-383.

N. Nistor, T. Lerche, A. Weinberger, C. Ceobanu, and O. Heymann. Towards the integration of culture into the Unified
Theory of Acceptance and Use of Technology. British Journal of Educational Technology, 45, 1 (2014), 36-55.

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, 17-24.

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, 229.

A. K. Ommaya, P. F. Cipriano, D. B. Hoyt, K. A. Horvath, P. Tang, H. L. Paz, M. S. DeFrancesco, S. T. Hingle, S. Butler,
and C. A. Sinsky. Care-centered clinical documentation in the digital environment: solutions to alleviate burnout. NAM
Perspectives, (2018).

A. H. Goroll. Emerging from EHR purgatory—moving from process to outcomes. N Engl J Med, 376, 21 (2017), 2004-
2006.

Received: July 2021, Revised: November 2021, Accepted April 2022.

PACM on Human-Computer Interaction, Vol. 6, No. CSCW2, Article 386, Publication date: November 2022.



