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Abstract
Introduction. This paper focuses on paramedics' perspectives regarding paramedic-physician
collaboration today, and their perspectives regarding the potential of 3D telepresence technology in
the future.
Method. Interviews were conducted with forty practicing paramedics.
Analysis. The interview data were analysed using open and axial coding. An agreement of 0.82
using Cohen's kappa inter-coder reliability measure was reached. After coding was completed
themes and relationships among codes were synthesised using topic memos. Results. Paramedics
expressed concern about the lack of respect and trust exhibited towards them by other medical
professionals. They discussed how they paint the picture for physicians and the importance of the
physician trusting the paramedic. They further reported 3D telepresence technology would make
their work visible in ways not previously possible. They also reported the technology would require
additional training, changes to existing financial models used in emergency health care, and
increased access to physicians.
Conclusions. Teaching collaboration skills and strategies to physicians and paramedics could
benefit their collaboration today, and increase their readiness to effectively use collaboration
technologies in the future.

Introduction
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When an ambulance on the road passes by, or when we ourselves call for emergency healthcare
services, few of us consider paramedics' work tasks and conditions, or relationships between
paramedics and other medical staff. In general, paramedics working for an emergency medical
service (EMS) are the primary medical personnel to provide emergency health care to trauma
victims at the scene of an accident. They diagnose each patient, and based on their diagnosis
perform medical procedures within their legal authorisation, and/or transport the patient in an
ambulance or other emergency vehicle to the nearest appropriate hospital or medical centre
emergency room (ER). In emergency situations when the paramedic is having difficulty diagnosing
the patient, needs advice regarding a procedure that should be performed, and/or needs legal
permission to perform a specific procedure, paramedics will collaborate with a physician associated
with their emergency medical service organization, hospital or medical facility. Usually paramedics
are legally bound to conduct all medical procedures physicians ask them to perform. However little
is known about the nature of this collaboration, especially from the perspective of practicing
paramedics.
Today calls from paramedics to physicians are made via phone or radio. In some cases results of
medical tests, such as electrocardiograms, are transmitted from the paramedic's equipment to the
physician as well. Visual information, such as an electrocardiogram transmitted to the receiving
hospital, is immensely helpful in terms of both information transfer and time requirements. Seeing
the electrocardiogram provides the receiving physician with more information in one minute than
any lengthy description provided by phone or radio call.
As discussed in our earlier papers (Sonnenwald et al., 2008; Welch et al., 2011) future visual
collaboration communications technology could potentially be utilised for collaboration between
physicians and paramedics and, as a result, ideally improve patient care. For example, research on
3D telepresence, or televideo, technology could lead to a system that presents physicians with a
seamless 3D view of a remote trauma scene that dynamically updates as the physician walks around
or changes position with respect to the 3D view. Ideally there will be no need for navigation tools
that require user input or manipulation such as zooming or changing the angles of the cameras. A
digital laser pointer could be developed that would be controlled by the physician and projected at
the remote scene, enabling the physician to virtually point at objects in the remote scene. Only early
prototypes demonstrating components of 3D telepresence technology exist today (Welch et al.,
2011); a working prototype demonstrating the complete vision for 3D telepresence technology does
not yet exist.
Understanding today's work practices and the potential benefits and disadvantages of technology
before research prototypes are built can yield important insights that enhance and influence the
technology research and the future technology adoption processes. To understand the potential
benefits and disadvantages of 3D telepresence technology in emergency health care we conducted
several related studies. One study examined information sharing and task performance when
paramedics diagnosed and treated a difficult airway under three conditions: a paramedic working
alone, collaborating with a physician via state-of-the-art 2D video, and collaborating with a
physician via a 3D telepresence surrogate in which the paramedic and physician were physically colocated but not able to physically interact. Results are reported in Sonnenwald et al. (2008) and
Söderholm et al. (2008). Another study examined the adoption of 3D telepresence technology in
emergency healthcare from the perspectives of large and small medical centres; results are
discussed in Söderholm and Sonnenwald (2010). This paper reports on interviews with forty
practicing paramedics that were conducted in conjunction with those studies. It complements the
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earlier publications by focusing on paramedics' perspectives with respect to paramedic-physician
collaboration both today and tomorrow, should 3D telepresence technology, or a similar visual
collaboration communications technology, become a reality. In doing so, this paper strives to
illuminate the paramedic-physician collaboration and technology adoption processes from
paramedics' perspective.
When discussing paramedic-physician collaboration today during interviews, paramedics expressed
concern regarding the lack of respect and trust exhibited towards them by other medical
professionals. They reported collaborating with physicians in order to follow regulations, influence
patients and medical staff, learn and seek assurance. They described how they paint the picture for
physicians and the value of the physician knowing and trusting paramedics. Reported sociotechnical challenges in paramedic-physician collaboration include gaining access to physicians
when needed, gaps in physicians' understanding of paramedics' work and work context, and a lack
of quality radio and mobile telecommunications infrastructure.
Paramedics further reported that 3D telepresence technology, or similar visual collaboration
communications technology, could lead to major changes in how they perform their work and how
they collaborate with physicians. For example, the technology would make their work visible in
ways not previously possible. This could lead to increased prestige for their profession, increased
learning, higher levels of trust, and additional permissions to perform procedures in emergency
situations. It could reduce the need to paint the picture. They also reported the technology would
require additional training, changes to existing financial models used in emergency health care, and
increased access to physicians. The digital recordings of 3D telepresence collaborative sessions
could also be used to second-guess paramedics' actions in the field, and possibly harm an
individual's career, if appropriate restrictions on future use of the sessions were not in place.
Related research, our research method, and a detailed report and discussion of insights and themes
that emerged from the interviews are provided below.

Related research
Previous research on collaboration and information technology (IT) in emergency healthcare often
focuses on overall emergency management, such as multi-agency planning, collaboration and
coordination (e.g. Aedo, Díaz, Carroll, Convertino and Rosson, 2010; Büscher, 2005; Convertino,
Mentis, Slavkovic, Rosson and Carroll, 2011) or on teams or individuals within one or several
hospital contexts, e.g. trauma bays and surgical intensive care units (Sarcevic, Marsic and Burd,
2012; Reddy, Dourish and Pratt, 2006), or emergency departments (Reddy and Spence, 2008;
Reddy et al., 2008). These studies investigate different aspects of collaborative work such as
scheduling, planning, coordination, physical space and information availability (Scupelli, Fussell
and Kiesler, 2010; Bardram and Hansen, 2010).
Coordination and information flow between emergency medical service field and hospital settings
have not been studied extensively. However, Reddy et al. (2008) found that coordination between
teams in the emergency room and emergency medical service, was negatively impacted by lack of
common ground between the teams, and suffered from breakdowns in information flow. Another
complexity, as pointed out by Reddy et al. (2008), is that many of the information activities
(paramedics calling from field, pre-alert en-route, hand-over at the medical centre) are
collaborative, in the sense that the professionals involved typically both need information from and
3

provide information to one another. Although there are guidelines and procedures for paramedics
calling physicians there might not always be enough time or chance for paramedics to do so when
they are in the field or ambulance with a patient requiring all their attention. Furthermore, radio or
mobile phones might prove insufficient when it comes to the types of information needed to make
decisions about patient care. Many of the current systems and means for doing this are primarily
focused on records, charts and documentation, and thus provided no or limited support for dynamic
and bi-directional interactions.
One type of technology for improving the information flow between the emergency medical service
field setting and a hospital emergency room includes systems for sending patient status data, e.g.
electrocardiogram data or vital signs from the ambulance to the emergency room or a specific
specialist hospital department. Strauss et al. (2007) found that when paramedics called expert
physicians for consultation of electrocardiogram interpretations using such a system, the improved
coordination significantly decreased overall treatment time for heart attack patients and led to
significantly shorter time before they received specialised care. Similarly, Anantharaman and Han
(2001) report that a computerised system for sending patient data from the ambulance to the
emergency room significantly lowered the overall time spent on pre-alerting, hand-over and the
time paramedics spent in the emergency room, as well as prompting paramedics to perform critical
aspects of patient care procedures (Anantharaman and Han, 2001).
The hand-over in particular has been studied and identified as one of the major points of
information loss and medical errors in emergency care and health care overall (c.f. Sarcevic and
Burd, 2009; Scupelli, Fussell and Kiesler, 2010; Abraham, Kannampallil and Patel, 2012).
However, as Randell and colleagues (2010) suggest technological support should be provided in
relation to practices for continuous coverage rather than focusing on the handover moment. This
could be further explored from an awareness perspective, in the sense that awareness of each other's
activities is an important factor for successful collaboration among actors (Randell, Wilson,
Woodward and Galliers, 2010).
In general Barley and Orr (1997) place paramedics' work in a gap between the medical profession
physicians belongs to, and a service occupation: "They [paramedics] are connected to the [medical
profession] by a radio, their skills, and a working grasp of medicine; to [a service occupation], by
their role as ambulance drivers" (p. 12). They are in an ambiguous position where they both are the
expert when treating patients in emergency situations within their work context; and a servant in the
sense of bringing patients to a higher level of care, that is to the hospital context where the
physicians operate. Hence, they could be seen as partly operating within another established
professions' knowledge and competence spheres (cf. Abbott, 1988; Keefe and Potosky, 1997).

Research method
Research design
We conducted 40 interviews with paramedics in conjunction with a larger study that included an
experiment investigating the potential of 3D telepresence technology to improve patient care in
complex medical emergency situations (Sonnenwald et al., 2008; Söderholm et al., 2008). The
experiment included a simulated medical scenario during which paramedics diagnosed and treated a
difficult airway on a mannequin under three conditions: working in collaboration with an
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emergency physician via state-of-the-art 2D video or working in collaboration via a 3D telepresence
proxy or working alone. For the 3D proxy condition, the consulting physician was physically
present in the same room as the mannequin and paramedic. The physician was allowed to freely
move around in the room. However, the physician could not touch anything in the room and could
only point to things using a laser pointer. This simulates the current vision and technical goals for
3D telepresence technology (Welch et al., 2011).
After participating in an experiment session each paramedic participated in a semi-structured
interview with open ended questions. Only interviews conducted after sessions involving
collaboration with a physician are included in the analysis reported in this paper. Topics discussed
during each of these interviews encompassed: the paramedic's current work practices; motivations,
mechanisms, practices and challenges regarding collaborating with a physician currently; benefits
of collaborating with a physician today and in the future using 3D telepresence technology; benefits
and challenges with respect to the use of 3D telepresence technology in the future. The interviews
lasted between 20 and 55 minutes, with an average length of 34 minutes. Each interview was audiorecorded and transcribed.

Research setting
All interviews were conducted in a south-eastern state in the United States within a geographic
region that has a combination of both suburban and rural population areas. This region has a large,
nationally acclaimed teaching and research hospital, multiple independent public and private
emergency medical service organizations, and a rural medical centre with a small emergency room.
Emergency medical service training and operations standards are regulated by the state. The region
is typical of many areas of the US.

Study participants
The paramedics participating in the study worked for a wide variety of emergency medical service
organizations across the geographic region, including private, public and medical flight agencies.
They provided care in major urban cities, suburban towns and rural areas. 75% were male, and 25%
were female. They had 1 to 25 years of professional experience as a certified trained paramedic.
Most participants had also worked as an emergency medical technician (EMT) before qualifying as
a paramedic, and thus these participants had an average of 11.8 years of emergency medical service
experience overall. Thus, they are a representative cross-section of paramedic professionals.

Data analysis
The interview data was analysed using open and axial coding. Open coding was used to identify
major codes or themes emerging from the data. After we established codes and definitions for the
codes, we did axial coding in which we analysed data multiple times to help ensure all data were
coded appropriately and that we had not missed instances of the codes or possible new codes.
Coding was done using the software Atlas.ti. An agreement of 0.82 using Cohen's kappa intercoder
reliability measure was reached when two project team members independently coded interview
data. A kappa value above 0.75 is considered excellent (Robson, 2002). After coding was
completed, multiple topic memos that synthesised themes and relationships among codes were
created. The topic memos explored the meaning and implications of the data.
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Limitations
A limitation to this study, as discussed in our earlier papers (Sonnenwald et al., 2008), is its focus
on one geographic region. Paramedic practice is regulated differently across countries. In the US it
is regulated by states, and practices within one state may differ from practices in another state.
Additional research involving paramedics in other states and other countries might reveal different
collaborative practices and challenges. This study offers a perspective within one geographic region
as a starting point, providing insight into paramedic work practices that are seldom studied.
A second limitation is that each paramedic participated in one of two experiment conditions, i.e.
collaboration with a physician via state-of-the-art video-conferencing or a 3D proxy. A stratified
random assignment approach was used to assign participants to conditions. That is, participants
were randomly assigned across conditions, with equal distribution of sex and years of experience
across both conditions. It is not clear what impact participating in two different conditions, or their
different experiences during each session, may have had on the subsequent interviews. In the
qualitative data analysis we were not able to detect any influence due to condition or events during
the sessions.
A third limitation is the lack of physicians' perspectives on issues raised by the paramedics. We
interviewed physicians, nurses and other personnel and reported on their perspectives in another
paper (Söderholm and Sonnenwald, 2010); however, we did not interview physicians and nurses
specifically asking for their perspectives on issues about their interaction with paramedics that were
raised by paramedics. Such interviews may provide additional insights into the complex nature of
their interaction.
A fourth limitation concerns the visionary nature of our study. We did not conduct a cost-benefit
analysis of 3D telepresence technology. Cost-benefit analyses that involve clinical evidence of
benefits and realistic cost data are increasingly important when health care funding is limited.
However today 3D telepresence technology only exists as a vision; there are no working prototypes.
Thus realistic cost data are not available and clinical trials are not possible. Instead this paper
presents paramedics' perspectives regarding the vision for 3D telepresence. The goal is to help
inform computer science research by identifying socio-technical challenges that stakeholders, such
as paramedics, already envision in a future technology.

Results: paramedic-physician collaboration today
The paramedic work context
Each paramedic must complete formal education and testing in order to qualify to work as a
paramedic. In the US there are typically both state and national course training requirements. In the
geographic region we studied individuals wishing to become paramedics must first complete
emergency medical technician (EMT) training which can be concluded in six months, and which is
often similar across the US. This is followed by a 2 year associate's degree. Paramedics are also
typically required to participate in continuing professional development courses.
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In addition to the structured education and testing required to begin working as a paramedic, new
paramedics typically need further on the job training under the guidance of experienced paramedics.
As paramedics explained:
[It] takes the senior medics who work to train these people how to be paramedics. They may have
graduated school as a paramedic alright. That's great...but when you put them in the back of the
truck, it doesn't mean they can do well.
You can go to a two- or four-year university and get [the qualification. You] go through school and
come out saying, "Okay, now I'm a paramedic". Most of us in the industry say, "No, you're not a
paramedic.until you've been in the back of the truck for two years". Because everything is different.
They get so overwhelmed.... They don't know what to do on the severe and acute traumas.
Some paramedics, especially when starting their careers, may treat patients very aggressively:
I know I did things more aggressively when I was a new medic because it was cool to jump in and
do it. And now, as an older medic, maybe I'm a little more conservative and...a little slower to do
the brutal procedures sometimes to a patient.
Even with classroom and on the job training paramedics may appreciate having another paramedic
with them when working at an accident scene:
All of us are trained to be able to handle these situations as a solo emergency provider but having
said that, I think it's just human nature wanting to have another sounding board there. You know,
someone else serving as a security blanket.
When two paramedics are working together as partners...we're asking each other questions... If I'm
driving I'll say, "What do you see?", and [my partner] will say, "Well I'm having trouble bagging"
or whatever. And I'll say you might want to move the door or something... Good paramedics will
talk to each other.
In 35% of the interviews paramedics (i.e. 14 out of 40 paramedics with an average 11.7 years of
professional emergency medical service experience) volunteered that they often feel taken for
granted, with other medical professionals not appreciating the large variety of physical locations,
medical conditions, and social and emotional situations they are asked to handle daily. They believe
the paramedic profession is not highly respected by other medical professions. They commented:
We are...struggling to be respected and trusted.
I can say this with confidence because I've been in EMS 14.5 years now; I can say that
paramedics...are still considered the lowest of the health care professions that interact with patients
on a daily basis... The physicians are always considered the elite in the health care chain, and the
paramedics are always the lowest.
We are still [trying to] create an image and trying to get respect as a profession.

Motivations for collaboration between paramedics and physicians today
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Paramedics reported three primary reasons they interact with physicians and other emergency room
personnel when out in the field. These reasons are: to follow regulations; to influence patients and
inform medical staff; and to learn and seek assurance.
Following regulations
There are some medical procedures that paramedics cannot perform unless they first receive
permission from a physician associated with their emergency medical service organization. That is,
when a paramedic perceives that one of these procedures is needed, the paramedic must first contact
and receive permission from a physician. These procedures are formally specified in medical
protocols for the paramedics. Protocols and what procedures require permission (also referred to as
orders) from a physician can differ between emergency services and between regional authorities.
As one paramedic explained:
Our physician is totally against rapid sequence intubation in the field, and until he dies or you
know somebody makes somebody else God, we're not going to do rapid sequence intubation in the
field - even though our EMS director wants [us] to do it, even though the state wants [us] to do it,
even though the paramedics want to do it. Until he decides he wants [us] to do it, we're not going to
do it.
Paramedics described a typical call to a physician to ask permission to perform such a procedure:
Hey, doc. This is what I've got... I need your permission now to treat this chest pain. I believe this is
what's going on... This is what I have to support this feeling.
[I] call and say...what I've got. I've got a 30-year old male patient, MVA [motor vehicle accident],
head injury, ejected [thrown from vehicle during the accident]. I want orders for RSI [rapid
sequence intubation].
[The physicians] want to know what's going on with the patient, why we were called out, what we
found to be wrong with the patient, all the basics, all the clinical diagnoses, what was going on with
the patient, what we have done up until this point, and what we are requesting to do. That's pretty
much what they want - one paragraph or so of information.
In some geographic areas emergency room residents can give permission instead of an attending
physician. However some paramedics expressed hesitancy about residents giving permission:
In my experience... don't let the residents give you orders. cause God knows what the residents will
tell you to do and the attending [physician] will be pissed off later. Only deal with the attending
[physician].
Influencing patients and informing medical staff
Paramedics also reported calling physicians to assist them in convincing a patient to receive
treatment or to go to a hospital. As one paramedic explained:
The only time I have [called a physician] is [when] trying to convince patients they need to go to
the hospital...[and they] don't want to go... You know, then you call...and have a doctor talk to
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them...convince the patients that they need to go to the hospital. That's been my biggest use for it
[the mobile phone].
In other instances paramedics contact physicians and emergency room personnel using their own
initiative to inform them about the patients they are bringing into the emergency room so they can
begin to locate necessary resources:
We call in every call to advise the hospital what we're coming in with.
With our hospital not being a trauma centre, they don't have [many] resources, so we need to give
them a heads up, so they can get the resources.
However some paramedics have experienced emergency room personnel ignoring their assessments
of patients:
You walk in to give your report, and there have been times when nurses won't even take your report.
You tell them something and they turn to the patient and ask the exactly same thing you just
answered.
Learning and seeking assurance
Sometimes paramedics will contact a physician asking for advice in treating a patient, and learn
from physicians.
We usually call if we come into contact with a person that pretty much kind of stumps us. We treat
the basic airway, breathing, circulation, start IV's [intravenous therapy]... We're giving them
whatever we need to give them, and it's like: "You know what? Something's just not right". So, we'll
call and...say, "This is what we've done for our patient. Is there anything else you'd like us to do?"
We had a patient with cardiac arrest and we contacted the hospital... None of the therapies were
working... [I] called the hospital and said: "Look this is what I have given him... Can you think of
anything else I can give him?"
Paramedics may also contact physicians for confirmation and emotional support. One paramedic
described a serious accident where he would have liked to call a physician but could not due to the
remoteness of the accident location:
[The physician] probably just would have said [I was doing all I could] and not [recommended]
doing anything different. [I would have liked to talk with a physician] just for reassurance;
that...[the physician's involved] there, so, you know, [he's]...got your back.
Less experienced paramedics may call more frequently. As a less experienced paramedic explained:
For me, because I am...still kind of squeamish, I would say [I call] about two out of ten [times].
Whereas more experienced paramedics commented:
As far as my own practice, in patient care and stuff, I don't find it [collaborating with a physician]
necessary.
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Very rarely [do I call a physician]. I don't have to.
[A] more egotistical person.[is] less likely to call the doc because you don't want to be seen as
weak or not knowing what you need to do... If you called up the communications centre and said
give me this special radio channel, I need to talk to a physician, every medic in town is tuning their
radio to listen to what you're saying, and they're going to see how big a dumb ass you are today.
So, you know, if you're a little egotistical, you're not going to call a doc out of just a matter of pride.
In sum, the motivations for paramedics to interact with physicians and other emergency room
personnel appear to mirror, and perhaps re-enforce, perceptions of their low status within the
medical field. For example, they are required to collaborate and gain permission to perform some
medical procedures. When trying to give patient information to emergency room staff they may be
ignored. Patients may ignore the advice of paramedics regarding treatment, and paramedics call on
physicians (with a higher status) to persuade them to undergo treatment.

Interactions during paramedic-physician collaboration
Collaboration between paramedics and physicians today relies on the paramedic's ability to verbally
create a visualisation of the patient and setting for the remote physician and/or trust that typically
develops over time through multiple interactions.
Painting the picture
When describing their interaction with physicians paramedics talked about painting a picture for the
physician. They reported a need to create a vivid visual image of the patient and the accident scene
to enable the physician to get a better understanding of the situation in the field. However they do
not use visual technologies to create this image for the physician; instead they skilfully use words.
Paramedics explained:
If you're [describing the situation] in an effective way, where the physician can close his eyes and
hear what you're saying and actually see the patient and that there's a need for [the requested
procedure], he's going to give you that order to do [the procedure]. However if you're a bad
communicator...then the patient could be dying on you and the physician's not going to know that
because he can't see it... He's more likely not to give you the order that you need and the patient
needs.
Most of our physicians rely on us giving a good description... You know we don't use pictures.at all.
You just try to give them a good description of what's going on. Because most of the time physicians
are just trying to see what exactly the damage is... If patients are not responsive they will rely on us
to tell them what the conditions of the vehicles were, where the patient was sitting in the vehicle,
flying objects in the vehicle, and like that.
The role of trust
A few paramedics commented that having the ability to paint the picture fully compensated for not
knowing the remote physician and not having a long standing working relationship with the remote
physician:
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As long as you can describe what's going on to the physician, everything's the same [as if you know
the physician].
I can tell you anything I want to tell you and make you give me the answer that I want.
Other paramedics commented that knowing the remote physician and having the remote physician
trust them is important:
You know it depends on...the doctor and whether if he trusts you or not.
I've been around long enough so that I know most of the physicians that I call... I can pretty much
call up...and get any order that I want just because they know me... [There's] a trust factor.

Socio-technical challenges in paramedic-physician collaboration
Paramedics noted a lack of high-quality radios and universal mobile phone coverage not only
hinders their collaboration with physicians but makes it impossible at times. Other challenges
include time delays and a lack of understanding of the paramedic's job and working conditions.
Communications networks and equipment
One challenge mentioned by multiple paramedics was the lack of quality radio communications and
universal, high quality mobile telecommunications infrastructure. Paramedics remarked:
I've been in situations...where we were required to call for orders for certain medication, and I
needed to give that medication, and I had no communications. I didn't have a telephone, didn't have
a cell phone, land line, or radio from where we were because we were rural and we just didn't have
it.
There was an emergency where we needed to call the hospital and let them know what's going on
and asked them for help... Due to the radios not being so good...they [couldn't]...understand what
we were saying... We [couldn't]...understand them.
We had a patient in a motor vehicle crash and he was pinned into the vehicle. His legs were
crushed and he was bleeding pretty bad... I had to contact a physician but at the place where I was
at, there were no [mobile] cell phone signals. There was no radio signal... I felt kind of stranded at
that point because, you know, this guy was crushed. He was bleeding out... [All] I could do was just
wait for him to get extricated... It was real frustrating.
Access to physicians
Paramedics reported challenges with respect to having to wait relatively long periods of time to
speak with a physician. Paramedics primarily contact physicians in emergency, time-critical
situations. They know that the quicker they can treat a trauma victim the quicker the victim will
recover. Being put on hold or not being able to reach a physician, and thus delayed in providing
treatment can be frustrating for paramedics because they know treatment delays negatively impact a
patient's recovery. They explained:
The other thing that I found obnoxious...when I did have to call for medical control, you call and
someone would answer the phone, [and the response was:] "Please hold while I get a doctor".
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If I tried to call 3 times [and haven't reached a physician], sorry.[I] don't have time to wait.
In some situations where the paramedic is not given the necessary and reasonable access to a
physician, the paramedic may go ahead with a treatment, knowing they may have to rigorously
justify their actions later.
If I call you and can't get you, and if I come in with something done, we'll talk about it later. I need
to be damn sure I got enough reason to do it.
So then what do you do [when you can't reach a physician]? Cause if you do something, you're
violating orders and you may get your ass in a serious crack. But if you don't do it, you're not
acting in the best interest of the patient. So I just went ahead and acted in the best interest of the
patient.
Gaps between physicians' and paramedics' understanding
Further complications can emerge when physicians are unfamiliar with the paramedics' treatment
protocols. As two paramedics explained, this can be frustrating:
Sometimes they're not familiar with our protocols... And you have to literally walk them through it...
You know it gets frustrating sometimes.
If it's a physician that is relatively new,...[or] a resident, who is not familiar with what we're trained
to do, that can get a little frustrating... We're questioned about something that we did in front of
other people... We would never dare...do that to a physician in front of other people.
Paramedics also indicated that some physicians do not understand the challenges they face in the
field and the valuable actions they perform often under difficult conditions. They commented:
I think a lot of doctors don't understand what we do out there... They're stuck in a hospital. They
don't get to leave the four walls of their hospital so they don't get to see a lot of the other things that
we have to deal with - the environments, the violence, the conditions in which we find patients...
Understanding why we do...this instead of that... You have to sit there and explain it, and they may
or may not like the answer... It's just there doesn't seem to be a good understanding of the two
worlds of emergency medicine, hospital side and emergency medical services.
One of the problems has been a disconnect between the emergency department physicians [and
paramedics. Physicians] don't always understand the challenges that the paramedics have in the
field. And they might make the judgments based on [what they don't know].
The majority of ER [emergency room] doctors...just don't listen to us.
A lot of times we get treated like dirt [by physicians].
In sum paramedics face many challenges while working. They are called on around the clock and in
all weather conditions to effectively diagnose and treat a variety of medical conditions in different
physical locations and in a variety of social and emotional situations. To be an effective paramedic
requires both formal education and on the job training under the auspices of experienced
paramedics. Yet they perceive their profession as low status in the medical system, and this is reenforced with legal requirements to get a physician's approval to perform various medical
procedures. In addition due to a lack of understanding field work conditions paramedics feel
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physicians may erroneously judge their work. Long standing collaboration among physicians and
paramedics helps to ameliorate these problems. Collaboration can also provide new learning
opportunities for paramedics, although the lack of follow-up with paramedics regarding patient
outcomes may limit learning. Challenges that make collaboration difficult include the lack of a
universal, high quality communications infrastructure, the unavailability of physicians, and
physicians' lack of knowledge concerning paramedic protocols and work conditions.

Results: paramedic-physician collaboration via 3D
telepresence technology
Information technology has a history of little, or no, understanding of many consequences, or side
effects, the technology engenders before the technology has been deployed. Researchers typically
investigate how a technology impacts individuals, groups and organizations after a technology has
been deployed. However in critical, life-threatening situations, such as medical emergencies, it is
prudent to understand the potential implications of a new technology as early as possible in its
research and development life cycle when changes in the research are easiest and least expensive to
incorporate. Thus exploring 3D telepresence technology's potential impact on paramedic-physician
collaboration during its research life cycle is valuable.
We found paramedics could well imagine and discuss how 3D telepresence technology would
impact their work. They discussed how it may impact their work context, their motivations for
collaboration with physicians, interactions during paramedic-physician collaboration, and sociotechnical challenges impacting paramedic-physician collaboration.

The paramedic work context with 3D telepresence technology
3D telepresence technology will, ideally, enable physicians to see a 3D representation of the remote
scene with the paramedic and trauma victim and be able to dynamically change their viewpoint of
that scene in real-time. It should enable the physician to virtually move around the trauma victim,
the paramedic and the equipment at a remote accident scene, and quickly look at different parts of
the victim's body and at any on-going medical procedures. The physician will also, ideally, be able
to use a digital virtual pointer to highlight objects at the remote scene, such as parts of the victim's
body and pieces of medical equipment. A view of the physician could also be shown to the
paramedic in the field. In addition, high quality audio to support clear communication between the
paramedic and physician is an important feature of 3D telepresence technology.
Using this technology a physician could answer a paramedic's questions and provide advice while
viewing the paramedic, trauma victim and accident scene. Paramedics thought the technology could
be effectively used to provide more advanced diagnosis and treatment earlier both in the field and at
the medical centre, and a more detailed medical record. Both of which would improve patient care.
They explained:
What a great thing... The patient assessment is real and it's in real time...instead of having the
specialist that's there two hours after the damn thing happens.
I think in the field [or] if I was in the back of an ambulance, and I'm looking on a screen and the
doc's telling me here, here, here, do this, I could do it in the field without a problem.
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Maybe the trauma team [at the hospital] and the surgeons could already make their diagnosis...just
from the video from the ambulance, so when the ambulance hits the door of the hospital they could
bypass the trauma assessment and go straight to the treatment.
Having this video tape that records everything...would also serve as a patient
record...[documenting] what was done and how it was done, when it was done... [It would] give the
doctor access to other information [not available today].
When the call volume is too heavy, paramedics...may not have a chance to leave that patient care
report. So having the physician see what happened on the scene...might be great.
Paramedics reported that 3D telepresence technology also has the potential to enhance their status
within the health care professions. The technology would allow physicians to see what paramedics
do in the field under difficult conditions and stringent time constraints, and thus physicians would
likely increase their respect of the paramedic profession. Paramedics said:
I think it's going to benefit us as a profession... Because...[physicians] don't always get what it's
really like out there in the field. So I definitely think that having [3D telepresence
technology]...would give...[the physician] a better perspective on what we do and it would definitely
help our profession.
So I definitely think that having one available to us would give him [the physician] a better
perspective on what we do and it would definitely help our profession.
And it would be good because the hospital would know that I did my job; that this is the condition
of the patient before, and now this is the condition of the patient now. So it wouldn't be a guessing
game between the paramedics and physicians.
However a few paramedics suggested that the use of 3D telepresence technology might undermine
the current need for paramedic competence in the field:
One of my concerns in this would be the idea that...if you were to implement technology like this,
you wouldn't need medics to be well trained or well educated. That really, all you need is a monkey
that can do whatever they tell you to do... That [as] a cost savings measure we can have a
telephysician at the hospital, and just a bunch of idiots driving ambulances around... [Paramedics]
want to be more than just the hands.

Motivations for collaboration using 3D telepresence technology
Motivations for collaboration using 3D telepresence technology mirror motivations for
collaboration today. That is, paramedics reported three primary reasons they would use 3D
telepresence technology to interact with physicians and other emergency room personnel when out
in the field: to change regulations; influence patients and medical staff; and learn and seek
assurance.
Changing regulations
As discussed earlier regulations exist that require paramedics to seek physician approval before
performing some medical procedures even though they are trained to perform those procedures.
Paramedics thought the 3D telepresence technology would introduce changes to these regulations
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because the technology would enable physicians to see their high level of skills and subsequently
allow them to perform more medical procedures in the field. They explained:
The visual would be great; I think it would over time help them [the physicians] to see what are the
kinds of therapies we can start in the field.
The physician...would be able to actually see...what's going on and be more comfortable and allow
us to do more things.
This technology would open up the doorway for us to be able to...do more treatments in the field.
Influencing patients and informing medical staff
Paramedics suggested the technology could help provide care to individuals who today are reluctant
to seek care. In contrast to using today's communications technology to ask physicians to persuade
patients to accept care, paramedics thought the 3D telepresence technology could more effectively
bring medical care to individuals who today are reluctant to access the health care system. A
paramedic reported:
Males especially hate doctors and they hate accessing the system. So I think there are some benefits
that this may offer... It may bring back in-home monitoring. [With this technology] you can impact
some populations that aren't going to access the health care system in other ways.
If emergency room staff had visual access to the patient being transported to the hospital and/or the
accident scene through 3D telepresence technology their knowledge about the incoming victim's
medical situation and care needs would increase. It would change the patient handover process
because a record of patient care would be automatically produced. It could also reduce the reporting
burden placed on paramedics that can be challenging given the time constraints paramedics may
have and the dynamics of a victim's situation. Paramedics explained:
The receiving hospital...would know exactly what the status of that patient was.
They would get real time information about the status of your patient so they already have
everything in place and not have to scramble for anything that you didn't know to tell them or they
didn't ask you.
There would not be a gap of information between what was done or assessed in the field... because
there are a lot of times when I go on a call the situation will change dramatically between when I've
accounted my assessment and then when I get them to the emergency room something else has
happened.
It [would]...help a lot when trying to give a report when turning a patient over to the nurse and try
to tell them what you've done or what you've given them. There would automatically be a record of
it... Some paramedics are fantastic at documentation, and they can write it in such a way that you
absolutely feel like you were there. Some paramedics take short cuts and they write only the
minimum amount of information. And so the physicians at the emergency departments read the
patient care report and say: "Well, I don't understand, you should have done this".
Learning and seeking assurance
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Paramedics reported that using 3D telepresence technology in field settings could increase
paramedics' learning and self-efficacy which would enhance their subsequent performance. One
paramedic reported that even if the technology was not available all the time, paramedics would be
more prepared and more comfortable to perform critical tasks again, having had a previous positive
experience consulting with a doctor via 3D telepresence technology.
You're always wondering: "Am I making the right choice for this patient?". And having that extra
[assurance from a physician], even if...you don't have it all the time, if you have it once or twice,...I
think it makes you more confident in the decisions you make... I think it makes you a more
competent provider.
Other paramedics suggested that 3D telepresence technology could particularly increase the selfefficacy of junior, i.e. less experienced, paramedics and paramedics who have not done a specific
procedure recently:
So for this [3D telepresence] is fabulous... They [junior paramedics] would be able to pinpoint this
and say: "Hey I don't know what I'm doing. I've never seen this before" and have a little bit of
direction... I could see them.growing faster in the system with a technology like this.
[Suppose] you have multiple patients, people screaming... A brand new paramedic...could just hit
the button [on the 3D system] and say: "Uh oh wait a minute, I can't remember,...is it second and
third or third and fourth [rib]?" Just to have that advice would be absolutely fabulous. And say [in
another instance]...I hadn't done this [procedure] in so long and I only practised once on a pig
valve...[I would] click, hit the button and say: "Hey here's what I've got, let's move, I need to do a
surgical [cricothyrotomy], come on walk me back through it".

Interactions during paramedic-physician collaboration
Paramedics observed that 3D telepresence technology could reduce the need for a paramedic to
describe the patient and the trauma situation to a physician, but it would not eliminate the need for
trust between the paramedic and physician.
Painting the picture
3D telepresence technology could decrease the physician's reliance on a paramedic's ability to paint
the picture. Paramedics commented:
Because [with 3D telepresence technology] it just seems like you're getting the communications
several different ways versus just one way. And it seems like the information...is totally nonbiased... Yeah, I would hate to be the emergency room physician accepting, and having to go into
something that somebody else is saying without me actually seeing it.
With this technology, even [though] you might be stumbling through your words, [the physician]
gets what's going on with the patient. He physically looks at the patient...sees the skin colour... sees
the breathing pattern and that type of thing. And he can make his own judgement based on what he
sees and not on what you tell him.
Everybody communicates in a different way, so you know you may not convey exactly what you are
trying to say. Whereas this way [with 3D telepresence technology]...there are no questions about it.
Both people are seeing the same thing.
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In addition, the technology would allow the physician to learn more about the context of the
medical emergency. Paramedics explained:
If I'm doing a patient who has a really bad congestive heart failure, [and] then the doc is there, he
looks around... He can see the environment the patient is living in and understand that the patient
needs a little more help, why they're not compliant - that they live in a really poor environment and
they can't really take care of themselves... [The doc will] understand the bigger picture with the
patient.
Physicians might be able to see the wreck, and they might be able to see how the patient is mangled
in the motor vehicle, and how, you know, they're cutting the patient out.
The role of trust
Paramedics shared multiple perspectives regarding the role of trust when collaborating via 3D
telepresence technology. On the one hand the technology could increase a physician's trust and
willingness to approve treatments (orders):
If they had this interactive video going on, I think, even if you didn't know the physician that well, it
would help immensely to be able to get orders.
On the other hand, the technology would not diminish and might even increase the need for the
physicians to trust paramedics. Paramedics explained:
What concerns me...is [that] it depends 100% on.[who is] on the other side of that camera and I
know the physician's going to feel the same way... You still got to have the interaction and the trust
working.
We know he's watching. A good physician would let you perform and wait on you to talk... unless he
sees something really, really stupid. But for every good [physician]...there is one out there that's
going to just beat you to death with every little detail, and...we can't perform that way. We just can't
do it. You know, we have to be trusted.

Socio-technical challenges in paramedic-physician collaboration
Paramedics asserted that socio-technical challenges regarding communications networks and
equipment and access to physicians would not diminish with 3D telepresence technology. However
an existing challenge, the gaps between physicians' and paramedics' understanding, was not
mentioned as a potential challenge when collaborating using 3D telepresence technology. Other
potential challenges regarding making work visible in new ways, training, financial models, and
adoption processes were noted by paramedics.
Communications networks
Providing ubiquitous and reliable access to high-speed wireless communications networks and
equipment required to support 3D telepresence technology will be challenges for emergency
medical services. As discussed earlier funding for radios and mobile phones can be difficult to
obtain, and network access is not universally available across all geographic locations. Paramedics
reported:
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You know, they don't have the resources... The money is not there. I mean, they are having trouble
getting trucks for goodness sake...and radios... In this county we have had a lot of problems with
just getting radios.
Whenever you're putting something in play that is significantly more expensive than you can
recover the cost for, then you can't do it.
When you are on the scene, you will always be able to know it will work. It has to work... There are
dead spots in the county, so communication is hard.
Can compelling business models be developed and/or socio-political needs identified such that
politicians and other stakeholders who make decisions regarding medical infrastructure are
convinced to invest in new visualisation technologies? This is a possibility, but as a paramedic
observed:
We're still struggling just to get 911 everywhere in the country. And cell phone service.
Equipment for paramedics
Other challenges concern the weight and set-up time of the equipment. Paramedics currently carry
multiple large, heavy packs of medical equipment and supplies when attending to victims in the
field. Carrying additional equipment is often not feasible without making multiple trips between
their vehicle and the victim. This could add delays in diagnosing and treating the victim:
Paramedics only have so many hands... They've got their heart monitor, and their bags, and their
oxygen, and stretcher, and the patient, and whatever else they've brought along. And then they've
got to figure out how to pack up this technology and get it into the ambulance, and so, that may also
be a challenge. You know, do they put it on the patient's legs, or do they hang it off the stretcher, or
do they, you know, carry it across their back... That's a challenge.
Further delays might be caused by technology set-up time. Any increased time at the scene of the
accident caused by setting up equipment instead of providing care could be a disadvantage for
patients and incompatible with the paramedics' mission. As one paramedic stated:
I think the disadvantage for a patient would be an increased scene time. There would be a delay as
the paramedics set up the technology.
As expected paramedics observed that resolution and speed in which the remote scene is presented
to physicians must be of very high quality:
The resolution is going to be key. Because if you're going to guide anyone through a procedure, the
standard video that you see transmitted is not adequate. The resolution is going to have to be at
least two or three times that in order to be able to distinguish the shades of light, as well the details.
In summary features the technology should have to be usable and useful for paramedics include
portability, instantaneous operations speed (especially set-up speed), high reliability, and high
quality visual resolution.
Making work visible in new ways
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Some paramedics expressed hesitation with respect to increasing collaboration with physicians.
Having a physician present, even virtually, is not necessarily compatible with paramedics' current
ways of working. Paramedics explained:
Instead of calling...[physicians] when I'm on route to the hospital, calling them when I'm on scene...
It's going to force a change but probably for the best. Right now...we do our thing. We don't call the
hospital unless we have to. And we like it that way and they like it that way.
It's going to be different because I'm not used to a lot of oversight. [With] the average patient...we
may give a report to the physician on the radio or the phone and that's it... Having to have
somebody sit there [saying:]..."do this"... You know, I'm kinda' used to working independently.
The paramedics readily deduced that the 3D telepresence technology would create digital records of
activities in the field, and that these recordings have the potential for good and harm. Recordings
could aid in making decisions regarding subsequent patient care but could also be used to evaluate,
and second-guess, paramedics' performance. Paramedics explained:
It would be a horrible precedent to set that they start using your video conference recording as
evidence against you... If you do something wrong, certainly you should be busted for it, but that's
where it gets really fuzzy.
The video would be good in that perspective because...[it] shows what you did and at what time.
But again on the flip side it could be used against you, and...it could be subpoenaed [and used
against you].
Requiring new training
Paramedics observed that effective collaboration using 3D telepresence technology in the field will
require new training and new approaches to training. They stated:
The training has to be factored in... So in order for you to get that device [used by one]...crew,
there's usually ten to fifteen times that number of people that have to be trained.
There's these huge differences [in]...learning and knowledge.on how to use technology... Some folks
are very expert about it... I went to one [IT] training [class] and somebody asked what a mouse
was... Out there on a scene, there's going to be a wide variety of people with different capabilities
when it comes to IT. That could be challenging.
If you're going to have physicians that we work with in the field we need to know them. Have some
interaction with them. So that I will understand their style... We need to train together.
Increasing access to physicians and time to handle events
Using 3D telepresence technology will most likely require more access to physicians than
paramedics have today, and require paramedics to spend additional time treating victims. This
presents challenges under the current ways of working because, as paramedics reported:
When we're busy, they're busy.
Part of the problem is...[that] it's going to add a significant amount of time to each call. And most
[emergency medical service] agencies have to keep...[time spent on each call] at a minimum in
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order to be clear and ready for the next event to occur. And if they don't, then...calls stack
up...[and] your outcomes and things that matter start falling off.
Changing financial models
Deployment and operation of 3D telepresence technology appear to require changes to the current
financial models used to support emergency medical services in many geo-political areas. As
paramedics explained, emergency medical services will need to purchase and maintain many more
3D visualisation units than hospitals will. This coupled with reimbursement limitations and funding
priorities currently in many places makes investing in and maintaining 3D telepresence technology
challenging.
Because...based on a preparedness model...you have to be within so many minutes of any event in
your service area. So you would not only have to have one of these; you'd have to have ten of these
to cover the area...in that same hospital service area. That's usually a rough estimate - it's ten to
twelve times the number that it would take for any hospital. So that becomes a cost issue.
The reimbursement of EMS is significantly different than the rest of health care... We have a hard
time now getting medications and devices out into the field for use because they're several times
more expensive than the reimbursement for that event... There's clot-busting drugs that we use in
acute myocardial infarctions or heart attacks; a dose of that's about $2500. The most EMS will get
reimbursed for caring for that patient is $500.
A lot of times EMS is the third agency [in line for funding]. We'll give the police what they want,
then the fire department, then EMS [is told] you have to wait till next year. I can see a block there.
Yet paramedics also opined that 3D telepresence technology could save money overall, possibly by
reducing unnecessary hospital stays.
The idea that you have a doctor there with you, on the scene legally...and [you can] avoid the
transport to the hospital, avoid that cost. If you think about the cost...[of taking] a person to the
hospital who doesn't need to go to the hospital... Just the basic ambulance service [costs] $250 for
your standard person... Plus...the [cost of the] person who is going have to serve the food for them
while there're there, clean the beds while they're there, the doctors...and the nurses - and this is a
person that really doesn't need to be in the hospital.
Understanding adoption processes
Paramedics reported that the adoption and use of technology such as 3D telepresence technology
would very much be dependent on physicians' adoption and use of the technology. As described
earlier paramedics have lower authority and prestige within the health care system and work under
the authority of physicians. The paramedics explained:
It's going to depend on the physicians you know. You're going to have to sell it to the physician
before you sell it to the paramedic.
If you sell the physicians on it and the physicians are gung ho for it.then you know that's going to be
easier - that introducing it to the system. Paramedics still operate under the license of the
physicians.
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The experience and personality of physicians may also impact the adoption and use of technology.
A paramedic explained:
It all depends on who the physician is... Cause if the physician's the kind of guy that's got to put his
hands on the patient and he's got to see the patient in front of his eyes, you know right there in front
of him, he's not going to be wanting to do this, you know. But if the physician's the kind that's been
dealing with technology, that's been dealing with remote issues...and trusts the paramedics and that
[the technology] gives him an accurate report,...then I think they'll be open to it.

Discussion

A process view regarding the introduction and use of 3D telepresence technology in emergency
medical services is summarised in Figure 1. This summary may also apply to the introduction and
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use of other emerging collaboration technologies that strive to facilitate collaboration between
paramedics in the field and physicians in medical health care centres.
An important first stage is social science research in conjunction with computer science research in
order to identify potential infrastructure modifications needed to facilitate the adoption and use of
new technology and technical requirements. Conducting social science and computer science
research concurrently can enhance both types of research; each can challenge and influence the
other, ultimately creating technologies that improve patient outcomes and can be more easily
adopted and used in the emergency medical services system. This approach can identify and,
ideally, reduce the number and severity of technical and social problems when introducing new
technologies.
A second stage involves both social or organizational and technology development. Both
social/organizational and technology development require resources, including time, thus it can be
advantageous to focus on them concurrently in this stage. For example our results illustrate that
changes to financial models and work management practices could facilitate the adoption and use of
3D telepresence technology in emergency medical services. That is, existing financial models used
in the US emergency health care system appear to require modifications so that emergency medical
services could afford the technology, technology training and the possible increased time on calls,
and so that medical centres could afford the potential upfront increased costs associated with the
technology and collaboration between physicians and paramedics. These costs might be balanced
with downstream cost savings, such as shorter hospital stays, fewer medical tests and procedures,
and patients returning to work quicker. Both upstream costs and downstream savings should of
course be considered in financial models. Our results further suggest that current work management
practices and policies should be reviewed in order to avoid harmful micro-management and
evaluation of paramedics, both as they are providing care and afterwards, and to support
paramedics' learning and access to physicians. Computer scientists and engineers continue to
develop technology to improve network communications, including providing lower latency
interactive network transmission (e.g. Yu, Thottan and Li, 2012), and reliable and secure
communications (e.g. Balfour, 2012), which are needed to support new technologies such as 3D
telepresence.
The third stage involves deployment and use of 3D telepresence technology, or similar visual
collaboration communications technology, and appropriately re-designed social/organizational
models and practices, and includes the anticipated first-order outcomes. First-order outcomes
highlighted in this study are increases in paramedic-physician collaboration, and increased visibility
of paramedics' work both in real-time while collaborating with physicians, and across time via
recorded collaborations.
The fourth stage highlights subsequent, second-order outcomes that emerge as a result of increased
paramedic-physician collaboration and visibility of paramedic work. Paramedics predicted that
these outcomes will include improved patient outcomes, increased learning and self-efficacy, and
increased prestige of the paramedic profession.
These outcomes could also subsequently lead to additional modifications in regulations to allow
paramedics to perform additional procedures in the field, facilitating time-critical patient care
interventions by paramedics. These changes could, in turn, motivate additional paramedic-physician
collaboration, and further improvements in patient outcomes.
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Whether 3D telepresence technology becomes a reality or not, our results suggest implications for
emergency health care today. Changes to current funding models for emergency health care should
continue to be explored if a goal is to provide quality emergency health care across society because
technology used in, and targeted for, emergency health care is not immune to digital and social
divides. Teaching collaboration skills and strategies to physicians and paramedics could benefit
their collaboration today, and increase their readiness to effectively use collaboration technologies
in the future. Advocacy for paramedics could be increased to help attract and retain these valuable
health care professionals. The evolution of paramedic care may continue to be influenced by visual
communications technologies that connect the paramedics in the field with the receiving hospital in
real-time.
In conclusion understanding emerging computer science research and exploring its implications for
the future can provide insights for computer science research, as well as insights with respect to
current and future work practices and policies. In this study we investigated the potential
implications of a future technology that is currently only a vision. In doing so we illuminated
current work practices and uncovered several unforeseen challenges and benefits that could emerge
with the adoption and use of a new visual collaboration communications technology. As illustrated
in Figure 1, paramedics in our study highlight the need to consider social and technical design and
development concurrently and that there can be multiple stages of outcomes after a new technology
is deployed.
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