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ABSTRACT
The overall aim for this thesis is to explore the potential of visual information
and communication technologies (ICTs) for collaboration in emergency care.
While current video technology might be insufficient for successful
collaboration between paramedics and physicians in emergency situations, the
thesis investigates the potential of a new, richer 3D technology, that is; 3D
telepresence technology for medical consultation (3DMC).
The thesis consists of four studies exploring the topic from several different
methodological and analytical perspectives. The first two studies focus on the
potential impact of collaboration technology on an immediate patient care
situation, in this case a simulated accident scenario and its outcomes. They are
based on an experimental evaluation focusing on two themes: paramedic –
physician information sharing and trust in collaborative situations either via
2D video or a 3DMC proxy; and, paramedics’ task performance and self-efficacy
during simulated patient care sessions either when working alone, or in
collaboration with a physician via 2D video or via a 3DMC proxy. The third and
fourth study explores different actors’ perceptions of visual collaboration
technology and 3DMC in relation to their own and their organizations’ current
and future work practices, relationships and collaborations with different
professional groups. The third study is focused on physicians, nurses and
administrators at large and small hospitals, and the fourth on the EMS field
context which includes paramedics.
Together the studies provide a broad view of the potential benefits, risks and
implications of using visual technologies such as 3DMC for collaboration in
emergency care. More specifically, the results show that paramedic-physician
collaboration via 3DMC might have some benefits for patient care, both in the
immediate patient care situation and beyond, for example, when coordinating
transport and resources; improving understanding between different actors;
and in developing paramedic competence and confidence in their skills.
However, collaboration is heavily impacted by physicians’ and paramedics’
respective work practices which are situated in very different physical,
professional and organizational contexts. Adding a visual dimension to this
collaboration presents unique challenges for the overall design, development,
implementation, and appropriation process. Furthermore, the visual
dimension specifically, is likely to change formal and informal paramedic work
practices, and to impact the way emergency care is conducted and provided.
Overall, the thesis illustrates the complexities which emerge when new
I

technologies are introduced for emergency care, in particular for remote
collaboration between different professions during emergency situations. The
potential implications need to be taken into account during the whole
technological development cycle, both when it comes to the early conceptual
and physical design of the actual technology, and later in preparation and
training when a technology is introduced and implemented in the contexts
where it will be used. The thesis emphasizes the importance of understanding
both the individual users as well as the complex overall image which, although
often neglected or ignored, is crucial to understand when developing and
introducing new technology that is successful and justified in the overall
context while also being useful and meaningful for the individual users.
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SVENSK SAMMANFATTNING
Det övergripande syftet för denna avhandling är att undersöka potentialen hos
visuell information och kommunikationsteknik (IKT) för samverkan inom
akutsjukvård. Eftersom nuvarande tvådimensionell videoteknik kan vara
otillräckligt för samarbete mellan ambulanspersonal och läkare i
nödsituationer, undersöker avhandlingen potentialen för en ny 3D-teknik, 3D
Telepresence Technology for Medical Consultation (3DMC).
Avhandlingen består av fyra studier som utforskar ämnet från olika
metodologiska och analytiska perspektiv och utgångspunkter. De första två
studierna fokuserar på påverkan av visuell teknik på en konkret vårdsituation, i
detta fall ett simulerat traumascenario, där akutsjukvårdare (paramedics)
antingen arbetar ensamma, i samråd med läkare via 2D-video, eller
tillsammans med en läkare via en 3D-proxy. Undersökningarna baseras på en
experimentell utvärdering av sessionerna med avseende på samarbete mellan
akutsjukvårdare och läkare; och, akutsjukvårdarens förmåga dels i termer av
resultat av vårdscenariot och dels upplevd förmåga. Den tredje och fjärde
studien undersöker olika aktörers uppfattningar om visuell samarbetsteknik
och 3DMC i förhållande till sin egen och sina organisationers nuvarande och
framtida praktiker och arbetssätt, och relationer och samarbeten med olika
yrkesgrupper. Den tredje studien undersöker detta med fokus på läkare,
sjuksköterskor och administrativ personal vid akutmottagningar på större och
mindre sjukhus, den fjärde studien utgår från akutsjukvårdares perspektiv.
Tillsammans ger studierna en bred bild av potentiella fördelar, risker och
konsekvenser av att använda visuella tekniker såsom 3DMC för samarbete i
akutsituationer. Resultaten visar att det kan innebära fördelar när sjukvårdare
och läkare samarbetar via 3D-teknik, både i den omedelbara vårdsituationen
och i ett större perspektiv, till exempel i koordinering och samordning av
transporter och resurser och ökad förståelse mellan olika aktörer. Denna typ av
samarbete påverkas dock av läkares och sjukvårdare respektive arbetsmetoder
som är situerade i olika fysiska, professionella och organisatoriska
sammanhang. Att lägga en visuell dimension till detta samarbete medför unika
utmaningar för övergripande design, utveckling, implementering och
appropriering. Vidare tycks den visuella dimensionen i sig kunna påverka hur
akutsjukvård bedrivs och tillhandahålls, både på ett formellt och informellt
plan, vilket i sin tur innebär nya utmaningar i teknikutvecklingssammanhang.
Sammantaget visar avhandlingen på komplexiteten som uppstår när ny teknik,
i synnerhet visuell sådan, införs för samverkan mellan olika yrkesgrupper
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under nödsituationer. De potentiella konsekvenserna av detta måste beaktas
under hela designprocessen: när det gäller såväl tidiga stadier av mer
konceptuell design, som i den faktiska utformningen av interface och teknik,
och förberedelser och utbildning inför introduktion och implementering i de
sammanhang där tekniken kommer att användas. Avhandlingen visar på
vikten av att såväl inkludera individuella intressenter som att förstå den
komplexa övergripande bild som annars ofta ignoreras. Detta är direkt
avgörande vid utveckling och introduktion av ny teknik som ska vara
försvarbar i det större sammanhanget och samtidigt användbar och
meningsfull för den enskilde användaren.

IV

ACKNOWLEDGMENTS
This has been a long and mostly exciting and engaging process, with the
exception of some interruptions, both good ones such as the birth of my son
Albus, and not so good ones, such as periods of sick leave. During this time, I
have had a number of people supporting and helping me through the process
in different ways, which I am very grateful for. Everyone cannot be mentioned
here, but there are a few that have been of special importance:
My supervisors Ann-Sofie Axelsson and Louise Limberg for helping me to
focus and keep things in perspective in the work with this thesis (and beyond).
Thank you for tireless reading, commenting and support!
My former supervisor Diane Sonnenwald, for the opportunity to join the
3DMC project and thus spend an amazing time in the U.S. It has been an
invaluable learning experience for me to be part of such an excellent research
environment.
My colleagues, including current and former doctoral students, at the Swedish
School of Library and Information Science for providing a supportive and
understanding environment, not least towards the end of this process. In
particular Åsa Söderlind and Margareta Lundberg Rodin for general support,
Frances Hultgren for providing English language support, Jennifer Tydén for
an inspired cover design, and Jan Nolin and Elena Maceviciute for green
reading and useful comments. Some of my close co-workers have exhibited
oceans of patience and understanding, especially, Charlotte von Essen, Claes
Lennartsson, and Veronica Johansson.
Jonas Landgren for engaging discussions, expert criticism and constructive
comments at my final seminar.
Printing pro Henny Östlund at Ale Tryckteam for being forthcoming and
flexible at a very critical point in the process.
The 3DMC team at University of North Carolina, Greg Welch, Jim Manning,
Bruce Cairns, Henry Fuchs and Jim Mahaney.
All the study participants who dedicated time and engagement in participating
in the simulations, and generously shared their views in interviews. It was a
privilege to learn from you!
My dear friends, Monica Lassi, Anna Lundh, Pieta Eklund and Amira Sofie
Sandin, for support, after-works, Friday CAPS-LOCK messaging, laughs, and
encouraging me to ask for help.
V

My house chef George at Norrmalms Restaurang & Pizzeria for providing me
with pizza numerous late nights, and a relaxing garden for breaks during long
weekends of writing.
My former band mates Annika and Soraya: playing in a band with all that
entails in terms of planning, coordination, creativity, performance, technology,
tools, skills, awareness, audio/visual cues, audio recordings, video
recordings….. I did not realize it at the time, but it was probably one of the best
examples of collaborative challenges there is. I’m forever grateful for those
years.
My dear family and relatives, my wonderful parents Ninni and Rolf Maurin,
sister Lisa Maurin and her husband Martin Colclough and my mother-in-law
Mona Söderholm: I’m glad to report that I’ve now finished that thesis you’ve
been asking about! Also, the strong women in my family have been a source of
strength and inspiration since the day I was born: grandma Birgitta and
grandma Inge.
And, most of all, my beloved family and dearest knasbollar Jonas, Oda and
Albus. Your patience, love, and support have helped me through this more
than anything.

VI

I

1. INTRODUCTION

1.1 BACKGROUND
This thesis explores the potential of visual technology for remote collaboration
in emergency situations. Emergency situations can broadly be categorized as
either trauma, as in accidents with injuries, or medical, for example when
someone is having a heart attack or stroke. For both types of situations the
patient needs immediate care and often access to specialized treatment or
transport to special facilities. The time factor in combination with appropriate
treatment might mean the difference between whether a person lives or dies or
impacts the extent or consequences of the injuries accident victims and other
types of patients suffer.
The work at an accident scene in terms of patient care and transport is called
pre-hospital care. It involves several different professional actors and
organizations. First responders, such as emergency medical technicians
(EMTs), paramedics or fire fighters are often the first healthcare personnel
arriving at the scene. They take care of and, in the case of EMTs or paramedics,
also transport patients to an appropriate care facility. When treating a patient,
first responders have different types of tools such as diagnostic tools, practice
guidelines and possibilities for consulting physicians at a hospital via
telephone or radio. Handing over the patient to the nurses and physicians at
the emergency room (ER) marks the transition from pre-hospital to hospital
care. Overall, the care process from accident scene to hospital includes several
different people working together or sequentially in various degrees with
respect to time, place and professional practice. Their collaboration and the
coordination of activities and resources are central to the outcomes of the
overall care process.
Today, much of the collaborative and coordination work between the field and
1

hospital is carried out via telephones or radio, and documented and charted in
writing/text. As the thesis will show, the paramedics and physicians describe
problems and challenges related to these practices. Some of the limitations
pertain to challenges in effectively describing a patient via phone or text
because some types of information about the patient are visual, olfactory, or
derived from tactile interaction and have to be rephrased and represented in
words or text.
The thesis introduces the idea of giving physicians sophisticated visual access
to paramedics’ or other physicians’ working areas enabling them to view the
patient thus facilitating collaboration and the provision of expertise with
respect to treatment options or complicated procedures. Visual access might
improve collaboration in emergency situations and potentially improve both
access to and the quality of patient care, particularly for accident victims in
rural, natural or human-made catastrophic areas when physicians or other
medical experts are unable to be physically present. This might also be
particularly useful, for example, when patients are severely injured and hard to
move or when there are long transport times to the nearest hospital and the
patient is in need of immediate care beyond the level paramedics are
authorized to provide.
Much of the previous research on visual collaboration technologies in medical
and healthcare settings typically focuses on consultation between a patient and
a physician and/or other healthcare personnel, or between physicians and
health care personnel located at remote healthcare facilities in non-emergency
situations. However, the past 20 years have seen increasingly rapid advances in
video technologies, computer graphics, camera- and display technologies and
portable devices. Along with expanding network resources and data
transmission capabilities, there is an increasing need to extend research on
visual technologies to investigate its use in different contexts and situations,
not only focusing on existing technologies but also on the potential of newer
technologies such as real time three dimensional (3D) video.
Previous research has shown limitations in current standard two dimensional
(2D) video-conferencing technology that negatively impact communication
between users, mainly due to the inflexibility of camera angles, lack of deepsense in the transmitted picture, and difficulties obtaining an optimal
perspective of the remote scene (e.g., Dourish, Adler, Bellotti, & Henderson,
1996; Olson & Olson, 2000; Fussell, Setlock, & Kraut, 2003). Therefore, a richer
visual technology might be a better fit for the types of use situations explored
in this thesis. One application of this idea is the project 3D telepresence
2

technology for medical consultation (3DMC). The 3DMC would provide a
dynamic, seamless 3D view of the remote scene that changes automatically,
e.g., when the physician moves his/her head to look at the remote patient from
different angles. This might increase a physician's physical ability to see
important details about a remote patient and accident scene thus enabling the
provision of more effective support to the paramedic working at the remote
scene.

1.2 AIM AND RESEARCH QUESTIONS
The 3DMC project and thus the studies produced therein focus on the
potential of the 3DMC idea specifically. There are, however, many aspects of
the results that are highly relevant on a more general level for the design of
visual collaboration technologies and decision support in emergency care. This
leads to a twofold problem space, and thus the aim of the thesis is:
(1) to explore the potential of 3DMC for remote collaboration in
emergency situations at a very early stage in its technical development
process; and,
(2) to contribute to the future design, implementation and use of visual
technologies for remote collaboration in emergency care.
However, emergency healthcare is in many ways a challenging context for
technology design. It is characterized by time-critical, dramatic and
unpredictable conditions and the involvement of different actors and
organizations implies collaborative challenges and information gaps as well as
loss in the overall patient care process. Furthermore, as this thesis will show,
working conditions and practices in different contexts such as hospitals,
accident scenes or rural medical centers are sometimes unclear or badly
understood among its actors and organizations. This negatively affects overall
collaboration, information flow, and the coordination and use of resources.
For many technically oriented fields, it would be reasonable to address some of
these challenges and problems through the design of technological systems;
gadgets on the level of functions and immediate interface (affordances).
However, as this thesis will show, an approach focusing only on technological
aspects addresses only part of the challenges. If technologies are not
appropriately designed in relation to users’ and their organizations’ practices
they might actually cause harm in terms of negative effects on work and
patient care. Thus, one of the issues is the way in which technology is
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developed today within the engineering and medical sciences. Some of the
problems include lack of early user involvement in development processes (see
e.g., Sharp, Rogers & Preece, 2012); the lack of a holistic view of technologies as
embedded in an overarching (information) ecology of people, practices and
values within a specific local environment (Nardi & O’Day, 1999); and, a lack of
understanding concerning the different dimensions of people’s practices and
how these are organized and regulated (see e.g., Gherardi, 2009; Feldman &
Orlikowski, 2011). Another problem is, as discussed by Schmidt (2011), a
simplified understanding and conceptualization of technologies for
collaborative work in relation to a work context:
(…) the issue of the distributed character of cooperative work (…) is
reduced to issues of geographical dispersion: the issues of heterogeneity
of practices, incongruence and incommensurability of conceptual
schemes, etc. are not reflected and cannot be integrated in the
cybernetic ‘human-machine system’ conception. (Schmidt, 2011, p. 356)
The 3DMC technology would visually connect several physical settings (e.g.
the hospital and emergency medical services (EMS) field). The settings
constitute different complex work environments, including arrays of practices
and professions. Therefore, Schmidt’s point to go beyond ‘the geographical
dispersion’ as a primary problem frame is particularly important when
exploring this type of technology intended for collaboration between actors
not only located in different geographical places with different physical
surroundings, but also belonging to different professions and different
organizational contexts. Previous studies of collaborative systems and
collaborative work has to a very limited extent dealt with technology for
remote collaboration between actors who are in different professions and
organizational contexts.
However, the problem outlined above suggests that if we as researchers,
designers and developers are unaware of the underlying practices and activities
that our technology is intended to support and relate to, then it does not
matter how technically perfected a system is, because it is likely, at some point,
to fail (in some sense). When it comes to the 3DMC specifically, it is a type of
technology that is developmentally resource intensive, both technically during
construction phases, and later when it is to be acquired and implemented in a
complex emergency healthcare setting.
Therefore, the propensity of the technology needs to be explored in relation to
the context and practices it is intended for at a very early stage in a (highly
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iterative) development process. In order to do this, the work in this thesis is
guided by the following research questions:
What are the perceived benefits, risks and potential implications of
3DMC for patient care and paramedic-physician collaboration in
emergency situations?
What are the challenges to the design and implementation of visual
collaboration technology for emergency healthcare and how can these
be addressed?
The word potential is conveniently vague with respect to what it refers to:
“existing in possibility: capable of development into actuality” 1 ; and, “a.
possible but not yet actual; b. (prenominal) capable of being or becoming but
not yet in existence; latent” 2. The word implies two things: a positive impact or
possibility of some sort; and, a future perspective on the object. Both these are
important in this thesis. Firstly, the starting point is that the 3DMC could have
a positive impact on emergency care by improving collaboration in emergency
situations (not meaning that the studies were conducted with the purpose of
simply verifying this working hypothesis). Secondly, the focus on a future
technology, here in terms of a vision of a technology explored in the early
stages of a larger development process.

1.3 STARTING POINTS
Previous work specifically focusing on visual collaboration technology for prehospital care has with a few exceptions been scarce. Related phenomena have
been studied in different fields of medicine (often medical informatics),
human-computer interaction (HCI) and computer-supported cooperative work
(CSCW). Often, these types of topics are placed within broader categories of
healthcare and technology in terms of telemedicine, e-health, and often deal
with the interaction between patients and providers but quite seldom with
provider-provider interaction. If they do, they usually focus on providers
within the same organizational or physical context, for example, within
hospitals or hospital departments such as trauma bays and surgical intensive
care units (e.g. Sarcevic, Marsic & Burd, 2012; Reddy, Dourish & Pratt, 2006), or
emergency departments (e.g. Reddy & Spence, 2008; Reddy, Paul, Abraham,
McNeese, DeFlitch & Yen, 2008).

1
2

potential. (n.d.). Merriam-Webster's Medical Dictionary.
potential. (n.d.). Collins English Dictionary - Complete & Unabridged 10th Edition.
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In pre-hospital emergency medicine these types of technologies are often
studied in relation to tools for multi-agency planning, collaboration and
coordination or emergency preparedness (see e.g., Aeedo, Díaz, Carroll,
Convertino & Rosson, 2010; Convertino, Mentis, Slavkovic, Rosson & Carroll,
2011; Büscher & Mogensen, 2007), or ICTs such as electronic patient report
systems, devices for measuring and sending ECG or other types of data to
hospitals (e.g. Strauss et al., 2007; Anantharaman & Han, 2001;). These are
often referred to as tools for decision support in pre-hospital emergency care,
along with radio medical control, practice protocols and triage (c.f. Hagiwara,
Henricson, Jonsson & Suserud, 2011).
Medical practice and medical research traditionally operate in an evidence
based paradigm, thus quantified outcomes and effects of treatments and
procedures on patient care are commonly the means used to determine a
system’s or tool’s effectiveness (c.f. e.g., Hagiwara et al., 2011). Compared to
social science traditions and multidisciplinary fields such as HCI, CSCW and
LIS, less attention is paid to users (with the exception of patients),
stakeholders and contexts of use. Neither are critical approaches to technology
and its role and consequences within a context or local environment very
common.
Hence, although user-centered approaches are increasingly common,
technologies for medical contexts in particular seem to still be developed
within an engineering tradition, with much focus on technical issues and the
use of quantitative outcome measures as primary evaluation of systems’
effectiveness and success. This is, to some extent, understandable because
technologies for health care and medical settings are developed to be
operating in environments that are heavily impacted by strict requirements for
safety and reliability, and, rules and guidelines for patient integrity and data
security; and, also because of the evidence-based approach dominating the
medical field overall. However, in order to develop technologies that are truly
useful, justified and successful, the practices and perspectives of users and
other stakeholders also needs to be taken into account.
The social informatics research tradition adopts a broader and more holistic
view on development and consequences of technology than traditionally was
done in technology development fields such as engineering and computer
science. As defined by Kling (1999), social informatics deals with “the
interdisciplinary study of the design, uses and consequences of information
technologies that takes into account their interaction with institutional and
cultural contexts” (Kling, 1999, no pagination). This type of research is done by
6

scholars within many different fields, for example library and information
science (LIS), education, organizational studies, sociology, and computer
science (Sawyer, 2005; Lamb and Sawyer, 2005) .
Social informatics is, in particular, characterized by being: problem oriented,
and thus focusing on specific issues and problems rather than adhering to
particular theories and/or methods; holistic, in the sense of viewing material
artefacts and peoples’ practices, norms and values as interconnected and
changing over time, shaped by their historical and social milieu; situated, as
use and context is seen as being inseparably connected through practice (“to
report on use is to report on the situations of that use” Sawyer, 2005, no
pagination); social, by viewing people as social actors in social systems thus
not necessarily primary users of technology; critical, by challenging and
exploring established assumptions embedded in technology about its material
value; and, connecting back to the first item: characterized by strong
empirical basis combined with a methodological and theoretical plurality
(Sawyer, 2005; Fusco, Michael & Michael, 2010; Sawyer & Eschenfelder, 2002).
In this thesis, a mutual shaping between technology and its intended context,
in terms of physical surrounding and peoples’ practices and other tools, is
assumed. In a successful technology design approach, they influence each
other in different ways in different stages of the overall design, development,
implementation, and appropriation process. For example, peoples’ work
practices and professional hierarchies influence their perceptions of
technology benefits, risks, implications, and thus their use and appropriation.
The studied included in this thesis explore the potential of 3DMC through
different theoretical tools and methods, pertaining to interaction, trust, task
performance, and technology acceptance. The thesis discusses these results
overall, from the perspective of information ecologies, information practices,
and remote collaborative work.

1.4 PROJECT SETTING
The thesis’ aim is achieved through four studies produced within the research
project, “3D Telepresence for medical consultation: Extending Medical
Expertise Throughout, Between and Beyond Hospitals”, that I participated in
as doctoral student. The project, and thus this work, was funded by the
National Library of Medicine (NLM), a sub-division of the US National
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Institute of Health (NIH) between the years 2004-2009 3. Overall, it was a large
multidisciplinary development project focused on improving 3D graphics
technology and devices and, in particular, to build a prototype of a 3DMC
system. It was based in the US, led by principal investigators Greg Welch and
Henry Fuchs, and co-PIs Bruce Cairns, Diane Sonnenwald, and Ketan MayerPatel. In all, it included researchers from computer science (CS) (~20);
medicine (~3); and library and information science (LIS) (2). The project scope
and the 3DMC technology is further described in chapter 2 and then in 4.6 in
terms of multidisciplinary work and my contribution details. During the
project, I contributed to the following project publications (as Söderholm or
Maurin). The four I have selected to include in this thesis are denoted with an
asterisk:

*Sonnenwald, D.H., Söderholm, H.M., Welch, G., Cairns, B. & Manning,
J.E. (2013). Illuminating Collaboration in Emergency Health Care Situations:
Paramedic-Physician Collaboration & 3D Telepresence Technology.
Manuscript submitted for review May 2013

*Söderholm, H.M. & Sonnenwald, D.H. (2010). Visioning future emergency
healthcare collaboration: Perspectives from large and small medical
centers. Journal of the American Society of Information & Technology,
61(9), 1808-1823.
Welch, G., Sonnenwald, D.H., Fuchs, H., Cairns, B., Mayer-Patel, K., Yang,
R., State, A., Towles, H., Ilie, A., Krishnan, S., & Söderholm, H.M. (2010).
Remote 3D Medical Consultation. In G. Brunnett, S. Coquillart, & G. Welch
(Eds.). Virtual Realities. Springer Verlag.
Welch, G., Sonnenwald, D.H., Fuchs, H., Cairns, B., Mayer-Patel, K.,
Söderholm H.M., & Yang, R. (2009) 3D medical collaboration technology to
enhance emergency healthcare. Journal of Biomedical Discovery and
Collaboration 4, 4.

*Sonnenwald, D.H., Söderholm, H.M., Cairns, B., Manning, J.E., Welch, G.,
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It should be made clear already from the beginning, that when the project
ended in 2009, no high-fidelity prototype of the 3DMC was developed
sufficiently enough for test purposes, and thus an actual 3D technology was
not included in the experiments presented in this thesis. Please see study I and
III for details on how we addressed this issue through technology
representations as starting points for empirical inquiries. Furthermore, it
should also be noted that all the work in the project, as well as the four studies
included in the thesis were conducted in the U.S, where pre-hospital
emergency care as well as the healthcare system overall is very different to
European and Swedish systems. Therefore, the results are not entirely
generalizable or transferable to a Swedish setting. This is further discussed in
chapter 8.
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2. SETTING THE SCENE

The purpose of this chapter is to set the scene of this research with respect to
the characteristics of medical work in emergency situations, including work
settings, work practices, information and documentation, and paramedicphysician collaboration; and, our vision of one such technology (the 3DMC
system) and how we envision it to be used in emergency care contexts.

2.1 MEDICAL WORK IN EMERGENCY SITUATIONS
2.1.1 WORK SETTINGS
The visual technology (the 3DMC) that is investigated in this thesis is intended
to support work practices and collaboration between paramedics and
physicians in emergency situations. Broadly, emergency care is provided in
(and in relation to) two main settings: the field setting where the pre-hospital
work is conducted, and the hospital setting.
The EMS field setting can include accident scenes in urban or rural locations;
in a patient’s or other person’s home; or, inside the ambulance during
transport of a patient to a medical center. In this setting, work is conducted by
a number of actors, including emergency medical technicians (EMTs) such as
paramedics, fire-fighters, police and social workers.
Hospitals can be further divided into large and small medical centers. Large
medical centers might have thousands of employees, specializations and
departments such as emergency departments, trauma and/or burns units, to
name a few. There are also small (often rural) and middlesized medical centers
that have a relatively small number of beds and few general physicians staffing
the whole hospital together with nurses and other healthcare professionals.
Patients are moved between the two settings, and thus serve as the common
10

physical artefact bridging them.
In an emergency situation, patients are transported from the field setting, such
as their doctor’s office, an accident/incident scene or their home, either to a
large hospital or a small medical center. Where they are transported to
depends on, and is determined by, a combination of factors: their geographical
location in relation to the closest care facility, and the types of their injuries or
medical condition, which can require different kinds of expertise and
treatment - and also vary in urgency. Patients are also transported by
ambulance from small to large medical centers should they need care beyond
the capacity of the small center.
Often, injuries and incidents are broadly categorized as either “trauma” or
“medical”. Trauma can include injuries of different sorts, such as head injuries,
severe wounds, or damaged internal organs due to accidents. In medical cases,
such as allergy reactions, stroke, heart attack, or mental illness, the
administration of certain medication might be necessary. Furthermore, many
injuries and medical conditions need to be treated on site and then maintained
during ambulance transport, for example, resuscitations of heart failure,
allergic shocks, and other severe breathing difficulties. In all, one of the core
principles of emergency care is that rapid intervention and immediate medical
attention is usually required.

2.1.2 PARAMEDIC WORK
In the U.S. EMTs are typically the first medical personnel who travel to the
scene of medical emergencies. Among these, paramedics (EMT-P) are the care
providers of highest EMT classification. EMS practice and the paramedic
profession has undergone dramatic changes during the last two decades, from
"just being the ambulance driver" to becoming professionals providing
advanced pre-hospital patient care. Their profession is, however, as discussed
by Barley and Orr (1997), in many ways located in-between the medical
profession and a service occupation. In relation to the hierarchical
organization of medicine they are “the expert” when treating patients within
their own mobile work setting: in the ambulance or at the location of an
incident. At the same time, also “a servant” in the sense of transporting
patients to higher levels of care, i.e. bringing patients to physicians and
hospitals. “They [EMTs] 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” (Barley & Orr, 1997, p. 12). Hence, the way the
paramedic profession operates within the knowledge and competence sphere
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of physicians’ profession, is a typical characteristic of technical work (c.f.
Abbott, 1988; Keefe & Potosky, 1997)
Depending on the type of local EMS system, paramedics work alone, in pairs of
paramedics, one paramedic and one basic EMT (EMT-B), or two EMT-Bs. At
the scene their job is to examine and assess patients, perform all necessary
medical procedures and interventions they are legally allowed to perform, and
when necessary, transport patients to the nearest available and appropriate
medical facility. They typically have no prior knowledge about the patient and
limited knowledge about the accident or type of incident they are dispatched
to.
Care provision in the field setting is impacted by the physical environment
including weather conditions, accessibility (and lack thereof) to the incident
scene and patients, lighting conditions (e.g., night-time darkness), and
potential safety hazards, such as gas fires etc, often making interventions and
procedures challenging to perform. In the following interview excerpt one of
the paramedics in our study describes a call they were dispatched to. It
illustrates many of the challenges of pre-hospital care in terms of mobility,
unpredictability, time critical and thus stressful circumstances:
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Excerpt from interview with study
participant (paramedic) :
“It was [a holiday a few years back]. I was dispatched to an injured
person, seriously. At there there’s an 11-year-old male. They had
predicted a little bit of snow that evening. He was excited about the
upcoming weather and went running down the hallway to his siblings
that snow was coming and there’s a closet door that was left
partially open. [It] took his left patella and ripped it from his front
and actually did 180 degrees and put the patella on the back side.
Ripped all the cartilage, tendons and everything. The child was fairly
large (…) Very polite, but screaming in complete agony.

Central points
and activities:

DISPATCH,
ARRIVING ON
SCENE

He falls under the pediatric protocol for pain. After clearing [with]
the family members, making sure there was no drug allergy (…) we
went ahead and mobilized the child, got everything ready, popped his
IV in. Everything’s going great, he’s on the [vital signs] monitor.

IDENTIFYING
PRACTICE
PROTOCOL,
INITIAL CARE

I call a physician at [a children’s hospital]. He answers the phone and
he knows [me quite well] and said ‘What do you think?’ and I said
‘There’s only one bag of morphine’, I said ‘This kid is in agony’. And
he said ‘Do what you normally do’. And I said ‘See you later’ and I
hang up.

CALLING
PHYSICIAN TO
CONSULT AND
PRE-ALERT

So my partner starts driving and I end up start giving the morphine
and the child looked at me and started gagging, grabbed his chest and
coded. Went into cardiac arrest.

UNEXPECTED
EVENT OCCURS
DURING
TRANSPORT

Um I yelled at my partner-I said ‘Call the ambulance over’. His
response was to [try to] find a spot [to stop] and I said ‘Turn the
damn lights on and get your ass back here, I’m working a child code’.
He runs in the back and I said ‘Start bagging, the child he’s coded’.
[My partner] went ahead and took care of it, got the kid back, took a
few minutes, did some chest compressions... [There] we found out
the child had a severe and deathly allergic to morphine.

TIME CRITICAL
WORK REQUIRING
2 PERSONS

I called on the radio after I got this child back, my primary
responsibility. My partner jumped up front turned on the lights and
sirens and we’re doing one hundred miles an hour down the road. I
called back [to the hospital] and the nurse that received the [earlier]
radio reports said ‘EMS-[number] that‘s fine you’ve already talked to
the physician’. I said ‘Updating patient’s condition. We’re in
resuscitation protocol. Child went into cardiac arrest (…). Child is
deathly allergic to morphine’. My thing was is that the physician and I
talked about what the appropriate treatment was for the pediatric.
There was zero reason to suspect or any documentation to suspect
any allergic to morphine sulfate. “The child went into cardiac arrest’.
After I said that [the physician] got back on the radio saying ‘Is this
done? Is this done? Is this done?’ I said ‘Absolutely, it’s already been
done /…/
That was there. We get in an emergency room, [the physician] looks
at us, says that everything is fine, the child is fine, still a little bit of
adenymous, still a little bit of hiving. He looked at me and he says
‘that was damn close’.

TRANSPORT
AGAIN,
CALLS HOSPITAL
EN ROUTE TO
UPDATE,
NEGOTIATES WITH
NURSE,
PHYSICIAN UPDATE
AND CONSULT

ARRIVING AT
HOSPITAL,
PATIENT HANDOVER
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As the excerpt illustrates, paramedics’ work is, in addition to being
unpredictable and time-critical, regulated through the use of practice
protocols that EMTs (legally) are required to follow (Nelsen, 1997). These
include guidelines and procedure algorithms for patient evaluation,
interventions and treatments that should be performed on the basis of the
patients’ symptoms in different situations. They also dictate what care to
provide onsite, when to transport to a hospital or if to bypass the emergency
room (ER) and go directly to a specialized hospital unit such as a burns center
or cath lab for stroke treatments. They include what medications to administer
in different situations, dosages, and alternative courses of treatment if
something fails or goes wrong. Below is an example 4 of a protocol for
performing a procedure called needle thoracostomy:

FIGURE 2-1. EXAMPLE OF PRACTICE PROTOCOL

Sometimes the practice protocols also cover the types of equipment
paramedics carry and dictate what equipment and instruments that should be
4

Figure 2-1 and 2-2 are excerpts from Denver Metropolitan Prehospital
Protocols, used with permission.
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used when. Some types of protocols with several possible decision points and
subsequent outcomes are structured in an algorithmic manner. In the previous
example, and in the excerpt below, the colour coding refers to what
certifications are required for that particular procedure or treatment step:

FIGURE 2-2. EXAMPLE OF TREATMENT ALGORITHM

As figure 2-1 and 2-2 illustrate, practice guidelines define many aspects of
paramedics’ work practice, they prescribe what and how work, in terms of
interventions and skills, should be done. In contrast, as described by Nelsen
(1997) in relation to these mandated standards, there are normative
dimensions among EMTs in how care should be provided and their role as
providers from a moral point-of-view. This sometimes leads to conflicts
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between doing what is best for the patient in a specific situation and following
the rules; which, in some situations boils down to a matter of choosing
between risks to patients or to themselves (Nelsen, 1997).
In relation to collaboration technology development and implementation,
practice guidelines are important, because how and when paramedics ought to
or must contact a physician is partly a regulated practice rather than a decision
that needs to be made, and thus technology intended to support this practice,
would probably to some extent be mandatory and non-optional.

2.1.3 PARAMEDIC – PHYSICIAN COLLABORATION
As mentioned in the interview excerpt in 2.1.2, paramedics’ work includes
collaboration with a physician from the site of an accident scene or in the
ambulance. This is usually done for two different reasons: 1) When paramedics,
according to their practice protocols, are required to ask for permission to do
certain procedures or administer certain drugs; and, 2) to consult with a
physician in difficult medical or trauma situations when they either are
uncertain of what to do or need a second opinion or want support in the
decision to perform a particularly hard or risky procedure or drug
administration.
Collaboration between paramedics and physicians is thus partly regulated
through mandatory points of contact. This is because paramedics in the U.S
operate under a physician’s license, that is, one or several physicians
(depending on the type of EMS system) are legally responsible for the patient
care and all the paramedics that work in a local EMS agency. This link between
EMS providers and the physicians, whose license they operate under, is
referred to as medical control or medical direction. This is one of the reasons
for paramedics sometimes being referred to as “physician extenders” (Nelsen,
1997) through providing advanced care in locations remote from the hospital.
Medical direction includes two types: on-line and off-line. On-line medical
control (OMC) is when a paramedic contacts an ER physician via cell-phone or
radio to consult and get guidance regarding patient care. However, it is more
common that paramedics work without being required to contact physicians,
that is, under off-line medical direction. This means that paramedics rely on
pre-approved protocols and so-called standing orders which allow them to
start specific interventions and perform treatments and advanced procedures
specifically pre-approved by their medical director. However, paramedics
always have the option call and thus access to physicians even when their
protocols do not require them to call.
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As the excerpt in 2.1.2 also illustrates, the situation at the accident scene or in
the ambulance can be very stressful. Decisions regarding assessments must be
made quickly and treatments must often be performed within minutes; and
any mistakes could have severe consequences for the patient in terms of
complications or longer recovery time. The current means for collaboration
include either cell phone or radio. The use of these fully rely on the
paramedic’s ability to describe the situation – paint the picture – in order to
get a physician’s permission to do a procedure or to get correct, useful and fast
advice on how to proceed with patient care. Frustration over physicians’
decisions when calling for orders, in addition to physicians’ fear of litigation,
can be a source of distrust between EMS providers and physicians (Sasson,
Forman, Krass, Macy, Kellermann & McNally, 2009).

2.1.4 INFORMATION AND DOCUMENTATION
The overall chain of care, from the time a paramedic is dispatched to the
emergency, the pre-hospital on-site care, transport, and, handover to E.R, can
also be looked upon as a chain of information. This chain is plagued by both
redundancies and gaps and loss of information and insufficient ICTs (e.g.
Reddy, et al., 2008). Furthermore, research investigating the whole chain is
very scarce, and studies tend to focus on one point or configuration, such as
emergency response phase (e.g. Landgren & Nuldén, 2007; Bergstrand &
Landgren, 2009), the dispatch phase, or, the handover (e.g., Hilligoss et al,
2012; Reddy & Spence, 2006;). One of the challenges to effectively share
information is that the types of information that people deal with in healthcare
is difficult to represent and describe verbally or in written reports. For
example, when physicians and paramedics work in their respective settings,
they need to make decisions on what course of action to take on interventions
and patient care, what medications to administer, where to transport the
patient, when to call for assistance or send the patient on to another
department etc. The patient is then their primary source of information on
symptoms, expressing them verbally or physically, information may also be
visible, tactile and olfactory.
In the field setting, paramedics may get some initial information through the
dispatch center when they go on a call. Beyond the geographical location, they
might get information on what type of situation they can expect, if it is a motor
vehicle accident, a person with chest pain in a golf club, or someone that
suffers from seizures and confusion in a coffee shop. When arriving on scene,
there may be bystanders, or accident witnesses, or perhaps relatives or family
members that can add information or explain should the patient not be able to
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do this. The paramedic decides on course of treatment based on the patient’s
status and complementary information from other people, in relation to their
practice protocols.
As described in previous sections, paramedics also sometimes call a physician
to ask for permission to do a treatment or administer a drug, or, to ask for
support or assistance and thus verbally describe how the patient is presented.
They are required to document what they do and what they know, either
through manual paper forms, or electronic devices. Usually, but not always,
they also call the hospital en route to pre-alert that they are arriving and what
sort of patient case they are bringing. When doing so, they speak with a nurse
in charge of receiving these calls. The purpose of the call is to alert the ER to
be ready, gather their resources and any special equipment, or if a trauma
team or other specialists need to be alerted. Sometimes, however, when the
transport is stressful paramedics might not have the chance to do this because
the patient might need their full attention.
Hence, when the patient arrives at the ER, the physicians and nurses there
might already know beforehand what has happened and what the patient
needs in terms of care, but they also might not know anything at all. If the
paramedic had the time to document treatments and interventions and
nothing further occurred between the time of this documentation and arrival
at the ER, the documentation is handed over along with the patient, in
addition to a verbal report (Bruce & Suserud, 2005). This process is referred to
as “the hand-over” and is known as one of the major points of information loss
in (emergency) healthcare (e.g., Scott, Brice, Baker & Ping Shen, 2002; Hilligoss
et al, 2012; Reddy & Spence, 2006). This is often the case when the patient
requires immediate attention, and the paramedic might not have had the time
to either document or pre-alert during transport, then the handover is done on
the run, and the only information the physicians and nurses get is what the
paramedic remembers to tell them while unloading the patient and rushing
them into the ER (Evans et al., 2010). As reported by Scott et al. (2002), when
the patient’s condition is serious, the less of paramedics verbal report
information was remembered by the physician; for severe trauma the physician
accurately recalled only 36% of the information in the verbal report. Physicians
recalled information about the accident scene to a larger extent than
information about patient’s health status or about pre-hospital care (Scott,
Brice, Baker & Ping Shen, 2002).
Thus, when a patient is handed over to the ER and the physician has the
patient in front of him/her, the different types of information mesh, in the
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sense that what the physician can feel, smell, see and hear is complemented by
paramedics’ verbal and/or documented report (which, in turn, is based on
what the paramedic could feel, see, hear and smell), and in some cases what
the paramedic described if they called from the field to consult or ask for a
treatment approval. Thus, because of the unpredictability of pre-hospital care,
it is hard to predict in what form information will be available at the different
points in the care process, and sometimes it is not available at all.
Although there are guidelines and procedures for recording, documenting,
pre-alerting and so on, there might not always be enough time or opportunity
to do so, and, as mentioned earlier, radio or cell phones might prove
insufficient when it comes to the types of information needed to make
decisions and collaborate on patient care. Furthermore, systems and forms for
documentation and reporting care etc. often impose limitations on the
descriptions and meanings (c.f. Suchman, 1995) of assessment and subsequent
treatment decisions.

2.2 THE TECHNICAL VISION: 3D TELEPRESENCE TECHNOLOGY FOR
MEDICAL CONSULTATION 5
2.2.1 FROM 2D TO 3D
The overall aims of the 3DMC project involved technical development and
early evaluation of the potential of 3D telepresence technology for remote
medical consultation. The project took its departure point in previous research
on standard 2D video-conferencing technologies, and how its (then current)
limitations negatively impacted communication between users. The
inflexibility of camera angles or lack of deep-sense in the transmitted picture
seemed to reduce or remove communicative aspects like body language, cues
and mimic (e.g., Dourish, Adler, Bellotti, & Henderson, 1996; Olson & Olson,
2000).
At the time of the project, previous telemedicine literature had identified
several types of problems with respect to 2D video technology when used in
5

The text in this section is partly based on previous publications by project
members, in particular Söderholm et al (2007); Sonnenwald et al (2008);
Söderholm et al (2008); Welch et al (2009); and, Söderholm and Sonnenwald
(2010). The illustrations (fig. 2-3, 2-4 and 2-5) are by project member Andrei
State, previously published as part of a larger image in Welch et al (2009),
Journal of Biomedical Discovery and Collaboration, under Creative Commons
License 2.0 (http://creativecommons.org/licenses/by/2.0/ )
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telemedicine situations (e.g. Tachackra, 2001; Mun, 2000). These problems
were, among other things, related to difficulties associated with obtaining
desired camera views; lack of depth perception; and, lack of presence. For
example, Mun (2000) reports how patients thought that the physician could
not always “see” how the patient was “really doing” when using a telemedicine
system for patient – physician consultation (Söderholm et al., 2007;
Sonnenwald et al., 2008). Therefore, it was implied that these videotechnologies were insufficient and the idea of a 3DMC was introduced.
Because of the project’s main location within the computer science graphics
field, many of the underlying assumptions and starting points were related to
research areas in computer science, in particular, in graphics and visualization
programming. At that time, these areas often dealt with technologies for
interaction in virtual environments and explored feelings of presence, copresence, and immersion in the virtual environment, along with ways of
augmenting ‘the real world’ with a virtual such (augmented reality) (e.g.
Axelsson, 2004).
So, would increased visuality by adding another visual dimension, help with
the previously mentioned problems related to 2D video technology? Hauber et
al. (2006) found that while 3D might increase feelings of co-presence, the
performance of a collaborative task was better when done via 2D
videoconferencing. The design of these systems included menu- and
navigation systems (Hauber et al., 2006), or the possibility for the remote
consultant to manually move the cameras to obtain a 3D image (Tachackra,
2001). However, the use of menu systems for navigation, in combination with
the added spatiality provided by 3D, seemed to increase the user’s cognitive
load and making it harder to perform a collaborative task via 3D than 2D.
When it comes to camera rotations that “enables the consultant to build a
three dimensional mental image of the object by briefly storing a range of twodimensional views” (Tachackra, 2001, p. 83), it would not be realistic for a
paramedic to perform this camera rotation while treating a patient on an
accident scene. To conclude, it was reasonable to assume that any need for
system navigation or moving remote cameras to obtain a desired view would
be too time consuming, interfering with patient care or require additional
resources in an emergency situation. To address these issues, the work in the
project aimed to develop a technology that would provide depth perception
and dynamic views.
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2.2.2 THE VISION OF THE 3DMC SYSTEM
The underlying assumption of the work within the project was that 3D could
increase the sense of presence with a remote location and thus improve the
performance of a collaborative task. As stated by Welch et al. (2009):
We hypothesize that the shared sense of presence offered by
view‐dependent 3D telepresence will be superior to current 2D
videoconferencing, improving collaboration between geographically‐
separated medical personnel, enabling new opportunities to share
medical expertise throughout, between, and even beyond medical
facilities. To investigate this hypothesis, our research addresses two
fundamental questions: can we develop the technology for 3D
telepresence in medicine, and will the technology be useful to the
medical community? (Welch et al., 2009, 5th page, no pagination )
Thus, the work within the project focused on both technical and social aspects
of the 3DMC and was conducted in terms of three inter‐related components:
3D technology research, prototype development, and evaluation. The main
technical barriers to 3DMC consisted of real‐time acquisition and generation
of user‐specified views, tracking at the physician’s site, displays that deliver
accurate 3D depth cues and motion parallax, and network congestion and
variability issues. A basic prototype system was developed to investigate these
(Welch et al., 2009). Social factors included collaborative processes,
technology acceptance and if 3DMC would fit with current work practices in
emergency care. These were investigated through the empirical studies in this
thesis and are further described in chapter 4.
The envisioned use context for 3DMC was emergency situations where
geographically separated medical personnel would collaborate. In such
situations and for collaborative purposes, the technology would need to
provide the physician with as accurate and realistic view of the patient as
possible. It would also need to be possible to operate and use from the
environment of an ambulance or on the side of the road while treating a
patient; and, be suitable for the task - which can be anything from giving
advice on the interpretation of vital statistics for authorizing medication or
wound treatment, to very precise and detailed tasks such as guiding a
paramedic through a challenging surgical procedure. To address the challenges
identified above, the project’s basic technical idea was to develop a 3D
technology that:
…use a relatively small number of cameras to “extract” (estimate) a
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time‐varying three‐dimensional (3D) computer model of the advisee’s
remote environment and of the events taking place within. When
coupled with head (or hand‐held viewer) position and orientation
tracking, this should offer the advising physician a continuum of
user‐controlled dynamic views of the remote scene, with both direct and
indirect depth cues through binocular stereoscopy and (in the case of
head tracking) head‐motion parallax.” (Welch et al 2009, 3rd page, no
pagination)
As illustrated in Fig 2-3 – 2-5, the system would consist of one permanent setup for hospital use and one portable for field use. The permanent
configuration would consist of a large wall-mounted display and a tracking
device. By using a large display, the technology would not be limited to a
single-user view and thus allow teams of experts or several physicians to take
part in the consultation. Furthermore, the projected image would be life-size,
in the same scale as the physician, and thus contribute to the physician’s sense
of presence with the remote scene, and also afford greater detail and reality of

FIGURE 2-3. PORTABLE SET-UP
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the transmitted picture. The view of the remote scene would then dynamically
change in real time corresponding to where in the scene the physician’s eyes
are currently gazing.
This would, on a practical level, be attained by tracking the physician’s head
and corresponding eye gaze through a small, head-mounted tracking device. A
digital laser pointer could be used and projected at the remote scene to allow
the user to virtually point at objects and areas in the remote location. In the
portable set-up these capabilities were explored using an array of cameras to
capture the accident scene and computer algorithms to blend camera views
and present the result to remote users in real time (Welch et al., 2005).
It should be noted that today different 3D technologies are widely available in
various consumer products in the western world, including 3D TV, games, and
movies in cinemas. In short, these technologies create the three dimensions or
the 3D effect “in the eye of the beholder”, in the sense that the combination of
3D screen and specially designed glasses allows the viewers’ eyes to interpret
images as three dimensional. Compared to 2D these types of 3D provides an
increased depth and color richness experience and, as claimed by media
producers, an enhanced viewing experience and sense of presence.
However, the angles and views are still static and do not change on the basis of
viewers’ perspectives. For example, you cannot move your head to look at the
back of or behind the movie characters head in a 3D version of the movie when
the image on the screen shows the character’s face. The 3DMC technology
differs in the sense that it is view-dependent—the 3D comes into effect
through the use of multiple cameras that merge different angles of an object
into one view that dynamically changes depending on where the viewer is
looking. Thus, not everything labelled “3D” works in the same way.
The original vision of the 3DMC system also included the idea of a handheld
device that a physician could use to connect with remote sites when absent
from the permanent hospital set-up. However, this component was neither the
focus of the empirical studies, nor included in the main evaluation, and thus
not further discussed in this thesis. If the empirical studies had been
undertaken today (rather than between 2004-2007) a handheld device would,
because of the intense technological development of handheld devices and
mobile computing, probably have gained more attention from the project’s
participating researchers and study participants alike.
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2.2.3 ENVISIONED 3DMC USE SCENARIOS
In order to contextualize and further explore the idea of the technology’s
propensity in emergency situations, use scenarios were developed. These
illustrate different set-ups where the technology might be used, including
different physical settings and different medical personnel. The primary
scenario, which is empirically explored in all the studies (I-IV) in this thesis, is
one where a paramedic on an accident scene is connected to a physician in a
large or small medical center (fig. 2-4):

FIGURE 2-4. PORTABLE SET-UP INCL. PHYSICIANS’ VIEW

As the previous image shows, the paramedic would be connected via a portable
camera system to the physician(s) at a large or small medical center. Hence,
this scenario might include one-to-one (1-1) collaboration between a paramedic
and a physician, or one-to-many (1-M) collaboration between a paramedic and
several medical experts, or a medical team consisting of different healthcare
personnel such as trauma surgeons, nurses, ER physicians, or residents. In this
scenario actors from two geographical settings and (at least) two different
professional groups are connected via the 3DMC.
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A secondary scenario (fig. 2-5) includes how the 3DMC through a permanent
set-up could be used between different hospitals for assistance during surgery
and other procedures:

FIGURE 2-5. PERMANENT SET-UP INCL. PHYSICIANS’ VIEW

This scenario might include physicians from different specialties such as one
family medicine doctor at a small medical center and an emergency physician,
obstetrician or other specialist at a large medical center. Here, the actors
would belong to the same overall professional group but would be
geographically separated. This scenario is, together with the primary scenario,
empirically explored in study III.
One of the main aims of the project was to further the technological
development of interactive 3D technology. During the time of the project,
technical progress was made with respect to all the technological components.
However, it is important to emphasize that, as described in study I & II and in
the methods section, the experimental evaluation did not use any actual 3DMC
system but a proxy to simulate the same vision that the 3DMC ideally would
provide. The plan was to follow up with an experiment condition using real 3D
technology, but when the project ended in 2009, the working prototype that
was attained was not sufficiently developed for testing. It did include very
basic functionality and the limited/partial 3D vision of an object on a remote
scene, although it was too early in its development cycle to test in actual or
simulated scenarios.
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3. RESEARCH FRAMEWORK

While the previous chapter established the thesis’ research setting and
described the vision of the 3DMC technology, this chapter will outline its
conceptual and theoretical starting-points. In order to understand the
potential of visual collaboration technologies in emergency care in general,
and 3DMC in particular, a holistic view focusing on three themes is applied:
information ecologies, information practices and remote collaboration. These
concepts and related theories have been applied in Human-Computer
Interaction (HCI), Computer-Supported Cooperative Work (CSCW) and
Library and Information Science (LIS) and other areas that interest in
understanding different dimensions of people, technology, information and
collaboration.
In this thesis, they are used to provide a basis for looking at [future] visual
collaboration technology such as the 3DMC in a larger ecology of people,
practices, and tools within a local environment: an information ecology. Here,
this involves paramedics and physicians providing medical care using an array
of different tools. In their work they need information in different forms,
acquired through different means, and they produce and subsequently use this
information in other forms. Furthermore, the 3DMC technology is a system for
supporting remote collaboration between paramedics and physicians, and thus
aspects such as coupling and awareness are important to consider when
designing such tool.

3.1 STARTING POINTS
Overall, the thesis regards the relationship between technology and people as
socially constructed. Technology is not neutral (e.g. Winner, in Nardi & O’Day,
1999), it is shaped by and it shapes people: It is shaped by people in social,
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historical and cultural systems and situations; and within certain scientific and
professional paradigms and practices. It shapes people and their practices in
the social settings the technology is embedded in, or part of. The mutual
shaping between technology and people occurs in different ways through a
technology’s material or socio-material properties which affect and are
appropriated by users and stakeholders. These properties are stable across
situations and settings, but might change during the life-cycle of a technology
in terms of upgrades, re-design and improvements (c.f. e.g., Leonardi & Barley,
2008).
As discussed in the influential CSCW article by Ackerman (2000), one of the
main challenges for technology development fields is to bridge the so-called
“socio-technical gap”. This is defined as “the great divide between what we
know we must support socially and what we can support technically”
(Ackerman, 2000, p. 180). This gap is rooted in what is described by Lucy
Suchman (1987) as invisible scripts and assumptions embedded into
technology by designers, developers and implementers; assumptions about the
technology’s role, its intended users, and how it will be used (Suchman, 1987).
As many scholars have concluded, there are often discrepancies between these
assumptions and how things play out and actually happen when a technology
is put into use. Suchman (1987; 2007) discuss this discrepancy in terms of plans
and situated action, as the difference between anticipated, ex-ante plans and
the actual, in-situ, situated actions. Similarly, Latour (1995) also use the gap
metaphor when pointing to differences between “the prescribed user and the
user-in-the-flesh” (Latour, 1995, p. 272).
Since the time of Ackerman’s article, the influence of workplace studies,
practice based and/or participatory approaches, and, user centred design
paradigms have increased but adopting and enacting integrated user
involvement in technology development processes still poses major challenges.
Furthermore, as pointed out by e.g. Turner (1997) the gap metaphor—although
highlighting an important problem—might lead to unconstructive, polemic
treatments of “the social” and “the technical”. Thus, rather than looking at
these two as isolated, dichotomized, or polemic concepts that should be
“bridged”, they need to be viewed and treated holistically as inseparable
components among others within a larger context. In this thesis, this is done
through the use of the information ecology metaphor as a frame for looking at
technology in relation to people, and their practices and tools.
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3.2 INFORMATION ECOLOGIES
The ecology metaphor has previously been used in terms of communication
ecologies when discussing video-mediated communication (e.g., Kirk, 2007),
and knowledge and institutional ecologies (e.g., Star, 1995; Star & Griesemer,
1989). However, Nardi and O’Day (1999) introduced the information ecology
idea, with specific focus on the introduction and use of new technologies in
local environments. An information ecology is
(…) a system of people, practices, values and technologies in a particular
local environment. In information ecologies, the spotlight is not on
technology, but on human activities that are served by technology.
(Nardi & O’Day, 1999, p. 49)
The ecology metaphor affords a sense of urgency: it is vulnerable and responds
to change and influence from the outside, but it is also systemic in the sense
that “when one element is changed, effects can be changed through the whole
system” (Nardi & O’Day, 1999, p.51). They evolve over time, as “new ideas,
tools, activities, and forms of expertise arise in them” (Nardi & O’Day, 1999, p.
52).
However, the balance within the ecology is found in constant construction,
evolution, motion and progress, rather than through stillness and consistency.
This is constructed and manifested in coevolution: “people’s activities and
tools adjust and are adjusted in relation to each other, always attempting but
never finding a perfect fit” (Nardi & O‘Day, 1999 p. 53). Hence, the attention
when using the ecology metaphor is focused on the relationships between
tools, people and their practices within a local environment, how they are
interconnected, affect each other in different ways, and that changes to any of
components will affect and change the balance and thus the whole ecology.
Next, the components (as defined by Nardi & O’Day, 1999) of an information
ecology, that is, local environments, people, practices, and, tools and artefacts,
are discussed.

3.2.1 LOCAL ENVIRONMENTS
As described in chapter 2, this thesis deals with different local environments,
the hospital and EMS field settings. The relation between physical
environment and people, their practices and (technological) tools have been
thoroughly discussed in LIS, CSCW and HCI in terms of concepts such as, for
example, context, settings and situations (cf. e.g., Cool, 2001; Courtright, 2007;
Dervin, 1997; and, Dourish, 2004). In this thesis, what Nardi and O’Day (1999)
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refers to as local environments are seen as settings in which institutional and
professional practices, boundaries, roles and identities are situated. The
physical properties of a local environment (here, for example, weather, time of
day, access to location etc.) are important, both because they influence and
sometimes determines (work) practices, what tools that are used and how; but
also because they in this thesis constitute a geographical dispersion between
the paramedics and physicians that will use the 3DMC technology: they are
geographically separated and operate in different local environments. The local
environment influences collaboration between actors within and between
these, both directly through weather, time of day, etc., and indirectly through
the work and practices situated there.

3.2.2 PEOPLE
People within information ecologies are seen as actors (Nardi & O’Day, 1999).
In relation to the tools they use (may it be technical or other) they can be
direct users of these or other stakeholders with different relations to a
particular tool. Nardi and O‘Day (1999) states: “Only the participants of an
information ecology can establish the identity and place of the technologies
that are found there” (p. 55) In relation to 3DMC we could identify three
categories of actors based on their professional roles, and thus the role they
have in relation to 3DMC: using the technology to provide healthcare services,
managing people using the technology, and providing technical support for the
technology.

3.2.3 PRACTICES
In this thesis, practices are seen as what people do in their work context, their
work related activities and skills, both as social doings and conducts regulated
through rules, guidelines and policies. These activities are being situated in the
actors’ ecology and thus understood in relation to different tasks and
situations. Gherardi (2009), propose two ways of looking at practices: from the
inside and from the outside.
In this thesis, practice from the outside points to a more systemic perspective
that helps us understand actors’ doings in relation to, or operationalized as,
their organizational structure, professional roles and functions, and in relation
to regulated conduct in terms of, rules, policies, and guidelines (see Gherardi,
2009). As discussed in chapter 2, paramedics’ work is regulated through
practice protocols, treatment guidelines, licences, rules and laws. These are
stated through artefacts such as printed schedules, procedure descriptions, etc.
and can be seen as an instance of that particular practice (as opposed to an
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instance of another practice), in the sense that the rule or array of rules
provides the standard of correct or incorrect conduct and is part of the process
of evolving and upholding practices (Schmidt, 2011).
Practice from the inside provides a situated view on interactions in context
with the world, tools, artefacts and people, material aspects of interaction, and
types of artefacts and tools. In order to make sense of what the rules of a
particular practice are, these artefacts are important sources, but only one
source among many: in order to understand what the rules in fact are, it is
necessary to consider and observe how they are used in the work context, how
the application of the rule is taught, explained, and exemplified (Schmidt,
2011). Hence, these conducts and interpretations of rules and tools are part of
defining a professional practice, a specific group within a specific context and
are influenced by common ideas of a specific professional identity. This
influences and builds a groups’ common idea on how they, for example, as
doctors or paramedics, should act and think in different situations, and is
grounded not only in the official rules and guidelines but in shared historical
and social events and narratives. Thus, the inside and outside perspectives
complement each other and it is therefore important to understand practices
through bringing both perspectives together.
Two important components of medical practice are skills and task
performance. Skills are highly contextualized and thus typically not
transferable to other contexts, as expressed by Scarselletta (1997) “Skill
involves a person’s ability to respond to the unique demands of specific
situations” (p. 188). While skills often are expressed in terms of years of
education or as output measures of productivity and quality, there is, as
pointed out by Scarselletta (1997), a disjunction between the meaning and
measurement of skill: “Skill resides not in the inputs or outputs of a labor
process but in the process itself. Inevitably skill resides in a performance.” (p.
190). Therefore, it is important to look at skills not only in terms of outcomes
but also at the level of work practice, and study it in terms of what technicians
such as paramedics do in their everyday work.

3.2.4 ARTEFACTS AND TOOLS
Paramedics and physicians use different types of tools to perform their work,
ranging from written practice protocols dictating procedures and criteria for
drug administration, to medical equipment and online medical control in
terms of phone communication with a physician. In other words, the use of
technology is here seen as one among many tools supporting activities and
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practices, rather than as a separate or specific type of activity, use or tool. This
focus emphasizes the technology’s role as supporting work and interaction and
removes the limiting view on “human-computer interaction”, in terms of
people’s interaction with a specific interface or system in isolation and
separated from other activities.
A separation of the material or physical properties of a tool or artefact and its
use and practices, is sometimes discussed as a distinction between technologyfor-use and technology-in-use (Leonardi & Barley, 2008). Technology in early
design phases is inevitably a separate and foreign entity in relation to future
practices and settings (technology-for-use), however, when implemented and
appropriated in a particular practice, over time they become part of it and are
no longer looked upon as a separate or foreign object; and this is when the
technology is considered to be in-use.
Although this thesis do not study the actual 3DMC technology in-use, it aims
to understand technology as part of an overall ecology already during early
development, and thus contribute to inform the design process as well as other
types of future visual technologies for emergency care. Thus, the primary focus
of attention is not only the actual technology; it is the change(s) that it induces
to the ecology. Overall, the information ecologies metaphor show that
designing successful technology is depending on knowledge of what people do;
in relation to others, their values and tools, and how they do these doings
within a local environment.
However, in the context of the studies in this thesis, there are additional
circumstances that need to be emphasized: 1) In the daily work of paramedics
and physicians, they produce, use and communicate/share different types of
information in different modes, where 3DMC would be one tool among others
for these activities – therefore attention is needed on information aspects of
their work; 2) paramedics and physicians are located in different settings
(ecologies) and will collaborate across these rather than within. In the
following section, we focus on information and collaborative dimensions of
information ecologies.

3.3 INFORMATION PRACTICES
Although the information ecology metaphor is useful for understanding the
situated and interconnected nature between people, practices and tools within
an environment, it does not explicitly account for information as such. In this
thesis, the information dimension is important for two reasons: one, to
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understand the resources people have available in order to solve problems and
perform tasks in their work, and; two, the implications of the different physical
and symbolic forms these have, what implications that have for interaction
with them and with different tools such as decision support, practice
guidelines and technologies like 3DMC.
Peoples’ doings with different types of information, information sources and
mediating tools and artefacts (such as ICTs) are often referred to as
information practices (see e.g. Lundh, 2011; or, Savolainen, 2007, for excellent
overviews of information practices in relation to information behavior and
information needs, seeking and use/INSU). As discussed by Lloyd (2009)
shifting the practice focus from work to information provides us with a sort of
object or entity in relation to the overall practice, for example like here, in
relation to work goals or collaboration technology.
As discussed in chapter 2, physicians and paramedics deal with many types of
information – physical, visual, olfactory and tactile. Furthermore, paramedics
and physicians doings with information can be seen as a link between a larger
system of work and the material on which the system depend: They produce
images, diagnoses, counts and data that is needed or useful for medical
diagnoses, and thus also use or employ what they create, in the sense of
performing a particular treatment or procedure based on a diagnosis, x-ray
picture or assessment (Whalley & Barley, 1997). Hence, there are material
aspects of the work situation—and material properties of the tools they use
and the information they produce.
Because of the wide array of materials and forms of information that is needed,
used, and produced, it is challenging identify and establish how these and their
related activities can be supported and represented in meaningful and
appropriate ways through technology, and/or what consequences a new
technology will have for these practices.

3.4 REMOTE COLLABORATION
Collaborative work is sometimes conceptualized in terms of the time/space
CSCW matrix. That is, whether work is done simultaneously or
asynchronously, and whether collaborating actors are located in the same
place physically, or if they are geographically distributed. The 3DMC system
explored in this thesis would visually connect remote paramedics and
physicians, allowing them to collaborate and share information via a richer
medium compared to today when cell-phones or radios most often are used.
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This type of collaboration is often referred to as remote, or distributed,
collaboration. Here, it is seen as situated in the local settings and practices of
each participating actor, and thus cannot be separated or isolated neither from
the local environments, nor peoples practices or the tool itself (may it be a
telephone or an advanced telepresence system). There are, however, factors
and aspects of particular importance for remote collaboration processes,
influencing the immediate collaborative situation and its outcomes.
Collaborative activities and work can range from loosely-coupled to tightlycoupled. “Coupling concerns the amount of work a person can conduct
individually before needing to interact with another person to reach their
goal.” (Lassi & Sonnenwald, 2010). Neale, Carroll and Rosson (2004) discuss
collaborative activities in terms of a scale ranging from information sharing to
coordination, collaboration, and cooperation, where information sharing is
seen as more loosely-coupled, and cooperation the most tightly coupled
(Neale, Carroll & Rosson, 2004),
In the research settings of this thesis, information sharing is light-weight
and often uni-directional, often occurring in “inform-acknowledge pairs”
(Neale, Carroll & Rosson, 2004) based on professional roles or practices. For
example when paramedics call charge nurse to pre-alert about arrival and basic
patient categorization, i.e. motor vehicle accident, allergic reaction, etc.
Although light-weight and often brief, these exchanges can reveal and make
background issues visible that are important for understanding what has
happened, for example in the field or during transport, and provide clues
about or even determine what will happen (Neale, Carroll & Rosson, 2004, p.
116).
Coordination is a central activity in healthcare and hospital work. It can be
both an outcome and a process, for example, nurses gathering equipment or a
special trauma team based on a pre-alert from a paramedic about an incoming
patient; or, a process when it comes to planning and managing beds and
transfers into the E.R or within a department, such as an ICU. Coordination is
often carried out in accordance with a plan that everyone involved is aware of
or share an understanding about, (Neale, Carroll & Rosson, 2004) such as, for
example, triage. However, in the situation we chose to investigate in our
experiment (described in chapter 4, study I & II), paramedics and physicians
work in a closer, intense and focused manner to solve a specific problem. In
that type of situation, they collaborate, as clearly work towards a common
goal, that is, to treat a patient with breathing difficulties and ultimately leading
to the completion of a specific procedure (a cricothyrotomy).
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These types of distinctions between degrees of collaboration are however not
always possible or meaningful to make, and in this thesis they rather serve as
theoretical labelling, as in tools for thinking and discussing the different
interactions paramedics, physicians and other stakeholders engage in, than for
explanatory purposes.
In the situation envisioned for the 3DMC, paramedics and physicians are
geographically separated, they are furthermore members of different
professional practices, and belongs to different organizations. This type of
setup in the context of collaborative work is sometimes referred to as loose
coupling (Pinelle & Gutwin, 2006). This means that the relationship between
them (persons or groups) is characterized by low interdependence (weak or
infrequent influence of their actions on each other), high differentiation
(logically and distinctly separate and self-contained) and low integration (no
regular interaction in order to manage interdependence). As explained by
Pinelle and Gutwin (2006):
When the elements are two people, differentiation can indicate welldefined roles that give logical separation to the work of each individual.
When the elements are groups, high differentiation can indicate
separation of function or purpose between the groups. (p. 543)
In this case, the differentiation is manifested on both the individual level,
through paramedics and physicians different professional practice, and on the
group level because they operate in different functional and organizational
settings with different purposes. This type of work organization is particularly
challenging when it comes to supporting collaborative work through
technological systems. However, as mentioned earlier, depending on type of
EMS system and physician involvement, there might certainly be variations of
coupling among paramedics’ EMS agencies and different hospitals.
As discussed in study I, awareness is an important aspect of remote
collaboration. When collaborating remotely via visual technology such as
video, mutual and reciprocal awareness are crucial, in particular for
collaboration with physical, object-focussed tasks (Kirk, 2007). This means that
both collaborating actors should have visual access to the task space; and be
simultaneously aware that and to what extent one another can see the task
space. (see e.g., Kirk, 2007; Kraut et al 2002). Supporting these types of
awareness through technology is challenging, and efforts to do this often
include different combinations of video views, such as combining a headmounted camera view with an overall scene view, (Fussell et al., 2003), or as in
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the experiments in study I and II in this thesis, by providing a physician with
four different views of a simulated accident scene, with the possibility to move
camera to change viewpoint, angles or zoom in on the remote scene.

3.5 SUMMARY
To conclude, the 3DMC technology is a new technology that is intended to be
introduced, implemented and appropriated within an interconnected system
of people, practices and other tools and artefacts within a local environment:
an information ecology. In this thesis, this involves paramedics and physicians
providing medical care using an array of different tools. In their work they
need information in different forms, acquired through different means, and
they produce and subsequently use this information in other forms.
Furthermore, the 3DMC technology is a system for supporting remote
collaboration between paramedics and physicians, and thus aspects such as
coupling and awareness are important to consider when designing such tool.
This thesis builds on the overall results of four studies looking the potential
benefits and implications of 3DMC from different perspectives: collaboration,
task performance, hospital stakeholder-, and EMS field perspectives and
practices. The next chapter will outline and describe the overall research
process and the design of these studies.
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4. RESEARCH DESIGN AND METHODS

The aim of this chapter is to provide an overview of the design, data collection
and analysis that were used in the four studies. The chapter starts by
describing the overall research process, empirical material, study setting and
participants. This is followed by details of the design, data collection and
analysis of each of the four studies. The final parts of the chapter include
details of the research team I was part of when conducting the studies, and my
contributions to and rationales for which studies, in terms of publications, I
chose to include in this thesis. The chapter ends with a comment on the
researcher´s role and research ethics.

4.1 RESEARCH PROCESS
The process can be divided into three main phases of empirical inquiry, a pilot
phase, the main experiment and a visioning phase (see table 4-1). The purpose
of the pilot phase was to explore the research setting and refine and test the
design and data collection tools that we were going to use in the main
experiment phase. It was conducted during August, 2004 and included 5 study
participants (paramedics). During the pilot phase we also discussed the design
and details of the simulation with our participants, which gave us valuable
information and led to substantial improvements in the experiment protocol
and the data collection instruments. Hence, the empirical material that was
produced was mainly used to refine and develop our design, although one of
the sessions was valid enough to later be included in the main experiment
data. During this phase we also discussed with different physicians to get their
perspectives on the study design.
In the subsequent main experiment phase, we focused on comparing the
outcome of emergency medical care and paramedics’ perceptions of working
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with a physician via 2D video and a 3D proxy. This phase included 67 study
participants and generated a total of 60 valid sessions (see section 4.3.1 for
experiment details). This phase lasted for 7 months and included, besides
running the actual experiment sessions, massive efforts in order to recruit
study participants. Thus, this phase focused on the perspectives from the
EMS/field context. In the final project phase, we turned to the hospital context
and used a visioning approach to explore social and organizational factors that
could impact technology adoption and use from the perspectives of potential
3DMC users and other stakeholders.
Together these different phases allowed us to look at different dimensions and
aspects of the potential use of 3DMC as well as to ensure thorough testing and
the development of our methods and overall research design. Table 4-1
describes the process with respect to empirical inquiry in terms of dates and
duration of data collection phases, participants, empirical material produced in
each phase and in which of the studies (I-IV) the empirical material is used.
Time and
duration:

Phase:

Participants:

Material produced:

Pilot phase:
Experimental
evaluation
5 sessions

5 paramedics

Aug. 2004
1 month

5 video recordings of
simulated scenarios
5 questionnaires
5 interview transcripts

Study I, II &
IV

Main experiment
phase:
Experimental
evaluation
67 study sessions
Visioning phase:
21 interviews

66 paramedics,
1 EMTIntermediate

60 valid video recordings
of simulated scenarios
60 questionnaires
60 interview transcripts

Study I, II &
IV

25 stakeholders
from one large
hospital and one
small medical
center

18 individual interview
transcripts
3 group interview
transcripts

Study III

Jan.- Jul.
2005
7 months
Sept.-Nov.
2007
2.5 months

Material
used in:

TABLE 4-1 OVERVIEW OF THE RESEARCH PROCESS

The work during these phases generated a number of different types of
empirical material, namely: video recordings, questionnaires and interview
transcripts from individual and group interviews. The first phases produced
the empirical material used directly in study I and II. The visioning phase
served as a basis for the third study. Finally, study IV builds on the analysis of
interview data from the main experiment phase, which we revisited with a
different analytical focus. The studies’ designs and methods are further
described in section 4.3-4.5 and then in full detail in its respective publication
(included in the printed version of this thesis).
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Overall, the work process was iterative in the sense that some inquiries were
identified beforehand, thus implying methodological choices and setting
limitations, while others emerged during the research process, for example,
when analyzing data, writing up results and so on. Although we used some
fixed designs such as experiments, most of the material was collected in a way
that would enable many different types of analytic approaches.
For example, the video recordings from the experiment could be analysed
using interaction analysis and in the grading of task performances.
Furthermore, the interviews in the studies were open-ended and semistructured and encouraged the sharing of more elaborate narratives and the
re-telling of events and incidents, making it possible later to widen the
analytical scope beyond the questions in the original interview protocol. The
point of this iterative mixed-methods (MMR) inspired research process was to
explore the problem using several different methodological tools and
approaches, and thus create a strong basis for understanding the overall
picture and its complexity than would have been possible by using one method
or analytical approach alone.

4.2 STUDY SETTING AND PARTICIPANTS
The studies took place in a south-eastern state in the U.S between the years
2004-2007. The region has a combination of both suburban and rural
population areas. There is a large, nationally acclaimed teaching and research
hospital, multiple independent public and private emergency medical services
(EMS) organizations, and rural medical centers with small emergency rooms
(ERs). The region is typical of many areas of the U.S. As mentioned earlier in
this thesis, the two main contexts that we investigated are the EMS/field- and
the hospital context. The field context is empirically represented by
paramedics in terms of study participants, while the study participants from
the hospital context include different stakeholders such as physicians, nurses
and IT support from one large hospital and one rural medical center.
The ER in the large hospital included in our study had 25 beds and was staffed
by physicians, residents, and nurses specializing in emergency medicine. It had
its own administration, academic curricula and research programs. It had
strong liaisons with the local county EMS agency; one of the department’s ER
physicians was their medical director and was responsible for EMS training
and practice guidelines and policies. The local paramedics who brought
patients to this ER were usually acquainted with the physicians and nurses
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there, and vice versa. However, as the hospital was a large (level 1) trauma
center with several specialized care facilities, many patients from other
counties were also brought to the ER either by ambulance or helicopter.
Subsequently, the physicians and nurses interacted with a large number of
paramedics whom they had not met previously.
The small medical center that participated in our study was located in a rural
area and had 25 beds in total, that is, in the whole hospital. Its ER had eight
beds and at any one point in time was staffed by one physician working
together with a number of nurses. The physicians rotated in the center as
independent contractors from the large hospital where they specialized in
family medicine. Paramedics who brought patients to the center worked for a
private state-wide EMS company. There did not appear to be any close
working relationships between the physicians and paramedics (often they did
not know each other), and the physicians were not necessarily familiar with
the paramedics’ practice guidelines and policies.
The large hospital ER had an administration consisting of department
managers, an EMS liaisons officer and a medical director (and others); these
were usually physicians or professors in emergency medicine. Furthermore,
the large hospital had a centralized IT department that was responsible for IT
infrastructure, support and training for the medical center’s personnel and
medical students. The ER department had an IT support specialist responsible
for day-to-day IT support in the ER and in the Emergency Department offices.
In relation to 3DMC, the medical centers/hospitals included people using the
technology to provide healthcare services (paramedics, ER residents,
physicians and nurses); managing people using the technology (ER
department- and EMS managers); and, providing technical support for the
technology (IT support managers and other IT professionals). Of the studies
included in this thesis, study I, II and IV focus on paramedics while study III
focuses on actors in the hospital context.

4.3 STUDY I AND II: DESIGN, DATA COLLECTION AND ANALYSIS
The first study (study I) focuses on paramedics’ perceptions of interacting with
a physician and their collaborative work during a (simulated) patient care
session. If information is not effectively shared in such real situations, patient
care may suffer. Thus, the aim of study I is to compare paramedic-physician
collaboration when a paramedic in a simulated emergency situation performs a
medical procedure in collaboration with an emergency medicine physician,
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using state-of-the-art 2D video or a 3D telepresence proxy.
Another important measure of technology effectiveness is task performance. If
medical task performance (i.e., patient care) is not improved with the
introduction of a new technology, there may be no or little reason to deploy
the technology. Study II aims to compare treatment outcomes and
performance perceptions when a paramedic performs a medical procedure
either alone or in collaboration with a physician using 2D video or a 3D proxy.
Thus, the second study focuses on 1) task performance outcomes and, 2)
paramedics’ perceptions of their work during the session. As shown in table 42, the empirical material used in study I and II was collected during the
same experiment.

Study aim
Location
Experiment
conditions
Measured
and/or
observed
constructs

Data collection
method(s)
Experiment
protocols
Empirical
material used
Unit of analysis
Analysis
approaches

Study I

Study II

Potential for improving physicianparamedic
collaboration
in
emergency situations

Potential for improving patient care
outcomes in emergency situations

Simulation lab at medical school/hospital
2 conditions:
40 paramedics working with
physician via 2D video or a 3D
proxy
Validity of simulation
Information sharing: Usefulness
of information, interaction, trust
Current
practice:
Physician
interaction and collaboration

3 conditions:
60 paramedics working alone, with
physician via 2D video or a 3D proxy
Years of professional experience
Task
performance:
Objective
(perceived
grading,
self-efficacy
performance),
satisfaction
with
session performance
Current and future practice:
Performing cricothyrotomy

Video recording, questionnaire, interview
Simulation protocol; postquestionnaire: interview guide; consent forms
Questionnaire and interview data
from 40 (2x20) paramedics in the
2D and 3D proxy conditions
Paramedics’
perceptions
of
physician interaction in an
emergency situation
Causal inference; Multivariate
statistical
analysis;
Content
analysis

Video recordings, questionnaire and
interview data from 60 (3x20)
paramedics in the Alone, 2D and 3D
proxy conditions
Paramedics’ task performance in an
emergency situation
Causal inference; Task performance
grading;
Multivariate
statistical
analysis; Content analysis

TABLE 4-2 OVERVIEW OF STUDY I AND II
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4.3.1 EXPERIMENTAL DESIGN
The experiment was designed with three conditions and a posttest betweensubjects design. We simulated an emergency medical situation using a
sophisticated computerized patient simulator that gives life-like responses to
therapies and treatments, it could, for instance, dilate its pupils in response to
light, its chest rose and fell when breathing. It was programmed to simulate a
difficult airway scenario, where performing a cricothyrotomy was the only way
to “save” the patient. Paramedics were asked to diagnose and treat the
simulated patient under one of three conditions: working alone, working in
consultation with a physician via state-of-the-art 2D videoconferencing, and
working in consultation with a physician via a 3D proxy.
State-of-the-art, high quality 2D videoconferencing was used in the 2D
condition. Three views of the mannequin were provided via three monitors to
the remote consulting. All cameras were placed in optimal positions for our
particular emergency medical situation. In addition, the paramedic also had a
2D video view of the consulting physician during the simulation. As explained
in chapter 2, since the 3DMC technology was not sufficiently developed to
allow us to use it even under ideal lab conditions, we designed a 3D proxy, or
surrogate condition. This meant that in the 3D proxy condition, the consulting
physician was physically present in the same room as the mannequin and
paramedic, sort of as to simulate the view of the “remote” scene that the 3DMC
ideally would provide. The physician was allowed to freely move around in the
room to get an optimal view of the patient, but could not touch anything in
the room and could only point to things using a laser pointer. The protocol for
the first condition, working alone, was identical to the other two conditions
except that the paramedic was asked to diagnose and treat the mannequin
without any assistance from a physician.
There were 20 study participants per condition, in all, 60 participants. The
paramedics were randomly assigned across conditions, with an equal
distribution of gender and years of experience across all three conditions. Two
emergency care physicians acted as the consulting physicians in the 2D and 3D
proxy conditions. An interaction script was used by the physicians in order to
minimize individual differences between the physicians. The script was based
on actual physician–paramedic interaction observed during the pilot phase
and was developed in collaboration with the physicians.
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4.3.2 VIDEO RECORDINGS, QUESTIONNAIRES AND INTERVIEWS 6
Each session was video recorded using four cameras that captured the
paramedic’s actions on and around the mannequin as well as the mannequin’s
medical output status monitor (heart rate, oxygen saturation levels). After
each session the paramedics completed a post-questionnaire to report their
perceptions of the session with respect to validity, satisfaction, self-efficacy,
trust, usefulness of information and interaction with the physician. They also
participated in an open-ended post-interview that was audio recorded and
transcribed. Topics discussed during the interview included current work
practices, interaction with the physician, their perspectives on the simulation,
the task they performed and, where applicable, the 2D videoconferencing and
3D technology.

4.3.3 DATA ANALYSIS
The quantitative data analysis in study I was based on post-questionnaire
results pertaining to the constructs validity, trust, interaction and usefulness of
information, and combined with qualitative analysis of interview data
regarding the same constructs. Furthermore, some variables were recorded
from the interview data and were included in the quantitative analysis, for
example, whether the paramedic did or did not know or had met the physician
before. This was because we were somewhat startled by some results (e.g.
trust) and wanted to expand the analysis to include and/or control for aspects
not originally recorded in the questionnaire but mentioned during the
interviews.
Study II focused on measuring the outcomes of the medical treatment
provided during the session, conceptualized here as task performance. Task
performance was analyzed both as an objective grading measure and as
paramedics’ perceptions of their current and future performance through the
concepts self-efficacy and satisfaction. The task performance grading measure
was developed using the ASA Practice Guidelines for Management of the
Difficult Airway developed by the American Society for Anesthesiologists
(ASA) (2003) and the expertise of two emergency medical physicians. The
result was an overall measure consisting of three task performance measures
and an associated grading protocol which captured subtask execution, harmful
interventions and the timing of key events.
In the second study appended to this thesis (study II) we refer to this as an
6

For access to data collection instruments, measures, consent form templates
etc., please contact author. (hanna.maurin@hb.se)
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“objective measure”. It is objective in the sense that it measures not
participants’ perceptions but reflects a standardized measure of how the
medical task was performed. The measure was agreed upon in general (ASA),
and, for this particular research/purpose, and thus based on a professional
consensus rather than claiming an “objective truth” in a positivistic sense.
Constructing this measure required an in-depth analysis of the task, the
managing of a difficult airway, and a thorough analysis of each of its sub-tasks,
types of skills required, variations of current practices and also what sort of
potential errors, harmful interventions and consequences of failure at any
point in the process or other types of technical or decision making related
errors.
The video recordings from the sessions were graded with respect to how long
it took the paramedic to complete the medical task (overall and per sub-task),
sub-task execution and whether any harmful interventions were performed.
These variables were analyzed and compared between the three conditions,
and tested for correlation with respect to, for instance, years of paramedics’
professional experience, their previous experience of the medical task, and,
whether they knew the physician beforehand.
The paramedics’ own perceptions of their performance were analyzed through
questionnaire data about their satisfaction and feelings of self-efficacy in
relation to the medical task and session performance. The results were
contrasted and compared with the results of the interview analysis and
presented per experimental condition.

4.4 STUDY III: DESIGN, DATA COLLECTION AND ANALYSIS
4.4.1 VISIONING STUDY DESIGN
The aim of study III (Söderholm & Sonnenwald, 2010) was to explore the
potential benefits and consequences of 3DMC for emergency healthcare
professionals and their work. To explore this aspect we shared a vision of
3DMC with multiple representatives from different technological frames and
asked them to discuss their perspectives on this vision.
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Study III
Study aim

Potential benefits and consequences of 3DMC for emergency
healthcare professionals and their work

Participants

25 healthcare professionals (at large and small medical centers)

Location

Participants’ workplace or choice of place

Influencing factor

Professional roles

Measured
and/or
observed constructs
Data collection methods
Stimulus materials, data
collection tools, consent
forms
Unit of analysis
Analysis approach

Innovation adoption; technology acceptance; workinformation practices
Individual and group interviews (24-110 min, avg. 47 min)

and

Visioning video; Interview protocol; Consent form
Stakeholders’ perceptions of 3DMC in the hospital context
Content analysis

TABLE 4-3 OVERVIEW OF STUDY III

The concept of visioning falls under the umbrella of so-called “futures
techniques” and has been frequently used in planning, for instance, in city
and/or community planning projects. A basic definition of the use of visioning
is “creating images of the future to serve as goals or guides for planning
decisions” (Shipley, 2002, p. 7). Visioning usually includes some sort of
stimulus material in the form of a model of a building or city plan; a story
board including a scenario; images and pictures of envisioned situations and
scenarios; or videos, all with the aim of contextualizing and illustrating the
vision of a future technology, plan, solution, outcome, scenario or idea. In this
study we used an animated video to illustrate our vision of the 3DMC
technology, followed by an open-ended interview.

4.4.2 STAKEHOLDER INTERVIEWS
The interviews we conducted took place at the study participants’ work
location. To share our vision of the 3DMC we showed a 5-minute video that
presented our vision for 3DMC. The video explained the goal of 3DMC and
gave examples of emergency medical situations where the technology might be
used. It also showed some of the proposed equipment and system features,
including a portable system for paramedics to use in the field and permanent
setups for medical centers.
After watching the video, the participant took part in a semi-structured
interview. The interview protocol included open-ended questions covering
topics guided by the theories of innovation adoption (Rogers, 1995) and
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UTAUT (Venkatesh et al., 2003). We asked participants to discuss the potential
benefits and disadvantages of 3DMC for emergency healthcare for patients, for
emergency healthcare professionals, healthcare organizations and for any
other relevant parties. We asked whether 3DMC would be compatible with
their current way of working, including professional and organizational
processes and regulations and if they saw any problems that might arise using
3DMC. We also asked what they thought others in their context might think
about using this technology and what might influence the use of technology in
their organization. Thus, we used Roger’s (1995) theory of Diffusion of
innovations, (often referred to as innovation adoption) as a springboard for
discussing and for presenting how different stakeholder groups perceived
different dimensions of the envisioned technology and use scenarios. However,
the theory, in relation to technology development, was not used in a
forecasting or prescriptive manner, but rather as a tool for informing this
phase of the overall design and development process.
A total of 21 interviews were conducted. Three were group interviews of 2-3
participants, one participant was interviewed twice and a total of 25 people
were interviewed altogether. The interviews ranged from 24 to 110 minutes in
length, with an average length of 47 minutes. The wide time range is explained
by participants’ individual ways of expressing themselves and also by the time
constraints facing many people working in emergency healthcare, which
meant that some of them had a very limited amount of time available for the
interview. The interviews were digitally recorded and then transcribed.

4.4.3 DATA ANALYSIS
The interviews were coded and analyzed in relation to each technological
frame, first in a top-down manner in the sense that we sought theoretically
pre-defined broad categories related to innovation adoption and technology
acceptance constructs. In the next step, themes were identified and the frames
compared and contrasted to identify statements and themes within each
construct that were either shared across frames (implying a common
understanding of a phenomenon across frames), or that were unique for that
particular frame.

4.5 STUDY IV: REVISITING THE INTERVIEW DATA
The fourth study of this thesis focuses on paramedics’ perceptions of the
3DMC technology in relation to their current and future work practice and
collaboration with physicians. As described in chapter 3, the underlying
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assumption of technology use is that it is situated in practices and thus the
technology and its users, their practices and setting mutually affect each other.
Empirically the study was based on the interviews from the experiment phase
described in section 4.3 and includes interviews with 40 paramedics in all, 20
from the 2D and 3D proxy conditions respectively. Based on the results of
study I and II, we now sought to revisit and analyze previously coded but not
analyzed code categories from a new perspective. The categories we chose to
include were related to descriptions of current practices and paramedicphysician collaboration. We then thematized bottom-up from these selected
codes, focusing on narratives of current work practices and physician
collaboration, and current and future use of technology. These included e.g.
issues related to paramedics’ views on their professional role in relation to
other professionals, their everyday work; expressions of trust or distrust in
relation to technology and other professional groups; and perspectives on
current use and ideas about future collaboration technology such as the
3DMC.
Although only a few of the questions in the post-experiment interviews
directly concerned current practice and physician collaboration, the openendedness of the interviews along with some of the questions prompting
paramedics to give examples and re-tell specific important incidents allowed
these aspects to emerge as rich narratives in many of the interviews. Using a
method similar to critical incident interviewing techniques gave rise to
interview data that in many cases was much richer than the seemingly few
explicit questions pertaining to current practices and physician collaboration
included in the interview guide.

4.6 WORKING IN A MULTIDISCIPLINARY TEAM
The 3DMC project in which I participated was a large, multidisciplinary
project. The project was based in the US and was represented by researchers
from three different disciplines, each field with their own practices and
theories, methods and approaches to scientific publishing and contributions.
In all, approximately 25 researchers (technical staff, programmers, PhD
students, assistant- and associate professors, medical doctors) from computer
science (CS) (~20); medicine (~3); and library and information science (LIS)
(2) worked in the project. This type of large project has several consequences,
both when it comes to the overall research approach and the dissemination of
results (publication practices).
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4.6.1 METHODOLOGICAL IMPLICATIONS
The three fields contributing to the project, that is, medicine, CS and LIS, have
different methodological traditions. In medicine, evidence-based research
using quantitative methods is standard procedure although qualitative
research has gained more attention lately. For LIS and CS choices with regard
to methods are, to a large extent, dependent on which topic area the research
concerns and can vary, for example, LIS covers areas such as information
retrieval (IR), information policy, cultural studies or, information needs,
seeking and use (INSU). Traditionally, the overall research design in LIS has
been either “purely” quantitative or qualitative (Fidel, 2007). In this thesis, the
overall design follows a mixed methods research (MMR) approach (see e.g.,
Tashakkori & Teddlie, 2003; Creswell & Clark, 2007) partly as a consequence of
the project members’ different scientific backgrounds, but mainly because of
the complexity of the research problem and the context in which it was
embedded. As discussed in chapter 1, this is a common approach in social
informatics.

4.6.2 CONTRIBUTIONS AND PUBLICATIONS
Different research fields have different traditions and practices for
disseminating results through publication: what results to publish; the
language used for describing methods and procedures; ways of acknowledging
the contributions of collaborators and project members; and, co-authorship
and contributions to publications. The work within the project generated a
large number if publications, of which I co-authored the 9 listed in chapter 1.
Some of the collected data was never analyzed and/or is not reported in this
thesis, i.e. analyses of innovation adoption and gender (e.g., Söderholm et al.,
2004); early analysis results (e.g., Sonnenwald et al., 2006; Söderholm et al.,
2007); or, were published in more technically-oriented publications (e.g.,
Welch et al., 2005; 2009; 2010).
Thus, the studies described in this chapter concern part of the work in the
project (i.e. ‘the evaluation component’) lead by Professor Diane Sonnenwald.
The original ideas regarding study design or methods had already been
established before I became a part of the project team, in fact already when the
NLM grant proposal was developed. Hence, my part in and contribution to
decisions and developments varies: sometimes they were established by the
project’s principal investigators (PI’s); much of the time they were the results
of the joint efforts of parts of the research team; or the outcome of long
discussions and collaborative writing; and, sometimes the decisions were my
own.
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The four studies I chose to include in this thesis were primarily selected based
on their empirical scope in the sense of how well they fit together contentwise. I have also prioritized studies where I made significant contributions and
written a large portion of the publication, either as first or second author.
Table 4-4 illustrates the specifics of my contributions to each of the four
studies I chose to include in this thesis:
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Contributions

Selected publication,
publication venue

authors

and

Study I:

Title: Exploring the potential of video
technologies
for
collaboration
in
Study design: Developed questionnaires and interview emergency
medical
care.
Part
I:
protocol, IRB (ethics review) preparation and Information sharing
st
application together with 1 author
Authors: Sonnenwald, D.H., Söderholm,
Data collection: Recruited participants, scheduled H.M., Cairns, B., Manning, J.E., Welch, G.F
sessions (incl. lab facilities, mannequin technician, & Fuchs, H.
paramedic, physician); simulation and session set-up;
introducing, observing sessions; collecting all data Published in: Journal of the American
Society of Information Science &
with the exception of 3 sessions.
Technology, 59(14), 2320-2334, 2008
Data analysis: Statistical analysis; interview analysis
st
with 1 author;
st

Wrote paper with 1 author.
Study II:

Title: Exploring the potential of video
technologies
for
collaboration
in
Study design: Developed questionnaires, interview emergency medical care. Part II: Task
protocol,
task-performance
and
self-efficacy performance
measures, IRB (ethics review) preparation and
nd
application with 2 author
Authors: Söderholm, H.M., Sonnenwald,
D.H., Cairns, B., Manning, J.E Welch, G.F &
Data collection: See study I
Fuchs, H.
Data analysis: Task performance grading; statistical Published in: Journal of the American
analysis; interview analysis;
Society of Information Science &
nd
Technology, 59(14), 2335-2349, 2008
Wrote full paper with 2 author.
Study III:

Title:
Visioning
future
emergency
healthcare collaboration: Perspectives from
Study design: Developed interview guide, video script large and small medical centers
nd
and video narrative with 2 author. IRB (ethics
nd
review) preparation and application with 2 author; Authors: Söderholm, H.M., & Sonnenwald,
D.H.
Data collection: Identified, recruited and scheduled
participants; conducted interviews;
Published in: Journal of American Society
for Information Science and Technology,
Data analysis: Interview analysis;
61(9), 1808-1823, 2010
nd

Wrote full paper with 2 author.
Study IV:

Title:
Illuminating Collaboration in
Emergency
Health
Care
Situations:
Study design & data collection: As described per study Paramedic-Physician Collaboration & 3D
I-II
Telepresence Technology
Interview analysis
st

Wrote paper with 1 author.

Authors: Sonnenwald, D.H., Söderholm,
H.M., Welch, G.F., Cairns, B. & Manning,
J.E.
Submitted for review, May 2013

TABLE 4-4. CONTRIBUTION AND PUBLICATION DETAILS

As table 4-4 illustrates, there are a number of people, work tasks and
procedures involved in each study. The table also includes mention of the
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research ethics review. These procedures and my role as researcher will be
discussed in the following section.

4.7 RESEARCH ETHICS AND RESEARCHER’S ROLE
4.7.1 RESEARCH ETHICS
The overall research design was approved by the project funding body, the
National Library of Medicine (NLM). On a local university level, all data
collection procedures, including session protocol, data collection instruments,
stimulus materials, consent forms and recruitment materials such as flyers,
phone scripts, email messages etc, were reviewed (and approved) for ethical
accuracy by the institutional review board (IRB) committees at the University
of North Carolina (UNC) which was the projects’ primary affiliation.
Furthermore, everyone in the research team was required to attend the
National Institute of Health’s (NIH) research ethics course. The course was
conducted through a seminar and an online NIH course consisting of working
modules and subsequent tests. The course certificate was a mandatory
requirement for working in the project.

4.7.2 RESEARCHER’S ROLE AND PROCESS
As a visiting social science scholar from abroad, I found myself in an unfamiliar
context both with respect to my own work environment and the EMS research
context. My lack of knowledge in emergency care when starting my work in
the project implied a certain outsider perspective. This had several
consequences on different levels or phases of the research process. When it
came to overall research design and the development of our data collection
instruments, we, for example, did not take the hierarchical characteristics of
medical work into account. Although we were aware that different hierarchies
and roles exist in most professions, where physicians, for example are higher in
the medical hierarchy than nurses or paramedics, we did not fully understand
how this was operationalized in our research context. This was particularly
visible in the analysis and in the results of the trust-related aspects in
responses to the postexperiment questionnaire.
Not being very knowledgeable or part of an emergency medicine research
community proved to be quite advantageous in interview situations. Although
there was a risk of misinterpretation or failing to understand the study
participants (and being unaware of it), I realized that it also helped, especially
in the initial phases of the studies. I could, for example, ask for clarifications
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without feeling intimidated when I wanted to know more about something.
This actually seemed to make participants articulate and elaborate more on
their answers, for example, by making an effort to explain more thoroughly or
provide concrete examples because my questions (in combination with a
foreign accent) made it obvious to the participants that I was not part of their
group or their professional world.
My outsider position was aggravated by the fact that I am from Sweden doing
research in the U.S. with all that this entails of cultural differences,
misunderstandings in general together with some initial language issues. There
are also diametrical differences between national systems for social security
and healthcare provision, organization and funding which can be baffling for a
stranger. However, although these differences initially presented a challenge,
they proved useful in the analysis phase, as it was more or less impossible for
me to take contextual or cultural information for granted.
On the whole, I believe that my position as an outsider, that is, neither
knowing much about emergency care, nor being an American provided us with
richer data than otherwise would have been the case. I had to put more effort
into understanding what the participants were actually saying, what they were
describing, and to be particularly careful when interpreting implicit
expressions or statements when discussing their work and/or the 3DMC
technology. Hence, I, as “tool” in the research process, influenced the results of
the studies through my personality, experiences and socio-cultural
background, and, also through the learning process I went through when
becoming increasingly familiar with emergency care and the EMS context.
During time I spent in the US running the experiment sessions, I came to
spend quite some time with paramedics, both during the sessions (approx. 2
hours), but, in particular when walking them to and back from the simulation
lab facilities (approx. a 10 min walk). During that time many of them were
curious and talkative, and they shared many stories, viewpoints and ideas
during these walks. I also did some ride-alongs with ambulances, talked to
many paramedics and EMS supervisors when recruiting participants, and spent
a lot of the time at the hospital. This made me curious and fascinated by the
dynamics, urgency, and at the same time routinized work characteristics of
emergency care, and is probably what turned me towards a more situated view
of new technology, design, and practices. The studies reflect, to some extent,
the learning process and changes in focus from focusing on measuring
outcomes in the experiments to more qualitative approaches, and, finally in
this thesis framing the results of the included studies as situated and
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interconnected through the ecology metaphor. The following chapter will
provide a brief summary of each of the studies.
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5. STUDY SUMMARIES

The purpose of this chapter is to provide a brief overview of each of the four
studies included in this thesis. The studies explore the potential of 3DMC from
several different methodological and empirical perspectives. The first two
focus on how the immediate patient care situation and its outcome is impacted
by visual collaboration technology. The next two investigate different actors’
perceptions of visual collaboration technology in relation to their own and
their organizations’ different practices and their current relationships and
collaborations with other professional groups. Together the studies provide a
broad view of the potential benefits and consequences of using 3DMC for
collaboration in emergency care.
Study I: Exploring the potential of video technologies for collaboration
in emergency medical care: Part I. Information sharing
Sonnenwald, D.H., Söderholm, H.M., Cairns, B., Manning, J.E., Welch, G., &
Fuchs, H. (2008). Journal of the American Society of Information Science &
Technology, 59(14), 2320-2334.
Introduction: This study investigates the potential of 3DMC for collaboration
among geographically separated medical personnel in trauma emergency care
situations. 3DMC has the potential to provide richer visual information than
current 2D videoconferencing techniques and thus allow remote physicians to
diagnose and treat patients in emergency situations. As the actual 3DMC
technology does not yet exist, it presents a challenge to evaluating its potential
impact on the complex, dynamic work context of emergency care.
Aim: The aim of this study was to explore the potential of 3D technology for
paramedic-physician information sharing during a simulated emergency care
scenario. An analysis of paramedics’ perceptions of the usefulness of
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information, the quality of interaction and trust when working with a
physician via a 3DMC proxy or collaborating via 2D videoconferencing is
presented, along with the details of the overall research approach.
Methods: An experiment with a post-test between subjects design was
conducted. The experiment consisted of a simulated emergency medical
situation involving practicing paramedics and physicians, collaborating
remotely via two conditions: with 2D videoconferencing and a 3D telepresence
proxy. Data analysis was based on survey and interview responses from a total
of 40 paramedics, 20 from each condition.
Results: Postquestionnaire data illustrate that information provided by the
physician was perceived to be more useful by paramedics in the 3D proxy
condition than in the 2D condition; however, data pertaining to the quality of
interaction and trust between the collaborating physician and paramedic are
somewhat ambiguous. Post-interview data suggests that trust in this type of
situation works as a bi-directional force, heavily influenced by the hierarchic
nature of the paramedic and physician professions. This study also discusses
the methodological challenges of investigating the potential of a technology
that does not yet exist in the critical context of emergency healthcare.
Study II: Exploring the potential of video technologies for collaboration
in emergency medical care: Part II Task performance
Söderholm, H.M., Sonnenwald, D.H., Cairns, B., Manning, J.E., Welch, G., &
Fuchs, H. (2008). Journal of the American Society of Information Science &
Technology, 59(14), 2335-2349.
Introduction: This study investigates the potential of 3DMC in relation to
paramedics’ task performance and feelings of self-efficacy. It compares
outcomes in patient care when paramedics diagnose and treat a trauma victim
under three conditions: working alone, working in collaboration with a
physician via 2D video, or working in collaboration with a physician via a 3D
proxy.
Aim: The purpose of the study was to investigate whether paramedics
provided better medical care to trauma victims and could report higher levels
of self-efficacy than paramedics working in collaboration with a physician via
2D videoconferencing or paramedics working alone.
Methods: An experiment with a post-test between subjects design that takes
the medical situation and context into account was conducted. The
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experiment consisted of a simulated emergency medical situation with a
paramedic working under one of three conditions: alone, or collaborating with
a physician via today’s 2D videoconferencing, or via a 3D proxy. The analysis is
based on video-recorded task performance sessions and data from
questionnaires and interviews with 60 paramedics, who participated in the
experimental evaluation, presented in study I. The analysis focuses on medical
task performance, both as a graded outcome of the simulated patient care
session, and paramedics’ perceptions of their session performance
conceptualized as self-efficacy, across conditions.
Results: Paramedics working in consultation with a physician via a 3D proxy
tended to provide better medical care to trauma victims than paramedics in
the 2D or alone conditions. Fewer errors and harmful interventions were
performed in the 3D proxy condition than in the Alone or 2D condition; and
all 3D proxy participants carried out the procedure (cricothyrotomy) that was
required to save the patient, although no significant differences in
performance times were detected. Self-efficacy was highest among paramedics
in the 3D proxy condition while paramedics in the 2D condition reported the
lowest levels, even lower than the paramedics working alone. Overall,
paramedics’ years of previous work experience influenced several of the results
in the 2D and alone conditions, but not in the 3D proxy condition. This
suggests that a rich technology such as 3DMC may reduce differences in
patient care provision caused by years of professional experience (or lack
thereof). It may also have a positive impact on the future performances of
inexperienced paramedics. This study makes a methodological contribution
through the outline of a rigorous contextualized task-performance measure for
grading the treatment outcome of a difficult airway. Methodologically, it is
common in HCI to use general exercises or artificial tasks as a basis for
comparing outcomes. In this case, the task and scenario are authentic and the
participants are real professionals. Representations and events are taken
directly from the context where it is envisioned that the technology will be
used.
Study III: Visioning Future Emergency Healthcare Collaboration:
Perspectives from Large and Small Medical Centers
Söderholm, H.M. & Sonnenwald, D.H. (2010). Journal of the American Society of
Information & Technology, 61(9), 1808-1823.
Introduction: This study investigates 3DMCs’ propensity for adoption and use
in large and small medical centers. The study focuses on how different
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stakeholder categories perceive the potential benefits and disadvantages of
3DMC with respect to their own and their organization’s current ways of
working.
Aim: The aim of the study was to explore sociotechnical challenges occasioned
by the introduction of 3DMC for different stakeholder categories at one large
university hospital and one small rural medical center.
Methods: The study is based on a visioning approach including a video
illustrating the 3DMC vision and an analysis of subsequent interviews where
sociotechnical challenges and implications perceived by actors from different
stakeholder groups were discussed. In all, 17 people in three overall categories
were interviewed: Potential 3DMC users providing patient care (ER physicians
and nurses); Managers of potential 3DMC users (ER and EMS administrators);
and, IT operations. The interview guide and subsequent analysis were
theoretically based on a combination of attributes from Roger’s (1995) theory
of innovation adoption (IA); the unified theory of acceptance and use of
technology (UTAUT) (Venkatesh et al. 2003); and, the concept technological
frames (Orlikowski & Gash, 1994).
Results: The article provides a detailed account of how participants in each
group, conceptualized as technological frame, perceived 3DMC in relation to
the IA attributes relative advantage, compatibility, complexity, trialability,
observability and social influence. Participants identified both benefits and
problems related to common, overall goals (for example, patient care
outcomes), but also unique perspectives not reported by any other frame.
These often reflected the nature of work tasks and practices for the group
concerned (for example, IT operations discussed support and patient data
security, while nurses focused on assembling and re-assembling technology
equipment). Participants across all frames agreed on the relative advantage
that 3DMC might improve patient care or outcomes. However, physicians at
large medical center saw fewest benefits (2) while ER administration and IT
support listed as many as 10. From a methodological point of view the study
shows that social and technical challenges can be identified regarding new
innovations even before working prototypes are available. It points out several
challenges that might be expensive, time consuming or cause damage if left
unaddressed before a technological system is introduced or tested in its
intended settings.
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Study IV: Illuminating Collaboration in Emergency Health Care
Situations: Paramedic-Physician Collaboration & 3D Telepresence
Technology
Sonnenwald, D.H., Söderholm, H.M., Welch, G., Cairns, B. & Manning, J.E 2013,
manuscript submitted for review
Introduction and aim: As discussed in the previous studies, 3DMC has
potential benefits for patient care and collaboration in emergency situations.
The aim of this study was to explore paramedics’ current and future
collaboration with physicians, and how these practices might impact and be
impacted by the implementation and use of a visual collaboration technology
such as the 3DMC.
Methods: For this analysis, interview data from in the experimental evaluation
described in study I and II was revisited. In all, 40 interviews with paramedics
from the 2D and 3D proxy conditions were included in the analysis. Based on
previous coding, the codes for current and future work practices; relationships
and collaborations with other physicians; and, current and future technology,,
were selected for analysis in this study.
Results: Current paramedic-physician collaboration can be challenging due to
the limitations of the communication media, i.e., telephone and radio. This is
related to paramedics’ abilities to describe the situation over the phone, and/or
physicians’ attitudes to paramedics and their skills. Visual technologies, such
as the 3DMC, will impact this collaboration and emergency healthcare on
different levels, for instance, by improving overall patient care through better
coordination between the ER and EMS, and through better opportunities to
learn from a physician. However, the success and feasibility of a visual
technology such as the 3DMC also depends on developments within the formal
regulation of practices for instance, through treatment protocols and
guidelines. Challenges and requirements for design and implementation must
be addressed sequentially, starting with adjustments to a number of sociotechnical infrastructures such as practice protocols and reimbursement as well
as professional development, training and efforts to improve collaboration
between paramedics and physicians.
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6. RESULTS

This chapter summarize and synthesize the results of the four studies, with
primary focus on the results from study I and II in relation to the thesis’
first research question:
(1) What are the perceived benefits, risks and potential implications of
3DMC for patient care and paramedic-physician collaboration in
emergency situations?
Overall, the results reported in study I and II show that the richer interaction
afforded by the 3D proxy condition benefits paramedic-physician collaboration
and is likely to improve some aspects of patient care, especially for less
experienced paramedics. However, the results also showed standard 2D video
to negatively impact collaboration during the simulated sessions, and
potentially damaging effects on paramedic task performance and thus patient
care outcomes.

6.1 PATIENT CARE: SKILLS, PERFORMANCE AND LEARNING
Patient care and patient care outcomes are important – and are often decisive
for investments in healthcare technology. Our results show immediate and
future, short-term and long-term, effects of the use of visual technologies for
better medical care in emergency situations. As reported in study II
(Söderholm et al., 2008), paramedics tended to provide better medical care
overall to trauma victims when working in consultation with a physician via a
3D proxy than paramedics working in consultation via 2D video, or than
paramedics working alone. Here, better medical care refers to fewer errors and
harmful interventions in the 3D proxy condition than in the Alone or 2D
condition.
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Table 6-1 7 presents the frequencies (reported in study II, Söderholm et al.,
2008) of harmful interventions performed across the three conditions in the
simulated experiment sessions:
Condition

Harmful Intervention

Alone

Nasal intubation
Chest decompression
Not locating the cricothyroid membrane
Improper incision
Airway tube slippage
Totals

1
4
3
3
0
11

2D

3D Proxy

0
0
1
1
4
6

1
0
0
0
1
2

TABLE 6-1. HARMFUL INTERVENTIONS

Eleven harmful interventions, such as performing chest decompression, not
locating the cricothyroid membrane before cutting, or making an improper
incision were performed by paramedics working alone. For the 2D and 3D
proxy conditions these occurrences were six and two respectively.
Breathing
stops

Decision
to cric

Airway incision
(needle or surgical)
T3

T1

T4
T2

Cric decision time
T0

Tube
insertion

Patient
stabilized
T5

Total cric
performance time

Total task performance time

FIGURE 6-1. TASK PERFORMANCE TIMES

When presented with this type of situation as the paramedics were in the
scenario, treatment time is a crucial factor. To measure this, it was broken
down into six different time segments, measured between important decision
points or tasks in the overall scenario and procedure, illustrated in fig. 6-1 8:
As reported in study II (Söderholm et al., 2008), we found no significant
differences in overall task-performance time (T0) between conditions.
However, when broken down into time segments (for example, time taken to
make cricothyrotomy decision, time taken to make incision etc.), the 3D proxy
7

Table originally published in Söderholm et al. (2008).
Figure originally published in Söderholm et al.(2007) and Söderholm et al.
(2008).
8
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condition showed less variation in the majority of these times. Significant
differences in variation were found in the total cricothyrotomy time and the
time it took the paramedic between making the decision to perform a
cricothyrotomy to making the incision in the patient’s throat, where the
variation in these times was significantly smaller in the 3D proxy condition.
Hence, paramedics in this condition did not perform the task faster, but their
performance was more uniform in the sense that their performance was similar
and not as varied as in the other conditions.
Similar to the results pertaining to collaboration (see 6.2), years of professional
work experience (YPE) influenced the majority of the times in the alone and
2D conditions, in the sense that less experienced paramedics took a longer
time to perform the different tasks. As reported in study II (Söderholm et al.,
2008), only one (of five times) in the 3D proxy condition indicated this kind of
effect 9:
Task execution times
T0 Total task performance
T1 Breathing stops cricothyrotomy decision
T2 Total cricothyrotomy
performance
T3 Cricothyrotomy decision –
airway incision
T4 Airway incision- tube
insertion

YPE
Paramedic
Total EMS
Paramedic
Total EMS
Paramedic
Total EMS
Paramedic
Total EMS
Paramedic
Total EMS

Condition
Alone
2D
-.633**
—
-.519*
-.590**
—
—
—
-.549*
-.777**
—
-.483*
—
—
—
-.510*
-.534*
—
—
—
-.489*

3D Proxy
—
—
—
—
—
—
—
—
—
-.453*

TABLE 6-2. INFLUENCE OF WORK EXPERIENCE ON TASK PERFORMANCE TIMES

In study IV (Sonnenwald et al., 2013), paramedics reflect on differences
between being new and inexperienced compared to having worked for a long
time in EMS: learning how to become a paramedic not only includes formal
education but takes a lot of work experience and working with senior peers.
Future task performance, here in terms of self-efficacy, builds on the theory
that it is possible to predict and influence future performance on the basis of
personal judgement or rating of their own ability to perform a certain skill
(Bandura, 1997). As reported in study II (Söderholm et al., 2008), paramedics
in the 3D proxy condition reported the highest levels of self-efficacy while
paramedics in the 2D condition reported the lowest levels. Here too, ratings
9

Table originally published in Söderholm et al., (2008).
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were influenced by years of previous work experience in the alone and 2D
condition, in the sense that the less work experience paramedics had, the
lower they rated their ability to treat similar patients in the future, whereas
work experience had no impact at all on reported self-efficacy in the 3D proxy
condition. Interestingly, the paramedics in the 2D condition reported the
lowest levels of self-efficacy in both the questionnaires and interviews—even
lower than the paramedics working alone. Furthermore, the influence of
previous work experience was greater than in both the Alone and 3D proxy
conditions, with less experienced paramedics rating their ability lower than the
more experienced.
As discussed in study III (Söderholm & Sonnenwald, 2010) and IV (Sonnenwald
et al., 2013), potential long term learning benefits of collaborating with a
physician via a visual technology were identified. All types of stakeholder
categories in our studies saw closer collaboration as opportunities for
increased understanding and learning. Thus, several dimensions of learning
processes emerge when using a visual technology such as the 3DMC. When
treating a patient, direct feedback from and interaction with a physician, is
likely to improve paramedics’ general and specific skills. 3DMC may also
increase physicians’ understanding of patients’ conditions when they can see
them at an earlier stage; that is, before they arrive at the hospital.
Overall, our results suggest that providing a physician with a rich view of an
accident scene is likely to improve some aspects of care in difficult situations
and help reduce the negative impact of a lack of professional experience.
However, the results also showed standard 2D video to have negative and
potentially damaging effects on paramedic task performance and thus patient
care outcomes. On the other hand, it is reasonable to assume that even a basic
visual technology will have both direct and indirect learning effects such as
those discussed by our participants.

6.2 PARAMEDIC-PHYSICIAN COLLABORATION
During our experiments, paramedics collaborated with a physician via 2D
video or via a 3D proxy. When comparing these two conditions we found that,
overall, paramedics perceived collaboration to be better when the physician
was presented with a richer view (3D proxy condition) of the patient than via
standard video technology (2D video condition). As reported in study I
(Sonnenwald et al., 2008) the paramedics rated interaction, usefulness of
information, and trust, highly across both conditions. During interviews the
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paramedics reported that, compared to their current way of working with
physicians via radio or cell phone, they appreciated the visual, hands-free and
immediate interaction, where they could work on the patient while
communicating with the physician who visually shared their work space rather
than verbally describe the scene and patient over the phone. As described by
one study participant in study IV (Sonnenwald et al., 2013):
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.
Paramedics in the 3D proxy condition perceived interaction with the physician
as less constrained and better overall than in the 2D condition. As reported in
study II (Sonnenwald et al., 2008), they appreciated the physicians’ use of a
laser pointer, for example, to point out the location of the required incision.
They also rated the information provided by the physician as more useful, and
their own responses were more uniform than in the 2D condition where
responses were more varied. Many of these results were influenced by previous
work experience, in the sense that less experienced paramedics perceived the
information from the physician to be more useful than did the more
experienced ones; however, this correlation was only present in the 2D
condition, and not in the 3D proxy condition. Paramedics in the 3D proxy
condition found the information provided by the physician highly useful
irrespective of previous work experience.
While paramedics in both conditions reported initial awkwardness in their
interaction with the physician, paramedics in the 2D condition mentioned
several other difficulties such as the need for more feedback or more guidance,
and that they were not sure what or how much the physician was seeing:
I had to remember to give [the physician] more information… once you
kinda’ get into it… [You] realize, ok, I need to interact more and do this
a little different.
This suggests that even though paramedics were shown the physician’s view of
the scene before the session started, they were not sure what or how much the
physicians were actually seeing, that is, there was a lack of mutual awareness.
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Paramedics reported extremely high degrees of trust (operationalized as
questionnaire items asking to what extent the paramedic trusted the physician,
for instance, in terms of competence, receptivity, fairness) across conditions.
For the majority of these items, no statistically significant differences between
conditions were found. An analysis of post-interviews suggests that the way we
had operationalized and asked about trust in the questionnaire did not capture
all the dimensions of how trust is enacted in this setting. As discussed in study
I (Sonnenwald et al., 2008), III (Söderholm et al., 2013) and IV (Sonnenwald et
al., 2013), our results suggest that trust in this context is somewhat more
complex than in other contexts of collaborative work (e.g. academic or office
work contexts). Hierarchically, paramedics are expected to trust, or rely, on
the physician because they are required to do so professionally and legally (as
working under the physician’s licence). However, as one paramedic
maintained, it is important that the physician trusts them, and this influence
both the chances of getting permission to do a requested procedure, and how
confident they are in their skills.
As reported in study I (Sonnenwald et al., 2008) and IV (Sonnenwald et al.,
2013), the dynamics of the paramedic -physician relationship seem to vary
between EMS systems, ranging from paramedics being very enthusiastic and
trusting of “their” physicians and physicians in general, and knowing their
physicians trust them, to paramedics expressing general distrust and
recounting bad experiences and episodes involving physicians, specific persons
and in general. As reported in study III, physicians did not explicitly express
neither trust nor distrust towards paramedics as professional group. On the
other hand, some of them expressed doubts that paramedics’ would delay
patient care if choosing to use 3DMC rather than transporting patients directly
to the hospital.
Overall, the results show that the richer interaction afforded by the 3D proxy
condition benefits paramedic-physician collaboration and that working in the
3D proxy condition was not as affected by individual differences, as in the 2D
condition, where variance was greater and responses were related to
paramedics’ previous work experience. This suggests that even under good
conditions (as in our experiment), the use of 2D video for collaboration in
emergency situations may well introduce multiple types of problems.
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6.3 EFFECTS OF COLLABORATION (TECHNOLOGY)
Even under optimal and controlled conditions such our experiment sessions,
there were problems with the use of the 2D video. The video set-up was
optimized to provide the physicians with the best possible views of the scene,
patient, and the vital signs monitor. It included one moveable camera allowing
physicians to zoom or change angles. Despite the equipment, there were
problems with this set-up (as discussed in study I and II, Sonnenwald et al.,
2008; Söderholm et al. 2008). For one, the paramedic did not seem to be aware
of exactly what the physician was seeing, even though they had been shown
the set-up before the session, that is, the 2D set-up affected mutual and
reciprocal awareness negatively. The sense of mutual and reciprocal awareness
of the scene and of each other created through the 3D proxy condition was
likely to have had positive effects on collaboration and thus patient care in that
condition There, it was obvious to the paramedic what the physician was
seeing and vice versa; their view of the situation was shared and their
respective views were visible to both of them.
Although cameras were placed in an optimal position and physicians could
move one of the cameras around to zoom and change angles, the view of the
patient was sometimes obscured by the paramedics needing to lean over the
patient. This is illustrated in study I (Sonnenwald et al., 2008, p. 2331) through
a screenshot of the physician’s view of the patient, and how it is obscured by
the paramedic’s body when leaning over the patient. Hence, the paramedic
sometimes needed to interrupt treatment and move their hands or explain
what they were doing because the physician could not see.
Overall, the results of study I and II, show differences between the 2D and 3D
proxy conditions with respect to perceptions of easier interaction, more useful
information, somewhat higher levels of trust along with higher self-efficacy
and somewhat better and more uniform task performance in the 3D proxy
condition than in the 2D condition. These differences may be explained by the
physician’s (close-to) unrestricted view of the patient and the scene, and thus
there was less need to interrupt the work flow by asking what the paramedic
was doing, or requesting them to move their hands in order for the physician
to see better.
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7. DISCUSSION

Together the results presented in the four studies illustrate a striking degree of
complexity regarding future visual collaboration technologies for emergency
care. Overall, the results show that visual technologies such as 3DMC have
some potential benefits for collaboration and patient care in emergency
situations. However, the way emergency care is organized and practiced
presents implications and challenges for technology design and
implementation. These are manifested on and across individual, professional
as well as organizational levels, and therefore both difficult to capture and
subsequently address. This chapter will discuss challenges and implications of
the results of the four studies, thematized as: maintaining the chain of
information; complexity of technology in relation to use situations; resources
and structural challenges; making the work visible; a reconceptualization of
collaborative work; and, methodological implications.

7.1 POTENTIAL BENEFITS AND CHALLENGES
7.1.1 MAINTAINING THE CHAIN OF INFORMATION
In a broader perspective, the use of visual collaboration technology could help
to maintain the chain of information that is created as the patient is passed
between the EMS and hospital context, that is, in the handover situation when
the paramedic leaves the patient at the ER. As discussed in chapter 2, this is
one critical point for information loss in the overall patient care process.
The use of a visual system such as the 3DMC might help bridge this gap in two
ways: 1), the attending physician would have had the possibility to already have
seen the patient via the technology, and thus be involved earlier in the patient
care, and more aware of what had happened; and, 2) if collaboration was
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recorded and in some way integrated with the other documentation that
follows the patient, whoever admits the patient would have immediate access
to information on what had happened and what had been done. Access to such
information during hand-over would decrease dependence on the
documentation or oral skills of the individual provider, the time constraints of
the situation or the written documentation, as one EMS manager points out:
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.’
Visual information could then facilitate the patient handover process and
subsequent patient care, providing information that today is often difficult to
document given the time constraints paramedics and ER staff typically have,
and the dynamics of patients’ situations. It would close the gap of information
between what was done or assessed in the field and subsequent (sometimes
repeated) measures taken at the hospital. Furthermore, a visual collaboration
technology could improve coordination of resources, for example, in terms of
physicians’ advising paramedics to go directly to a specific department and
bypass the E.R; and, if used during transport, provide nurses with more
information and thus better possibilities to prepare for the patients arrival in
terms of trauma or other specialty teams, setting up equipment, and thus
possibly shorten the time it takes for the patient to access optimal care.
From an information and documentation perspective, a system with some
degree of integration of related functions might be considered. Today,
paramedics often use different tools for documenting, communicating, and for
looking up practice guidelines and drug dosages. They also carry a lot of
medical equipment and tools for patient care. Therefore, an integrated system
for information and documentation might be useful. This would allow the
paramedic to: document patient data, procedures and other information
similar to current procedures using paper or electronic patient record systems;
communicate, to connect with a physician via video that affords several (in
the future, potentially 3D-) views, shared views of the patient, a view of the
physician and a view of themselves (to support mutual and reciprocal
awareness) together with vital signs data system that can transfer to the
hospital. It should be possible to record and attach any of these images or
video streams to the documentation of the case in question (for the patient’s
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chart); access to information in the form of practice guidelines and
treatment protocols in electronic, searchable formats, and it should be possible
to integrate descriptions of procedures or drugs that were administered into
the patient’s chart.

7.1.2 COMPLEXITY OF TECHNOLOGY AND USE SITUATIONS
Overall, the results seem to indicate that a sophisticated technology such as
the 3DMC would be beneficial for specific tasks and procedures that are not
performed very often or that require a high level of technical skills, and, in
particular, it supports less experienced paramedics. On the other hand, this
type of technology is likely to increase the length of time for patient care on
the scene because setting-up takes time. However, compared to transporting
patients to hospitals in very rural areas, times would be shortened in terms of
the patient accessing expert care.
On a practical level, there are tradeoffs in this situation between the level of
sophistication and the complexity of situations or interventions the technology
can be used in. This can be expressed as a negative correlation (fig. 7-1). A
more (technically) basic technology such as an integrated communication
system which allows standard video calls would probably be more useful in the
everyday EMS work, and might be used in the same way as a phone in the
sense that the paramedic at certain points in their treatment protocols are
required to use it to contact a physician, or simply if they feel like they need
support and some extra input on a procedure they are unsure of. However, for
more complicated tasks, where the physician needs a detailed, exact and
flexible view of the patient in order to guide the paramedic, as done in study I
and II, an insufficiently detailed and rich view might be detrimental to
paramedics’ task performance and thus patient care. A conceptualization of
the relationship between sophistication and types of use situations is
illustrated in Fig. 7-1.
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FIGURE 7-1 RELATION BETWEEN TECHNOLOGY COMPLEXITY – TYPE OF USE

Based on the idea of the 3DMC system, the image above suggests that the more
technically “sophisticated” a technology is, (for example here, in terms of
multiple cameras, compared to one camera integrated in a device similar to a
portable reading device such as e.g., an iPad or smart phone) the more specific
the potential situations of use are, and the more time is required to operate
and set up the equipment. Hence, an optimal technological design might be
located somewhere at the center of the dotted line: it would provide visual
quality good enough to support more intricate procedures, while being easy to
operate and carry and, more importantly, integrated into the other tools for
documentation, communication and decision support that paramedics use.
There is, of course, a balance to be achieved in trying to find a middle ground
–the technology has to be good enough to support detailed, complex
procedures and, at the same time, not too intricate or cumbersome for
everyday work. Furthermore, integration of multiple functions also adds
complexity.
These issues are related to the question of resources for acquiring and
maintaining such technology, in relation to what measurable impact it has on
patient outcomes.
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7.1.3 RESOURCES AND STRUCTURAL CHALLENGES
The distributed nature of this type of technology (independent of whether the
transmitted image is 2D or 3D) poses several challenges, in particular with
respect to funding of the technology and providing IT-support. In this case,
this involves multiple organizations where the cost distribution is unequal.
One unit, in terms of a large screen (and viewing equipment such as 3D
goggles) would be needed at the hospital, and then, several receiver units in a
number of ambulances. Ironically, EMS funding is largely based on county and
state funding and to a lesser extent on insurance and billing, which
disadvantages them financially compared to hospitals. In all of our studies,
study participants reflected on this: and that some EMS agencies struggle with
funding of essential equipment such as communication radios and
ambulances. Hence, both EMS and hospital managers emphasized the need for
evidence of how technology such as 3DMC could benefit patient care,
translated into actual cost-benefit effects.
Furthermore, in order to directly recuperate costs for the use of technology, it
has to (just as other types of interventions and drugs) be integrated into the
reimbursement structure in terms of billing. According to an ER administrative
director, a billing code needs to be established in order to be able to bill for a
procedure or intervention (and thus get reimbursed from insurance
companies). This is apparently a political process that can take several years,
both with respect to the actual code and with respect to insurance companies
including it in their terms.
The distributed nature of this type of collaborative technology will also be
challenging for IT-support, with respect to technical support and data
protection. As discussed in study III, it would be challenging to provide
support to different parts of the system owned by different organisations and
used in different physical environments:
If half the system belongs to volunteer rescue squads around . . . the
county and half of the equipment is in the hospital, how do you support
that equipment if there’s a problem?. . . In which end is the problem?
Now, I’m not even getting to who pays for it.
During the interviews, there was almost a sense of panic in the way these
issues were discussed and it became obvious that the IT group was the only
category of our participants that deemed that 3DMC could only mean more
work, more issues to deal with, and no added benefits to their everyday work.
Furthermore, the IT department are responsible for implementing protection

69

and security for technical infrastructure so that patient data, records etc are
protected in accordance with the Health Insurance Portability and
Accountability Act (HIPAA). If the 3DMC would generate recordings of patient
care and interventions, either to be included in patients’ charts or to be used
for training and skill review purposes, these recordings need to be stored,
accessed and protected:
But I don’t know how you would index it, and integrate it, and deal with
issues of patient images. . . . I mean, you have to think about these kind
of things. How do you protect this information. And if a patient is
recognizable, it is a patient identification issue, how you handle that.
The visual data that could be generated as recordings of collaborations would
most likely be resource intensive in terms of bandwidth and storage but also
when it comes to retrieving the information because it would require some
type of indexing. Furthermore, it needs to be appropriately protected both
because of patient privacy issues, but also because the work healthcare
personnel is providing (via the technology) would be visible in new ways.

7.1.4 MAKING THE WORK VISIBLE
The 3DMC would allow a physician to visually access and share the
paramedic’s workspace, and thus the physician would be able to see the
patient, their condition and what the paramedic do in terms of providing
patient care. Suchman (1995) discuss the issues and consequences of making
work visible and points out that “In the case of many forms of service work, we
recognize that the better the work is done, the less visible it is to those who
benefit from it” (p. 58). Today, many aspects of paramedics’ work practices,
especially when conducted efficiently, are invisible in relation to what is
reported and what the physician sees when the patient is handed-over to the
hospital. That is, if the paramedic has done a good job assessing the patient,
administering the correct medications, pre-alerting the hospital and delivering
the patient to the appropriate hospital department, then the physician can be
prepared, informed and has overall a better starting point for continued care
because the patient has been properly treated. Efficiency is, in other words, not
as noticeable as inefficiency and can render the paramedics’ and physicians’
work practices invisible to each other.
Although, paramedics’ work at an accident scene is highly visible for
bystanders, this does not mean that it is visible to physicians because they
might only see descriptions and representations in terms of patient charts and
hand-over documentation or pre-alert. As Suchman (1995) states “Not only do
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representations of work involve perspectives and interests, but work has a
tendency to disappear at a distance, such that the further removed we are from
the work of others, the more simplified, often stereotyped, our view of their
work becomes” (p. 59)
As discussed in study IV the paramedic profession is often regarded as a low
status profession in comparison to other medical professions. Paramedics are
in an ambiguous position where they are both ‘the experts’ (when treating
patients in emergency situations, within their work context), and a ‘service
personnel’ in that they deliver patients to a higher level of care, that is to the
hospital context where the physicians operate and where the results of their
actions and activities are evaluated or judged particularly if deemed
inappropriate but invisible or taken for granted if done well.
This hierarchic relationship, which builds on formal competence and formal
authority, imposes explicit and implicit power relationships between
paramedics and physicians. The physician has the power to authorize or deny a
paramedic’s requests for administering drugs or providing a treatment.
However, the paramedic can also exercise an informal power by describing
situations or “painting the picture” of a patient and/or an accident scene, in
ways that comply with what they think is the appropriate thing to do in terms
of patient care interventions. They can also wield an operational power as they
have physical control over the situation (in the field or ambulance), including
control of all the medical tools and medical equipment, and through being
actually collocated with the patient.
A technology such as the 3DMC can render work visible but only in one
direction. Physicians would be able to see what the paramedics do, but the
question arises of how this will affect the paramedics. In terms of professional
hierarchies (discussed in study I and IV) the physicians, on a professionally
higher level, gain access to the lower level, hierarchically speaking.
Furthermore, such “technologies designed for the coordination of complex
distributed activities are commonly used as well for reporting on those
activities, as a basis for centralized assessments of the efficiency and
correctness of the local operations in which the technologies are embedded.”
(Suchman, 1995, p. 59)
As discussed in the studies, although visual technology may well include an
element of surveillance and control, it might also lead to an increased
understanding among physicians of the working conditions of the field, and
increase awareness and trust in paramedics’ skills and abilities. Physicians may
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thus become more comfortable with ‘their’ paramedics’ competences, or with
the competence of paramedics they have not met before and therefore lack
awareness of that persons skills, experiences etc. This could lead to
developments in current practices, and/or changes in practice protocols where
paramedics might be given permission and be encouraged to perform more
complex procedures. This would present more opportunities for practicing
certain types of skills in a “learning by doing” manner, because physicians can
be more involved and provide more support. Learning would thus increase
because of, and through, both practice and collaboration.
However, as discussed in study III, physicians were hesitant to the idea of
using 3DMC, and they saw fewest potential benefits of all actors in the
different stakeholder categories that we interviewed. Hence, they have the
highest stakes in using 3DMC or visual collaboration technology because they
are responsible for patient care no matter if it is themselves or the paramedic
who provides it. This means that they are susceptible to malpractice lawsuits
or other liability issues. In regions where EMS systems and medical directors
or hospitals do not have close collaboration, and thus physicians do not know
paramedics or are unaware of their skills, physicians might not feel
comfortable if a technology such as the 3DMC would mean that more care
would be provided in the field by paramedics, and thus they resist that type of
change.
As discussed in chapter II, paramedics work, and, how often they are required
to call a physician is largely dictated by practice protocols. These can either be
very restrictive in the sense that paramedics are trained in a wide range of
skills and interventions but must call a physician to get clearance for
using/doing these. Or, protocols can be designed in such a way that
paramedics have a wider scope of practice, that is, they are trusted to carry out
a larger number of procedures independently, without calling a physician. Or,
they can restrict paramedics to as narrow scope of practice, but which do not
require physician clearance. How much care that is to be provided on-site vs.
in the hospital is often referred to in terms of the expression “load and go, or
stay and play”, and seem to be depending on practice protocols, which often
reflect the work culture and relationship between paramedics and physicians
in a particular system, and also the personal preferences of the paramedic.
As described in paper IV, calling a physician to ask for advice or consult if the
paramedics just feel uncertain about what to do next, is partly a personal
preference but might also be related to work culture and expected standard
procedure even though not dictated by protocols. Some paramedics prefer to
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work very independently and to keep physicians at a distance, while other
paramedics and agencies enable closer collaboration and more openness
between paramedics and physicians. As discussed in study III and IV, 3DMC
should need to be integrated into practice protocols and guidelines. From
physicians perspective, this would limit the number of “unneccessary” calls
from paramedics. On the other hand, some paramedics were worried that they
would lose their professional independence, and that the use of 3DMC might
undermine the current need for paramedic competence in the field.

7.2 RE-CONCEPTUALIZING COLLABORATIVE WORK
As discussed in Chapter 3, collaborative work has traditionally been
conceptualized according to a time/space dispersion matrix, that is, whether
actors collaborate synchronously or asynchronously, and if they are co-located
or geographically separated. In this thesis, the time/space concept did not help
me to make sense of the different collaborative situations that would be
supported be 3DMC. For example, paramedics and physicians are simply not
(used to) routinely working together at the same time or in the same place.
Instead, I found some of the challenges here to be related to paramedics’ and
physicians’ different professional practices and local environments (and thus
different ecologies), and that implications introducing a new technology
should be understood in relation to these. Hence, the matrix (table 7-1) was
used for me as a frame for organizing and making sense of all the possible
combinations of collaboration between potential 3DMC users, situations based
on environments and their respective practices.
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Same environment

Same practice

Different practices

Pre-hospital: Paramedics working

Pre-hospital: Paramedics and other

together;

first responders, firefighters, police

Hospital ER: Nurses working
together at the hospital;
Hospital ER: Physicians working
together at the hospital, in the ER

etc.
Handover: Paramedics delivering a
patient to the hospital – talk to
nurses and/or physicians.
Hospital ER: Physicians, nurses etc.

Different environments

working together at the hospital
Between hospitals: Physicians

Between pre-hospital and

working together between large and

hospital: Paramedics and physicians

small medical centers (as in study III)

collaborate via telephone, video,
3DMC or other tool (as in study I, II
and IV)
Between pre-hospital and
hospital: Paramedics call from field
to update nurse that they are coming

TABLE 7-1 PRACTICE/ENVIRONMENT MATRIX

The matrix outlines collaborative situations with respect to actors’ mutual or
different (professional) practice(s) and environment(s) (hence, the “place”
dimension is still present). The upper left cell shows, for example, nurses
working together at a hospital (or hospital department), while the lower cells
includes remote collaboration, here between actors from different practices to
the right, and same practices to the left. Hence, each cell determines what
mechanisms that are important or influence the situations listed there. This
conceptualization helped me to understand why some ideas and theories, for
example as discussed in study I and IV, trust, was operationalized differently
here, that is, across professional practices, compared to interpersonal trust
within similar professional practices, groups/peers and/or environments. In all,
the matrix brings together collaboration, actors and tools within and across
different environment and practices, for illustrative, exploratory and possibly
as analytical support at different stages in a research process.
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7.3 METHODOLOGICAL IMPLICATIONS
7.3.1 STUDY DESIGN
As discussed in previous sections, a change from using cell phones or radio, to
currently available 2D video, would be quite drastic. Hence, if our experiment
were to mirror the different degrees of current and future paramedic-physician
collaboration more accurately, it would also have included a condition where
the paramedic had the option of calling a physician via phone or radio. This
would more accurately reflect the situation for paramedics at the time of the
study – and currently, as there has been surprisingly little development with
respect to visual technologies for per-hospital decision support in the types of
settings in the U.S where the studies were conducted. Thus, in an ideal world,
with more resources for conducting the experiments and a 3DMC prototype
available, the experiment study design would include five conditions (c1-c5),
that is, in addition to the three currently included (Alone, 2D and 3D proxy),
two more would be added: Audio-only (C2) and 3DMC prototype (C5).
Increased richness
No
collaboration

Audio-only
collaboration:

Paramedic
working
alone (C1)

Radio/cell
phone (C2)

Audio + visual
collaboration:

Envisioned
technology

Full
collaboration

2D
video
(C3)

3DMC (C5)

Paramedic –
physician
working side
by side

3D
proxy
(C4)

TABLE 7-2 EXTENDED EXPERIMENT DESIGN

The proposed alternative set-up described in table 7-2 would more accurately
mirror current collaborative activities (radio/cell phone), and also provide
more alternatives against which to evaluate the golden standard (3D proxy
view).
As discussed in chapter 2, the starting point and goal for the work in the 3DMC
project was to afford physicians presence at remote scenes comparable with
being there themselves. The hypothesis was that the physician would be better
able to provide best possible advice via 3D, the effects of which could then be
measured in terms of, for example, patient care outcomes. Hence, the
experiments focus on paramedic performance and their perceptions of the
situation. We did not interview the two collaborating physicians or attempt to
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measure their feelings of presence or co-presence on the simulated accident
scene. In an ideal world, unique coupling with paramedics and an equal
number of physicians would have been ideal. However, due to difficulties in
access to emergency physicians in general for this type of simulated session,
this would be close to impossible to attain for all the (67) sessions.
Furthermore, another study design adjustment for the future is related to the
results of the visioning study presented in study III. The studies overall, and
study III in particular, illustrate different perspectives, areas of interests and
tensions between the different professions and practices included in the
studies. Therefore, future studies should strive to encompass and bring
together representatives from all these groups, for instance in focus groups and
participatory design sessions (for interesting participatory approaches, see
Büscher, Eriksen, Kristensen, & Mogensen, 2004). This would allow contrasts
in perceptions and beliefs about current practices and future technologies to
emerge, become articulated and thus mediated between representatives and
contribute to both design and implementation strategies.

7.3.2 THE USE OF A 3D PROXY
The use of a 3D proxy is important to consider and reflect on in relation to
discussing the results of this thesis. It is certainly possible that the actual
physical presence of a physician in the 3D proxy condition had a positive
impact on the results that will disappear in 3D telepresence technology. As
discussed in study I, all paramedics had one person (researcher observing)
physically present and one (manikin operator) virtually present observing from
another room. In the 2D and 3D proxy conditions paramedics had a physician
present either virtually or physically. Social facilitation theory (c.f. Bradner &
Mark, 2001; Zajonc, 1965) suggests that a person will perform easier tasks
better when observed by someone else but will have problems with more
difficult tasks, and that the presence of an additional observer does not
increase the effect on a person’s performance. However, in retrospect it is
reasonable to assume that because of the hierarchic nature of the relationship
between paramedics and physicians, the presence of a physician might affect
paramedics in different ways than just another observer. As one study
participant describes:
It kind of makes somebody nervous being monitored by a physician,
someone of such higher training. And you’re afraid to make a mistake
because this person could be the person that ends up saying [whether]
you get to do more, and where you work or not
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Furthermore, the physician took an active part in the paramedic’s work with
the patient, and thus was not just a neutral observer.
We cannot know for sure the effect of the physical presence vs. the virtual on
our results before we have a full scale 3DMC technology and can test it in real
settings rather than in simulations. Previous studies in CSCW suggest that the
effects of physical and virtual presence on task performance differ depending
on task and type of collaboration. For example, Sonnenwald et al (2003) found
that students using an electronic collaboratory to conduct a group project
assignment achieved the same results (in terms of performance) as students
working together face-to-face. While other studies such as Fussell et al (2003),
have found that helper-worker couples solved physical tasks faster and
perceived collaboration better face-to-face than via different configurations of
video-views.
However, as discussed by Grudin and Poltrock (2013), there might also be
effects of collaboration technologies that are not detectable through lab
studies that examine improvements in terms of outcomes or performance
results. They state:
It is often impossible to prove that a communication or collaboration
tool yields positive performance effects in real-world settings (---)
Second, with a laser focus on performance, it is easy to overlook that
positive or negative impacts [such as group well-being, support among
members, interaction, inclusion] can have crucial indirect
consequences. (Grudin & Poltrock, 2013, no pagination)
Similarly, the results of the experimental evaluation showed mixed results
pertaining to short term/direct effects on an immediate emergency situation,
but through the broader more qualitative approach other short- and long-term
benefits (and negative implications) were identified. These included increased
understanding between paramedics and physicians, better collaboration and
inter-personal relationships, and improved coordination and information flow
between pre-hospital and hospital care.
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8. CONCLUSIONS AND FUTURE WORK

8.1 CONCLUSIONS
This thesis explores the potential of 3DMC for remote collaboration in
emergency situations at a very early stage in its technical development process.
Thus the aims of the thesis were:
(1) to explore the potential of 3DMC for remote collaboration in
emergency situations at a very early stage in its technical development
process; and,
(2) to contribute to future design, implementation and use of visual
technologies for remote collaboration in emergency care.
Benefits, risks and potential implications of 3DMC specifically, were identified
in relation to patient care and paramedic-physician collaboration. Design and
implementation challenges for visual collaboration technology for emergency
healthcare were discussed with suggestions on how to address these. Overall, it
is important to understand that even though study I and II focused on
comparing the potential of 2D and 3D technology, the findings suggest both
benefits and, in particular, problems that might occur if currently available
visual technology would be used today. Some of the problems and challenges
identified might be addressed by a richer and more sophisticated technology
such as 3D, while others are related to dimensions that go beyond “technical”
solutions. Nevertheless, these problems and challenges are crucial to
understand and be aware of no matter what sort of visual technology that
would be considered for collaboration in emergency care situations. To
conclude:
Visual technology such as the 3DMC has the potential to improve
paramedics’ performance of complex medical tasks, even out differences
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related to work experience, and improve emergency trauma health care if
designed and implemented appropriately. Today, many of the benefits
identified in the studies could be attained through the use of an iPad or similar
device that now technically enables recording and sharing of sound, images
and video and integrating these into one system. Also, as technologies like
smartphones and iPads mature, people get used to these, they become a part
of everyday life, and a few years on, the visual aspect it might not feel as
threatening – or as large contrast – to paramedics current voice/audio only
practice (telephone) as it did when I collected the data. If appropriately
designed and integrated in work practice and practice guidelines, a visual
technology might improve patient care and overall coordination, collaboration
and information flow between the field and hospital settings, leading to more
effective patient care. If not, it might harm working relationships, undermine
paramedic-physician relations and paramedic professions, and potentially have
severe consequences for patient care in terms of delayed transport times.
There are also a number of risks and negative effects (from a design
perspective: challenges) related to frustration, legal and liability issues,
potentially delaying of care and transport, and, requiring more resources to
provide care, better network bandwidth, support resources, data storage and
security that need to be addressed. In particular, these pertain to how work is
organized, and the incorporation of how visual technologies should be used
into practice guidelines and thus a part of on-line medical control. This means
that a technology such as the 3DMC, most likely would be included as a
mandatory tool for certain procedure protocols or treatments. There also need
to be clearly established agreements of collaboration with respect to liability
and legal responsibility and the role of the visual materials in terms of how this
can be used and by whom in relation to these aspects and situations such as
malpractice or lawsuits. These are structural dimensions that would affect
how, when and for what a tool such as the 3DMC would be used, and also how
useful it would be.
Many of these changes will be operationalized, manifested, and have different
degrees of impact in different local environments. Hence, there are local
variances to both formal guidelines and protocols, but also collaborative
culture and current practices and conduct. If a technology like the 3DMC
would be implemented in a medical system, the way it would be used and the
way it would change the formal guidelines and informal work practice, would
thus be very different depending on what that particular EMS system looks like
and how it functions. Thus, in some states and counties major changes would
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be required to practice protocol guidelines, in other there might be changes
required, but less influence of these changes on actual practices because the
collaborative practices today are already firmly established.
Design and implementation: Methodologically, this thesis is an example of
involving users and other stakeholders at an early stage in the development
and design process of a technology, and using their perspectives on how to
overcome and address some of the challenges and concerns they raise when
discussing the 3DMC. The information ecology metaphor combined with the
information and collaboration dimensions provided a holistic way of looking at
the results of the four studies overall, seeking to identify, and understand and
to some degree address the complexities.
As discussed in chapter 3, the discrepancy about what we learn about our users
and use context and what we actually are able to build into a system or device
with respect to interface and functionality (or surrounding processes such as
implementation and training), is often interpreted as a conceptual gap
between the technical and the social in terms of isolation during the
development process. Thus, here this can be addressed through putting future
prototypes out in the field early, e.g., through participatory design sessions
working iteratively with design-in-use. It is however, also important to include
evaluations and trials of prototypes during the design process, as healthcare
settings need justifications in types of “hard” evidence that technologies and
tools in some respect improve patient care.

8.2 FUTURE WORK
Because the 3DMC project had a broad approach and a lot of empirical
material was collected, there was not time enough to make use of everything.
Neither was it possible to address all the questions that inevitably were raised
during the analysis work. This leaves some suggestions for future studies, both
within and beyond the project’s context:
Firstly, an interaction analysis of the recorded sessions between the paramedic
and physician during the simulated scenarios would add to the understanding
of the interaction and collaborative processes as situated in the simulated
emergency situation. This would provide an explicit link to material aspects of
information and how advice given by the physician was interpreted and
transformed into the simulated task in terms of skills and activities, and
compared across conditions. This could help inform what type of visual
information that would provide optimal support for task focus and awareness
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in this specific situation.
Secondly, although this thesis strongly advocates the importance of
understanding different dimensions of peoples’ practices and activities in
relation to technology design and development, we did not conduct an
observation study of work practices in their natural environment but our
analysis depended on a simulation of a situation, and on participants’
perspectives and narratives of their practices. A field study would further
inform the results we present here, especially with focus on how information
moves through the entire chain of care (from dispatch to hospital), focusing on
types of information and representations of these, peoples’ interpretations and
the different practices and tools for documenting and reporting throughout
this process.
Thirdly, in the U.S., both the EMS and hospital contexts are connected to
private insurance companies and/or state insurance agencies such as Medicare
or Medicaid. That connection is important because if insurance stakeholders
do not reimburse for these types of consultations, there will be very limited
possibilities for acquiring these technologies, and thus constitutes a main
barrier to such investments. Future work is necessary to understand what
influences decisions for these stakeholders to make such investments in
relation to the healthcare reimbursement system and perceived and actual
usefulness of a system, and how these can be addressed at different stages in
the development process.
Lastly, in relation to the previous suggestion, the studies in this thesis were
conducted in the U.S, where prehospital emergency care as well as the
healthcare system overall is different compared to European and Swedish
systems, and in particular with respect to how it is organized and funded.
Therefore, these results are not entirely generalizable or transferable to a
Swedish setting. Future work could include a cultural comparison of the
propensity of visual technology such as the 3DMC within the Swedish prehospital healthcare system. This would shed light on how two very different
ways of healthcare provision in terms of political systems, funding and
organization, including work culture and collaboration practices influence and
potentially benefit from the use of visual collaboration technology.
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