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Abstract

Remote control and management functions are widely utilized in multiple in-
dustries. The remote control and management functions has allowed for people
to connect and interact to solve technical problems more efficiently. However,
the healthcare organizations have not utilized the remote controlling and man-
agement functions to a degree similar to other industries. Telephoning and
e-mailing are still two mainstream ways of work when it comes to solving
technical support issues in-house. In order to understand what the technical
personnel and the clinical users at a hospital desires in new solutions, this
master thesis project aimed at finding the existing needs in terms of remote
controlling and management functions. To find these needs, Q-methodology
was applied for collection of subjective data from healthcare personnel about
a software device that aims at providing remote controlling and management
functions. In addition to finding and defining the needs, this thesis also aimed
at examining how well such systems can address these needs.

Performing this methodology three factors where found representing three dif-
ferent attitudes regarding the needs for remote functions. The three factors
are ”Technical Communication is Significant”, ”Functionality Appreciative
and Experienced” and ”Do if fast!”. These factors and their interpretation
helps to be aware of and to evaluate remote support solutions in a systematic
way.

Keywords: Remote control, technical communication, technical support,
biomedical engineer, medical technology support, OmniSphere, OmniSphere
Remote Technical Connect, hospital engineer needs, Q-methodology





Sammanfattning

Tillämpningen av tekniska distanslösningar används i flertalet industrier i
olika syften. Dessa tillämpningar har möjliggjort att människor kan ansluta
och interagera med varandra för att p̊a ett effektivt sätt lösa tekniska prob-
lem. Trots detta har inte v̊ardgivarorganisationer tillämpat dessa typer av
lösningar i en liknande utsträckning jämfört med många andra industrier.
Kommunikationskanaler som telefonsamtal och e-post är fortfarande vanliga
när v̊ardpersonal bemöter tekniska problem som ska lösas internt. Syftet
med denna uppsats är att hitta och definiera de befintliga behov som teknisk
personal och kliniska användare upplever p̊a sjukhus gällande tekniska dis-
tanslösningar. För att hitta och definiera dessa behov har Q-methodology
tillämpats för att systematiskt samla subjektiv data fr̊an v̊ardpersonal gällande
ett nytt verktyg som ämnar till att leverera tekniska distanslösningar till
sjukv̊arden. Utöver detta har denna uppsats ocks̊a undersökt hur väl denna
typ av nya verktyg tillfredsställer de adresserade behov som beskrivits ovan.

Applicerandet av denna metodik resulterade i tre åsiktsgrupper som represen-
terar tre olika attityder gällande behov för tekniska distanslösningar. Dessa
tre åsiktsgrupper är ”Technical Communication is Significant”, ”Functional-
ity Appreciative and Experienced” och ”Do it fast!”. Vetskapen om dessa
existerande åsiktsgrupper bidrar till en större först̊aelse och en större förmåga
att utvärdera tekniska distanslösningar.

Nyckelord: Teknisk distanskontroll, teknisk kommunikation, teknisk sup-
port, medicintekniker, medicinteknisk support, OmniSphere, OmniSphere Re-
mote Technical Connect, sjukhusingenjör behov, Q-methodology
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1 Introduction

The history of remote controlling goes further back than one may think. The most
common association people have with remote communicative technology is probably
in terms of changing channels or volume on a television set. Despite this common
association, many might not realize that one of the first wireless remote control
systems was designed earlier than the television-era. Nicola Tesla was one of the
first inventors to design a remotely controlled system when he in 1898 managed to
remotely control a miniature boat via radio waves at the Madison Square Garden
in New York [1]. At that time, controlling a system remotely was nothing less than
a fun invention. Comparing the situation of then with the situation of today, one
can conclude that the technological development since Nicola Tesla’s time in the
late 1800’s has allowed industries to connect remotely and through this draw huge
benefits in terms of connectivity, supportive maintenance and much more.

The situation of today is of course much more technologically developed in compar-
ison to the time of Nicola Tesla. However, the utilization of remote functions varies
from industry to industry. Making a quick look-through amongst the different in-
dustries one can conclude that more and more industries profits from the remote
connection utility. There exists several industries where the technological devel-
opment have made way for processes to be taken care of remotely. With the fact
that other industries have progressed and gone through large stages of technological
development and through this also utilized the benefits of remote communication.
The medical technology industry has not gone a similar way when it comes to how
a healthcare organization utilizes internal remote communication. What is meant
by this is not that there has been no technological developments in the medical
technology industry. Rather the medical technology industry has not utilized the
benefits of remote communication in comparison to other industries. There exists re-
mote communication to some extent between the equipment providing vendors and
biomedical engineering departments but basically all technical issues that should
be solved within the internal organization of the hospital are behind in terms of
utilizing remote controlling and management functions. A utilization that eventu-
ally could benefit the organizational efficacy [2]. One example that motivates the
need for remote controlling and management functions in healthcare is the fact that
telephoning and e-mailing is still widely used in case of technical support issues with
medical equipment [3].

The problems of organizational efficacy in healthcare varies depending on where
one looks. In a Swedish context, there exist different problems throughout the
country where the county councils are responsible for providing most of the health-
care to the Swedish patients [4]. In the northernmost county council there are larger
distances from each hospital which opens up for some regional-specific issues. In
other more densely populated counties there are other types of problems. There
is in other words a discrepancy in issues that are faced in different regions. How-
ever, there are on top of this wide-reaching problems in Sweden for instance lack
of health care personnel [5]. Another wide-reaching issue for Sweden is the low
levels of healthcare accessibility according to the ”Euro Health Consumer Index
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2016” [6]. Sweden is a country investing huge amounts of money in healthcare,
in fact Sweden in a European Union context ranks fourth regarding health care
spend per capita [6, 7]. This motivates the theory that continuous amounts of huge
investments cannot work as a single solution. Solving the problems in a complex
and wide-reaching organization demands efforts from different actors. The medical
technology companies need to do their part in pushing the healthcare development
forward and the traditional way of work has slightly changed in comparison to a few
decades ago. Medical technology companies today does not only focus on providing
the best pure technical systems to caregivers but also on tight partnerships and
consulting with the caregivers in order to solve problems that are not originating
from a core technical issue. One example where there is a risk of problems that
are non-technical related is flow of patients through a care department, adjusting
and refining a patient flow can lead to positive outcomes for the caregiver as well
as the patients. This example is a proof of that there exists solutions which focuses
on helping the caregivers help themselves to improve the workday efficacy of the
healthcare personnel.

One solution that aims at improving the workday efficacy of healthcare personnel
is OmniSphere Remote Technical Connect (RTC). OmniSphere RTC is a software
medical technology device developed by Philips that aims to solve communication
issues that exists when a clinical ultrasound system user needs technical support
from a biomedical engineer. In other words, OmniSphere RTC is a solution that
aims to help the caregiving organization help itself for efficacy and management
purposes by the use of remote communication. The OmniSphere RTC is mostly
directed towards the biomedical engineers where Philips claims that these engi-
neers will achieve an enhanced productivity due to the remote controlling functions
[8]. Other than each published public procurement document, there are no other
outlined needs from the hospital personnel regarding the use of remote control-
ling functions that ought to be utilized within the healthcare organization. Due
to the lack of information regarding what needs there are for remote connective
functions - there is an information gap that needs to be filled. Filling the gap and
understanding the needs is necessary for both the buyers and sellers of medical
equipment. This should make it easier for the healthcare organizations in knowing
how they should adapt their organizations and for the medical equipment vendors
to develop solutions that are fulfilling needs anchored in the real-life situations of
their customers. Today, a technical support errand is solved either with external
support from the equipment providing vendor or, if the competence exists in-house,
with internal support from the biomedical engineering department of a healthcare
organization. In the case of solving a problem internally, the software OmniSphere
RTC would assist the biomedical engineer to utilize a remote communication with
the clinical ultrasound system user experiencing the problem. According to the
problem description above, there is a necessity to know and understand the needs
for remote communication and also to understand how well the OmniSphere RTC
answers to those needs.
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1.1 Objective

The purpose of this master thesis project is to find the existing needs in terms of re-
mote communicative functions internally in healthcare organizations. This master
thesis present a case study examining how well OmniSphere Remote Technical Con-
nect corresponds to fulfilling the above described needs and if there are any general
benefits in the utilization of this software device. The hypothesis that frames this
master thesis project is the following:

“If implemented and used as intended, OmniSphere Remote Technical
Connect will be beneficial to the biomedical engineers in terms of en-
hanced productivity.”

The outlined hypothesis above will be tested by examining two research questions.
The two research questions are revolving the investigation of the existing needs for
biomedical engineers as well as clinical ultrasound users regarding the communica-
tive functionalities in the case of a support service request and the investigation
on how OmniSphere RTC fulfils these needs in terms of productivity. These two
research questions are divided up in the following line-up:

• Which are the existing needs for biomedical engineers and clinical
ultrasound users when they face technical support issues?

• How well will OmniSphere Remote Technical Connect fulfil those
needs outlined from the first research question?
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2 Background

The topics surrounding healthcare has dramatically changed during the previous
years. At the time when Karolinska Institutet was formed – it was a healthcare
organization with the purpose of taking care of Swedish soldiers, the Caroleans
(Swedish: Karoliner). At that time, the healthcare was consisting of army sur-
geons [9]. Comparing the situation for approximately 200 years ago with today,
anyone can conclude that huge changes have been made in terms of delivering care.
In one way, healthcare has went from amputations of limbs with axes and swords
at battlegrounds to very sophisticated procedures such as open-heart surgeries and
brain tumour removals. The obvious trend when examining the healthcare devel-
opment is a wider and more profound integration of technology in the practices of
personnel at hospitals. This trend has been very beneficial in the parts of the world
where technology integration in healthcare has been pursued [10].

2.1 Healthcare Today

The challenges of healthcare has been changing with time. An indicator of that the
challenges are not decreasing is the increase of investments being made by govern-
ments who are making larger budget spaces for healthcare spends for every year
according to statistics from the Organisation for Economic Co-operation and De-
velopment (OECD) [11]. Different factors play into this phenomenon. With an
increased knowledge of different diseases, the definition of healthcare has also ex-
panded resulting in a situation where higher amounts of patients are being taken
care of. Furthermore, people are growing older gaining newer types of diseases that
are far more complex [12]. Welfare states such as Sweden and various other west-
ernized countries are depending on a working and tax-paying population that will
aid the elderly and the weak. This kind of welfare system can be visualized in a
population pyramid that illustrates the population divided up per age in histogram
bars [13]. The population pyramids of many westernized countries and some other
countries e.g. Japan are leaning towards negative population pyramids, which can
be described as having a negative population growth [13, 14]. This poses a substan-
tial threat to the welfare state and hence also to the healthcare systems. Though,
a population with negative growth and where the age spectra is widening is not the
only problem. The patients of today tend to be more connected allowing them to
gain access to more information of health issues. This implies patients being more
involved with the desire to be more informed and engaged in their health [15, 16].
This increases the demands patients have on the healthcare provider. These types
of factors changing the healthcare landscape will lead to newer kinds of problems
and the solutions will not come of themselves.

Sweden in a European context is today one of the best countries in having a good
quality of delivered care. Sweden is at the same time facing huge issues in making
the healthcare accessible for the increasing population that inhabits Sweden. Facing
problems with bad quality of care is different from facing problems of low accessibil-
ity of care. Different solutions need to be applied in fighting these two phenomena.
In order to fight the problems with bad quality of delivered care, one needs to focus
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on having better diagnostic and treatment methods which for an example can imply
improving surgical procedures with tools that has a higher precision and accuracy.
Facing the problems with low accessibility to healthcare demands other solutions
for instance having a more efficient flow of patients through a healthcare depart-
ment. Sometimes solutions to quality of care and accessibility can go hand-in-hand
for instance increasing the resolution of mammography images resulting in a more
efficient flow of patients through a mammography clinic and at the same time being
able to set diagnosis at an earlier stage if a tumor is found. With this logic, one can
consider that Sweden with the good quality of care but relatively bad accessibility
needs to face its problems with solutions that focuses on healthcare logistics. In
other words, there are different ways of fighting the different challenges that face
the healthcare organizations of today. As many other countries, Sweden is today
divided into primary care and secondary care where the 21 different Swedish county
councils are mainly responsible for healthcare delivery [4]. The primary care is the
first contact a patient has with healthcare which usually happens via a non-acute
telephone call or going directly to a care center (Swedish: V̊ardcentral). From this
primary care unit, the patient will either be sent home or it will be sent to the
secondary care in order to receive a more specialized diagnose and or treatment if
this is required to solve the healthcare issues of the patient. The Swedish prob-
lems of healthcare appear in the waiting times that exist both internally in between
different units of the primary care and between the primary- and secondary care.
This is a general problem in Sweden, even if the severity of the problem varies from
county to county, some state that this is a systematic error [17]. This problem of
waiting time exist despite the statutory principle called National Guaranteed Ac-
cess to Healthcare (Swedish: V̊ardgaranti). This statutory principle guarantees the
Swedish citizens access to healthcare within specific time limits regardless of which
county they live in [18]. This guarantee to healthcare access is not the only measure
from the Swedish government to solve the issues exists with waiting times. The gov-
ernment made an attempt to solve these issues by investing one billion SEK in the
year of 2012 in order to decrease the waiting times naming this investment as the
“Kömiljarden”, which in English translates to “The queue-billion” [19]. Different
counties had various experiences from this governmental investment. This attempt
proved to give some positive results but this kind of investment turned out to be
merely a small bandage on a much larger problem [19]. In general, the problems
facing healthcare in general cannot only be solved by investing more money into a
damaged system assuming that the issues come from a systemic error [17]. When
having a systemic error, one needs to proceed with a solution that confronts the
way of working generally in the organization. Different theories exist on how to face
complex problems in general and all these vary depending on the context. Some
of the theories lean towards solving complex problems with complex solutions, for
instance Michel Hansen who in 1981 stated exactly this in his report “Complex
Problems Require Complex Solutions” [20]. Accepting the fact that the problem of
healthcare accessibility is a complex problem that require a diverse set of solutions,
the theory of “complex problems require complex solutions” can be accepted. With
this logic, one can infer that systemic errors usually occur as a result of organiza-
tional obstacles rather than having a lack of investments. Investments can of course
help to work against the organizational obstacles but investing without any plan to
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change the general way of work should not be seen as a long-term solution.

According to the paragraph above, new solutions that work and persist long-term
are needed. Optimally, these new solutions can come in any way, shape or form,
as long as they focus on providing results that directly or indirectly lead to ben-
efits for the patients. Solutions that work indirectly can be solutions that help
the healthcare provider help itself – the benefit is not directly towards the patient.
Having solutions that positively affect the daily routines of clinical personnel can
be classified as indirect solutions that indirectly benefits the patient. Having an
organization being obsessed on what provides benefits to the patient is what by the
years have been known as patient centered care [21, 22]. Sweden has been pursuing
this goal of centering the care around the patient and the meaning of this is not
fully clear, the definitions of what a patient centered care is have not yet been fully
outlined to a degree that is harmonized around the world. The Swedish Agency for
Health and Care Services Analysis (Swedish: Myndigheten för v̊ard- och omsorgs-
analys) has together with international expertise outlined a framework in order to
substantialize the term “patient centered care”. This framework is built up by five
essential dimensions which take different aspects of patient focus into consideration.
Those aspects are such as providing the patient with information, coordination be-
tween different care units, seeing the patient as an individual with both emotional
and spiritual needs, involving the family etcetera [23]. In the report of ”Patientcen-
trering i svensk hälso- och sjukv̊ard” from 2013 the Swedish Agency for Health and
Care Services Analysis together with two international experts regarded the patient
centering in Swedish healthcare to be facing a number of different challenges [23].
In terms of the aspects outlined in the framework named above, Sweden had a bad
ranking in comparison to other well-developed countries. Even the United Kingdom
who according to the authors have a similar system to Sweden was ranking much
better in terms of patient centering. It can in other words be fair to say that Sweden
faces multiple healthcare challenges according to the Euro Health Consumer Index
as well as the report done by the Swedish Agency for Health and Care Services
Analysis together with two international experts.

2.1.1 Solutions

As named previously in this chapter, solutions can come in different forms. One
standard categorization done earlier is having solutions that provide a direct benefit
to the patient, or solutions that provide indirect benefit to the patient. In the report
from 2013 where Swedish patient centralization was reviewed, the authors proposed
different solutions, which also were in line with other literature existing on how to
make healthcare more patient centralized [21, 22, 23]. Which solutions the authors
behind the report proposed for Swedish healthcare can be summarized in following
take-home-points:

1. Strengthening the patient rights,

2. Focus on providing more positive patient experiences,

3. Actively engage the patients in their own care process,
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4. Increase the continuity of care – get the care providers to start thinking of
themselves as a team responsible for one episode of the whole healthcare
process and

5. Become more engaged in patient’s understanding of care via tools such as
questionnaires.

Following these take home points, various parts of the community can engage in pro-
viding solutions under these take-home-points. The utmost responsible for fulfilling
these take-home-points is the caregiver itself. Though, the competence needed for
fulfilling these take-home-points are spread out in the healthcare system, in the
academia and in the industry. In making the healthcare more patient centralized,
different actors have a role to play. For instance, in the first take-home-point about
strengthening the patient rights, lawmakers have a role to play. Digitalization can
also help in providing much of what benefits the patient healthcare experience [24].
In this sense, medical technology companies have a role in improving the healthcare
to a degree that makes healthcare more patient centered. For instance, the fourth
take-home-point about improving the continuity of care can take much influence
from new technologies. Improving the continuity of care is what would be cate-
gorized as an indirect solution that in the end provides benefits for the patient.
Solutions that enhance the care continuity is what will be a further focus in this
report.

One field where technological developments can enhance care continuity is keep-
ing the medical technology utilized in hospitals up to date and available as much of
the intended utilization time as possible. Today, having a medical technology down
for unplanned technical support maintenance can cause major problems for the care
continuity when it comes to patient flow through a healthcare unit. Having an un-
planned technological support issue can in many ways impede the care continuity
where patients have to be rescheduled to new doctor visits [25]. This can at worst
lead to bad consequences for the patient which contradicts the take-home-points
in many ways. A rescheduling of a doctor visit will worsen the patient experience
where both psychological and physiological aspects takes a negative turn. Even the
healthcare organization itself will take a bad hit from this economically due to the
costs that come with rescheduling. Fighting these kinds of challenges of unplanned
technological support issues needs to be done by enhancing the biomedical engineers
in their work helping them coordinate and control the medical technology. Other
industries have solved these issues and decreased lead times of technical support
issues by making it possible to remotely work on these issues. In general terms,
improving continuity is somewhat of a logistical matter. Decreasing the process
lead times in an organization, whether it is a healthcare organization or another,
is what can be considered as a continuity improvement. The healthcare organiza-
tions of today have progressed in different speed in terms of improving lead times.
However, there are still improvements to be made.

Other industries have made huge progress in terms of improving the logistics which
have made processes more efficient. Looking at other industries, one can infer that
healthcare have much to learn. During the previous years of the technological de-
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velopment, changes have been made in other industries utilizing this technological
development in order to decrease process lead times. One indicator of this tech-
nological development is the rate of innovation. Since the rate of innovation has
increased [26], this poses good possibilities for which changes that can be done in
healthcare in order to proceed with making care more patient centralized.

2.2 Remote Communication in Other Industries

Other industries have utilized remote functions for communicative, controlling and
management purposes. For instance, looking at the industry of energy systems, the
vehicle industry and the IT-industry – the remote connection utility has provided
benefits via a large variety of solutions. In terms of energy systems, remote solu-
tions have for instance improved the energy management when it comes to heating
large buildings that require complex heating systems. Maintaining an optimal level
of heating, ventilation and air conditioning (HVAC) in a large office building or
a school building is a highly energy consuming task. These systems for HVAC in
larger building complexes have become more automatized during the years with
sensors replacing or reducing the influence of human work. The dynamics that
influence energy systems is sometimes easily workable due to the slow changing
parameters and good weather forecasts. The accuracy of weather forecasts is in-
creasing with time and this makes it easier to adapt the energy management systems
of larger buildings [27]. The remote controlling of these systems allows adaptations
to take place, both in terms of academic- and pure practical use [27, 28]. The
general technological development has opened the way for a more extensive way
of implementing remote controlling and management techniques. In other words,
the progression of the remote controlling and management techniques goes hand in
hand with general technological developments. This has also been utilized in the
vehicle industry where cars in the previous decade was focused on making the car
more adapted to the driver in terms of functionality and general understanding.
The trend nowadays is leaning towards manufacturing more and more autonomous
cars [29]. Autonomous cars with more complex systems demand another type of
troubleshooting and service in comparison to the regular vehicle inspection that
the mainstream car has to go through today. The vehicle inspection routines has
to be adapted to the more autonomous cars that with time will dominate the ve-
hicle industry. The situation today is slowly adapting to these new types of cars
where multiple companies have started to provide remote technical support func-
tions. Most of the remote functions are on a basic level where the car owner can
initiate several functions remotely via a smartphone application. On a more com-
plex level, the vehicle company Tesla is a great example when it comes to providing
remote support from a local support team. These kinds of teams have increased
and can e.g. assist the car owner in case of a lock out, they can assist in software
upgrade issues [30, 31]. Furthermore, the European Union has decided to force all
new cars after 31st of March 2018 to have the eCall function where the car in case of
severe collision automatically contacts SOS providing essential information such as
location and more [32]. This is another example of the developing vehicle industry,
which allows for more remote communication.
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Similar to previous two industries shortly described above, the industry of IT-
systems has gone through rapid developments that has opened up doors to new
ways of remote communication. This has resulted in an increasing amount of IT-
issues being solved remotely, which is part of the Information Technology Outsourc-
ing (ITO) phenomenon [33]. It is not unusual for larger companies to outsource
IT-processes in order to reduce overhead costs. For approximately ten years ago
the annual difference in labour costs for IT employees was more than 50 000 USD
when comparing an American company to an Indian company [34]. The general
conditions in the globalized world between USA and India has not changed that
much in order to disregard this huge monetary difference due to general high re-
tail and export rankings and a steady increase of IT export [35, 36]. As a part of
the many globalization mechanisms, industries tend to get more specific and more
concentrated. For the IT industry, this means that the global IT companies will
grow and other companies will use their services instead of solving IT processes
in-house. This globalization mechanism has increased its influence during the years
and will keep on in the same direction in the coming years. For a globalized IT
company with customers worldwide, the remote communication capabilities are es-
sential. This has been the situation in previous years and will keep on in the same
direction as people become more connected in the globalized world of today.

In the text above, some example industries were shortly suggested as fields where
the technological development has progressed to a degree where process lead times
overall has decreased as a result of more remote communication, controlling and
management. Different industries have utilized various remote functions in different
ways and this has been done with great success. This has been a possible way to go
for various companies due to a general technological development. This is a fact for
many different industries. Earlier in this section, the industry of energy systems,
the automotive industry and the industry of IT have shortly been examined. All
of these industries have experienced huge progress due to a utilization of remote
functions. Other industries than the ones mentioned above have also utilized vari-
ous remote communicative functions. However, the three example industries named
above will be looked at more closely further in this section in order to benchmark
them against the industry of medical technology.

2.2.1 Energy systems

The energy systems industry has faced issues when the use of energy has been more
complex. For instance in a large building complex where heating, ventilation and
air conditioning is needed – there is a challenge to build an energy system that
is providing the right HVAC-conditions. At the same time, this has to be done
without consuming too much energy. Having the optimal consummation of energy
and a good level on the heating, ventilation and air conditioning is not something
that a human should monitor all day long. In order to maintain the most optimal
levels, remote communicative functions have been introduced. A study published
compared a HVAC system being utilized in a non-remote controlling way versus
a remote controlling way [28]. In these two cases there was an obvious difference
between energy consumption, in the case where remote controlling was used – the
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research team managed to save 20 L of fuel as well as having more than 55% higher
thermal efficacy in comparison to the non-remote controlling study. Another study
at the KTH Royal Institute of Technology was made where an open testbed for a
HVAC system was set up for remote controlling by researchers all over the world
for research purposes [27]. The purpose of this testbed was to make it possible for
researchers around the world to elaborate with different parameters and how they
affect the performance of the HVAC-functions. This is a proof of that the degree of
progress in the industry of energy systems has reached a point where universities
are performing various studies in order to find new innovative solutions. The use
of remote communicative functions in energy systems is not only a good utilization
tool in large building complexes. There are also examples of where remote con-
trolling an energy system in smaller buildings, e.g. regular homes. One example
is the ZigBee function where the energy system in a home is remotely managed
via a Bluetooth-function [37]. Many systems in energy management utilize smart
controlling of parameters that allows for a profound way of controlling an energy
system. For instance, having a very sensitive and detailed view of essential param-
eters allows for a sensitive and detailed controlling and management. This is the
case in many types of studies made on energy systems where the detailed way of
controlling parameters have played a huge role in moving forward in the remote
controlling of energy systems [38]. What is common in most of these studies is that
a very detailed controlling of various parameters in one controlling unit/view has
made it possible to combine positive effects and thus acquire some benefits in terms
of efficacy. Most of the cases of remote communication in energy systems is related
non-human interactions. This means that the progress of remote communication
has developed in having more automated remote controlling where computers can
interact remotely and adapt. For instance, acquiring weather forecasts and sending
the weather data to an automated remote control unit in a house which will adapt
the HVAC-parameters depending on the received weather forecast. One example
of this more automated type of remote communication is presented in an article
mentioned earlier [27].

Agriculture today faces issues in terms of droughts around the world and the in-
creasing need to feed growing populations [39]. Some studies have been made where
remote controlling of hydrological- and seismic parameters can impact agricultural
conditions [40, 41]. This confirms the utilization of remote controlling in contexts
where parameters are acting in a more complex system. The difference between
mitigating damages on agriculture after an earthquake and decreasing lead times
in healthcare is extensive. However, it proves that remote communicative functions
can be part of complex solutions to complex problems.

2.2.2 Automotive industry

As cars and various vehicles have develop into more intensively interactive systems
– the severity of providing service maintenance has increased to a new level. This
new type of severity is managed by automotive companies via new types of agree-
ments between the automotive company and the vehicle owners. A new agreement
when buying a car is today including more service – e.g. preventive maintenance to
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a new degree and remotely updating the software in the vehicle. Historically in the
automotive industry, this has not been the mainstream way of working between ve-
hicle sellers and vehicle buyers. Looking at automotive companies today, extensive
service agreements are usually included in the deal when buying a new car, either
included in the original price or added on top of the original price [42, 43, 44]. The
automotive industry is today leaning towards a development where vehicles will
be remotely controlled and managed for troubleshooting and service maintenance
purposes. In comparison to the section above where the energy systems industry
is described, the companies in the automotive industry is more towards solutions
where remote control and management is done on a computer system by a human
user. Similar to the OmniSphere RTC solution, some newer solutions in the automo-
tive industry aim at solving issues remotely. One example of this is described in the
thesis “Troubleshooting Trucks – Automated Planning and Diagnosis“ (2015) by
the author H̊akan Warnquist from Linköping University. In this thesis, the author
describes a new technique for aiding trucks and busses to remotely troubleshoot
and solve a matter remotely when a technical issue appears [45]. This study was
done together with the Scania who very well is interested in providing the best
trucks with the best service possibilities. The same author describes further in an
article from 2009 the use of a troubleshooting device operated remotely on trucks
[46]. This device would according to the study be able to remotely recommend
solutions on how to proceed in solving any technical issues on an off-site vehicle
needing assistance. This kind of solution would be a resource saver in terms of
minimizing the costs spent on service maintenance.

Autonomous vehicles are entering the automotive market and one common solution
for the more autonomous vehicles today is to have an autopilot-function. Many of
these solutions are classified as advanced driver-assistance systems (ADAS) where
the assistance is in terms of steering, braking and other similar functions [47]. It
is rare today to have a complete autonomous automotive system that is indepen-
dent of human influence. However, most of the new cars are in some way leaning
towards having some kind of advanced driver-assistance system. For instance the
eCall function exemplified in the introductory section [32]. As named earlier in this
thesis, the need for more complex service maintenance increases as the system gets
more complex. What is described in a report from 2016 is a solution to remotely
diagnose and provide service maintenance to ADAS with the help of machine learn-
ing algorithms [48]. What is stated in this report is that the profound developments
occurring in the automotive industry in terms of ADAS results in an essential need
for newer types of service solutions to the ADAS vehicles. This type of theory is
also reflected in the term “complex systems need complex solutions”. Which means
regular vehicle inspections will be complemented with remote support functions to
every individual car in order to have traffic vehicles working as safe possible.

2.2.3 IT Industry

Every organization aims at keeping the overhead costs as low as possible. The drive
behind the IT industry is the need and desire to outsource IT-processes that for
a normal company among other positive results leads to decreased overhead costs.
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Another reason why the IT industry is developing and growing is the globalization
playing its role where competence gets more concentrated due to lower tax barriers
between countries and a larger influence of the free trade evolution. Many factors
influence the progress of ICT companies and not all of these factors will be outlined
in this thesis report. However, there are some extra interesting factors driving the
need for remote communicative functions. One general factor is due to globalization
where remote communication is increasing connectivity around the world enabling
people to do what they are best at independently of their geographical location.
For instance, a Finish company will not be dependent on what ICT-competence
it can recruit in-house since various competences can be achieved by outsourcing
to companies far outside of Finland, e.g. in India. This due to the positive effects
of remote connectivity. In a world filled of outsourcing of different competences
will make companies invest more in what they do and through this increasing the
offloading being able to put more time on their core work.

The real world scenarios are very different when it comes to utilization of remote
communication in a context of ICT-solutions. In some scenarios, on-site workers
manage to receive technical support from experts [49]. In other scenarios, teachers
manage to provide education to students in rural areas which is thanks to remote
communicative functions [50]. In this way, various on-site workers and teachers can
focus on their own tasks to a wider extent becoming better at what they do. This
only proves that remote communicative functions are very useful utilizations. In
general, there is a proven benefit of having a remote expert user when in need of
technical support [51]. In a study done to increase efficacy of service maintenance
of industrial robotic systems, positive effects on service maintenance was proven
during the use of a remote expert user at another geographical location [52]. In
this study, it also showed that remote collaboration was a satisfying way of working
with data-rich systems where careful competence based management was required.
This way of working is also similar to how Microsoft works with their Remote Desk-
top Services (RDS) [53]. The tool allows an expert user to connect to the desktop
of another computer solving eventual technical issues. This way of work is usual
for larger companies who have outsourced their technical support management to
other expert companies. Whenever an employer experiences a technical issue, the
employer will be directly allowed to reach out to a remote service assistant who
will be able to remotely connect and gain control of the desktop. This control of
the desktop will work in a similar way to the Microsoft remote connect tool where
the expert user will start troubleshooting and then immediately work to solve the
technical support issue. In theory, this remote connect tool works fine if the connec-
tive software and Internet connection is stable. However, the practical application
of these tools can imply anger and stress for some users [54]. In the report “Re-
mote Technical Support Requires Diagnosing the End User (Customer) as well as
the Computer”, thoughts and opinions were gathered from users receiving remote
help. The results was that improvements could be made to provide a positive user
experience. This sets the problem of connecting remotely between two parts where
the lack of communicative functions e.g. body language can result in complex situ-
ations. This should not reject the tool of remote connection but rather improve the
user experience. At the stage of today, barely no questions are directed towards the
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contribution of remote connection since the benefits of these communicative ways
were observed already in the late 19th century [55].

This should pose little or no question regarding the validity of remote commu-
nicative functions in comparison to the traditional way of work where people stood
in lines for technical support issues to be resolved. Though, in the industry of
medical technology – another perspective can be described.

2.3 The Industry of Medical Technology

In the example industries outlined above, different techniques have been described
in terms of remote communication. Some techniques lean toward being more of
a computer-to-computer relationship where the remote communication happens in
an almost complete automated way. Other remote communication techniques the
have been human-to-human and some human-to-computer. Further, the remote
communication techniques that work in a human-to-computer relationship have in
many cases been described as having an expert user remotely communicating to the
computer of another user [45, 51, 52, 53]. This would form an expert-to-computer-
to-user relationship. This kind of not fully automated relationship is what should be
differentiated from other completely autonomous remote systems where a computer
remotely interacts with another computer [27]. It should also be differentiated from
remote communicative systems that only rely on a human-to-human relationship
having a minimal influence of technology [50]. These different types of techniques
function in different ways and they are dependent on different sets of conditions.
In this report, the main focus will be on remote communicative techniques where
the communication relationship is between an expert user remotely controlling the
computer system of another user. As stated in the introductory section, the aim
of this report is to investigate the use and need for remote technologies in health-
care. The today use of remote communicative techniques in healthcare are limited
to a small number of tasks where a technician must in many cases be physically
present in order to troubleshoot and provide service maintenance [2]. This results
in technicians spending time in cars only to be able to initiate a troubleshooting. A
remote technique where a technician can directly connect to a device and control it
from a distance would eliminate this time-consuming factor of not being physically
present when a technical error appears.

2.3.1 Supporting Services

In recent history of technical support issues for medical technology, routines have
been somewhat analogue in terms of performing error troubleshooting and service
maintenance. As described in the section above, the example industries are oper-
ating in a much more digitalized way with the use of remote communication. For
these industries, both troubleshooting and service maintenance are something al-
ready existing and in use. The digitalization opportunities have not fully reached
the medical technology industry in terms of dealing with technical support issues.
Different routines apply to healthcare when it comes to dealing with technical issues
on medical devices. Some issues are solved in-house – meaning that the healthcare
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organization solves the issue itself with existing competence and other resources ex-
isting within the organization. This is done either within the same clinic or between
two clinics in the same organization. In a Swedish context, this can be an exempli-
fied where a hospital needs technical support and receives it from another hospital
within the same county council. This would be a scenario where the issue is solved
in-house within the healthcare organization (county council). This is illustrated in
the figure below.

Figure 1: Hospitals within one healthcare organization providing in-house assis-
tance according to the black arrows between each hospital.

Whenever a technical issue is to be solved in-house, technical support issues have
been dealt with in a way where physical contact is essential. This kind of in-house
error solving can sometimes be too expensive since a healthcare organization do not
have the resources to accommodate for all various technical experts. This problem
of not having the expertise competence for every single medical device has somewhat
been solved together with the device delivering suppliers. Similar to the automotive
industry – when a hospital procures medical technology equipment from an exter-
nal supplier – the contracted agreement sometimes include service maintenance on
the procured products. This kind of service maintenance can look very different
depending on the procured product. Factors that influence the agreement and what
it includes can for instance be the budget of the procurer, the complexity of the
procured medical device itself, the in-house expertise of the procurer and so on.
Mainly two ways of providing technical service from the equipment-providing sup-
pliers are utilized today. One common alternative is to have field service engineers
going out on planned preventive maintenance to hospitals. The second common
way is to make it available for hospitals to phone in to the equipment-providing
suppliers where the suppliers have the ability to remotely connect and control the
computer systems of the devices. For instance, Philips has remote services engineers
employed to whom some of the healthcare organizations can phone in to get remote
service support whenever a computer system experiences an error. Via this way of
work, it is possible for the remote service engineer to perform both troubleshooting
and service maintenance on distance. For a healthcare organization to be able to
receive assistance from a remote service engineer – this has to be pre-aligned in
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the agreement between the equipment-providing supplier and the healthcare orga-
nization. There are of course different advantages and disadvantages with any of
these alternatives. A moderate proposal is that the most optimal way of receiving
support for a healthcare organization should consist of a choice between multiple
service channels and the most suitable alternative should then be chosen depending
on the nature of the different technical issues. However, there are needs that the
healthcare organizations have and different channels will be more beneficiary for the
healthcare organizations. A smaller clinic might be more suitable to utilize one or
two support channels when facing a technical error on their instruments. A larger
clinic might want to utilize others. Finding out what the most beneficiary choice
of support channels for every care provider is tempting. However, this report will
focus on finding the general needs that healthcare providers see today. Addition-
ally, this thesis report will examine the implementation of OmniSphere RTC with
the aim to understand in what way OmniSphere RTC fulfils the outlined needs in
terms of channels for technical service.

2.4 OmniSphere Remote Technical Connect

OmniSphere is a software medical technology device developed by Philips. This
device aims to give more control of the in-house ultrasound systems. Two business
applications in the OmniSphere are available for healthcare providers and both of
them are independent of each other. This thesis report is delimited to only one
of these two business applications, which is the Remote Technical Connect (RTC)
application [8]. RTC allows the technicians in a healthcare organization to diagnose
and solve technical issues both on- and off-site. If applied according to the intended
use – OmniSphere RTC would enhance the productivity for the biomedical engi-
neers in the healthcare organization utilizing OmniSphere RTC [2, 8]. It would also
possibly increase the satisfaction of the clinical users working with the ultrasound
systems due to a more productive biomedical engineering department.

Since OmniSphere RTC is a software medical device, it poses low impacts on the
physical environment at a clinic. It is different from other medical devices that take
up physical place and in some cases require a profound planning. OmniSphere RTC
is installed on existing hardware – the computers at the biomedical engineering de-
partment and the ultrasound systems which are connected to this software. What
is required for installation are standard hardware requirements and an USB flash
drive with installation data. The OmniSphere service application connects multi-
ple ultrasound systems to the computers of the biomedical engineering department,
which are connected to the hospital intranet. After the installation – which will
not be further described – the biomedical engineers will be allowed to remotely
connect to the ultrasound systems and in a similar way to earlier described remote
connective systems – share and control the desktops to the ultrasound systems [8].
It is possible for a healthcare organization with multiple spread out clinics to have
ultrasound systems connected to the same OmniSphere service application, which
is where one claimed benefit originates. The possible scenario then will be that
biomedical engineers at the main clinic of the healthcare organization will be able
to remotely connect and deliver service to ultrasound systems at another clinic in
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the healthcare organizations. The claimed benefit of this is scenario is depending
on the geographical area and the distance between every clinic. It is also possible
for the biomedical engineers to provide remote service to the clinical users of ultra-
sound systems at the same clinic, which sometimes can be more efficient if a clinic
is large. For the aspect regarding travel distance, it will be more beneficial to the
regions that are less densely populated which usually correlates with having a larger
distance from one clinic to another. This time-saver due to decreased travel times
has proven to be beneficial at the Perinatal Associates of New Mexico in the United
States of America [2]. New Mexico is one of the least densely populated states in
United States of America [56]. This made the Perinatal Associates of New Mexico
and its ten spread out clinics in the state an appropriate subject for the pilot project
where OmniSphere RTC was tested. The participating IT-personnel and biomedi-
cal engineers claimed to gain benefits in productivity in solving technical issues on
the ultrasound systems spread out in the Perinatal Associates of New Mexico [2].
The participating subjects at the Perinatal Associates of New Mexico claimed that
the benefits from utilizing the OmniSphere RTC was an increased productivity in
solving technical issues remotely. Also benefits that saved the practice time and
money due to efficiently being able to find the name, location, serial number of the
ultrasound machines connected to the OmniSphere RTC service application [2].

As named previously in this report, there exist different types of solutions and
the various solutions can be categorized in a way depending on how the benefit is
provided to the patients – which should be the main focus in a patient centred care
context. According to earlier description of solutions, OmniSphere RTC can be
described as a solution providing indirect benefits to the patients. What is meant
by this is that OmniSphere RTC – according to the claims and pilot project in
New Mexico – helps the healthcare provider help itself. If utilized according to
intended use, OmniSphere RTC will turn out as a solution directing more control
to hospitals hence increasing the autonomy of the healthcare organization. This
due to the fact that a healthcare organization will not be dependent on receiving
remote technical assistance from the equipment providing suppliers such as Philips,
General Electrics or Siemens. In a way – Philips out-competes itself as a supplier
of medical technology. However, some argue that this is the way forward for the
industry of medical technology [57].

2.5 Challenge of Digitalization

There is one important aspect that solutions like OmniSphere RTC raises. This
aspect is the increasing use of technology within healthcare organizations. New
technologies have increased the number of possibilities to provide healthcare to pa-
tients. One of the largest challenges for healthcare providers is to integrate the new
technologies into the already existing healthcare context. Just because one new
medical technology device is proven to improve healthcare work results, it does not
mean that it will be embraced by every single healthcare provider. Healthcare to-
day is a slow-moving industry and there are some reasons behind this, for instance,
there is a relatively high number of regulations and other decelerating elements [58].
Impeding factors of developments are to be expected in such a wide-reaching con-
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text where different stakeholders have different interests [59]. The possibilities that
new technology provide healthcare is to be viewed as something positive. However
it is important to remember that implementing new solutions need to be well-suited
in the context in which it is implemented in. A cautious way of work is favorable
when implementing new technologies into a healthcare context.

The implementation of OmniSphere RTC is one type of implementation that will
be wide reaching if used as intended. The implementation of OmniSphere RTC in a
healthcare organization affects some stakeholders in a clinic and has some positive
aspects in terms of digitalization. One aspect is that it is to some extent, if used
as intended, removing the implication of geographical distance between healthcare
providers. Another aspect is the fact that it is a software device, which in com-
parison to an MRI-scanner results in a less exhausting implementation. Even if
there are positive aspects of OmniSphere, one has to consider some conditions. For
instance, healthcare workers have their daily routines and can be hesitant to change
them. There tends to be slow technology acceptance in some healthcare contexts
[60]. This technology acceptance is of course different from region to region and
from clinic to clinic. In Scandinavia, people are more enthusiastic towards technol-
ogy in healthcare in comparison to regions in southern Europe [61]. However, in
order for healthcare providers to succeed with their goal of having healthier patients
with the growing populations and higher amounts of chronic diseases – new tech-
nologies need to be integrated and embraced in healthcare settings. The average
healthcare context is to varying degrees ready for this technology integration – this
will be further discussed in chapter 5 “Discussion”.
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3 Methodology

In order to examine the outlined research questions, an initial study was made
to find the existing needs that biomedical engineers and clinical ultrasound users
were experiencing. This studying of experienced needs was done by examining the
thoughts and opinions by the hospital personnel who would be affected by an imple-
mentation of the software device. In other words, the collected data in this report
was mainly of a subjective nature. This motivates the need of a frame of work that
treats this subjective data in a systematic way. Thus, the main methodological
focus of this report was to apply the Q-methodology. This methodology is well
established as a frame of work when it comes to obtaining and analyzing subjec-
tive data. As a part of the application of the Q-methodology, a literature review
and interview was performed. The literature study was done both with the pur-
pose of creating a correct concourse and to conduct a benchmarking in relation to
other studies. This step will be described later on in this chapter under subsection
3.1.1 ”Definition of Concourse”. Additional to the application of Q-methodology, a
concise control study and an interview was performed to validate findings.

3.1 Data Collection

There exists a few considerable research methods to follow when performing a qual-
itative study. Of course one can choose to follow any kind of method in exploring
and explaining some phenomena. However the there are some methods being more
suitable for some kinds of studies and others being more suitable for other studies.
The most important aspect for the master thesis project presented in this report
was to gather viewpoints of individuals regarding a certain way of work when solv-
ing technical issues. In other terms, gathering subjectivity.

Perhaps the most known alternatives to choose from when performing a qualitative
study is to either do in-depth interviews, questionnaires or participant observations
[62]. However there exists other types of frameworks to follow when doing quali-
tative research for instance document studies or Q-methodology. Examining what
can be regarded as the most common alternatives for doing qualitative research -
interviews, questionnaires and observations - one can conclude that findings will
vary depending on the choice of applied research method. The various research
methods all have their special advantages and disadvantages. Looking at a case
where in-depth interviews are performed, one will end up with a collected set of
data that is in relative terms very large. In the scenario where thorough interviews
are held, the individual histories and experiences of the participants will take a
huge part of the data set [63, 64]. The main issue if applying in-depth interviews as
the main frame of work in this master thesis project would perhaps be that large
parts of the collected data would to some extent be irrelevant. Since the aim of
this master thesis project was to gather subjective viewpoints on a specific way
of work-routine, interviews would perhaps guarantee this but it would also mean
that time would be spent on gathering data which would not be significant for the
analytical objective of this master thesis.
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Questionnaires are good tools when having the need to collect quantitative data
and qualitative data in some cases. This frame of work requires a high partici-
pation rate in order to ensure significance in the gathered data. Questionnaires
are on one hand scalable which is one of the strengths, on the other hand this
refers to the previous point about ensuring a high participation rate. There are
several advantages with questionnaires but no matter what these advantages point
towards, characteristics of subjectivity in the findings would be lacking [65]. Even
if the scalability would be ensured, there are still indications pointing towards the
case that opinions and viewpoints from the participants would not be fully covered,
which would be an essential concern and an impediment in getting a data set with
subjectiveness [66].

The third most common research method is to perform participant observations.
There are multitudes of advantages with performing participant observations, the
perhaps most important advantage is that one is able to study the typical behaviors
in a specific context. However this is also a great challenge, assuring low impact of
various biases is a time-consuming task [67]. Specifically for the analytical objective
in the master thesis project presented in this report, it would be a disadvantage by
not catching the opinions and viewpoints of the participants by performing partic-
ipant observations. The collected data would in this case be providing behavioural
explanations instead of subjective viewpoints. Organizing occasions for the partici-
pant observations would furthermore mean additional work of scheduling time slots
where the observations could take place.

Due to the overall lack of catching subjectivity in the previous explained research
methods, the choice of framework was to apply the Q-methodology in this master
thesis project. The analytical objective for this master thesis project was to collect
data which could represent opinions and viewpoints, this was essential for the char-
acteristics of the findings. The ability of catching subjectiveness in Q-methodology
is basically a result of participants being free to collect and choose biased state-
ments and then organize them based on their viewpoints. The comments which
are made by the participants is also an important part when it comes to gathering
subjectiveness in the findings. Through this type of participation, one is able to
get a greater understanding of what kind of opinion and viewpoints a participant
holds.

3.2 Case Study

For this master thesis project, Mälarsjukhuset Hospital in Eskilstuna was chosen
for the case study. Mälarsjukhuset Hospital in Eskilstuna was first of all chosen
due to the OmniSphere RTC would be implemented at the Clinical Physiology
department at this hospital in the region of Sörmland County Council. There was
no other eligible hospital or caregiving county council to perform this case study in
Sweden at the point of the execution of the master thesis project. This is almost
only due to the agreement setup between Sörmland County Council and Philips.
However, there are some important characteristics of Mälarsjukhuset Hospital to be
taken into consideration. Geographical distance between hospitals and the amount

19



Master Thesis Fendukly

of hospitals are important factors to take into consideration. Depending on the
definition of what a hospital is, there are approximately 90 hospitals spread out
in the 21 different county councils of Sweden [68, 69]. This means that there is
an average of 4.3 hospitals per county council. In the study performed in this
master thesis project, there was three out of four hospitals in Sörmland County
Concil included in the case study where Mälarsjukhuset Hospital in Eskilstuna was
the point of origin when it comes to how OmniSphere was and is operated. This
makes the case study more generalizable in terms of the amount of hospitals. The
geographical distance between each hospital in Sörmland County Council can to
some extent be regarded as an average of the overall geographical distance between
hospitals in Sweden. The large city regions of Stockholm, Gothenburg and Malmö
are lowering the average geographical distance and the less dense populated regions
in the north and middle parts of Sweden are increasing the average geographical
distance between hospitals. Sörmland County Council is regarded as a middle
point in these terms making a case study originating in Eskilstuna and Sörmland
suitable in terms of generalizability. The earlier performed case study in New
Mexico states that benefits will vary depending on the characteristics of the region
in which OmniSphere RTC is implemented and tested in [2]. If the case study
would be performed in the northern parts of Sweden - the findings in this master
thesis project would most likely differ in comparison to if the case study would be
performed in a large city region. This makes it beneficial in terms for generalizable
findings that the region in which OmniSphere RTC was tested in was Sörmland
County Council originating from Mälarsjukhuset Hospital in Eskilstuna.

3.3 Q-methodology

Q-methodology is a complete set of methods that is tailor-made for studying sub-
jective data systematically. Subjective data can be treated in many different ways
but Q-methodology is one specifically well-suited frame of work in this context.
This can be motivated by the fact that Q-methodology consists of a systematic
frame of work when dealing with subjective data such as thoughts and opinions
of a set of different people. A more profound motivation behind the application
of Q-methodology is outlined later on in the discussion. One of the advantages
of Q-methodology is that having a small set of participants is not a problem in
terms of bias and lack of significance in results. This due to the data that is an-
alyzed and interpreted is not collected as opinions that are representable for the
larger population but merely data that helps in defining opinions that exist within
a specific context [70]. There is no standardized way of doing Q-methodology and
small adjustments can be made in the application and use of it in order to match
the frame of work to a specific study. However, there are some basic concepts to
include in the work when applying Q-methodology. It consists of various steps that
all include the following process. Initially, the concourse is defined, the concourse
is the preparatory work where an understanding is built up regarding what data to
include. The survey in its final form consists of a set of statements to which the
respondents will give opinions on; this set of statements is called the Q-set. Next
part of the process is to develop the Q-set. After this stage, the type of desired
respondents are defined. The amount of desired respondents varies from study to
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study. The aim during this stage is to define a respondent group with some vari-
ance when it comes to thoughts and opinions. Next step of the process is where
the respondents take part in the study where they sort each statement in the Q-set,
this process is called Q-sorting. After the respondents have provided their Q-sorts,
it is time for the process go to in to analyze and interpretation phase. In short, this
analysis consist of using the accumulated data (all Q-sorts) to factor out groups
that are differentiated depending on how much they correlate in opinions which is
presented by the Q-sorts of each participant. The groups are specified as factors.
After this differentiation, there exists different sets of viewpoints that will represent
different clusters of viewpoints. The set of clusters is then interpreted to factor out
the root cause that form the clusters of viewpoints and opinions. By this – one is
able to deduce a conclusion on the investigated matter [71, 72].

3.3.1 Definition of Concourse

The project was initiated by a data collection process with the purpose of setting up
the statements in the Q-set with a solid ground of knowledge regarding the scope of
the study. The aim was to collect the viewpoints and opinions from the respondents
both pre- and post-implementation of OmniSphere RTC. Since the scheduling time
of the software implementation was undecided at the time being, there was a need
of completing the Q-set and having it ready for send-out as soon as possible for
the pre-implementation study. A master thesis project traditionally starts with a
review on the existing literature regarding the investigating matter in order to gain
a general understanding. Since this master thesis project was in high dependency of
the pilot project between the caregiver Sörmland County Council and Philips, the
chronological setup needed to be adapted. The method description of the survey
setup is outlined later on in this chapter.

The review of existing literature was done in order to gain more understanding
on what has been done earlier in the field. This literature study was initially
focused on how extensive the current research field was on the topic of remote
communication in other industries since there was no studies to be found in the
topic within caregiving organizations. This sampling of literature of other indus-
tries was to make sure the report would be based on good scientific grounds. To
ensure this, following databases was chosen to be the main tools of data collection:
Google Scholar, KTH Primo and ACM Digital Library. PubMed was initially used
as a complementary database. When searching the databases for relevant infor-
mation, different keywords was used depending on what industry was being looked
at. When examining the three example industries, energy systems, vehicle systems
and IT-systems, following mesh term was always used: remote AND (control OR
control OR management OR communication OR collaboration). Added to these
mesh terms was key search words depending on which example industry were being
looked at. When searching through the databases with the aim of examining the
topic within:

• Energy systems industry, following keywords were added to the always used
mesh terms: (mesh terms) AND ENERGY SYSTEMS AND (HVAC OR
HEATING OR VENTILATION OR AIR CONDITION). Alternatively: (mesh
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terms) AND ENERGY SYSTEMS AND HVAC

• Automotive industry, following keywords were added to the always used mesh
terms: (mesh terms) AND vehicle systems AND (support OR service) AND
(car support OR truck service)

• IT-support industry, following keywords were added to the always used mesh
terms: (mesh terms) AND (teleconferencing OR telepresence) AND it support

These searches combined was focused around the two research questions. Addi-
tional to the literature review above, a few Internet searches with the purpose of
gaining detailed knowledge of what challenges a biomedical engineer (from a hospi-
tals biomedical engineering department) and a clinical user of ultrasound systems
meets in their everyday work. This resulted in short descriptions of the two pro-
fessions (biomedical engineer and clinical ultrasound user) at different hospital’s
websites. There was still unanswered questions after visiting the hospital websites
so in order to proceed with more substantial results two interviews were held. The
interview subjects were chosen due to their daily profession where they constantly
are in contact with either biomedical engineers or clinical users. The first intervie-
wee is a seller of medical technology at Philips who in his daily work encounters
both hospital employed biomedical engineers as well as clinical ultrasound users.
The second interviewee is a biomedical engineer working at a biomedical engineer-
ing department at Karolinska University Hospital in Stockholm.

The first interview was a verbal encounter at the Philips Stockholm office and
the second interview was held in a telephone call. Following questions were asked
during the two interviews:

• “What are the main challenges for a biomedical engineer at a hospital’s
biomedical engineering department?”

• “What are the challenges for a biomedical engineer at a hospital’s biomedical
engineering department in terms of communication with clinical users?”

• “Specify in general terms: what is lacking in facing the challenges of a biomed-
ical engineer?”

• “What specific tools are lacking in the daily work of a biomedical engineer?”

• “What are the main problems for the clinical users when searching for/receiving
help with a technical issue?”

3.3.2 Development of Q-set

Finding out what kind of statements to include in the Q-set was not a straightfor-
ward task. In order to have the statements aligned with the true day-to-day work
of the P-set, the literature review described above and additionally two short inter-
views was conducted. Following the concourse definition, the Q-set was developed.
In detail, the Q-set - consisting of the statements - was created from the concourse
consisting of approximately 70 statements. The set of statements was then refined

22



Master Thesis Fendukly

where duplicates were removed and some other combined into one statement. After
the refinement of the set of statements from the concourse, the final set of state-
ments in the Q-set included 35 statements.

Final adjustments of the Q-set was done together with the external project su-
pervisor at Philips before finalizing the Q-set. After the final adjustments, the
survey was composed and hosted on an Internet web-page made public for anyone
who had access to the web-page link. The composition and web-page hosting of the
survey itself was done with the use of an open source standardized coding named
HtmlQ to collect the Q-sorts. This open source code has been developed by the
German society “Aproxima Gesellschaft für Markt- und Sozialforschung Weimar”
[73]. Except for collecting the opinions and thoughts of the participants, informa-
tion regarding years of experience and professional background was asked for in the
last step of the survey. The complete Q-set can be found in Appendix A.

3.3.3 Selection of P-set

The P-set is the set of participants performing the Q-sorting. They were selected
at an earlier stage of the thesis project work together with the external project
supervisor who had several contact persons at different healthcare clinics. Since
the device OmniSphere RTC was to be implemented in a context where the direct
benefits claimed to be for biomedical engineers and clinical ultrasound users – the
aim was have a P-set consisting of these two professions.

Selection of specific respondents in those two profession categories was initially
made by contacting biomedical engineers and clinical users at Mälarsjukhuset Hos-
pital in Eskilstuna. Due to a low amount of possible respondents at this hospital, the
P-set was broadened with additional biomedical engineers and clinical ultrasound
users. This was done by approaching other hospitals in the vicinity of Stockholm
and reaching out by phone to other hospitals in Sweden. The main communication
channels to the respondents was via telephone calls and email correspondence. The
sending out of the survey was done via a standardized email where the purpose of
the study was described as well as the Internet web-page link was shared.

3.3.4 Q-sorting and Data Collection

The Q-sorting was initially done by the respondents taking part in the survey
making the Q-sorts online. While participating, the respondents sorted the Q-
set on following Q-sort sheet where -2 corresponds to completely disagree and +2
corresponds to completely agree (see Figure 2). Each Q-sort was collected when
a submission of the online survey was done. The process to obtain Q-sorts and
commentaries from the P-set was a process that required a good relationship with
the respondents. An extra explanatory telephone call or an additional e-mail was
needed for some respondents in order to explain the purpose of the Q-sorting. Some
was for instance questioning the fact that their opinions needed to be normally
distributed on a scale from completely disagreeing to completely agreeing.
Due to issues with the respondents not being very quick on taking part in the study
– multiple reminder emails and telephone calls was used as a method to escalate
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Figure 2: Q-sort distribution sheet.

the request to receive Q-sorts. An email was received for every survey submission
where every e-mail contained all the information submitted into each survey, e.g.
Q-sort, comments and profession.

3.3.5 Analysis and Interpretation

Once the collection of survey replies from the respondents was finalized, the anal-
ysis and interpretation phase was initiated. The analysis was performed with the
use of PQMethod software which is accessible for free downloading from the Inter-
net. The PQMethod allows for statistical analysis of collected Q-sorts. All Q-sorts
from the survey replies was submitted in the PQMethod program. After insertion
of Q-sorts – the PQMethod program then presented the relationship between each
Q-sort and the correlations among the Q-sorts. This allowed for the factor-analysis
to take place. The factors in this case are obtained by the PQMethod analyzing the
Q-sorts. This corresponds to the differentiation between the thoughts and opinions
of the respondents by examining correlations between their Q-sorts. The chosen
method in the PQMethod program to perform the factor-analysis was the Centroid
method. Further, the Centroid factor analysis assists in computing and presenting
an amount of factor groups and proposes what might be differences between them
depending on the presented Q-sorts. The positive aspect with Centroid method is
to be able to proceed in a permissive way [74].

In order to proceed with determining the factor groups and finding correlations
between them, the VARIMAX was chosen in order to rotate the factor groups in
the plot which is presented after the application of the Centroid method. The VARI-
MAX method is an automated rotation according to statistical principles, which are
included in the PQMethod. Another choice of method would be to perform the ro-
tation manually by-hand which would be a more experience demanding operation.
The purpose of rotation is that it provides clearer relationships between every fac-
tor group. After performing the analysis of the collected Q-sorts, an analysis of the
comments followed which were submitted by the respondents in the surveys. This
was done by looking for keywords from every individual comment to find correla-
tions and set up a relationship in the collected subjective data. Then the data was
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presented in the PQMethod program where several relationships could be detected
between the factor groups and this would further on provide the results from the
provided data from the P-set. Unique attitudes for each factor were extracted by
examining both the factors proposed in PQMethod and the interpretation of com-
ments. The structure of this analysis is made according to Figure 3 where unique
attitudes are extracted in each factor group.

Figure 3: Opinions, attitudes and beliefs [71].

3.4 Post-Implementation Validation

The methodology of the thesis project was extended in order to clarify some ques-
tions by the end of the study. The methodology was extended with two additional
methods which consisted of performing one interview and one control study. Both
of these additional methods was applied in order to validate what have been ex-
tracted from the analysis and interpretation of survey replies and to understand the
how well the implementation of OmniSphere RTC was settled.

3.4.1 Interview

As a way to examine the results of the OmniSphere RTC implementation at the
Mälarsjukhuset Hospital in Eskilstuna, a semi-structured interview was performed
with the responsible subject respondent at the biomedical engineering department.
The interviewing questions was decided based on the results from the analysis and
interpretation part of the Q-methodology. The interview was performed via tele-
phone after visiting the software installation at the hospital facility in Eskilstuna.

The interviewing questions was divided up in two types. The first type of questions
was aimed at collecting answers regarding the implementation of OmniSphere and
how the future use of the software device will look like. These kinds of general
questions were for instance:

• ”How much can you already today say that this system will be well-functioning
and that it will perform according to Philips claims?” and
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• ”When OmniSphere RTC was tested in New Mexico it was reported to be
very beneficial due to the technicians with OmniSphere RTC did not have to
travel to start troubleshooting or providing service maintenance. What is your
opinion on this? How will this play out in Sörmland County Council?”.

The second type of questions had the aim to collect answers that could validate some
aspects from the analyzed and interpreted Q-methodology results. These questions
were for instance:

• ”Do you think that technical communication is improved with the use of Om-
niSphere RTC?”,

• “Will OmniSphere RTC in an efficient way help with controlling machine
specific data?” and

• ”Does it take long time to provide service maintenance today and do you think
that OmniSphere RTC can decrease this lead time?”.

3.4.2 Control Study

In addition to the interview, during the visit at the Mälarsjukhuset Hospital in Es-
kilstuna, a control study was performed. The purpose of the control study was to
after the installation – test some of the core functions with OmniSphere RTC. This
control study was performed by asking the affected personnel at Mälarsjukhuset
Hospital in Eskilstuna about the specific claims that Philips sets up about Omni-
Sphere RTC. The control study was also performed by testing functions and ap-
proving whether the functionalities worked or not. This was performed in line with
a control study performed at the Perinatal Associates of New Mexico. In short, the
OmniSphere RTC has some benefits on the paper and the purpose of the performed
concise control study was to examine whether those specific benefits was observed
at the test-site.
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4 Results

The finalization of Q-sorting resulted in a total P-set amount of 12 participants
whereas 11 participants were able to complete the full Q-sorting. The 12th partic-
ipant exited in the middle of Q-sorting due to not approving the way he needed to
do the Q-sorting in order to proceed. Not having a full participation completion
rate was not a problem since three study factors was although identified.

4.1 Factor Analysis and Interpretation Results

The Centroid factor analysis in the PQMethod program resulted in three factors.
The amount of three factors is a result of the Q-sorts being similar to each other to
the extent of it being possible to reduce the subjective views they represent down to
three groups based on the similar sorting patterns. In this case, three different pat-
terns was discovered - hence three factors. The reduced and representative factor
sortings can be found in Appendix B. The first factor group was identified as Factor
A “Technical Communication is Significant” with a more interest in data-focused
solutions when it comes to remote communication between biomedical engineers
and clinical ultrasound users. The second factor group was identified as Factor B
“Functionality Appreciative and Experienced” valuing the need of tools having a
high degree of task performance. The third factor group was identified as Factor
C “Do it fast!” emphasizing the importance of time. The Q-sort of the eighth
participator in the P-set was confounded (meaning it loaded on to more than one
factor) which resulted in having the eighth Q-sort being outside of the three ex-
tracted factors. The overall correlation levels between each participant was neither
very high or very low (see Table 1) where the Q-sort correlations describes how
much Q-sort of participant X was similar to Q-sort of participant Y. This resulted
in fuzzy lines separating each factor from the other. Below in Table 2 the factor
loadings are illustrated where Q-sort 3, 5, 6 and 10 are intercorrelated with each
other and constituting factor A. Q-sort 1, 4 and 9 are intercorrelated with each
other and constituting factor B. Finally, Q-sort 2, 7 and 11 are intercorrelated with
each other and constituting factor C. Every green- and X-marked Q-sort under each
loading corresponds to the factor groups where loading A, B and C corresponds to
the respective factors. The table also shows that Q-sort 8 was confounded.

Table 1: Correlation levels from 0 to 100 between each participant Q-sort. Corre-
lation levels ≥ 50 is highlighted.
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Table 2: Shows the loadings of Q-sorts resulting in three different factors.

4.1.1 Factor A. “Technical Communication is Significant”

Factor A specifically pointed out the importance of a solid technical communication
and that the flow of data between data set X to data set Y needs to be done in a
profound way. In the P-set, four out of 11 participants was loaded on factor A re-
sulting in the largest factor group. The average person who belonged to this factor,
had a 3,4 years of work experience, which is the lowest of all factors. The standard
deviation was 2.2 years resulting in a relatively uniform value when it comes to
years of experience. This was also the factor where the only participating clinical
ultrasound user was loaded on. The main issue of concern was not having correct
information at the right place. The information was both regarding technical data
and basic information that is shared from colleague to colleague regarding e.g. a
location of an ultrasound system. The group uniquely and strongly disagreed with
the statements (s 5) “Only one round of troubleshooting is enough to diagnose a
technical error” and (s 34) “A technical support request is always complete and no
additional information is needed” implying that there is a lack of technical commu-
nication from user-to-user and user-to-computer system.

They furthermore uniquely and strongly agreed with the statements (s 10) ”When
a technical error appears, much time is spent on communication between clinical
users and biomedical engineers”, (s 22) ”It would be profitable to collect more data
in order to gain more control over the systems” and (s 26) “There exists an unful-
filled need to help the clinical user remotely”. These agreements implied that both
remote communication as well as direct communication is a challenge today. The
agreements also indicate that data collection as it is done today is not enough to
fulfil the needs that exists in the communication between different units such as the
biomedical engineering department and the clinical users. The combination of the
similar agreements and disagreements in this group implies that challenges exists
when communicating in a way that assures a good flow of data.

Comments made by the participants loaded on this factor were also leaning to-
wards issues where lack of communication is causing troubles. One participant com-
mented following, “There are sometimes challenges with the existing communicative
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tools via telephone where misunderstandings happen”. Another participant com-
mented following regarding troubleshooting, “Unbelievably hard sometimes. Miss-
communication between clinical user and technical personnel”. Another participant
in factor A commented following regarding the statement that there is a bad com-
municative synchronization between clinical users and technical personnel (s 35),
“Lack of communication is a common problem”. All these comments including
the Q-sorts made by the participants loaded on factor A indicates that there is
an unfulfilled need of having good communicative tools between clinical personnel
and various technical personnel, such as biomedical engineers at the biomedical
engineering department.

4.1.2 Factor B. “Functionality Appreciative and Experienced”

Factor B was a group that recognized multiple aspects to be aware of in the com-
municative issues between biomedical engineers and clinical users in a healthcare
organization. However, the vast majority of these aspects were associated with task
performance in both the analyzed and interpreted Q-sorts and the comments made
by the participants who loaded on factor B. The participants loaded on factor B
was summing up to three out of the 11 participants. The arithmetic mean value of
years of experience was the highest among factor groups at 24.7 years with a stan-
dard deviation of 10.1 years. This value of the standard deviation was the highest
measured even if the participant with the lowest amounts of years of experience had
17 years. These many years of experience indicates that the participants in factor
B was a group of competent personnel being skilled at their work and being aware
of many different problems that have appeared during the past time. Since the only
clinical user loaded on factor A, the participants in factor B was all consisting of
biomedical engineers.

The participants under this factor was not leaning towards any extreme view that
one or two aspects was missing from the perfect scenario for a biomedical engineer.
These participants was touching various challenges in the daily work of a biomed-
ical engineer but they were in a vast majority related to task performance and
overall functionality of systems. The participants loaded on factor B was in similar
agreement with the statements regarding task performance of systems, namely (s
15) “It is problematic to provide acute service maintenance remotely” and (s 23)
“There is a need to collect system specific data such as serial number and location
for every ultrasound system”. Further, the participants uniquely disagreed to the
statements regarding localization of each ultrasound system, (s 16) “It is problem-
atic to not be able to efficiently localize the ultrasound systems” and (s 19) “Much
time and energy is spent on localizing the ultrasound systems”. This would imply
that the agreement with the statement regarding collection of system data was not
concerning the location of the systems but merely general data such as log-files or
serial numbers. They had also strong opinions on downtime expressing that there is
no problems with downtime due to technical service maintenance. Strong positive
opinions was detected regarding the need of a clinical user coordinating the support
issues towards the biomedical engineers. These positions can all be related to how
well tasks are executed and the functionality surrounding the tasks. For instance,
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the challenges that factor B determined are relating to how well tasks are executed
and how the surrounding context affects the task performance.

The comments from participant 1, 4 and 9 also indicated that improvements can be
made in terms of task performance. One participant stated that overall function-
ality of ultrasound systems can be improved if there was a possibility of remotely
starting a troubleshooting and remotely extracting log-files, which is what Omni-
Sphere RTC partly does. This relates to the fact that some technical errors are
initiated before causing a more significant problem where task performance with
ultrasound systems is proactively improved. The comment “There is only a tele-
phone as a remote communicative tool today. One must instruct the user on what
to do, it is not possible to start troubleshooting or extracting log-files remotely”
insists on above explanation. After agreeing with the statement regarding a coor-
dinating clinical user (s 33) one comment was made indicating that a responsible
biomedical engineer has the most capability in understanding and distributing in-
formation correctly after a support request. In other words, laying much value in
the authority of a responsible biomedical engineer and its function.

4.1.3 Factor C. “Do it fast!”

Even factor C consisted of solely of biomedical engineers. Factor C pointed out the
aspects regarding time and that many issues today are related to slow-functioning
work procedures. In factor C, three out of 11 participants was included. The arith-
metic mean of years of experience was calculated to be 8.3 years and the standard
deviation being 5.6 years resulting in being the mainstream factor when it comes
to years of experience. Even with a standard deviation of almost half the standard
deviation of factor B, the largest gap in years of experience between the partici-
pants in factor C was 19.5 years. Various issues were pointed out when it comes
to communication between clinical users and biomedical engineers. However, the
uniqueness was in the way the sorts were done in combination with what has been
written in the comments. The various aspects that caused problems was almost all
a problem since the challenges was time-consuming. For instance, misunderstand-
ings are of course bad but the general philosophy of factor C was that the disorder
caused by a specific misunderstanding was bad due to much time was wasted – not
the misunderstanding itself.

Participants in factor C “Do it fast!” was in strong and unique agreement with
statements (s 3) “It takes much time to deliver service maintenance” and (s 17) “In
the case of acute service maintenance, more efficient solutions that speeds up trou-
bleshooting are required”. The 28th statement was also uniquely agreed in factor
C, (s 28) “In the case of technical support issues, there is a time delay in receiving
service maintenance due to a staff shortage at the biomedical engineering depart-
ment”. All of these three statements points out various challenges but but they are
all coupled to the importance of time. They further uniquely disagreed with the
statement (s 8) “There is no time difference between on-site service maintenance
and remote service maintenance” stating that there is a difference. The comment
to this statement was “Many service maintenance cases demand a physical pres-
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ence” stating that the time difference is leaning towards that it takes longer time
to deliver remote service maintenance in comparison to on-site service maintenance
with existing tools.

The comments made by the participants in this Q-sort was in a large majority
confirming the time-significance detected earlier in just the Q-sorts. After strongly
agreeing on the statement regarding the need of new digitalized solutions (s 31),
one participant commented, “It is probably good because much time is spent on
misunderstandings and repeated telephone calls”. Two of the participants in fac-
tor C was in strong agreement with the statement about the need for new remote
solutions (s 32), they commented with the motivation “It would help if there was
more possibilities” and “There is usually many small errors that could be solved
remotely”. In this way they were much more leaning towards doing things more
efficiently and adopting the idea of more remote communication to speed things up.
Another participant commented, “Would not need to waste time on transportation
between clinics and departments” after agreeing with the statement about the need
for new solutions that speeds up troubleshooting (s 17). A comment was also made
indicating that it is easier to perform service maintenance on-site compared to re-
motely but that travel distance is a time-consuming problem. These agreements
and disagreements points out the need for solutions that improve the process lead
time in order to fulfil the desires of participants in factor C.

4.2 Results from Post-Implementation Validations

The additional methods applied to grasp an understanding of how well the Om-
niSphere RTC was applied landed out to provide some indications but no proper
significant information due to practical issues when implementing OmniSphere into
the Mälarsjukhuset Hospital in Eskilstuna belonging to Sörmland County Council.
However, even if the OmniSphere has not been implemented to a degree that is
not as initially intended – some validations on the results from the Q-methodology
could be done.

4.2.1 Interview

The results from the interview was modest and there was no possibility to gather a
significant ground for a profound conclusion based on the interview in terms of an-
alyzing the implementation of OmniSphere RTC. However, the interview consisted
of some clarifications on various questions regarding a prognosis and a validation
of the results from the applied Q-methodology. The interviewee is a biomedical
engineer at Mälarsjukhuset Hospital in Eskilstuna. This is the department where
the OmniSphere RTC was installed. However, due to some issues that have been
ongoing since the installation – OmniSphere RTC was not at the stage of being
fully implemented resulting in a failure of analyzing a full-scale use of OmniSphere
RTC in Sörmland County Council. This resulted in an interview which was formed
to grasp a forecast of what thoughts the interviewee had regarding a future full-
scale implementation of OmniSphere RTC. The first part of the interview received
answers that provided some clarity in what the future of OmniSphere RTC might
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look like. There was also some clarity received from thoughts and opinions on how
the functions may be used in specific terms.

The interviewee explained that Philips has provided a good purpose of the Omni-
Sphere RTC application and that the tool corresponded to the interviewee’s image
of the application. The overall purpose of implementing OmniSphere RTC was
according to the interviewee different depending on the healthcare organization.
For instance, for the Perinatal Associates of New Mexico where OmniSphere RTC
was utilized, there was some benefits that minimized the problem of transporta-
tion from clinic A to clinic B. For Sörmland County Council, where the interviewee
operated, other benefits could be utilized. In Sörmland County Council, there ex-
ists technical personnel at the three major hospitals (including the Mälarsjukhuset
Hospital in Eskilstuna). The technical personnel at the three hospitals can assist
with several issues. However, according to the interviewee, OmniSphere RTC could
assist Sörmland County Council in centralizing general settings for the ultrasound
systems. For instance, having the settings of ultrasound systems controlled from
one unit instead of having this responsibility divided up on technical personnel in
different hospitals. The technical communicative benefits was depending from lo-
cation to location according to the interviewee. When asked about lead times for
service maintenance, the interviewee posed a scenario where lead times could de-
crease due to OmniSphere RTC allowing to remotely work more proactively. Also
some positive forecasts for OmniSphere RTC were given in terms of collection of
machine specific online data for instance being able to extract log-files. There was
also some specific challenges pointed out during the interview - before being able to
use OmniSphere RTC in full-scale, there would have to be a transition needed from
the clinical users point of view according to the interviewee. For instance learning
how to communicate more via the remote tool instead of sending emails and talking
in telephone which rather is a question of education and adaptation.

The interviewee responded modestly on the question whether the increased au-
tonomy that OmniSphere RTC provides would be a future way of implementing
solutions. The neutral answer to this question was based on the fact that the
existing service agreements with the equipment providing vendors are today very
beneficial for the healthcare providers. OmniSphere RTC could eventually assist in
the cooperation between healthcare providers and equipment providing vendors.

4.2.2 Control Study

The conducted on-site control study was short but contained some important data
on how the use of OmniSphere RTC actually looked like and how the functions at the
time after installation was operating. Due to a delayed installation and due to some
problems impeding the full-scale use of OmniSphere RTC – the control study did not
provide as much of empirical data as initially was intended. However, some functions
were tested and the functions claimed by Philips proved to be more or less successful.
What was tested was the possibility to connect from a computer in control of
a biomedical engineer to manage the desktop of the ultrasound system machine
remotely. Via this connection, it was possible to control the ultrasound system
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remotely allowing for any troubleshooting and/or service maintenance. The time it
took for a submitted support request from the ultrasound machine to pop up at the
desktop of the computer belonging to the biomedical engineer was approximately
60 seconds +/- 10 seconds. System specific data was also visible for the connected
ultrasound system. These observations merely confirmed some statements posed
by Philips.
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5 Discussion

Proving that there is an issue with the current situation in the healthcare industry
(including the industry of medical technology) is not a hard task. It can surely
be done in various ways studying both subjective and objective data. As stated
previously in the second chapter of this thesis, there are barriers that impedes de-
velopment in the medical technology industry [58]. There are different ways of
lowering these barriers and it needs to be done with an effort from different an-
gles in society. Academia, industries, politicians in governments and more need to
commit to lowering barriers in order for developments to take place in the health-
care industry. In this network of different actors, the situation for the healthcare
providers is not the same for all regions of the world. In some regions where health-
care providers are governed by the elected politicians, the challenges in management
and organization are somewhat different in comparison to healthcare providers be-
ing managed as private corporations. There are many challenges to solve within
the healthcare providing organizations where the utmost responsible are politicians
or managers of private corporations. Some of those challenges have been outlined
in the background chapter of this thesis report. And some solutions to these chal-
lenges have also been pointed out earlier. One of the challenges that was pointed
out by the Swedish Agency for Health and Care Services Analysis is about the
need for increased continuity of care. This was the fourth take-home point in a
report from the Swedish authority regarding the road to a more patient centralized
care [23]. The process of increasing the continuity of care demands efforts from
various parts where managers in healthcare should make the decisions to improve
logistical matters and integrate new technologies. As the situation looks today, the
developments of new technologies in healthcare are mainly done by industry lead-
ing companies such as Philips, General Electrics, Siemens and Johnson & Johnson.
These companies have a responsibility to together work on providing new solutions
which are focused on the challenges of today. As said earlier, one of the challenges
is increasing the continuity of care and this needs to be done by making it easier for
patients to get from point A to point B in a healthcare flow chain. By improving
the healthcare flow of patients, new logistical solutions is one way to go in order to
indirectly help the patient when being in a healthcare flow. These kinds of solutions
tend to help the caregiver help itself becoming more efficient in the daily work and
decreasing the process lead times of internal issues.

This report has focused on the internal issues where support requests on ultra-
sound systems are delaying and time-consuming for biomedical engineers. In order
to solve delays and other time-consuming problems, new routines can be adapted
as a way of being more proactive. OmniSphere Remote Technical Connect is one
tool that has been described and examined in this report where the claims from the
developer Philips are leaning towards solving internal issues such as delays and com-
municative problems. OmniSphere RTC has already been applied in Albuquerque
in the United States of America where the benefits of this application proved to be
successful according to the affected healthcare personnel [2]. What makes a device
like OmniSphere RTC special in comparison to the traditional medical technology
device is that it is all software aiming at improving internal connectivity allowing for
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more proactive routines. Answering for what the medical technology companies can
do in terms of helping healthcare become more patient centralized and increasing
continuity of care, new types of solutions are needed. New solutions such as Omni-
Sphere RTC with the purpose of increasing the internal connectivity and in general
making time-consuming issues less time-consuming. For healthcare providers, the
solutions might differ from region to region as stated earlier. But for medical tech-
nology companies, the situation is more uniform from different regions. There is of
course some variance in different markets. If region A faces issues with problem X,
the medical technology companies in region A should preferably focus on solving
problem X. For instance, the situation in Sweden where a major healthcare problem
is healthcare accessibility for the patients. Medical technology companies should
preferably focus on the issues of healthcare accessibility. Beyond this adaptation
to the market needs, the healthcare companies around the world work in similar
ways – especially in the developed parts of the world. In other words, the main
role of medical technology companies should be a partnership with the healthcare
providers making it easier for them to help the patients in becoming and staying
healthy. Without knowing the main strategy of Philips as a medical technology
company, it is not really possible to state that this is an overall strategy of Philips.
Independently of this, OmniSphere RTC – if used as intended - is a type of device
that actually aims at being a solution adapted for the Swedish healthcare market.
The important thing to be aware of before releasing a product on any market is the
existing needs. A company must ask itself “Which are the existing needs on this
market and how can these needs possibly be fulfilled?”, the hard task in getting an
answer to this question is actually knowing which needs that actually exists. As a
company which already is present in various the hospitals – it is much easier to get
a grasp of what the needs are. However, the needs might not be clear as an external
vendor coming in to a hospital context. This thesis report has aimed at finding any
possible needs that exist in terms of utilizing new remote technologies. In order to
find these needs, the Q-methodology was applied where some needs was extracted.
It would not be fair to state that the findings leaned toward being something new
and revolutionary. It is however possible to state that the needs are helpful to be
aware of when developing new remote technologies in healthcare.

5.1 Choice of Applied Methods

Even if Q-methodology can be criticized for such things as being time-consuming
for applicator and participants or that relatively small samples in the P-set are
acceptable. There are some inevitable advantages that gives the methodology good
credibility when it comes to working with subjective data.

5.1.1 Advantages of Q-methodology

There is barely no other desirable way of work than Q-methodology when it comes
to collecting, analyzing and interpreting subjective data so systematically and ac-
curately. Comparing the Q-methodology and its Q-set with composing and send-
ing out a ”regular” questionnaire with more basic content is of course less time-
consuming and easier for the respondent to grasp the general purpose. But there is
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however a lack of organized work both before and after the collection of data when
using a basic questionnaire. This increases the risk of being at the final point of
analyzing data from a basic questionnaire and first towards the end of the process
realizing that the collected data is scattered and improper. There are of course ques-
tionnaires with a more mainstream composure that are highly qualitative where the
data collector manages to obtain the data in a systematic way. This does however
demand some experience to be able to compose a good questionnaire and a solid
analysis in order to treat the subjective data in a controlled scientific way. For a
beginner who wants to compose a new survey and gather thoughts and opinions of
the study subjects, building a high qualitative survey is a challenge. In comparison
to setting up a survey with the pre- and post-work according to any example of
Q-methodology is at the other end a superior way of work due to the only thing
that will be missing between having a systematic methodology will be some reading
on Q-methodology. In other words, one of the large advantages of Q-methodology
is the fact that not many other methodologies can provide a way of work that is so
systematic and proper. This discussion is of course in the context of working with
subjective data where the studied subjects are human beings and the information
contained in their brains. Starting to look at methods to apply when working with
objective data – the landscape of methodologies will be slightly different to say the
least.

Since the history of Q-methodology goes back some time, there have been a large
number of studies where the Q-methodology has been applied. This has allowed the
methodology to be tested several times letting it be open for criticism and refinery.
Further on, the fact that Q-methodology allows for having smaller samples such as
12 participants makes the way of work cheaper than other studies where a specific
sample size is demanded in order to characterize the results as significant. The
Q-methodology is not applied with the purpose of gaining a statistical significant
representation of a populations thoughts. It is rather applied in order to extract
a typology of thoughts and opinions making it possible for smaller study samples.
These extracted typologies are roughly corresponding to participants divided up in
clusters (factors) depending on each Q-sort where each cluster represents specific
attitudes. With these factor specific attitudes as outcomes of the performed study
– it is possible to provide some valuable data such as recommendations to an in-
terested part. The reason why it is valuable to gain factor specific attitudes is that
usually, when there is a problem or an eventual problem, it is good to know about
the affected people and how they think as individuals and as in groups. The group
behaviour in between human beings is deeply rooted, most likely back to the tribe
communities and there is a great value in knowing how human beings think and
act in groups. Hence, the importance of factorizing the participants in groups and
letting them be represented by specific attitudes. It also results in a situation where
the improvements can be made at examining the thoughts and opinions expressed
by each factor extracted from an analyzed set of Q-sorts and comments. Multiple
example scenarios can be described, for instance if a HR department at a work-
place wants to know about the attitudes towards something. Letting the workers
go through a Q-sorting and providing comments will make the situation in mak-
ing decisions easier for the HR department by analyzing the factor groups and the
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attitudes they represent. Implementing a new kind of technology in a healthcare
setting is another example where the application of Q-methodology is motivated
and which also is more closely related to this project thesis. In a healthcare setting,
different people exist in different groups. Since different groups of people tend to
prioritize different things, there is a core interest in group psychology which gives
a real strength in the motivation of Q-methodology.

Finally, in terms of studying subjective data, it is important to note that just that
fact poses a challenge. Examining subjects that are human beings can be described
as examining a scattered and non-organized organism. Because that is basically
what thoughts and opinions contained in a human brain are. This can be debated
back and forth, but there is a huge difference from a human being and a robot.
Applying a systematic and organized way of work when studying subjective beings
is a much better choice than applying a scattered and non-organized methodology
in order to study scattered and non-organized subjects.

5.1.2 Disadvantages of Q-methodology

Since the participants was able to make a systematic sorting of statements, eventu-
ally changing the sort and finally providing deeper explanations via comments, it
raises the possibility of collecting the true thoughts and feelings of the participant.
However, the fact that the participant is given this autonomy when taking part in
the study does also pose a disadvantage in some cases. There is a theory that human
beings are not able to function optimally when given a large number of alternatives
when making a choice. The rationale behind this is that more self-determination and
self-autonomy when going through decisions does not have to increase the chance of
arriving at the correct decision. A large number of choices can derange and stress
the chooser in making the correct decision. This described phenomenon might be
a reason why some respondents was questioning the whole setup of the survey itself.

There are of course disadvantages to discuss due to limitations that is a relevant
topic for any applied scientific working method. In the case of Q-methodology,
the advantages can also be re-defined as the disadvantages. The fact that Q-
methodology is a systematic and solid way of work is very beneficial, but it does
not come as something without a cost. Just the definition of the concourse in the
beginning of the methodology is a challenge where the final Q-set really needs to be
high-qualitative. Having a high qualitative Q-set is essential for obtaining Q-sorts
that are clear enough in order for a good analysis to be conducted. Setting up
a logical and instructive survey is another extra important part in order for the
participant to be as understanding as possible. In the conducted Q-methodology
in this report some complaints by the participants was notified and collected. All
these complaints was related to the participants not being fully embraced with the
user interface of the survey. The main reason for complaining was related to the
fact that participants needs to do the sorting in two different parts. Some comments
were made regarding this where the participants were asking “Why do I have to
do this sorting twice?”, “What is the point of this?”, mainly via email but one on
telephone. The 12th participant who failed to complete the Q-sorting exited and
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complained in a criticizing email. There was in other words some frustration de-
tected when participants were about to go through the Q-sorting. This behaviour is
typical for Q-methodology using force-distribution (when number of statements for
each pile is predefined), and is well researched in this scientific community. Several
strategies to improve this experience can include having a Q-set including state-
ments that are clear in what they state and that are different from each other.
In other words, the Q-set needs to include non-arbitrary statements and it should
represent various opinions in order for people with different views and opinions to
take part in the study. The issue of working with a non-arbitrary set of statements
is very important because the sorted statements would otherwise give no or little
information when analyzing and interpreting them. Further, if the Q-set is filled
with statements that more or less states the same opinion, there will be very little
use of the collected Q-sorts. Hence the significant need for a Q-set being divert in
the set of opinions it represents.

5.1.3 Interview and Control Study

Prior to the initiation of the whole project, a similar study was going to be con-
ducted after the implementation and use of OmniSphere RTC. Because the planning
of project did not go as intended where delays in installation of OmniSphere RTC
appeared, there were no resources for an additional Q-methodology study after the
implementation of OmniSphere RTC. What should be clarified is that the involved
parts have done a good job in trying to finalize the pilot project of implementing
OmniSphere RTC in Eskilstuna. Both the external supervisor at Philips and the
involved staff at Mälarsjukhuset Hospital of Eskilstuna. Due to the late installa-
tion of OmniSphere RTC and due to the fact that after the installation there was
some issues impeding OmniSphere RTC of being used in full-scale, another type
of post-implementation study needed to be implemented. If another round of Q-
methodology would be applied at the stage after installation, the project would be
delayed to an unacceptable degree. Hence the need of another method in order to
study the situation after the installation. This resulted in the performed interview.
Additional to the interview was a conducted control study that was inspired by
what has been done at clinics in New Mexico, United States of America, for eval-
uation of OmniSphere RTC. The purpose of the performed interview was to get a
grasp of the so far implementation of OmniSphere RTC as well as a possibility to
validate some attitudes extracted from the factors after Q-methodology application.
There are some obvious disadvantages with performing an interview when aiming
at collecting data that holds good standards in a scientific context. This is why
there was no high goals with applying the interview as an additional method, it was
merely a way of grasping more information and validating what was found from the
application of Q-methodology.

The purpose behind the control study was to do a one-time test of the functionality
of OmniSphere RTC. The control study was conducted by following some claims in
the description of OmniSphere RTC and testing if those claims could be rejected
or confirmed.
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5.2 Discussion of Results

At the end of the conducted analysis, interpretation and synopsis of the results,
there was some very distinct attitudes extracted. Some of the registered attitudes
were uniform across the whole spectrum of opinions of the participants – others
were in straight opposite. The advantages with Q-methodology was surely notified
throughout the thesis project, especially at the end where 12 participants resulted in
three factors where 10 of all the participants was loaded on. The status of the eight
participant was to let it be outside of the three factors since it was confounded to a
relatively large degree. Usually there was non-clear lines differentiating the factors
from each other. The Q-sort belonging to the eight participant was in this case too
confounded in order to manually load it on one of the three factors (even after an-
alyzing the comments made by participant 8). One overall issue with the collected
Q-sorts and comments was the relative high correlation between all of the Q-sorts.
Looking at Table 1 one can conclude that there are many Q-sorts that are modestly
correlated with each other even if they did not load on the same factors. There
was not only a high intercorrelation in between each participant in the factors, but
there was a general correlation between the majority of Q-sorts. The reason behind
this cannot be settled in this study, there are however some possible explanations
to these relatively high correlation levels.

Since the amount of study subjects was too small at the Mälarsjukhuset Hospi-
tal in Eskilstuna, there was a broadening made by including more subjects. These
subjects were found at various hospitals around the country. Many different hospi-
tals was called up in order to ask for a participation from the biomedical engineers
working with ultrasound. This resulted in a reach out to many biomedical engi-
neers where only a few wanted to participate. Important to know is that there are
various types of professions one can have when working as an engineer in a hospi-
tal context. For instance one can work with hospital IT, one can work with one
single medical technological modality as a biomedical engineer, one can work with
issues concerning all of the medical technological modalities including IT-issues.
What is important here is the fact that an engineer can have various roles in a
hospital. However, even though there are many different types of professions an
engineer can have in a healthcare context – the group is to a pretty large extent
homogeneous. It is not homogeneous to the extent that the group of hospital engi-
neers all comply to one specific political ideology or that all of them are over-aged
men. This is important to note. The homogeneity is more in terms of what they
feel is important in their daily work as engineers working in a hospital. Usually
these engineers face similar issues in the context in which they appear. What an
engineer or lower educated technician feels is important are aspects that generally
enhances their productivity allowing them to put more time on important issues
and less time on non-important issues. These existing challenges can to some ex-
tent be faced with integrating more technology and improving the organization via
a better work with logistical matters (anything from patient flow to deliveries of
replacement parts). These shared overall challenges mainly cover similar solutions,
which may explain the relatively high correlation levels between the collected Q-
sorts and the fuzzy lines between every factor. Another possible aspect that could
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have influenced the Q-sorts to become generally similar to each other is the Q-set.
Some of the statements were quite arbitrary which can be a root cause. The prob-
lem of having arbitrary statements can result in having two different participants
with two different opinions sorting an arbitrary statement in the exact same way.
This error would result in an increased correlation between two Q-sorts belonging
to participants who are in complete opposite to each other. Luckily, there were
not many arbitrary statements including two-sided opinions. This is one aspect
which can be improved if this study would ought to be repeated. For instance, the
eight statement (s 8) “It takes as much time to deliver service maintenance on-site
as off-site/remotely”. This statement is arbitrary since disagreeing to it can mean
that the participant either thinks it takes longer time or less time. It is impossible
to know by just looking at the agreement or disagreement and there should be no
room for guessing in a scientific study. Making this kind of statement less arbitrary
can easily be done by changing a couple of words. But as stated above, luckily this
was not the case for the vast majority of statements in the Q-set.

5.2.1 Factor Results

The extracted factors did however represent attitudes that are interesting in terms
of developing new technologies. The identified attitudes can be seen as defined
needs that should be taken into consideration when developing a new technology.
These outlined needs should for instance be important for a medical device devel-
oper. The three defined needs regarding technical communication (factor A), task
performance (factor B) and fast processes (factor C) – are interesting to elaborate
further on. On a superficial level of discussing a medical device, it should be able
to let the users and non-users affected by the device be in a good communication
transferring data from point A to point B. It should further be a device that ac-
tually does what it does with good performance quality. It should also be a tool
that operates as quick as desired by the user. These three functionalities would
together in one device form a favourable tool. There are of course some underly-
ing important aspects to take into consideration when developing a device, such as
safety (which might be the first aspect to examine in a new device). However, these
functionalities are also what can be defined as identified needs by factors A, B and C.

Factor A had a very distinct focus on flow of data. Whether it was pure tech-
nical data or it was some kind of communication with a colleague via some tool.
The importance of these aspects was unique for factor A. The interesting thing with
factor A was the fact that they had the least spread out ages with a standard devia-
tion on years of experience at 2.2 years. They also had the lowest arithmetic which
basically means that the participants in factor A was a relatively young group.
Having a group of similar correlation levels on their Q-sort loadings also leaned
towards the fact that the participants was a quite uniform group of thinkers. This
can be said especially for the Q-sorts belonging to participants 3, 5 and 6 where
participant 10 had a slightly lower intercorrelation level with the participants in
factor A. Since the only clinical ultrasound user was loaded under this group – this
group was unique in terms of professions of the participants. However, the Q-sort
belonging to the clinical ultrasound user was not very different in Q-sorting which
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indicates that a clinical user might not have an extremely different view of the sit-
uation in comparison to the colleagues at the biomedical engineering department.
This would be something positive for this study due to only one clinical ultrasound
user participated. One interesting fact to point out is that the clinical user loaded
on to the group where the communication was most important. This might be a
result of the clinical user is dependent on communication when technical problems
arise. For other biomedical engineers – the communication part is just something
that is obvious for them whereas the clinical user only thinks of the communication
aspects when an engineer actually is needed.

Factor B was on the other hand more wide-reaching with the needs where the
aspects put together resulted in a request for using technologies with a high level
task performance. This factor was interesting to the degree that it was initially
hard to detect a unique attitude belonging to factor B. There was some traces in-
dicating what participants in factor B was leaning towards in the Q-sorts but these
traces would not be enough to define an attitude for factor B without analyzing the
comments. This factor actually pointed out several different important aspects to
think of in terms of issues they are facing in their work. This is what is meant with
that they were wide-reaching. Additional to the fact that different issues relating
to task performance was indicated, the arithmetic mean of years of experience was
the highest. Having a group of survey participants pointing out many different
examples of issues regarding their work while being the group with most years of
experience can to some extent be combined to the theory of these participants being
experienced. This was sort of a unique status for factor B – except for the attitude
they represent. They also had the highest standard deviation in years of experience
which was mainly caused by one participant having a high number when it comes
to years of experience. An important aspect to not forget when analyzing these
results is that some of the participants were from the utmost northern parts of
Sweden whereas other were from the absolute southern parts. This fact can very
well lay as a differentiating element in the Q-sorts due to the obvious differences
between Norrbotten County Council and the Sk̊ane Regional Council. Just the fact
that a higher amount of patients are flowing through the clinics in Sk̊ane in compar-
ison to Norrbotten sets a different level of workload for the biomedical engineering
departments. The origination of the participants was anonymous in the survey so
this can only be a speculative question of issue in this report. However, this specu-
lative issue can be one explanation to the wide-reaching opinions notified in factor B.

Factor C was similar to factor A having a larger focus on one aspect and dif-
ferent from factor B. The participants in factor C was more determined in their
Q-sorts and explanations in the sense of being focused on time as an important
aspect to take into consideration when discussing challenges in their work. What
was similar to factor B was the lower level of uniformity of Q-sort intercorrelations.
The reason behind this can only be speculated due to complete lack of data needed
to elaborate further on any possible theory. There are some obvious possibilities of
explanations such as discrepancies between regions or discrepancies from the unit in
which the biomedical engineers are operating in. This factor was possibly the most
determined factor when it comes to what they found important – for instance, the
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word “time” was appearing in a high amount of comments made by participants in
factor C. Also other words were spotted such as “fast” or “quick”, but in Swedish.
This made the definition of factor C much easier in comparison to factor B. Time
is actually one of the most important aspects when developing new technology –
which makes the concerns of factor C quite legitimate independently of what device
is discussed.

5.2.2 Interview and Control Study Results

The results noted in the interview and the control study were interesting to the
degree that some validations could be made. Additional to that, some future as-
pects was considered during the interview. There was an obvious reason to why the
interviewee could not provide any definite answers to the questions regarding Om-
niSphere RTC performance. This was something that could be prepared some days
before the interview which made the interviewing questions more leaning towards
not acquiring definite answers but rather more speculative answers. The interview
validated some of the claims that Philips has been setting up prior to the agreement
with Sörmland County Council where the interviewee was positive towards the use
of OmniSphere RTC stating that some obvious benefits could be utilized. The in-
terviewee also stated the fact that a tool as OmniSphere RTC is not a tool with the
definite use due to different healthcare organizations have different working condi-
tions. For the interviewee and the colleagues of the interviewee, there were some
benefits to draw. Nevertheless, for the technical personnel at Albuquerque in New
Mexico, other benefits could be utilized. This theory from the interviewee is prob-
ably something that poses as a strength for OmniSphere RTC. A product that can
be adapted in its use can be a product that can reach a larger amount of different
customers. Some validations of the extracted results from Q-methodology was also
done where the interviewee confirmed many of the different challenges pointed out
by the participants. Based on the validations, the interviewee was positive towards
OmniSphere as a tool.

Another interesting aspect brought up during the interview was how the remote
communicative landscape looks like today within the healthcare organizations. The
view and challenges described in the background chapter in this report was more or
less confirmed. For instance that there exist some internal remote communication
today but not to a trustworthy degree – which most probably results in the need
of having local technical personnel at the clinics within Sörmland County Council.
It also results in the need of having remote technical support from the equipment
providing vendors which ia a way of work that the interviewee expressed positive
opinions of. These ideas also opens up the question of autonomy for the healthcare
providers. A device like OmniSphere RTC does provide the healthcare provider with
a larger chance of working more autonomously. This kind of healthcare provider
autonomy poses different scenarios. Either the healthcare providers acquire these
solutions and competences to a degree that the equipment providing vendors only
will be there for equipment providing with no service agreements. The other sce-
nario is sort of the opposite where a device like OmniSphere RTC merely will play
an insignificant role and that the vast majority of support issues are outsourced to
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the equipment providing vendors. One moderate proposal is that healthcare will
be somewhat in the middle of those scenarios.

The control study contributed some validations of OmniSphere RTC as a tool where
some functionalities could be confirmed to be working – even if there was some trou-
bles with implementing the device completely. The empirical data obtained in this
part of the thesis project was positive having for instance a one minute connection
time from the ultrasound system to the computer belonging to the biomedical en-
gineer. This connection time was satisfactory according to the personnel on-site
at Mälarsjukhuset Hospital in Eskilstuna. Since OmniSphere is a relatively new
device, it will most surely be improved in terms of connection times, user interface
and more. However, this is something for the equipment providing vendor to adopt
– possibly in some form of cooperation work together with the healthcare providers.

5.3 Related Topics of Interest

There are some constant questions hanging over the issues for healthcare outlined
in this thesis. For instance, in chapter two there are various challenges to take into
consideration, especially regarding the take-home points outlined by the Swedish
Agency for Health and Care Services Analysis. These various topics has been
slightly introduced where this thesis report mainly focused on one example on how
to increase the continuity of care, which the fourth take-home point is about. The
introduced topics that are of interest to healthcare developers are necessary to dis-
cuss because the way they might take form will be setting a future agenda. Some of
these issues have already started to take form today. For instance, in chapter two,
technology acceptance was mentioned as one issue in healthcare. It was brought up
as a challenge due to the fact that technology acceptance in healthcare is sometimes
slow due to healthcare-specific barriers. Now these barriers are as stated earlier dif-
ferent depending on in which context they appear. In some cases, the barriers are
the healthcare providing personnel, in other cases, the barriers are the governing
structures. There is a huge value of being a conservative in terms of healthcare
developments since it is such a wide-reaching subject where one wrong step will
have massive impact on other areas. This does however not mean that one should
avoid taking steps to integrate new and beneficial technologies or making huge or-
ganizational changes if they will lead to something better. For instance, in Sweden
today, the healthcare providers are organized per county council. This specific form
of healthcare organizational structures might act as a development barrier. If some
evidence is presented that suggests that the county council organizational struc-
tures needs to be changed in order to provide better healthcare. It would most
probably face direct resistance from the county councils themselves where the re-
sponsible politicians would not want to have their powers removed. This could very
well be a possible scenario for the healthcare organizational structures and this
scenario exemplifies the slow-moving speed that healthcare development takes. As
stated earlier, there are various topics where impeding barriers exist and this has
been discussed earlier in chapter two [58, 59]. One big solution to most of barriers
will hopefully be lowered by more automated and safer systems. Remote solutions
in healthcare within the internal organizations is one example of how entities can
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interact more efficiently without adventuring safety of workers nor patients.

5.3.1 Business Viewpoints

One interesting thought some might have regarding a medical technology device
like OmniSphere RTC is the following: “If Philips sells remote service support to
healthcare providers, why would they want to out-compete themselves with tools
like OmniSphere RTC?”. This kind of question is not irrelevant, rather the oppo-
site. There is an interesting viewpoint of how the business relationships may be
affected by a device that provides more autonomy to the customer, which in this
case is a healthcare provider. To treat this question with the respect it deserves,
some aspects needs to be outlined. First of all there is a very important condi-
tion to know about the relationship between a medical equipment providing vendor
and a healthcare provider. For some, this may look like the ordinary business-to-
business-relationship (B2B-relationship). It can of course be defined as an ordinary
B2B-relationship, however that would not be an adequate definition due to follow-
ing reasons. Healthcare providers are not working as other businesses, just the fact
that the lives of human beings are on the line makes the organizational conditions
very different from the production lines at an automotive manufacturing factory.
Hence, the relationship to have with a healthcare provider should be somewhat dif-
ferent than a regular B2B-relationship. The relationship should be defined more as
the following relationship “business-to-business-to-patient”, where the ending add-
on is the most important. What should be aimed for is to be more engaged as
a medical technology company. Striving for making the healthcare industry more
patient focused which helps healthcare providers on the goal towards patient cen-
tralization. Probably, the best position to have as a medical technology company
is today to engage in partnerships together with healthcare providers. Utilizing
every inch of competence to the maximum in a partnership between industry and
healthcare increases the possibilities for newer ways of thinking and working. One
good example is what today is happening at the New Karolinska Hospital which is
currently receiving lots of bad media coverage. What one might forget behind the
bad news is that New Karolinska Hospital is arranging for new ways of working with
different stakeholders. This new way of working at the New Karolinska Hospital has
for instance resulted in an “Innovation-Partnership” between New Karolinska Hos-
pital and Philips. This kind of cooperation between industry and healthcare opens
up the doors for new solutions to old problems where competences are combined
and strengthened. In other words, the interactions between stakeholders are today
increasing the cooperative phenomena in the healthcare industry. This touches on
the discussion held in the interview at the Mälarsjukhuset Hospital in Eskilstuna
where the interviewee talked about more cooperation together with the equipment
providing vendors. This gives another perspective on the question stated in the
beginning of this section.

In other words, the question sets into a new direction where the issue of out-
competing turns into cooperation and partnership. Dominating medical equipment
providers will need to innovate their relationship with their customers in order to
stay at the front. Innovation and out of the box-thinking are two important aspects
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to take into consideration for the one who wants to survive an evolving market. So
what should the future relationships be like and what are the new solutions? Some
may argue that it will be more autonomy for healthcare providers and other will
argue the opposite. Even if the question of complete autonomy for healthcare is
far away after an implementation of OmniSphere RTC, the question still has some
relevance to how future partnerships will look like.

One theory of how the future relationships between the equipment providers and
healthcare providers will look like is touching the theory of circular economy. In this
way, leasing the medical technology equipment will be a new alternative to choose.
Leasing medical technology equipment opens up for new relationships where the
roles are somewhat changed. It also opens up the issue of ownership. Letting
the equipment providers be in full responsibility of the equipment at the hospitals
gives the healthcare providers more room to set a complete focus on the health
of patients. When it would be time for a service maintenance, it would be fully
executed by an employee from the equipment provider. Which is different from
today where the responsibilities are divided between the healthcare provider and
the medical equipment provider depending on what the service agreement says, if
there is one. Further, when it would be the end-of-life moment for the equipment,
the equipment providing vendor would take full responsibility in changing it to a
new machine. This would also open up for a better handling of the machinery
after end-of-life where the equipment providers could be responsible in making the
machinery renewable and setting the machinery back into the system again. In this
way, the agreements would be made simpler, the service providing would be made
more efficient regardless if it was done remotely or on-site. The handling of ma-
terial would probably also become more environmentally friendly where machines
are recycled back into use. However, this would demand a much better integra-
tion between healthcare providers and equipment providers than today. Even if the
existing relationships are much better than they were in previous times.

5.4 Future Work

This thesis project has been limited to studying subjective data on what challenges
healthcare personnel face when working with technical support issues on ultrasound
systems. Additional to that, this project defined some needs that ought to be ful-
filled when introducing a new device to biomedical engineers and clinical users. The
limitations of this thesis project does open up for future research. What can be
defined as areas of interest when developing new technologies is the three extracted
needs from each factor outlined in the fourth chapter. The future work should ad-
dress issues facing these three areas of interest when it comes to applying or testing
new technology in a healthcare setting. There is much that can be done in order to
take healthcare to the next step. What this report has outlined is one small bit of
this development where the areas of interest are important to the involved stake-
holders. As mentioned above, it is hugely important to be on the same level as the
customers. In the case of healthcare, being on the same level demands much more
than a simple customer relationship. Understanding the needs that exist in health-
care is essential in order to fulfil these needs. Future work should aim at increasing
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the validity of the findings from this study. This can be done via a quantification
where the statistical relevance of these three needs are studied. Nevertheless, there
should be a real interest in having these needs tested and further validated. Future
studies are needed in order to test the conclusions that will be drawn from this study.

When it comes to examining how well OmniSphere RTC fulfils the outlined needs,
more patience will be needed. First of all, the OmniSphere RTC must be used in
full-scale for a while at the Mälarsjukhuset Hospital in Eskilstuna. Then, further
research on how well it is implemented will be needed where the subjective data
should be re-evaluated. In that case, hard data ought to be studied to test whether
OmniSphere RTC has given true benefits in terms of enhancing the productivity
of the biomedical engineers. At this moment, one can only confirm the specula-
tions that OmniSphere RTC is going to do a good job fulfilling at least some of
the three needs, if used as intended. This confirmation of these speculations can at
this moment only be based on the pilot project in Albuquerque in New Mexico, the
information extracted from Q-methodology results, the performed interview and
the concise control study.
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6 Conclusion

Healthcare personnel can already today communicate in case of a technical support
issue where the normal communication channels are somewhat old fashioned. The
future will probably provide newer complex solutions. The findings from the liter-
ature review, interviews and the Q-methodology in this thesis is very useful in the
sense of now being aware of the desires of the healthcare personnel when evaluating
technological solutions, whether they are new or already existing. The discovered
needs that exists for the healthcare personnel in terms of issues with technical sup-
port and communication was extracted from the attitudes for each factor. These
needs are declared to be grounded upon following three aspects: technical commu-
nication, task performance, and speed. In other words, taking these three aspects
into consideration when integrating a new solution into healthcare regarding inter-
nal technical supporting services is preferable.

The existing subjective data extracted in this thesis points towards the case that
OmniSphere RTC fulfils the three defined needs. Being able to examine the long-
term use of OmniSphere would be desirable to examine the question of issue further.
However, this is a matter for future research. Based on evidences researched and
described in this thesis, the hypothesis on whether OmniSphere Remote Technical
Connect fulfils the needs is confirmed.
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A Appendix

Statement 01 Att felsöka ett tekniskt problem kräver mycket tid

Statement 02 Att felsöka ett tekniskt problem är en enkel uppgift

Statement 03 Att leverera serviceunderh̊all kräver mycket tid

Statement 04 Att leverera serviceunderh̊all är en enkel uppgift

Statement 05 Det krävs bara en felsökning för att diagnostisera ett tekniskt
problem

Statement 06 Det tar lika l̊ang tid att felsöka ett problem p̊a plats som p̊a distans

Statement 07 Det är lika lätt/sv̊art att felsöka ett problem p̊a plats som p̊a distans

Statement 08 Det tar lika l̊ang tid att leverera serviceunderh̊all p̊a plats som p̊a
distans

Statement 09 Det är lika sv̊art/lätt att leverera serviceunderh̊all p̊a plats som p̊a
distans

Statement 10 När tekniska problem dyker upp spenderas mycket tid p̊a
kommunikation mellan de kliniska användarna och MTA-personal

Statement 11 Om MTA inte är p̊a plats dröjer det l̊ang tid för MTA att
leverera/f̊a support p̊a grund av den geografiska skillnaden

Statement 12 MTA-personal spenderar mycket tid p̊a resande fot vid s̊aval
planerad som akut support

Statement 13 När de kliniska användarna är i behov av hjälp kontaktar de MTA
snabbast möjligen

Statement 14 De kliniska användarna skjuter upp icke-akuta fr̊agor om
ultraljudsutrustningen

Statement 15 Det är problematiskt att med existerande verktyg utföra
akutunderh̊all p̊a distans

Statement 16 Det är problematiskt att inte p̊a ett effektivt sätt kunna lokalisera
ultraljudsutrustningen

Statement 17 Vid akutunderh̊all krävs det effektivare lösningar som snabbar upp
felsökandet

Statement 18 Vid akutunderh̊all krävs det effektivare lösningar som snabbar upp
serviceunderh̊all

Statement 19 Mycket tid och energi spenderas p̊a att lokalisera
ultraljudsutrustningen

Statement 20 Det g̊ar fort att hitta generell data för varje enskild ultraljudsapparat
(serienummer m.m.)

Statement 21 Det är aldrig anslutningsproblem mellan det allmäna sjukhusnätet
till de enskilda ultraljudsapparaterna

i
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Statement 22 Det skulle vara bra att samla data som ger mer kontroll över
apparaterna (exakt plats, serienummer, modellnamn osv)

Statement 23 Det finns ett behov av att samla maskinspecifik data (serienummer,
plats osv) för varje ultraljudsmaskin

Statement 24 MTA skulle tjäna tid p̊a att ha uljtraljudsapparater uppkopplade till
en gemensam plattform där nödvändig data är samlad

Statement 25 Ultraljudsapparaterna är ofta oanvändbara i kliniska syften p̊a grund
av tekniskt underh̊all (l̊ag klinisk tillgänglighet)

Statement 26 Det behövs nya sätt att hjälpa den kliniska användaren p̊a distans

Statement 27 Vid tekniska problem dröjer supporten länge p̊a grund av
överbelastning hos MTA

Statement 28 Vid tekniska problem dröjer supporten länge p̊a grund av
personalbrist hos MTA

Statement 29 Det är l̊ang väntetid tills MTA kan ge support pga det saknas
tekniska kommunikationsverktyg mellan MTA och kliniska användare

Statement 30 Att ha fysisk kontakt mellan MTA och kliniska användare är
essentiellt för att lösa tekniska problem

Statement 31 Nya digitaliserade lösningar krävs för att förbättra förh̊allandet
mellan MTA och kliniska användare

Statement 32 Att kunna ge/f̊a support p̊a distans är sjukv̊ardens framtid när det
gäller att lösa tekniska problem

Statement 33 P̊a varje avdelning behövs en kliniskt arbetande MT-samordnare som
samordnar alla tekniska ärenden och för fram dem till MTA

Statement 34 Ett tekniskt supportärende är alltid fullständigt och ingen info
behöver bli tillagd av den kliniska användaren

Statement 35 Tekniska supportärenden drar ut p̊a tiden p̊a grund av d̊alig synk
mellan personal
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B Appendix

text

Factor Q-Sort Values for Each Statement
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