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i. Abstract 

 

The objective of this research has been to identify which organisational factors 

facilitate or impede the sustainable adoption and integration of telemedicine 

solutions, from a stakeholder perspective. These factors should guide German 

health decision makers in their current IT-strategy. Literature documents the 

fragmented studies of successful telemedicine projects accompanied by 

unproven costs and benefits. The following research approach distinguishes 

from former research, as it tries to examine this multifaceted topic holistically 

and to find causes instead of investigating dedicated applications and 

symptoms. For this purpose the research included not only the analysis of all 

telemedicine solutions, but also its stakeholders, independent from their 

professional background and knowledge.  

 

Consequently two different research approaches were carried out. First the main 

factors that impact telemedicine in general were defined and evaluated through 

a factor analysis. Afterwards these factors were put in a structural equation 

model to visualise existing correlations and dependencies. Secondly these 

factors were drilled down in subsequent research to detect further underlying 

information. 

 

This challenging task was put into practise with a mixed methods approach 

aimed to cover relevant dimensions and items. The selected method included a 

multiple paradigm stance under the characteristic of the complementary 

strengths thesis. 
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At the beginning quantitative research under the positivism-paradigm was 

undertaken to identify and cluster the major factors that influence the 

telemedicine perception of stakeholders. Here the ontological assumption was 

based on objectivity that was underlaid with a statistical factor analysis. Reality 

was seen as objective with no relationship or dependency between respondents 

and researcher. 

 

Afterwards the gained knowledge was fostered with a qualitative approach 

under a post-positivism paradigm. In contrast to the former approach, the aim 

was to be subjective from an ontological standpoint. The epistemological 

presumption was to describe the phenomena by considering that the reality was 

deemed to be imperfect. 

 

In summary the results made it possible to illustrate and describe the complex 

structures and dependencies of critical factors that influence the telemedicine 

decision-making processes of relevant stakeholders. It is a guide for planned 

and existing projects for setting the right ICT/telemedicine strategy, from a 

management perspective.    

 

Research question: What critical factors impact the sustainable adoption and 

integration of ICT/Telemedicine by involved stakeholders in Germany?  

 

Research design: Based on theoretical literature critical factors of telemedicine 

have been identified and evaluated through a factor analysis and subsequently 

put into a structural equation model SEM.  
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Quantitative Approach: Three questions including 27 sub-questions on a five 

score Likert scale.  

• First question: Perceived potential benefits of telemedicine with 10 sub-

questions, categorised after the factor analysis into the two main factors F 

11_1 Progress and F 11_2 Efficiency 

• Second Likert question: Eight sub-questions concerning satisfaction and 

perception of the IT-quality. The obtained answers have been categorised to 

the factors,  F12_1 IT-quality and satisfaction level F12_2  

• Last Likert scale asked participants to assess the importance of the aspects 

transparency and technology. The results were integrated in the last two 

factors F13_1 transparency and F13_2 technology 

 

Theory of the Structural Equation Model (SEM) 

The Structural Equation Model (SEM) illustrates the research question in 

relation to the critical factors in telemedicine. It defines a system of all 

observed variables that are hypothesised as indicator measures of underlying 

latent factors (SAS, 2013). Aside from that, it incorporates and assesses linear 

and causal relationships between multiple independent and dependent 

structures through a concurrent, multiple equation estimation process (Babin 

& Svensson, 2012). For this purpose, the SEM model detects relationships 

among multiple variables, by investigating the structure of interrelationships 

outlined in a series of equations (Hair et al., 2010). 
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For the evaluation of the six factors gained from the preceding factor analysis, 

the SEM model combined the incorporation of both observed and latent 

variables, the latter depicting a hypothetical construct that is invoked to 

explain observed covariations in a formative measure model, also known as 

factors. 

 

Measurement results 

The generated SEM model outlined the various relations and loads among the 

six predefined overlaying factors. The impact of technology (F13_2) towards 

efficiency (F11_2) was calculated with a load of -0.027, which is 

considerably low and non-significant. In contrast to that, the influence on 

transparency (F13_1) was measured with a higher load of 0.4. The further 

factors transparency (F13_1), comprising a load of -0.39, and efficiency 

(F11_2), with 0.77, impact the factor progress (F11_1) significantly; the latter 

represents the third highest value. The factors IT-quality (F12_1) and 

satisfaction (F12_2) have only one directed correlation coming from progress 

(F11_1), with a relatively high load value of 0.79. In the combined model, the 

loads look as follows : 
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Qualitative Approach: 

The same questions put to four selected stakeholders to refine the results of the 

quantitative approach.  

 

Findings: Both research approaches identified and analysed the main critical 

factors and associated dimensions and items. The overlaying factors have been 

measured as IT-quality, transparency, progress, satisfaction, efficiency and 

technology. The evaluation of the factors outlined the following correlations 

among the overlaying factors. 

 

The relations have been checked according to six predefined hypotheses. The 

strongest correlations turned out to be efficiency to progress (0.77), progress to 

satisfaction (0.79) and progress to IT-quality (0.79). The correlation of 

transparency to progress was negative and the relation technology to efficiency 

only marginal. The main critical sub-factors from a stakeholder perspective 

were time savings (better utilisation of human capacity); higher geographical 
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coverage and resource savings; usability and acceptability of the IT-system 

solutions such as telemedicine; cost of acquisition, maintenance and service of 

IT systems; payroll / Remuneration / refinancing.  

 

Implications of research results: 

Factor 1: technology 

The measured results of the factor technology could not indicate a significant 

influence on efficiency. As such, health-IT managers should not factor in 

efficiency benefits in their plannings. 

Contrary to efficiency, the factor technology revealed an impact on the factor 

transparency. IT-managers are therefore well advised to foresee not only 

standardised hard- and soft-ware technology but also user-friendly telemedicine 

applications in their projects, to increase transparency. On the other hand, if the 

chosen technology is too complex and not user-friendly, then the transparency 

of the telemedicine solution may suffer. 

 

Factor 2: Efficiency 

As outlined in figure 5.2, there is no statistical dependency for efficiency on the 

factor technology. The impact on the factor progress in turn, appears to be 

significant.  

Independent from the kind of information, stakeholders should support the flow 

of information to increase efficiency, internal and external to the healthcare 

organisations, to achieve a sustainable progress (SEM model figure 4.3). 
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Health-IT should therefore care for an efficient, organisational environment, 

where the administration and processes are well aligned and coordinated. 

Ideally, they should be based on the standards and recommendations of IT 

Infrastructure Library, ITIL (2010), as they enable a proper integration of the 

chosen telemedicine solution.  

However, any inefficiency caused by unclear or duplicate processes may 

impede the progress that could otherwise be achieved with the usage of 

telemedical services.  

 

Factor 3: progress 

The factor progress affects the two adjacent factors IT-quality and user 

satisfaction significantly. 

Health organisations and their stakeholders should therefore track the progress 

of a telemedicine solution carefully. Measurable indicators could be growing 

factors like diagnostic quality, shorter treatment periods and IT handling 

improvements. In contrast, any discontinuity in the progression leads 

automatically to lower satisfaction and stagnation of the IT system quality. 

 

Factor 4: transparency 

The factor transparency indicates a correlation on telemedicine technology 

(figure 4.3). Health IT needs to consider a robust telemedicine infrastructure 

and a user friendly software solution in their project planning. It also impacts 

the factor progress which turned out to be essential. The implication for the 

Health organisation is to enable transparency on the legal and financial side. 

However, certain telemedical software tools may support higher transparency 

by providing reporting possibilities and statistical evaluations.  
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The legal part can be covered by governmental telemedicine organisations that 

advise interested Health organisations not only from a legal, but also from an 

IT-perspective. Besides that, they conduct workshops and congresses where 

hospital IT Managers can share their telemedical experience with their peers. 

 

Factor 5: IT-Quality  

The quality of the IT is directly dependent on the factor progress. This 

correlation was confirmed by several authors (Eyssenbach, 2001; Bellazi & 

Zupan, 2008; Shekelle & Goldzweig, 2009), who claim that in a progressive 

environment, hard- and soft-ware applications can evolve in an optimal way. 

As an implication for Health IT Managers, it is advisable to track the 

progression with their telemedicine IT solutions frequently. This can be realised 

either by certain software applications that provide a statistics overview, or end 

user surveys that are linked to subsequent quality initiatives within the hospitals. 

With these measures, any negative deviation can be recognised early in advance 

to avoid negative impacts for the involved users. 

 

Factor 6: satisfaction 

One of the major critical factors in the field of telemedicine to avoid project 

failures is stakeholder satisfaction (Urtubey & Petrich, 2002; Whitten & Adams, 

2003; Obstfelder et al., 2007; Ekeland et al., 2010).  

The overall satisfaction level is directly influenced by the factor progress (figure 

4.3). This correlation allows conclusions to be drawn about the progress of 

telemedical solutions. Therefore, Health IT should track the stakeholder 

satisfaction periodically to make sure that the factor progress is still on target.  
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This can be determined either directly with user surveys, or indirectly by 

measuring the development and quality of patient diagnosis, their treatment and 

achieved improvements on the rate of economy. The Health IT Managers are 

then able to react quickly if a negative deviation has been detected. 

 

Practical Implications: The SEM model can be used for potential stakeholders 

to assess the impact of critical factors to focus on the right ICT/telemedicine 

strategy. The results from the qualitative approach refine these results. 
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1 Introduction 

1.1 Background to the Research 

The economic situation of the 1,980 hospitals in Germany is challenging (Stat. 

Bundesamt, 2015). Almost one third are threatened by insolvency and it is expected 

that by 2020 the situation will get worse, according to the RWI (2009), who 

predicted that 50% of all hospitals will have financial problems. The majority of 

these hospitals are small and specialise in certain treatments (GHD, 2010). Their 

current efficiency is below expectations caused by both an average under - 

utilisation of 77.4% (Stat. Bundesamt, 2015) and constantly growing costs for 

treatment and personnel. To provide a remedy most hospitals try to reduce their 

costs on the IT and labour side and are consequently restrained from large 

investments for ICT projects such as telemedicine, even though such projects would 

have the potential to reduce costs. 

 

Telemedicine, or the use of telecommunications and information technology for 

medical diagnosis and patient care at a distance, is intended to relieve the economic 

situation of hospitals by bridging distances, saving resources and allowing location-

independent real-time collaboration between physicians (Curell et al., 2010). 

However a lack of evidence of their actual impact on cost effectiveness and quality 

improvement is still disputed in literature (Herbig & Buessing, 2006; Trill, 2009; 

Duesberg, 2011). The BMJ Group (2002) observed over 600 ICT research reports 

where only four percent met the criteria of demonstrating such cost and quality 

benefits.  
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Likewise Hailey, Ohinmaa and Roine (2004) could not find more than 44 studies 

in total that met the minimum criteria of reliable performance metrics; they noted 

that observed findings were based on small scale, short term and pragmatic 

evaluations with non-adaptable conclusions. Likewise Strode et al. (1999), Hailey 

(2005), Mannan et al. (2006) and Mukherjee and Ginnis (2007) all pointed out the 

necessity and importance of assessing performance metrics such as cost and quality 

effectiveness, prior to a planned implementation, to avoid financial difficulties and 

a low rate of usage after implementation (Strode et al.,1999).   

 

Given that three out of four German hospitals plan to invest in telemedicine 

solutions, (Steria Mummert Consulting, 2009) it is necessary to provide guidance 

to decision makers as to how such projects might impact the financial situation of 

a healthcare organisation. In this process it is important to address all involved 

stakeholders or constituencies adequately, where they have the ability to make 

decisions and influence such projects considerably (Blair & Buessler, 1998, Kaplan, 

2001). Interests in telemedicine solutions differ, depending on professional 

background: whereas physicians may have an interest in topics like quality and 

usability, healthcare insurers and health IT-managers could be more concerned 

about economic and financial aspects of telemedicine.  

 

Several research approaches like the “Balanced Scorecard” of Kaplan and Norton 

(1996), the report card of Malvey et al. (2002) or the accountability framework of 

Gamm et al. (1996, 1998) try to capture the various interests of stakeholder groups. 

In essence they make destinctions in terms of background, such as internal or 

external, in the referring perspective, whether it be holistic or specific, and in the 

organisational context, which might be public or non-public, profit or non-profit.  
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For the purpose of the present research project, stakeholders’ perceptions of the 

critical factors of telemedicine were captured holistically from a Meta perspective, 

for profit-orientated health organisations. These factors are much debated in 

literature. Some authors see preventative health measures or financial factors, 

whereas others see legal or political factors as decisive. The EU-commission (2014) 

published a list of 18 factors that are critical for the successful deployment of 

telemedicine into routine healthcare. These factors include:  

• The involvement of relevant stakeholders 

• The clear preparation and identification of compelling need and desired 

outcome  

• The definition of resources and cultural requirements 

• The creation of a business and management plan 

• A service setup that puts the patient at the centre 

• The identification of legal, ethical, privacy and security issues 

• The preparation of an adequate ICT/ e-Health infrastructure 

• Assurance of usability and cultural readiness 

• The possibility of scalability, as well as an adequate monitoring of the 

continuous progress.  

Moreover Kodukula and Nazvia (2011) added to these factors the importance of 

communication linkages between stakeholders, which proved an essential element 

in the present research. 
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In the following chapters the main critical factors for telemedicine stakeholders are 

identified and weighted upon their relevance through a factor analysis. Afterwards 

these critical factors are described in a structural equation model “SEM”, which 

highlights the prevailing influence of certain major factors such as technology, 

quality and efficiency, and their importance to the stakeholders involved.  

 

In a second step the main critical factors are further investigated in relation to four 

major stakeholders to allow further insights about associated factor items. These 

stakeholders comprise: an IT-manager who is responsible for the technological 

infrastructure of a clinic; a physician who works with a teleradiology solution; a 

health insurance member who is in charge of telemedicine evolution; and a 

telemedicine service provider who is trying to sell telemedicine-based solutions. 

 

1.2 Justification of the Research 

ICT/Telemedicine in the context of health provision is a widespread topic in 

literature. The term acts as an umbrella encompassing a variety of solutions, starting 

with the use of simple telecommunication devices like telephone or video up to 

complex health information technology systems that allow extensive diagnostic 

examination over distances. A review of 40 research reports about ICT and 

telemedicine shown in table 3.2 provides an overview of current research areas. 

Overall these studies each concentrated on one research area of ICT, such as 

teleradiology or telehealth, and each draws conclusions about possible implications. 

The results were versatile and outlined certain benefits with regard to cost savings, 

quality and efficiency on the one side, and challenges and risks, like non-

transparency, incompatibility and inconsistency, on the other side.   
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Evidence suggests that it is difficult to account for all relevant characteristics and 

challenges of this multifaceted solution. Indeed only a few authors have used a 

holistic approach to their investigation of ICT and telemedicine and its impact on 

health (Andersson, Vimarlund & Timpka, 2002; Mannan, Murphy & Jones, 2006; 

Mukherjee & McGinnis, 2007; Noir & Walsham 2007; Yusof et al., 2008; Lemire, 

2010; Black et al., 2011; Lluch, 2011); and it is not possible to identify critical 

factors that impact the successful implementation of telemedicine in their research. 

Moreover, from a practical perspective, certain specific challenges need to be 

addressed with respect to the general applicability of findings in previous research 

to a broader context: 

 

• The definition of telemedicine, Information Communication Technology 

(ICT), health informatics, telehealth and e-Health are sometimes used 

interchangeably and sometimes distinguished across literature (Curry et al., 

1997; Lynne et al., 2002; Bashur et al.,2011). 

In past decades numerous different definitions evolved under these terms 

describing the possibility to assess, diagnose and monitor patients from a 

distance without the necessity to visit them personally (Froehlich et al., 

2009; Galvez & Rehman, 2011; Kazley, Mc.Leod & Wager, 2012). The 

different terms and definitions go along with different characteristics of 

telemedicine. There is a concern among authors that the confusion grows in 

proportion to the number of related definitions. Essentially, telemedicine is 

about the possibility to use ICT (Information Communication technology) 

to relieve the allocation of healthcare services from a distance (Kazley, 

Mc.Leod & Wager, 2012). 
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• Numerous studies have been conducted in the field of ICT/telemedicine but 

often they lack necessary transparency since the functionality of 

applications like store and forward, real-time consultation and telecare, as 

well as the referring healthcare systems, vary significantly.  

 

• The majority of these studies consider only isolated facets of healthcare as 

success factors (Whetton, 2005). The main reason for insufficient findings 

lies in non-systematic approaches which disregard important factors like 

cost and quality (Duncan & McClean, 2012).  

In consequence many of these studies miss the target of delivering required 

results and performance metrics (Hailey et al., 2004 Bensink et al., 2006; 

Martin et al., 2008), even though these outcomes have been requested 

several times (Scott et al., 1999; Hebert, 2001). Authors explained that 

managers cannot assess the relevance of those studies for their own strategy, 

as the studies do not make clear recommendations based on facts and 

figures. Moreover, none of these studies fit their own organisational context 

with multicultural backgrounds involving long-standing disparities and 

cultural diversity (Campinha-Bacote, 2002). In this context most 

telemedicine projects have failed the aim of being cost effective, while 

delivering minor service quality (Urtubey & Petrich, 2002; Whitten & 

Adams, 2003), and implementation faults and retention attitudes (Obstfelder 

et al. 2007;  Ekeland et al., 2010). In this regard Gagnon et al. (2005) and 

Whetton (2005) emphasised that the success or failure of telemedicine 

projects heavily depends on the organisational context, the healthcare 

system and the population behind them. 
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• Most studies concentrate on cost-benefits factors or associated benefits on 

the resource side, without considering the organisational context. If then the 

surrounding variables differ, the whole calculation becomes invalid. There 

is neither a real overview of the impacting factors, nor of the correlations 

among them. As a result decision makers/stakeholders are not able to assess 

the consequences from a Meta-perspective. 

 

For the purpose of the research project these critical factors will be identified based 

on the philosophy of the German healthcare system. The thesis will contribute to a 

better understanding of their relative impact and interaction in the organisational 

context, from a stakeholder perspective. 

  

1.3 Research Question  

A research question exploring the impact of critical factors of telemedicine, 

including a set of propositions, has been identified and is applied in the following 

chapters: What critical factors impact the sustainable adoption and integration of 

ICT/Telemedicine by involved stakeholders in Germany? 

 

The purpose of this  research project is to find out the critical organisational factors 

of telemedicine projects for their involved stakeholders in the area of healthcare 

delivery. First the sub-variables, deduced from the literature review, will be 

identified and consolidated into six overlaying factors, and weighted according to 

their particular importance by determining their respective factor load on the 

structural equation model SEM.  
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Subsequently these factors will be further evaluated per stakeholder group. The 

gained results will support healthcare organisations that intend to launch and utilise 

telemedicine technologies.  

 

Essentially the argument is made that independent from the telemedicine strategy, 

it is important to identify and address the right topics for the stakeholder groups 

involved. Four main stakeholder groups have been identified in advance, and since 

each has different interests and stakes, it is necessary to address each of their 

expectations about organisational factors which combine advantages and 

disadvantages of telemedicine solutions. The identified SEM model will support 

health industry decision makers in addressing the various constituencies with their 

respective interests in this emerging technology. It will guide them prior to and after 

any decision to adopt telemedicine. 
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1.4 Research Methodology 

For the research project a mixed method approach has been selected, using 

quantitative and qualitative research techniques. Mixed method provides a variety 

of perspectives on the research question, but can also be challenging, as the different 

beliefs of researchers can cause tensions (Greene, 2007).  

 

The chosen quantitative method is known as the traditional, the positivist, the 

experimental, or the empiricist paradigm. The qualitative paradigm in turn is known 

as the constructivist, naturalistic (Lincoln & Guba, 1985) or the interpretative 

approach: Smith (1983) and Quantz (1992) describe it as the post-positivist or 

postmodern perspective. Although the terms differ, the underlying concepts of the 

quantitative and qualititative approaches are similar. The methods are different in 

the way they collect and analyse gained data.  

 

The quantitative approach was conducted with a Web-survey involving 15 

questions, which was asked of all targeted stakeholders, comprising telemedicine 

service providers, physicians, health IT-managers and healthcare insurance 

representatives. For this purpose about 500 members of a German telemedicine 

organisation were asked to respond to predefined questions that include 5 point 

Likert scores. Afterwards the LIKERT questions were investigated with a factor 

analysis. The chosen software tools included SPSS for the factor evaluation and 

AMOS for presentation in a structural equation model, where the defined 

hypotheses could be tested. 
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In the subsequent qualitative approach reality is viewed as multiple, and socially 

and psychologically created, as according to Gelo et al. (2008). This approach was 

used to further analyse the critical factors of the structural equation model in the 

context of the potential impact on all four stakeholder groups. The underlying 

paradigm adheres to the post-positivism paradigm which does not deal with reality 

that is objectively determined, but rather socially construed, according to Easterby-

Smith, Thorpe and Lowe (1991) and is therefore suitable for research in a complex 

area like telemedicine. 

 

Sample size 

The sample size for the survey comprised of the members of a governmental 

telemedicine organisation, with a total of 500 persons. After the initial e-mail 

invitation, six reminders were sent out to encourage all members to respond. Finally 

122 consolidated returns could be analysed for the factor analysis. About 25 

responses were incomplete and therefore could not be considered. The consolidated 

response rate was at 24.4%. The statistical significance was tested with the Kaiser-

Meyer-Olkin Measures (KMO) to prove the adequacy and appropriateness of the 

data for factor analysis (Bühner, 2006). Each factor outlined a sharp demarcation 

to adjacent factors. The KMO measure was above > .800 and hence very high for 

each factor. 

 

Delimitations of Scope  

The research conducted focused on privately held or public health organisations 

operating under the rules and regulations of the German healthcare system. The 

analysis included health professionals, health IT-specialists and health insurance 
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representatives. The quantitative research involved members of a governmental 

telemedical organisation that promotes the evolution of this topic.  

 

The qualitative approach consisted of four stakeholders in the area of telemedicine. 

The quantitative and qualitative methods and the sample size were defined in order 

to gather reliable, objective and valid data that would allow the formulation of 

findings for the use of health organisations and institutions. General conclusions 

and recommendations are limited due to the complexities of different global health 

systems. 

 

1.5 Outline of the Research project 

The following thesis contains  five chapters in total: (1) Introduction, (2) 

Literature review, (3) Methodology, (4) Analysis, and (5) Conclusions and 

implications. The structure is based on that recommended by Perry & Coote 

(1994).  

 

Chapter One – Introduction 

The first chapter starts with the research topic, the research question and the sub-

questions, with regard to existing literature and gaps in former research.  In addition 

to that, it also contains general background information, a justification of the 

research definitions, and an overview of the applied research methodology. A 

discussion of how this project contributes to professional practice completes 

chapter one. 

 

 



Introduction 

Page 36 of 427 

 

Chapter Two – Literature review 

A critical review of academic literature supported the identification of existing 

knowledge as well as gaps that were significant to the understanding of ICT/ 

telemedicine in health provision. The review is divided into five parts. Part one 

consists of an overview of the technological definition and the driving forces of 

telemedicine. Part two outlines two critical factors, namely technological 

capability, with its various hard- and soft-ware applications such as Unified 

Communication, M-Health and Cloud, and secondly factor transparency in terms 

of political, legal and financial issues. The next part explains the beneficial factors, 

risks, challenges and identified stakeholder groups. The last section focuses on the 

gaps in literature and the resulting research implications. 

 

Chapter Three – Methodology 

The methodology chapter outlines the justification of the research paradigm, 

epistemology, ontology, and the applied research methodology. In essence, it 

comprises the qualitative and quantitative research design, the research instrument, 

the sampling technique and the criteria for proposition testing. Besides that, 

reliability, objectivity, validity, ethics and limitations are elaborated. 

 

Chapter four – Analysis 

Chapter four highlights the research instruments and a discussion of the data gained 

from the survey and interviews conducted. The research hypotheses are tested and 

commented upon with respect to the created structural equation model SEM. The 

qualitative results are discussed separately, based on the factors identified in the 

preceding factor analysis. 
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Chapter Five - Conclusions and implications 

The final chapter describes conclusions in relation to each formulated hypothesis 

and provides comprehensive discussion of the critical factors identified as being 

influential to the perception and usage of telemedicine solutions. These results 

supply an answer to the predefined research question and a discussion of the 

implications of the findings for theory and practice ensues. The discussion of 

conclusions and implications extends to the limitations of this research and 

summarises recommendations for further research. 
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1.6 Definitions 

BTA: Bayerische Telemedicine Allianz, a governmental institute that promotes and 

supports telemedicine engagements for healthcare organisations in Germany. 

Cloud Computing: “The practise of using a network of remote servers hosted on 

the Internet to store, manage, and process data, rather than a local server or a 

personal computer.” (www.oxforddictionary.com) 

CAPEX: Capital expenditure, or the funds that an organisation like a hospital takes 

to buy equipment, such as MRT or CT vehicles or construction of a building to 

enable them to generate profits. 

OPEX: Represents the ongoing costs to operate a business like a hospital. 

Operating costs are usually tax-deductible 

ICT: Infrastructure Communication telecommunication is an umbrella term that 

includes any communication device or application, as well as the various services 

and applications associated with them, such as videoconferencing and remote 

learning. 

Interoperability: The possibility to interact and transmit information among 

different ICT/telemedicine systems independently from the standard and interface 

and across organisational boundaries. 

Factor (critical, major): A factor like transparency or technology which consists 

of several sub-factors/variables that all adhere to this factor. 

Pay per use: A payment model where the user only pays for the used resources like 

the usage of hard-infrastructure or certain software applications that are also 

scalable. New solutions like Cloud-computing offers such payment possibilities. 
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SEM-Model: The term SEM describes a map of entities and their relationships. It 

highlights a statistical method which takes a confirmatory-for-hypothesis testing 

approach to the investigation of a structural theory (Byrne, 2013). This theory 

depicts “causal” processes that generate observations on multiple variables 

(Bentler, 1988). 

Stakeholder: Stakeholders are an interest group of several persons who usually 

have common interests in a company that they pursue accordingly.  Backoff (1992, 

p. 439) describes it as “[a]ll parties who will be affected by or will affect [the 

organisation’s] strategy. Likewise Bryson (1995, p.27) described the term as “[a]ny 

person group or organisation that can place a claim on the organization’s attention, 

resources, or output, or is affected by that output” and Johnson and Scholes (2002, 

p. 206) concluded that the term applied to “[t]hose individuals or groups who 

depend on the organization to fulfill their own goals and on whom, in turn, the 

organization depends”. 

Telemedicine-solution: A comprehensive and all-encompassing telemedicine 

implementation including the technology, the devices and associated telemedicine 

application like teleradiology, telehealth or teleconsil. 

Telemedicine-application: Can be teleradiology, telehealth, telesurgery or an 

underlying technical application like Unified Communication or a certain M-Health 

device. 

Transfer-technology: The underlying technology to transmit data (e.g. medical 

data), including soft- and hard-ware as well as the required network (LAN/WAN). 

Transfer technologies can be static or mobile solutions (M-Health) that make use 

of cloud computing.  
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1.7 Contribution to Management Practice 

Telemedicine projects are not only complex, but also cost- and resource-intensive 

for any stakeholder involved. Therefore literature suggests that such projects should 

be planned carefully and with all stakeholders involved. Even existing projects 

require an adequate overview of the current status with regard to the benefits and 

shortcomings. The present research provides a remedy for stakeholders/decision 

makers.  First of all it highlights the factors that impact telemedicine projects, and 

secondly it explains the topics behind and beyond these uncovered critical factors. 

In a final step a structural equation model SEM has been generated with the help of 

a preceding factor analysis. This SEM model depicts a construct of the correlations 

among these factors, with their specific loads and shape.  

 

ICT-health stakeholders and managers can make use of this model in practice, since 

it acts as a framework to explain complex mechanisms in the perception and 

utilisation of telemedicine solutions. It can be used for existing and planned 

telemedicine implementations as it has the capability to predict and envisage 

possible future developments. Another advantage is its independence from aspects 

of the surrounding environment, such as organisational size and capacity. It allows 

decision makers to assess the significance and overall impact of upcoming issues 

well in advance. Their decisions towards planning and allocation of resources can 

be permanently adjusted with the support of the SEM model; and any negative 

developments can be identified and mitigated early in the project lifecycle. 

Furthermore, the model allows statistical inferences for the user by tracing back 

insufficient factors prior to their emergence. Decision makers are able to adjust the 

management strategy to an optimum, which can be achieved if the factors of the 

model are well balanced. 
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In summary the SEM model contributes to the right health-ICT strategy for 

managers to achieve proven profitability and growth. Future health-IT budgets can 

therefore be purposefully allocated to get maximum outcome and efficiency. Other 

industries might participate as well, as some of these factors have a general 

explanatory power. 
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2 Literature Review 

The following Literature review deals with the comprehensive topic of 

telemedicine. The literature review begins with explanations of the various terms 

and definitions in relation to telemedicine, and the actual meaning of this solution 

(figure 2.1). It also clarifies the latest status of delimitations and differences within 

the various notations in literature. An overview of the driving forces follows, of the 

numerous developments in the current healthcare system that force health 

organisations to think about new strategies and solutions, like telemedicine. These 

driving forces are illustrated by statistical figures and studies undertaken in this 

area. 

 

An outline of the main critical factors that make a difference in today’s telemedical 

healthcare delivery follows. First the technology factor is analysed in detail, 

beginning with the technological requirements concerning hard- and soft-ware, and 

followed by the various telemedicine applications and solutions. This includes a 

discussion of the available technical transfer media like Cloud, mobile solutions 

and unified communications. Subsequently the need for transparency is treated in 

terms of political, legal and financial issues in relation to the German healthcare 

system. 

 

Having explained the part played by determinant critical factors, the benefits of 

telemedicine for health organisations are highlighted in the succeeding section. 

Here the focus is on the gained resource and efficiency advantages that the latest 

telemedicine solutions are able to provide.  
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Particularly in a clinical environment impact can be wide ranging and as such 

benefits are observed and assessed in the organisational context as well. 

 

Subsequently four main stakeholders are identified and their needs assessed with 

regard to their relative impact on and interests in decision processes leading to the 

adoption of telemedicine solutions.  
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The literature review closes by summing up the current challenges for decision-

makers before moving to discussions about the limitations of telemedicine, the 

current state of research along with gaps and inconsistencies and associated 

implications for research, as well as the current status of telemedicine solutions and 

an outlook for the future business. Finally, the research questions and hypotheses 

which occupy the present study are formulated as a basis for the subsequent section 

on methodology. 

Figure 2-1: Literature Review 
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2.1 ICT/ Telemedicine Definitions  

Telemedicine is described as the use of telecommunications and information 

technology ICT for medical diagnosis and patient care in order to provide clinical 

health care at a distance (Curell et al., 2010). Scannell, Perednia and Kissman 

(1995) added that the concept of telemedicine covers everything ranging from the 

use of standard telephony services through high speed, wide bandwidth 

transmission of digitized signals in conjunction with computers, fiber optics, 

satellites and other sophisticated peripheral equipment. Thus modern telemedicine 

solutions are not limited to just exchanging medical images over distances, but 

rather are intended to share complex medical information in an advanced way to 

increase speed and efficiency in health provision.  

Figure 2-2: Telemedicine Definitions 

 

 

Source:Van Dyk J. Environ. Res. Public Health 2014, 11(2), 1279-1298 
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The foundations of telemedicine are hard- and soft-ware based solutions that enable 

processing of different media from a Meta-perspective. These solutions, also known 

as e-Health or telehealth, enable aligned and seamless information transformation 

and flow across all connected health-wards and health organisations (Eyssenbach, 

2001). The definitions and coherences of telemedicine in relation to e-Health, M-

Health or telehealth are depicted in figure 2.2 (van Dyk, 2014), where telemedicine 

is defined as a subset of telehealth/e-Health. 

Figure 2-3: Dimensions of telemedicine and components 

 

Source: Bashur et al. 2011 

 

Bashur et al. (2000) went a step further by claiming that telehealth relates to 

telemedicine, as health relates to medicine; and later formulated the dimensions of 

telemedicine (figure 2.3) in a publication concerning the taxonomy of telemedicine, 

where the dimensions are categorised as technology, functionality and applications, 

allowing a further differentiation derived from the general term telemedicine 

(Bashur et al., 2011). 
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This detailed categorisation builds new insights not only into the various 

dimensions, but also into the respective items connected with telemedicine like 

consultation, specialty and connectivity. Besides that, it helps to avoid 

misunderstandings and confusion amongst health professionals and stakeholders as 

described by Bashur et al. (2011); Curry et al. (1997) and Lynne et al. (2002).  

In the following sections the definition of telemedicine will act as an umbrella term 

to avoid confusion. Next the driving forces behind telemedicine are described to 

explain its fast growing emergence. 

 

2.1.1 Driving Forces for ICT/Telemedicine  

Through the course of technological change, with extended computing power, 

advanced software and higher bandwidth, Information Communication Technology 

(ICT) and telemedicine in particular, contributed to an improved flow of various 

medical information in health provision. With the integration of telemedicine into 

existing processes not only the practise of science changed, but also the practise of 

health and medical informatics changed enormously (Shortliffe & Blois, 2006). At 

the same time most healthcare organisations have recognised the need to engage 

with competitive and modern telemedicine solutions in order “to meet the 

complexities of today's healthcare demands, regulatory requirements, and ever 

rising consumers' expectations” (Lee & Meuter, 2010 p. 355). Yet, this increasing 

expectation on the technological side combined with the global demographic 

change on the other side could suffer interference due to a lack of resources, as 

Coiera and Hovenga (2007) revealed.  

They recognised an upcoming sustainability funnel across health organisations due 

to a divergence of resource availability and utilisation (figure 2.4). 
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Figure 2-4: Sustainability funnel   

 

 

Source: Coiera and Hovenga (2007) The Sustainability funnel  

 

Beside the higher request for healthcare services in general there is also an increased 

expectation in terms of the performance of ICT solutions like telemedicine. The 

various reasons for this development are investigated in the following sections. 

 

2.1.2.1  Demographic Change and Population growth 

The demographic changes which accompany global growth in population are major 

challenges in today’s world. Not only is the growing population a critical factor for 

the healthcare system, but also the continuous increase of the proportion of older 

people impacts health systems enormously (figure 2.5), leading to so-called aging 

societies (Saritas and Keenan, 2004; UN, 2006; UN, 2007). The World Health 

Organisation (WHO, 2011) reported that from 2000 until 2050, the world's 

population over 60 years of age will more than triple from 600 million to almost 2 

billion.  In literature this effect is termed “triple aging”.  
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Figure 2-5: Aging societies 

 

Source: UNDESA, World/Population Ageing 2011(2012; forthcoming) 

 

Most of this growth takes place in under developed countries, where the number of 

older people is expected to grow from 400 million in 2000 to 1.7 billion by 2050. 

This gradual long-term increase in life expectancy has an impact on the current and 

future healthcare situation. As the people are getting older, their demand for 

healthcare changes from mere treatment to prevention, combined with an increased 

need for care in general. Even with severe disabilities like chronic health conditions 

or progressive and terminal illness, people will tend to live longer in the future. 

Consequently they will require a longer period of health provision. In this context 

Amanatidou (2011) and Saritas and Keenan (2004) claimed that with a higher life 

expectancy the probability of chronic and new diseases increases exponentially. 

Hence more healthcare workers and nursing homes will be necessary to compensate 

this growing infirmity in the future. Studies from IT online (2007) pointed out four 

fundamentals to address the demographic change, that is, improved access to 

healthcare, improved quality of care, illness prevention, health promotion and better 

efficiency (e.g. better healthcare for same/lower costs).  
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2.1.2.2  Paradigm shift in Health provision 

There is a general paradigm shift in the way healthcare will be provided in the 

future. The trend moves towards prevention and care of chronic conditions instead 

of responding to acute illness. Saritas and Keenan (2004) showed that more people 

died of chronic illness than from an acute illness; and they argue that better 

healthcare possibilities lead to longer living periods, even if people have severe 

disabilities like progressive and terminal illnesses. Figure 2.6 illustrates this shift 

towards chronical diseases and acute illness on the basis of the total healthcare 

spending in the US.  

 

The distribution shows a disproportionately part of 72.6% spending for chronic 

diseases and acute illness, where chronic disease hold 47.1%. Future health-related 

services and their models of delivery will need to reflect this shift from treatment 

to prevention and care. It is predicted that the overall number of people going into 

hospitals and their length of stay will continue to decline (UN 2006; UN 2007). 

Hence healthcare services are likely to be delivered remotely at the home or at the 

workplace in the future.  
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Figure 2-6:  Medical Expenditure Panel Survey 2007 

Spending on Patient-Centered Care Categories 

 

        Source: Adapted from the Healthcare economist, Conway, et al. 2007 

 

2.1.2.3  Consumerism in Healthcare 

Global health provision has changed rapidly since the internet and telemedicine 

solutions provided unlimited access to medical information over distance. The 

expectations and attitudes amongst people changed to the same degree, leading to 

so-called “consumerism” behaviour, which is characterised by better healthcare and 

transparent decision making (Gray, 2008). Simons (2008) described the change as 

a demand for patient centric care, where both patients and health-providers have 

access to personalised and contextual health information management.  

 

This paradigm shift enables patients to compare health services on a global basis. 

Health organisations in turn need to rethink their strategy with regards to 

transparency, to be more competitive in their health service offerings.  

Chronic Conditions: 47.1%

Acute Illness:25.5%

Trauma,injury,poisoning:

7.8 %
Dental: 7.3%

Routine Preventative

Healthcare 6%
Pregnacy & birth 4%
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Their services need to be more customised in the future to meet the individual 

requirements of patients.  

 

Simons (2008) maintained that new models of care will be necessary to cope with 

future demands. Otherwise the trend towards health tourism will proceed and even 

rise due to better possibilities shown up by comparison. Future patients may manage 

their health at their own risk, with the help of Web based tools like active health 

management (www.activehealth.com) or other resources offered on the internet. 

 

2.1.2.4  Out of pocket payments OOP 

Recent studies indicate that healthcare insurance systems are affected by a growing 

imbalance between costs and performance, because a large number of health 

services are either not covered or simply too expensive for patients. Figure 2.7, 

showing data across the OECD (2011), depicts the relative high percentage of “out 

of pocket health costs” per household, caused by inadequate health insurance 

coverage. Banthin, Cunningham and Bernard (2008) observed that the financial 

burden of out of pocket expenditures grew proportionally with rising healthcare 

costs in general and therefore led to financial constraints for households, who in 

turn postpone necessary health care interventions. 

 

This development is critical for the health situation of underprivileged families in 

threshold countries, where the gap between the average per capita and minimum 

income per country  may vary significantly. It benefits people with a higher income, 

at the cost of lower income households. 
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Figure 2-7: Out-of-pocket medical costs  

 

Source: Schoen et al. (2011). Out-of-pocket medical costs of USD 1 000 or more in the past year by 

income level, eleven OECD countries, 2011 

 

2.1.2.5  Political and market demand 

Among politicians there is a strong perception that healthcare is an important 

market for generic information and communication technology (Amanatidou, 

2011).  The European Observatory on Health Care Systems (EOHCS, 2002, p. 113) 

noted: “Health policy is currently the most high profile item on the political agenda. 

Debate and public policy is focusing on both, the finance and provision of 

healthcare”. This view is supported by recent OECD studies which discovered an 

average increase of healthcare service costs caused by population ageing, rapidly 

rising health care prices and costly developments in medical technology (OECD, 

2010). This unrelenting growth of costs burdens the treasury of the public health 

sector.  
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Thus politicians need to improve their understanding of the root-causes for current 

inefficiencies in the provision of health (OECD, 2010). Gurstein (2005) 

summarised that the search for fundamental reforms of health care systems in order 

to remediate unnecessary costs is an ongoing process, where IT infrastructure plays 

a central role. Other authors agreed and emphasised effective usage and proper 

access to ICT solutions to avoid inefficiencies (Mansell & When, 1998; Conradi 

and Jacobs, 2003; IT Online 2007), particularly in rural areas, where most scholars 

believe that the mere presence of ICT’s, although vital, is not enough to realise 

technological development (Heeks 2002; Herselman & Jacobs, 2003; Littlejohns, 

Wyatt & Garvican, 2003): political support in the areas of financial incentive and 

legal assistance is also needed. Political institutions can manage the effective 

utilisation of ICT/telemedicine by advocating new technologies, along with 

sponsorship and clear legal regulations.  

 

2.1.2.6  Advanced ICT technology 

A successful paradigm shift in health provision, where parts of the health services 

are generated remotely, needs advanced technologies. Improvements in the 

performance of information technology and communications technologies, 

accompanied by declining costs, and expanding telemedicine applications, lead to 

an increased evolution of such solutions. Chapter 2.2 highlights the main 

ICT/telemedicine services in health and their respective fields of application. The 

focus of these solutions is grounded in location-independent remote information 

sharing through advanced media like Unified Communication, video, tablet 

computer, PDA etc. Furthermore these solutions support easier access to relevant 



Literature Review 

Page 55 of 427 

 

medical data, improved collaboration among physicians as well as resource and cost 

savings through higher efficiency.  

 

2.1.2.7  Shortage of health care professionals 

Unbalanced healthcare service distribution and lack of health professionals have 

been reported as a persistent global problem between and within countries (Ewart 

et al., 2004; Dussault & Franceschini, 2006). Quite often health services are not 

available to potential patients, as they are either too far away or not accessible for 

some organisational reason, such as limited hours of staff presence (Dussault & 

Franceschini, 2006). Consequently quality of care suffers because patients cannot 

always receive the best possible treatment. This situation worsens if specialised 

physicians or nurses are required for certain treatments. In such cases patients often 

need to travel to specialised hospitals and accept the consequences of long waiting 

times and higher costs.  

 

This situation can be relieved if knowledge of specialised physicians can be 

transferred without the necessity for them to be personally on site. ICT-solutions 

like telemedicine or videoconferencing are existing solutions that are already in 

place for purposes of diagnosis and second medical opinion.  The negative outlook 

for medical resources (OECD, 2010) has put pressure on healthcare organisations 

to further ensure seamless care provision, which in turn has promoted the 

implementation of telemedicine-based solutions, since they may compensate for 

limited resources through better efficiency and resource utilisation.  
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2.1.2.8  Urbanisation and Globalisation 

Along with the pressures of growing globalisation, the health care situation in rural 

areas has deteriorated significantly. In past decades the trend towards living in 

larger towns or cities has accelerated among both the population and physicians, as 

is dramatically shown in figure 2.8. Now about 50% of people live in large towns 

or cities (McMichael, 2000); and demographers estimate that by 2030 

approximately two-thirds of all people will live in large towns or cities. The 

population remaining in regional areas in turn will have a higher proportion of older 

people in the future (McMichael, 2000).  

Figure 2-8:  Geographic distribution of physicians in OECD countries 

 

 

Source: AIHW (2010b); CIHI (2005); DREES (2010); Fordyce et al. (2007). 

 

Reasons for this development can be found in strong migration, and in low wages 

in state-owned health-care enterprises that specialise in certain diseases. Existing 

facilities will be incrementally replaced by a few large centrally-located hospitals 
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providing all healthcare services, and by several specialised clinics that provide 

certain services as a core competency for greater regions.  

Correspondingly the doctor/patient ratio and the specialisation of physicians in rural 

areas will further diminish; while the density of physicians in regions with a high 

urban population will increase, due to the local concentration of services such as 

surgery and specialised practitioners. Factors such as population size and the 

economic development of a region, along with its professional climate and the 

extent of social benefits, may attract health professionals more than comparable 

prospects in regional areas. This effect can be observed in emerging economies like 

China (Song, 2002), where large urban and centralised cities increasingly displace 

smaller decentralised villages.  

 

In addition the World Health Organisation (WHO, 1998) reported that urbanisation  

causes  many changes in human behaviour, leading to high levels of tobacco 

smoking, traffic injuries, fatalities and adult obesity, which adversely affect disease 

risks, such as those associated with obesity and type-2 diabetes of which a growing 

prevalence can be observed (OECD, 2015). 

 

Another trend is the growing usage of health internet services, which can 

increasingly be observed in the medical and pharmaceutical industry (Oliver, 2000).  

 

However, Blumenthal (2004) argued that neither growing urbanisation nor internet 

services affect the demand on healthcare, but instead these affect the design of the 

health system. 
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2.1.2.9  Cross Border Health Tourism 

A further consequence of globalisation and unlimited health information through 

the Web is medical cross border health tourism (Kunhardt, 2011). People are 

starting to compare diverse healthcare offers since they are equipped with more 

health information and unlimited access to competing worldwide health services. 

As the prices for medical interventions can vary heavily across countries, numerous 

people opt for a treatment outside their home country and often combine this 

treatment with a subsequent vacation in the potential country.  

Figure 2-9: Processes in Health Tourism 

 

 

 

 

 

 

 

 

 

 

 

Source: Kunhardt, H. (2011) Technische Hochschule Deggendorf 
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Kunhardt (2011) described this process as a search for the right clinic with the help 

of telemedicine instruments, conducted by a local agency, where the remote clinic 

can plan the treatment in advance. With the support of telemedicine solutions (see 

section 2.2.2) the patient-doctor communication including all necessary clinical 

findings can be carried out prior to the planned intervention via remote connections. 

The subsequent aftercare services are carried out via the same applications.   

 

This trend is a risk for the domestic health organisations, as the different labour 

costs distort their competitiveness.           

                        

2.1.2.10  Increasing costs 

The rising costs in the area of healthcare strain the public health care offered 

globally (OECD, 2011, figure 2.10). Despite this uniform increase, costs still vary 

significantly between the various countries (OECD, 2008). In the US the 

proportional costs are comparably high in contrast to Japan where costs are 

relatively low (figure 2.11).  The reason for the differing costs per country can be 

found in the healthcare and social systems implemented, with their varying medical 

and labour costs. 
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Figure 2-10: Growth in Total Health Expenditure in selected countries 

 

   Source: Organisation for Economic Co-operation and Development (2011), "OECD Health 

Data” 

 

Figure 2-11:  Total Health costs in selected Countries, 2008 

 

Source: Organisation for Economic Co-operation and Development (2011) 
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Figure 2-12: Health Expenditure in Germany 

 
Source: Statistisches Bundesamt, 2016 

 

Despite these differences per country, the trend of rising health costs is clear (figure 

2.12).  The main reason for this development is the demographic change towards 

aging societies accompanied by population growth. Coomans (1999, p. 14) found 

that healthcare costs for 65‐75 year olds are 2.5 times greater than those for people 

under 65, while the costs for those over 75 are estimated to be 4.5 times higher.  

 

Further reasons for rising healthcare costs were identified by Harvard Health 

(2012), which noted that the changed behaviour of people leads to higher healthcare 

costs. They monitored  behaviours involving less activity and sport, too much food 

due to portion inflation, increased smoking and alcohol consumption among all 

generations and across all countries. This phenomenon was also described in the 

WHO report (1998) (see section 2.1.2), where such a development in urban regions 

was reported.  
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Other known reasons for cost rises comprise a lack of competition in the area of 

health, poor efficiency, high administrative costs in health provision and inadequate 

social / health systems. 

 

In summary, factors affecting health care services include demographic change, a 

growing population, urbanisation and a general paradigm shift in how health 

services are being provided as well as higher demand for healthcare services among 

hospitals and patients alike.  Against the backdrop of these driving factors, it is 

necessary to engage with telemedicine solutions, as they provide a remedy to this 

deterioration in the health sector. The next section engages with this technology, 

identifying both capabilities and possibilities for the treatment of patients, and 

associated critical organisational factors. 
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2.2.1 Telemedicine Technology 

Technology plays an important role in the area of telemedicine. It is the foundation 

for the successful transfer of time- and location-independent medical information. 

For this purpose, it is necessary to develop standardised technologies that are both 

performant and user-friendly. In this regard, it is very important to consider an 

appropriate availability of telemedicine applications. Often the health of the patient 

depends on transmitted data, therefore it is essential for manufacturers to develop 

redundant solutions that meet the high quality requirements of hospitals. New 

technologies can help here to overcome technical and geographical boundaries. Key 

concepts are debated and discussed in the following section. 

 

 

Modern telemedicine solutions are incorporated in complex hard- and soft-ware 

solutions that build the foundation for smooth exchange of medical information. 

They include a range of applications and services using two way video, smart 

phones, and wireless devices (American Telemedicine Association, 2010). The 

hardware consists of network and server architectures to store and transmit patient 

data to connected health organisations. The software solutions care for intelligent 

medical data processing and evaluation. Both technological aspects are critical to 

operate any telemedicine application.  

 

 

 



Literature Review 

Page 64 of 427 

 

 

2.2.1.1 Telemedicine IT-Hardware  

Today’s hardware infrastructure requirements for telemedicine solutions are 

challenging. The legislator established high technological barriers for the approval 

of telemedicine hardware to ensure quality in the transmission of medical 

information. Thus devices must be certified according to certain predefined 

standards in order to run any telemedicine application. Devices include video 

equipment, transmission lines, monitors, video cameras and remote monitoring 

devices that are controlled over distances. Quite often these applications are used 

redundantly to prevent possible failures during transmission.  

 

In recent past years, mobile devices have become increasingly popular. They are 

replacing former static and proprietary infrastructures, as they allow location-

independent deployment. The market for this tablet-based telemedicine application 

is expected to grow enormously in the near future, pursuant to Eddy (2013). 

Another trend is the progressive usage of Cloud computing services, which play a 

major role in the field of telemedicine because their use allows hospitals to avoid 

large investments in hard- and soft-ware technology. In addition, Cloud services 

enable new opportunities in the way telemedicine is being provided (Jin, & Chen, 

2015), as medical services can be provided anytime, anywhere. As a result, higher 

efficiency in the usage of server and storage capacity through scale effects can be 

achieved.  
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However, there are still certain technical barriers to overcome, such as 

interoperability, storage and adaptability issues, before developing hardware 

becomes more relevant (Jin, & Chen, 2015). The following sections highlight the 

main aspects in the utilisation of hardware technology. 

 

Telemedicine Hardware  

Superior health information solutions like telemedicine require an appropriate 

technical infrastructure to exploit their multifaceted possibilities. Thus healthcare 

organisations need to implement IT-server systems that are connected with high 

bandwidth networks on the local area network (LAN) and wide area network 

(WAN), in order to transmit masses volumes of medical data across health wards 

and to other partner hospitals. These data streams have then to be processed and 

stored on large-scale high-computing-power servers for certain periods of time. 

Such technological architecture is critical but cost effective for the success of any 

telemedicine application, especially for real time applications, which are mainly 

used in emergency situations.  

 

However infrastructure does not always meet the necessary requirements (Trill, 

2009). Problems have been reported mainly involving slow network connections 

(WAN and LAN), lack of computing power, non-standardisation, insufficient ICT-

knowledge, and non-transparency on the part of hard- and soft-ware (Herbig & 

Buessing, 2006; Porszolt & Kaplan, 2006; Trill, 2009; Johner & Haas, 2009; 

Kunhardt, 2011). Authors call attention to the adverse effects for patients when the 

flow of medical information between healthcare organisations is deficient due to 

insufficient infrastructure.  
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General recommendations about how the ideal telemedicine infrastructure should 

look are rare in literature since any ICT/telemedicine setup largely depends on the 

respective telemedicine application, the user requirements and associated existing 

technological capabilities of the hospital. The decision-making process needs clear 

recommendations on the technical side to avoid bottlenecks during business usage. 

Stakeholders have to assess the technical alternatives, the relative importance and 

the impact of key technology factors. 

 

But beyond the hardware infrastructure, software can be considered as of coequal 

importance. 

 

2.2.1.2 Telemedicine IT-Software 

The software aspect of telemedicine consists of certain programs that are essential 

to serve the various computer-based telemedicine applications. 

 

One of the main challenges of telemedicine software is to connect, store and share 

medical information between different standards of synchronous and asynchronous 

telemedicine applications. The reason for this lies in differences in data 

transmission in terms of speed, latency and time offset, which make it difficult to 

adapt and standardise such technologies. Furthermore, usability and handling issues 

have been reported to be crucial when operating software applications.  

From a business perspective, software needs to provide statistics and reporting 

possibilities to enable hospitals to gain the transparency necessary for financial 

applications.   
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Thus numerous software providers tried to standardise and improve respective 

telemedicine software solutions to meet the growing requirements of the health 

sector. Subsequently, in recent years, mobile applications have revolutionised the 

software market, allowing location-independent same-time consultation among 

physicians and patients (Ventola, 2014). These client software applications with 

enhanced functionalities are usually connected to centrally-based Cloud-program 

servers in order to utilise the microphone and camera capabilities of mobile devices, 

enabling various telemedicine applications like teleconsultation, teleradiology or 

telediagnostic. With flexibility and scalability, these technologies are distinguished 

from former traditional stand-alone soft- and hard-ware-based videoconferencing 

devices (Zhang et al., 2015). Thus, software-based anytime-anywhere patient 

monitoring and remote consultation have the capability to transform the 

telemedicine business in general (Weinstein et al., 2015); Tachakra (2003) and 

Akter (2010) see mobile E-Health as the platform for future telemedicine business 

across organisational and geographical boundaries.  

 

Yet despite the positive outlook taken by some, according to Zhang (2015) there is 

little research in this area. Since mobile technologies in combination with 

telemedicine applications are relatively new in business, there is a risk that expected 

business benefits may not come to fruition as planned. Hospitals may not be ready 

to utilise mobile solutions adequately if their organisational context does not allow 

for changing requirements with respect to processes and usability. Among other 

considerations, such solutions require adequate IT experts to operate and manage 

associated maintenance, with its frequent updates and upgrades.  

Therefore hospitals need to carefully balance reasons for and against mobile 

solutions prior to their implementation, in order to avoid unforeseen consequences. 
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However, if adapted reasonably, they can positively affect the telemedicine 

business of the hospital and user satisfaction, as outlined below. 

 

Telemedicine software is the core component for operating telemedicine 

applications. It allows both operation of downstream telemedicine applications, as 

well as the ability to monitor and manage software usage in connection with other 

software solutions, which are covered under the umbrella term “Health Information 

System” (HIS).  

 

2.2.1.3  Health/ Hospital information systems (HIS) 

Besides hardware infrastructure, telemedicine solutions and applications require a 

basic health information system, called HIS. This can be defined as a set of software 

components and procedures organised with the aim to extract relevant and evident 

information at all levels of the health system (Lippeveld, Sauerborn & Bodart, 

2000). Following Herbig and Buessing (2006) the typical HIS system consists of 

four main components: 

• Information and knowledge: Medical information, patient and non-patient 

related research; 

• Computer based software tools and applications to process the medical 

information;  

• Transport of medical information across WAN and LAN data networks (see 

section 2.2.1.1); 

• Storage of information: Central and decentralised servers in datacenters or 

the cloud (section 2.2.1.4); 
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Johner and Haas (2009) divided these systems into three areas: 

• Administrative information system: this system incorporates all 

applications including hospital administration, logistics, finance, 

accounting, controlling, materials management, blood preservation and 

technical information system; 

 

• Patient data administration: these systems regulate and process all patient 

data required for registration, stay and discharge. They are necessary for 

applications like accounting or legal proof of treatment; 

 

• Medical information system: this system consists of medical information to 

support documentation and organisation of all hospital wards like  

ambulance, surgery, radiology or orthopedics. 

 

Other definitions  relating to HIS distiguish between: 

• Payer applications, which manage  governmental funding and health 

insurance programs as well as the use of e-commerce and electronic 

communication to coordinate healthcare organisations and activities 

throughout the system; 

 

• Provider applications for private and public hospitals which use e-

commerce and internet based systems to market health offerings; 
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• Practitioner applications, which administer practise management tools, 

telemedicine and remote diagnostics, the use of clinical decision support 

systems (CDSS) and evidence-based care in diagnosis and treatment.  

 

 

 

Figure 2.13 shows the numerous HIS systems a typical hospital possesses. The 

foundation of HIS is the patient management system, where the patient data is 

administered, stored and processed. This system is initiated at an early stage, when 

the patient first registers in a hospital of choice, and remains activated for 

subsequent tasks like diagnosis, planning of the treatment and after care. Other 

sytems like pharmacy, material and drug medication are intended to manage the 

demand and dosing of drugs per patient. This system also manages the technical 

administration of the ordering and storing of required drugs in the hospital, to 

guarantee always the right dosing per patient. Decision support, result reporting, 

general accounting and human resource systems support hospital management and 

administration in decision making processes, to manage hospital administration and 

avoid undesirable business developments as early as possible. All these systems in 

common are potential parts of certain telemedicine solutions, and therefore it is 

necessary to consider them as critical factors in an overall context.  
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Figure 2-13:  Healthcare Information systems 

 

Source: http://train-srv.manipalu.com/wpress 

Moreover, for telemedicine solutions a picture archiving and communication 

system (PACS) as well as a radiology information system (RIS) are of importance. 

RIS helps the telemedicine radiologist to process and manage the results obtained 

from MRT, CT or medical ultrasonic examinations. PACS is a picture archiving 

and communication system; a medical imaging technology which provides 

economical storage, and convenient access to images from multiple modalities, via 

a standard called DICOM and HL 7 (see section 2.2.1.5). With PACS it is possible 

to store and evaluate patient pictures and images, including the personal patient 

data, on a central server, to allow the exchange of information and collaboration 

amongst hospitals and physicians.  

 

Over the past years HIS systems have changed rapidly and have become more 

complex due to the development of new standards and software solutions. Despite 

certain initiatives to standardise the HIS software for telemedicine applications 
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there is no consensus, because most providers focus on proprietary systems with a 

limited regional focus.  This is still a challenge for health care organisations 

(Raghupathi & Tan, 2002). 

 

 

2.2.1.4  Data Storage in Telemedicine  

Along with the advent of telemedicine applications the volume and complexity of 

medical data has increased over time. Data storing capabilities changed from 

manual handling of hardcopy to automatic and electronic based processes, which 

improved data handling in general (Haux et al., 2002; Lynne et al., 2002; Herbig & 

Buessig, 2006; Trill, 2009).  

 

Basically medical data is categorised as health-research and patient-related data. 

Research data includes the latest information about certain diseases, operational 

practise, statistics and studies, whereas patient data mainly deals with information 

about patient health status and indicated treatment (Haux et al., 2002; Trix, 2009).  

 

Although medical data differs in terms of its scope and content, it needs to be 

securely stored and protected by law. Confidentiality is more than an ethical 

promise to preserve a patient's health information pursuant to the Hippocratic Oath. 

Physicians may be liable if disclosing patient information to third parties without 

consent. Severs (2003) explained that securing medical data is vitally important 

from a technical, organisational and staff perspective. As medical data in 

telemedicine is usually stored on certain servers, making it accessible anywhere and 
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anytime, it requires complex data protection around the clock (Fitch & Adams, 

2006). 

The challenge for hospitals rises with the unstructured complexity of data and data 

volume, which is expected to grow tremendously in the future 

(healthcareitnews.com, 2012). The major part of medical data is stored in health-

datacenters containing multisystem server environments.  

Some of these systems are using non interoperable standards, different clinical 

terminologies and interfaces that are not correlating to one another, leading to 

information duplicates and unstructured data islands (Haux et al., 2002; Lynne et 

al., 2002; Herbig & Buessig, 2006; Trill, 2009). New technologies like Cloud or M-

Health could remedy this situation by providing location-independent storing 

capabilities on a pay per use basis. However due to certain constraints involving 

security and patient safety in telemedicine, there are still certain barriers to 

overcome. 

 

2.2.1.5  Standardisation in Telemedicine 

Simultaneously with the ubiquitous utilisation of telemedicine and its various 

applications in medicine, numerous standards and interfaces have evolved over time 

that are often not compatible among themselves. Figure 2.14 reflects the main basic 

standards and systems in a typical medical environment. The various dependencies 

of the systems shown and their interfaces signify the complexities to be managed 

by the stakeholder group health IT-administration. 

 



Literature Review 

Page 74 of 427 

 

Figure 2-14: Standards in Healthcare 

 

Source: www.HL7.com (2006) 

 

Overall these standards help to register and manage patients throughout their 

treatment lifecycle. The various sub-standards and software solutions are all 

connected to the HIS, where the patient data is aggregated for purposes of 

management and administration, not only in relation to required medications and 

treatments, but also with regard to organisational issues like invoicing and 

reporting. The main basic standard for telemedicine is called Digital Imaging and 

Communications in Medicine (DICOM). It describes a non-proprietary data 

interchange protocol, digital image format, and file structure for biomedical images 

and image-related information (Bidgood et al., 1997; Indrajit & Verma, 2007). The 

purpose of DICOM is to arrange a seamless collaboration with imaging equipment, 

printers, and picture archival and communication systems (PACS).  
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DICOM is a progressive standard that develops in a modular manner in order to 

support and incorporate new technologies and new applications. Its interface to 

other standards allows a shared management of patient data and information 

(Bidgood et al., 1997).  

 

Another widely accepted standard in health, for managing non imaging data, is 

Health Level Seven or HL 7. According to Herbig and Buessing (2006) it is the 

most significant standard in hospitals. Next to the necessary protocols for exchange, 

HL 7 enables the sharing and retrieval of electronic health information, including 

the management and integration of clinical and administrative electronic health data 

(Indrajit & Verma, 2007). HL 7 is used to provide interoperability between the 

telemedicine-related applications of electronic patient administration, practise 

management and laboratory information systems, including Electronic Health 

Record (EHR).  

 

In essence HL 7 is the main standard for hospital information systems whereas 

DICOM is a special standard in the telemedicine/radiology area. Even though these 

standards arrange information exchange, conflicts and ambiguities still occur. 

Therefore another initiative called Integrating the Healthcare Enterprise (IHE) has 

been founded to fill the gap between what is theoretically possible and what can be 

implemented (Channin, 2000; Indrajit & Verma, 2007; Johner & Haas, 2009). IHE 

is a common initiative on the part of experts and healthcare suppliers to improve 

information sharing among health information systems and processes, by means of 

mapping these processes against technical possibilities and requirements (Johner & 

Haas, 2009).  
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It incorporates multiple heterogeneous and decentralised information systems to 

identify ways of consensus, coordination and cooperation between existing 

healthcare standards like DICOM and HL 7. Over the years IHE created the 

framework for integrating telemedicine applications, systems and settings across 

the entire healthcare enterprise (Indrajit & Verma, 2007).  

 

Table 2.1 shows the main initiatives and standards in IT healthcare and their main 

areas of implementation. Such standardisation initiatives are important for efficient 

information sharing in health systems. Information can only be shared when the 

process of transmission, encoding and decoding are clear and unambiguous. If one 

system receives medical information it needs to process this information as 

intended, and provide confirmation to the sender to avoid misinterpretations or 

ambiguities.  

 

The review of the technological foundation of telemedicine solutions comprised an 

overview of how such solutions can be operated and adapted in clinical treatment 

processes. However the variety and different characteristics of telemedicine 

solutions make it difficult to assess the actual costs and benefits. Health Service 

Providers need to know whether there is a demand for a particular application 

among patients and whether a particular solution is beneficial in the clinical 

environment. The following section discusses in detail key concepts and 

applications in telemedicine. 
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Table 2.1 Healthcare standards and initiatives  

PARAMETER  DICOM  HL7  IHE 

Nomenclature 

Digital Imaging 

Communications in Medicine 

Developed by American College 

of Radiologists (ACR) and 

Electrical Manufacturers 

Association (NEMA)National  

Health level Seven, 

Inc. 

Integrating the 

Healthcare 

Enterprise  

Origin 

Developed by American College 

of Radiologists (ACR) and 

National Electrical 

Manufacturers Association 

(NEMA) 

Not for profit 

volunteer organisation 

headquartered in Ann 

Arbor MI 

Developed by 

Radiological 

Society of North 

America (RSNA) 

and Healthcare 

Information 

Management 

Systems Society 

(HIMSS) 

Founding Year  1985 1990 1998 

Latest Version DICOM Version 3 (2007) HL7 Version 3 

Each year new 

profiles are 

selected 

Role 

Provides protocols for 

integration  of image data 

between imaging, nonimaging 

modalities, devices and systems 

Provides protocols for 

exchange, 

management and 

integration of varied  

data in electronic 

health records  

Provides 

implementation 

profiles based on 

existing standards 

like HL7 and 

DICOM 

Data  
Image information objects and 

nonimage information objects 

Clinical and 

administrative 

electronic healthcare 

data  

Functional 

integration 

workflow 

elements 

Functional 

elements 

Protocols, Objects, Services 

Service Class, Conformance 

Act, Participation, 

Roles 

Actors, 

Transactions, 

Integration 

Profiles 

Key area 
Image and few nonimage data 

interoperability 

Health record and 

Clinical 

interoperability 

Integration of 

systems and 

standards 

Source: adapted from: Indrajit & Verma (2007) 
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2.2.2  Telemedicine Solutions and Applications 

The portfolio of available telemedical solutions and applications in the market is 

plentiful and confusing. Interested hospitals have to weigh information thoroughly 

to decide for or against the deployment of telemedicine solutions. Since the various 

applications are very different in their mode of operation and usability, it is 

important to understand their advantages and disadvantages. In this chapter  key 

concepts and their corresponding applications and impacts are discussed in detail. 

 

Clinical solutions require different types of telemedicine applications. In essence 

applications can be categorised as store and forward and alternatively real time 

telemedicine applications. Both approaches reflect the demand for sharing medical 

information between two secured point-to-point networks. The difference lies in the 

flow of information and its associated time delay, also known as latency. 

Applications can either be asynchronous for store and forward solutions, or 

synchronous for real time applications.  

 

In the past telemedicine solutions were mainly based on store and forward 

telemedicine applications, as the possibility to provide real time data and video was 

limited from a technological point of view. Over time, real time telemedicine 

applications evolved along with technological progression, and replaced store and 

forward technologies gradually. At present most telemedicine applications offer 

both asynchronous store and forward communication, which is used mostly in non-

emergency situations, and synchronous real time communication, which requires 

the possibility of receiving an immediate response and result following a remote 

consultation (Wootton, 2006).  
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The most common telemedicine applications are: 

• Teleradiology:  it provides the possibility to remotely examine patients via 

Magnet Resonance Topography or Computer Tomography (CT). The 

radiologist can evaluate and diagnose patients from a remote location at 

different times.  

In this case the medical images and pictures will be sent over a wide area 

network (WAN) to the remote site, where a second health professional can 

diagnose. It can either be used as store and forward or a real time 

application. 

 

• Teleconsultation: mainly conducted synchronously via Unified 

Communication/videoconference systems, where the physician can 

examine or teach the patient remotely for the purpose of education. It can 

also be conducted asynchronously. In this scenario the response is through 

e-mail, cell phone or automated message system (Verhoefen et al., 2010).   

 

• Teletherapy: here the therapist can guide the patient remotely via 

computer.  The patient is connected by home PC.  The therapeutical data 

can be transmitted via telematics on the patient home computer. Besides the 

time savings, the patient can avoid unnecessary travel costs. 

 

• Telehealth: includes real time surveillance of patients with chronic diseases 

who need to be monitored permanently over a distance. These systems can 

recognise emergency situations and inform the remote clinic to start 

necessary preparations upfront. 



Literature Review 

Page 80 of 427 

 

• Telediagnostic: here the physician is able to diagnose potential patients 

remotely via videoconferencing, and exchange certain health parameters, 

images or pictures. By saving time the physician can diagnose more patients 

in the same time frame. The main applications are logopedics, ergo therapy 

physiotherapy and neurology therapy. 

 

Several other telemedicine applications like telesurgery, teleconsil or teleoncology 

are available for interested health-organisations, but are regarded as niche solutions 

with a low market share.  

 

Conclusion 

All these telemedicine based solutions share the need for an underlying technical 

transfer concept. The IT-market offers a broad portfolio of technical solutions 

beginning with static video conferences or mobile devices up to complex virtualised 

systems that are operating in the “Cloud”. The following section explains various 

available technical concepts that enable the usage of different telemedicine 

applications like teleradiology, teletherapy or teleconsultation. They are all part of 

the organisational factor “technology”. 
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2.2.2.1 Telemedicine and Unified Communication 

In telemedicine, video or computer-based information exchange is a prerequisite 

for collaboration between doctor and nurse, that “enable[s] the knowledge and skills 

of both professionals to synergistically influence the patient care being provided” 

(Vazirani et al., 2005, p.71). Vazirani et al. argue that collaboration is the key to 

increased satisfaction among nurses, physicians and patients which in turn leads to 

an increased quality of care. On the other hand, Zwarenstein (2000) held a different 

view as he saw no real evidence documenting such benefits. Beyond all the 

controversy about the evidence, most experts agree that such technologies, also 

known as unified communication (UC), enhance the possibilities of telemedicine 

solutions in principal. According to a study by Gartner (2007), telemedicine has the 

ability to improve how health professionals interact and perform. Unified 

communication comprises services like e-mail, audio voice mail, presence and 

instant messaging (IM) as well as Web and video conferencing, which are all 

necessary to build up an appropriate telemedicine solution, particularly when 

integrating communication functions directly with health applications like Radio 

Information Systems (RIS) or Hospital Information Systems (HIS).  

 

Nevertheless, there are certainly specific legal and technical constraints to consider 

before using UC functionalities in hospitals. These solutions are still at an early 

stage and often lack functionality, usability and regulatory conformity. Healthcare 

organisations need to weigh the advantages and disadvantages of UC to preserve 

their investments. Gartner (2007) suggests defining UC-business cases depending 

on the problems and customers/patients addressed.  
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Likewise Nemertes Research (2009) proposed that healthcare organisations should 

create specific business cases for the use of UC technologies within their specific 

health environment, considering scenarios that speed up interactions and reduce 

human latency, where latency is defined as the time it takes for individuals or 

groups to exchange the information they need to address a given situation 

(Nemertes Research, 2009). 

 

Currently the majority of healthcare organisations are engaged with the question of 

whether to adopt UC (figure 2.15), even if they do not use it to utilise telemedicine. 

 

Figure 2-15: UC implementation plans 

 

Source: Nemertes Research (2009) 
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2.2.2.2 Cloud Computing in Telemedicine  

In recent technical literature much has been written about Cloud computing 

heralding the next level of evolution of IT hardware and software infrastructure and 

how it will be delivered in the future. Yet most academics and practitioners still 

cannot form a consensus as to its definition. Buyya et al. (2008, p.2) define Cloud 

computing as a “system of interconnected and virtualised computers or network 

servers that are presented as one or more unified computing resources based on 

service level agreements”; Katzan (2010) considers it simply as a metaphor for the 

Internet democracy; whilst Rolim et al. (2010) see cloud technologies as a mere 

provider of desirable features for automation in a telemedicine environment.  

 

The idea behind Cloud computing is to access computing services anyhow, 

anytime, independent from location, at anyplace in the world. It represents a 

paradigm shift in how computing services and infrastructure are provided and 

delivered, according to Vaquero et al (2009). Zhang and Ling (2011) describe it as 

disruptive technology that has the potential to change current ICT processes, 

business models and underlying architectures, like telemedicine, due to a 

democratisation of Web computing. In this context Katzan (2010) and Youseff et 

al. (2010) call for the need for a Cloud ontology to assist the academic community 

in further researching and contributing to the Cloud computing field.  

 

By contrast, the US National Institute of Standards and Technology (NIST, 2009) 

sees a more practical requirement in the need for a common understanding of the 

components and relationships within the Cloud. That organisation concluded that 

common standards in definitions, design, interfaces, and services allow health IT - 
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stakeholders to arrange educated investment decisions for Cloud computing 

requirements.  

 

Besides all these definitions, Boehm et al. (2009) identified the main themes in 

literature in relation to Cloud computing and found it clear that most authors refer 

to topics like service, soft- and hard-ware and scalability in that context, although 

other services are of importance as well (table 2.2). Furthermore literature does not 

place any importance on the financial impact of Cloud computing, even though 

scalability saves costs, especially in the field of telemedicine, as the utilisation of 

resources may increase (Boehm et al., 2009). 

 



Literature Review 

Page 85 of 427 

 

Table 2.2: Cloud definitions 
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Armbrust et al x x x x x x x x

Breiter / Behrendt x x x x x x

Briscoe/Marinos x x x x x x

Buyya x x x x

Gartner x x x x x

Grossman/Gu x x x x x

Gruman/Knorr x x x x x

IDC x x x x x

Kim x x x x x x x x

McFredries x x x x x x

Nurmi et al. x x x x x

Vaqeuro et al. x x x x x x x

Vyhoulkal et al. x x x x

Wang et al. x x x x x x

Weis x x x x

Youseff et al. x x x x x x x

Total mentioned 15 16 9 4 3 7 1 13 2 6 3 1 8 1

Adapted from Böhm et al 2009

Source: Definition Framework for cloud computing (NIST 2009) from Boehm et al. (2009) 

 

In fact, Cloud services have the potential to change telemedicine applications 

significantly, as they provide a location-independent process, storage and access to 

medical data. In this context the appropriate Cloud delivery models and associated 

services are displayed in figure 2.16. 
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Figure 2-16:  Definition Framework for cloud computing 

 

Source: Adapted from NIST (2009) 

 

Cloud models 

The selection of the Cloud model has implications for the number of users sharing 

a Cloud environment from multi-tenant usage, like in a public Cloud, to a single 

tenant in a private Cloud. 

 

A public Cloud infrastructure is provided for single users of the general public like 

physical therapists or General Practioners (GP’s). The environment is hosted, 

managed and maintained by a single provider of health cloud solutions which offers 

homogenous telemedicine services with no variation in the terms and conditions of 

use relating to service levels, availability, security controls, data protection and data 

integrity (NIST, 2009).  

 

The Community Cloud in turn is an infrastructure which can be managed on 

premises or off premises for a group of organisations or users that have a shared set 

of business requirements and standards with which to comply.  
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This form of Cloud service could be used by a range of users from health 

telemedicine institutes that provide access to patient data to a multitude of health 

care providers and administrative functions in a given region (NIST, 2009).  

 

The Private Cloud establishes a dedicated infrastructure and service mainly 

intended for single customers like physicians or  radiologists. The management and 

operation of this kind of Cloud can be performed by organisational ICT 

departments, hosted on the customer premises, or it can be hosted and managed off-

premises by a Cloud service provider (NIST, 2009). This type of Cloud service 

could be of interest to General Practitioners who intend to use telemedicine 

applications. They could store their patient database and health insurance 

information at a central location without the need to possess costly ICT- 

infrastructure.  

 

A special form of Cloud models is the Hybrid-Cloud, which is a combination of 

two or more Clouds (public or private) that operate as a stand-alone environment 

but are technically connected and can operate as one larger environment if 

necessary. Such Hybrid Clouds allow functions like Cloud bursting and data 

sharing to cope with data transmission peaks. All existing Cloud variations (public, 

private and community), enable the integration of certain telemedicine applications 

like teleradiology, teleconsultation or telemonitoring.  
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Cloud Services 

Figure 2.17 displays the three current service architectures available and their 

generic and widely accepted definitions.   

They can be utilised individually by a healthcare organisation, as seen on the left 

column of the diagram, or in combination, shown in the middle and far right 

columns.   

 

Figure 2-17: Cloud Service Models 

 

Source: Adapted from NIST (2009) 

 

The three service types are also layered: from IaaS, which reflects the physical 

environment of hardware and network components to provide Cloud, through to 

software and applications that run over a Cloud infrastructure (NIST, 2009).  
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• Infrastructure as a Service (IaaS) 

In this service model the potential healthcare organisation is provided with 

the hardware infrastructure such as storage, networks, and computing 

resources so that they can implement and run telemedicine software services 

and applications of their choice over the cloud environment, from the 

referring provider. In this case the infrastructure is not owned by the 

healthcare organisation, offering relief from capital investment (CAPEX) 

and operational costs (OPEX) in the form of annual support and 

maintenance fees with the hardware vendors.   

 

• Platform as a Service 

Platform as a Service is a virtual tool box of languages, libraries and tools 

(NIST, 2009) for a healthcare organisation’s software architects and 

engineers to develop and test Cloud based telemedicine applications in a 

Cloud environment.  As with IaaS, a healthcare organisation does not need 

to invest in a physical testing environment for its telemedicine application 

development and instead has ready access to a state of the art certified 

environment, including technical support from the healthcare service 

provider. 

 

• Software as a Service 

Software as a Service (SaaS) provides potential healthcare organisations 

access and use of software applications via a Cloud infrastructure (NIST, 

2009).   
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Telemedicine applications can be selected for a Service Provider’s 

catalogue such as the telemedicine software of Visus, Chili or Infinitt or if 

necessary customization, or tailoring of special healthcare software 

requirements (e.g. for electronic patient record etc.) is possible. The benefit 

of SaaS for healthcare-customers is mobility and accessibility to 

applications via a web-based interface and a multitude of end user devices 

such as smart-phones, notebooks etc.   

 

• Security as a Service 

Security is a critical issue in the area of health as most medical information 

is strictly confidential by law. With Security as a Service, health 

organisations are able to protect their telemedicine applications. Health 

information programs can be secured via encryption out of the Cloud and 

protected against external attacks like scans, Trojans or worms. In order to 

verify their respective security status, a scan check can be conducted 

externally. With this status a customised Cloud security strategy can be set 

up to protect weak points, leaks or unsecured applications. 

 

• Telemedicine Cloud utilisation 

Figure 2.18 highlights an example from Rolin et al. (2011) on how Cloud 

services could be implemented in a telemedical environment. Sensor nodes 

transmit patient data via a network to a subsequent application exchange 

server that acts like a broker, dispatching information bidirectionally to the 

Cloud and desktops. It is connected to remote terminals, desktops and mobile 

devices on the one side and to a storage system that is hosted in a Cloud on 
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the other side. The Cloud provides three service functions: it stores Software 

as a service (SaaS), it supplies the necessary infrastructure for the patient data 

(platform as a service) and storage (infrastructure as a service).  

Such a system can save costs and resources as it allows real-time patient data 

collection, minimisation of usual errors in manual working and facilitation of 

the health deployment process. Furthermore, it is scalable and therefore easy 

to adapt to the respective requirements in relation to telemedicine capacity 

utilisation if performance peaks occur and has therefore an influence on speed 

and availability. 

Figure 2-18:  Cloud Service in Telemedicine environment 

 

Source: Rolin et al., (2011) 
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Conclusion 

Implementing or operating a Cloud service always involves risks, especially in the 

area of telemedicine, as security rules and regulations, even with new E-Health 

laws, are complex (see section 2.5.1). In reality the usage of cloud services in 

telemedicine is still low. Nevertheless, with deregulation such models will become 

more and more relevant in the future as they can save time and resources, overcome 

standardisation issues in telemedicine and not least because of their scalability and 

pay per use models. With Cloud computing stakeholders are able to plan their costs 

for telemedicine more accurately as they do not need to buy their own equipment, 

which in turn relieves the balance sheet of the health organisation. It is therefore an 

integral part of the technology factor. 

 

2.2.2.3  M-Health in Telemedicine 

The wireless technology evolution enabled advanced utilisation of mobile 

telemedicine services during past years. However, due to certain restrictions 

concerning technical reliability, its adoption level is still limited (Istepanian, 

Jovanov & Zhang, 2004; Kyriacou et al., 2009). Despite these technological 

limitations mobile solutions are fast becoming a standard in today’s health 

organisations, according to Istepanian et al. (2006, p.3), who stated that mobile 

communication systems “will have an increasing impact and accelerate the 

deployment of M-Health systems and services within the next decade.”  

 

The idea of M-Health represents the development of new telemedicine solutions, 

loosely defined as the use of the Internet for healthcare to enable mobile 

applications without guaranteed Internet connectivity (Istepanian, Jovanov, & 
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Zhang, 2004). Such solutions can increase availability for its users enormously. 

Sharma (2007) explained that with wireless devices professional health workers can 

conduct care associated activities and tasks wherever and whenever, at a 

competitive cost. For instance, if a patient registers in a hospital, their data can be 

recorded directly out of the bed and distributed automatically to the respective 

health-wards, laboratories and health-finance departments. Other telemedical 

benefits include (Istepanian et al., 2006): 

• an improved access to medical information and data, 

• better patient/specialist care, 

• enhanced productivity, 

• cost savings and improved processing automation.  

Detrimental factors have been reported regarding the process and systems aspects 

of mobile solutions. These systems need to accommodate the mass of data, because 

otherwise such solutions would miss their primary target. Only adapted and 

seamless processes can exploit the benefits of M-Health systems sufficiently. 

Another challenge is the high setup costs of mobile systems mentioned by Wisnicki 

(2002), who otherwise admits financial benefits. Simpson (2003) in turn 

highlighted the possibilities to improve quality, but observed problems in security 

and privacy, which might be a problem for telemedicine usage. 

 

Chen et al. (2004) and Yu and Jothiram (2007) suggested that such problems can 

only be solved with high security standards like end-to-end data encryption, 

authentication, authorisation, maintenance of audit logs and session management. 

Irrespective of what security standard is used, there is always the risk of 

complicating the usage of mobile devices. This phenomenon (discussed in section 

2.2.3) is foreshadowed by Sax et al. (2005) who concluded that health professionals 
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could face longer time lags when conducting complex procedures, which would 

likely affect clinical usefulness and user acceptance. The latter can be minimised if 

users are involved early in the design of wireless applications (Grist et al., 2007). 

Other reported problems of M-Health solutions are:  

• standardisation problems with applications, 

• bandwidth in combination with secured access, 

• organisational process issues in terms of change to M-Health applications, 

• unclear economic and working perspectives of mobile solutions, as well as 

the respective financial impact which is difficult to anticipate (Istepanian et 

al., 2004b).  

The World Health Organisation (2011) listed the main barriers for M-Health 

implementation (figure 2.19). Interestingly the priorities, knowledge, policy and 

cost barriers are on top, whereas infrastructure and technical expertise appear to be 

a minor obstacle. Lack of knowledge and uncertainties about cost effectiveness 

combined with legal and policy issues could negatively affect priorities. 

Infrastructure presents a minor barrier, although Wisnicki (2002) emphasised high 

setup costs. Furthermore technical expertise does not necessarily mean knowledge. 

By contrast, lack of knowledge about M-Health utilisation poses a major obstacle 

for planned telemedicine integrations. The main barriers result from information 

gaps: if M-Health effectiveness could be proven, some of the main barriers would 

disappear and the priorities would probably shift towards such solutions.    

 

 

 

 

 



Literature Review 

Page 95 of 427 

 

Figure 2-19: Barriers of M-Health 

 

Source: WHO (2011) 

 

Even though there are a lot of uncertainties and gaps in information, the growth of 

M-Health is ongoing and will even increase in the future as global expenditure in 

such solutions are expected to be higher (see figure 2.20). 

 

 

 

 

 

 

 

 

 

 

 



Literature Review 

Page 96 of 427 

 

 

 

Figure 2-20: Global M-Health revenue 

 

Soure: research2guidance, mHealth App Market Report 2013-2017 

 

 

The main M-Health initiatives being used are encompassed in figure 2.21, which  

reveals that call centre and availability hotlines, telemedicine applications and 

calendar functions are the main focus. It could be that telemedicine will further 

grow in the M-Health market, as the possibilities fit into the context of the 

telemedicine philosophy of being always available, independent from location and 

time. 
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Figure 2-21: M-Health Initiatives and Phases 

 

Source: WHO (2011) 

 

 

The main health areas serviced by M-Health solutions are diabetes, obesity and 

hypertension (figure 2.22). These kinds of diseases can be covered with 

telemonitoring and teleconsultation. The M-Health applications provided are 

shown in figure 2.23. All these devices, like the blood pressure watch, glucose 

tester, peak flow or alarms, are connected to a central administration point like a 

specialised clinic, which processes and monitors the collected data via 

telemonitoring. In case of deviations, the hospital can react remotely accordingly 

with predefined emergency procedures.   
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Figure 2-22: M-Health therapy fields 

 

Source: www.research2guidance.com 

 

Figure 2-23: M-Health devices 

 

 

Source: http://www.knowabouthealth.com/wp-content/uploads/2010/12/mHealth-applications.jpg 
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Prior to the decision to implement a telemedicine based solution it is important to 

understand the particular impact for the hospital. For this purpose, hospitals need 

sufficient transparency to assess legal and financial impacts. Financial problems 

may arise if aimed-for profits cannot be obtained as planned. Therefore, it is 

important to calculate exactly the respective direct and indirect costs against 

estimated revenue and resulting profits, to determine whether the business case is 

proven or not. The high demands of legislature must also be considered. They can 

cause serious and unexpected problems and associated costs in the subsequent 

course of operation. The most important terms and conditions are explained and 

discussed in the next section. 

 

2.2.3  Transparency in Telemedicine 

Besides a technological foundation there are other critical and impacting factors to 

consider in relation to telemedicine. These are financial, political and legal aspects 

as well as sociotechnical factors like usability and acceptability. Consideration of 

all these factors leads to higher transparency and they have therefore been put under 

the umbrella term “transparency”. Transparency is a necessary requirement to 

enable stakeholders to assess the impact of planned or existing telemedicine 

solutions. Only when the consequences and outcomes of such implementations is 

known, is careful planning and management possible.  
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2.2.3.1  Costs in Telemedicine 

The main intention of telemedicine is to relocate tasks that formerly have been 

carried out in the hospital, to primary care at home or regional medical practices. 

This allows hospitals to restructure their processes and decrease the physical 

presence and bed time of patients. Such optimisation can reduce the overall health 

costs, not only for hospitals but also for health insurance companies. Indeed, the 

costs in telemedicine are versatile and difficult to encompass as they are far 

reaching to other associated health areas, and include direct and indirect costs that 

are not always visible for health-IT stakeholders. Basically the costs can be divided 

into two areas, consisting of costs for equipment and costs for required health 

personnel.  

 

The costs for health personnel are seen as the key component, which is one of the 

reasons for the growing relevance of telemedicine services, particularly where 

around the clock services are provided, and where a hospital requires a number of 

radiologists, for instance, to cover the shift operation. With teleradiology a clinic 

can save expenditure on radiologists, simply by providing equipment (MRT and 

CT) and health-assistant services, which increase efficiency and save costs at the 

same time (Bates et al., 2001; Serafini, 2005; Mukherjee and McGinnis, 2007; 

Bransford, Nahabedian, & Waterson, 2010). This in turn enhances patient outcomes 

and reduces organisational expenses (Bates et al., 2001; Mukherjee & McGinnis, 

2007).  
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The total cost of ownership for radiological equipment usually comprises the 

acquisition costs of a Computer Tomograph (CT) or Magnetic Resonance 

Tomograph (MRT), the associated maintenance costs and machine depreciation 

costs. These costs can vary significantly, which is a potential threat to prior cost 

analysis (Radiology business, 2016).  

 

Principally telemedicine investments can be divided into capital expenses 

(CAPEX) and operational costs (OPEX).  

• CAPEX: Capital expenses consist of the acquisition of the MRT, CT and X-

ray equipment including equipped health premises and  room where the 

MRT and CT is stored; the telemedicine devices and applications including 

hardware, software and infrastructure network. 

 

• OPEX: Operational costs in the field of telemedicine comprise rent for room 

and equipment (if the MRT or CT is leased), maintenance costs for 

equipment, and operation of hard- and soft-ware infrastructure including the 

required network. 

 

 

It is vital to define these costs in advance before investigating their potential impact. 
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2.2.3.2  Legal and Political situation 

The legal and political situation for telemedicine is demanding. Numerous rules and 

regulations make it difficult and non-transparent for interested users. Remote 

treatment bans, different regulations per federal state, unclear preconditions and 

high compliance rules decelerate the evolution of telemedicine. 

 

So far few health professionals use telemedicine offerings, due to the fact that most 

health insurance companies refund the cost only in exceptional cases. Their current 

compensation system is built on case-based settlement. That is to say, that the health 

insurance institute pays only the disease and associated treatment. It disregards any 

telemedical intervention independent of the medical indication. Consequently, the 

further development of telemedicine and the general establishment of telemedicine 

providers in the market is at risk. The reason for the unwillingness to reimburse 

eligible costs is that telemedicine treatments are not part of the settlement catalogue 

of statutory health insurance.  The efficacy and cost-effectiveness of telemedicine 

services is still under investigation by way of lengthy scientific studies to prove 

potential cost effectiveness for health insurance organisations. One change at least 

is in the reorganisation of the supply structure law, effective from 1st January 2013, 

where the term "telemedicine" appeared for the first time in Social Code Book V 

(SGB V), making tremendous changes towards the recognition of such services.  

 

Moreover a new e-Health law, enacted in May 2015, contains far reaching acts that 

cover a range of services, from electronic health records (EHR) to the consideration 

of telemedical examinations among physicians, also known as teleconsil.  
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Here it is planned to refund these services as of April 2017 (BMG, 2016). Indeed, 

the new e-Health law also contains new regulations and requirements in regard to 

safe and secured transmission of medical data: 

 

• The telemedical infrastructure and minimum requirements of performance 

(see section 2.2.1) 

• Standardisation and Interoperability of IT-systems (section 2.2.1.5) 

 

• Patient Data protection (section 2.2.3): Health regulations and legal 

restrictions are forcing ICT-telemedicine service providers and health-IT 

managers to implement certified data handling procedures and policies, 

prior to the implementation of a certain telemedicine application. Health 

organisations need to adhere to these compliance regulations that apply for 

privacy, confidentiality, data security, data loss, data protection, data 

handling and audit regulations. 

 

• Consent: Consent models need to be developed and implemented 

effectively in order to meet the expectations of both patients and clinicians. 

In practice it is a challenging task. Patients and regulators reasonably expect 

consent models which concentrate on protecting data privacy and 

confidentiality by limiting the use and distribution of medical information. 

Such restrictions decrease the clinical value of telemedicine applications 

likewise. At worst, health professionals may be unable to access medical 

information relevant to diagnosis or treatment. 
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• Verification and certification of M-Health devices (chapter 2.2.2.3). Mobile 

technical devices need to fulfil certain security requirements, before they 

can be adopted in a telemedicine solution. 

 

• Access control/security: Medical data is confidential and protected by law, 

hence an adequate access control containing rules and legal regulations is 

necessary. Especially in decentralised system architectures or cloud 

platforms, it is difficult to maintain network integrity through security 

solutions across different multisystem environments. Therefore it is 

important to consider quick identification and access procedures when using 

telemedicine applications. It must be further ensured that the availability of 

telemedicine services is granted at all times.  

• Process and administrative issues as part of the ICT landscape. 

• Governance risk and compliance statutes (see section 2.2.3.5). 

• Electronic Health Record: Another important future topic is the planned 

successive introduction of an Electronic Health Record (EHR), which may 

provide a remedy to a lack of transparency as it systematically collects and 

records electronic health information’s, demographics and statistics about 

patients. With the support of different health care settings and appropriate 

software, it is able to share this patient information across physicians and 

researchers (Haux et al., 2002; Lynne et al., 2002; Gunter & Terry, 2005; Herbig 

& Buessig, 2006; Duesberg, 2011). EHR systems are intended to achieve an 

identified patient-centered recording and use of medical data for cooperative 

care (Haux et al., 2002).  
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Implications include the conjunction of EHR with quality improvement in 

health provision (Haux et al., 2002; Lynne et al., 2002; Gunter & Terry, 2005; 

Herbig & Buessig, 2006;  Duesberg, 2011), extended research capabilities 

(Haux et al., 2002; Trill, 2009), better quality of patient care and reduction of 

medical errors (Lynne et al., 2002).  

 

On the negative side authors summarised security issues (Haux et al., 2002; 

Lynne et al., 2002; Herbig & Buessig, 2006; Trill, 2009; Duesberg, 2011) and 

medical data protection as critical issues, especially when using specific data 

processing methods like telemedical data mining (Haux et al., 2002; E-health, 

2011). 

 

2.2.3.3  Organisation and processes 

Organisational healthcare is inherently complex according to Crocker, Johnson and 

King (2008). Current hospitals and health organisations are characterised by 

occupational groups that are structured on a functional basis without appropriate 

integration. Those hospital units are mainly working individually with almost no 

collaboration with other units (Khoumbati & Themistocleous, 2006; Münz et al., 

2008). Thus the corresponding ICT landscape emerged as heterogeneous and 

fragmented systems over time. Such systems are difficult to migrate to new 

telemedicine applications, because the locally used software applications have been 

optimised to the local requirements only (Grimson et al., 2000; Lorenzi et al., 2008).  
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Likewise the professional environment was often not properly prepared to 

accommodate ICT within the clinical working processes (Aggelidis & Chatzoglou, 

2008). Reported problems encompass the appearance of functional errors, 

unreliability and ill-functioning, which are sometimes bypassed with other systems 

or applications (Proctor & Brown, 1997), yielding further confusion among these 

numerous software islands known in the field of telemedicine. All these disruptions 

have the potential not only to negatively influence the working processes and 

decisions of health stakeholders, but also the health care process for patients.  

Post implementation reviews have shown that most telemedicine projects were seen 

as purely technical implementations. The real issues, primarily organisational and 

political in nature, have been ignored entirely (Coopers & Lybrand, 1994).  

 

2.2.3.4  Sociotechnical approach  

Literature indicates that not every large scale ICT investment leads automatically 

to a positive outcome (Ash, Gorman & Seshadri, 2004; Fonkych & Taylor, 2005). 

Consequently some recent ICT projects are under investigation as they produced 

errors (Koppel et al., 2005; Garg et al., 2005). In the majority of these cases research 

is limited to financial, technological or medical impacts to these systems, 

disregarding the people and cultural environment around these systems, even 

though their influence is uncontested. Shekelle and Goldzweig (2009) emphasised 

that health related computerised systems should be considered as a complex 

intervention with four key components:  

• Technical: the installed ICT solution including software and hardware 

applications with its performance and technical features. 
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• Human: the users behind these ICT solutions that handle them in a certain 

environment. In this conjunction it is necessary to reflect also on 

professional background and technical expertise. 

 

• Project management: the planning and conduct of an ICT-project until final 

inspection and initial operation.  

 

• Organisational and cultural change: in this instance understanding is 

required in respect to the impact in the cultural context in terms of user 

acceptance, user-responsibility and satisfaction, impact on working 

environment and user behaviour. 

 

All these variables need to be carefully and systematically explored to come to a 

meaningful evaluation, particularly the cultural and social aspects which mirror the 

complexity of the interdependent and interrelated social and technical context in a 

clinical environment, where changes to one aspect will affect the other likewise 

(Wears & Berg, 2005). 

 

This area of research is called the “sociotechnical approach”, or the interrelation 

between technology and its social environment (Berg, Arts & Van Der Lai, 2003). 

The Sociotechnical approach tries to explore the dynamics between technology and 

the social, professional, and cultural environment in which it is used (Whetton, 

2005). This approach is necessary to get a full picture of the actual impact, as the 

human factor is often disregarded, even though it is proven to be fallible and 
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vulnerable to errors (Reason, 2000). Even the best system cannot exploit its 

possibilities if it does not fit the organisational and cultural context.  

 

Certain disconformities can also be caused by handling errors or problems in 

usability, for instance when the users do not understand the manuals and 

misinterpret specific routines accordingly. In literature this topic is named as 

usability or “the extent to which a computer system enables users, in a given context 

of use, to achieve specified goals effectively and efficiently while promoting 

feelings of satisfaction” (ISO, 2010). The ISO standard 9241 (ISO, 2010) 

differentiates usability between characteristics of the user, characteristics of the task 

and the associated environment. Regarding the user, age, technological skills and 

experience play an important role, but also the corresponding task is of importance.  

 

Usability and efficiency of ICT/telemedicine systems are among the determinant 

factors for productivity of healthcare employees (Kuo & Hwang, 2004; Berg et al., 

2005; Cao & Zhang, 2005). If the usability is not given, expected scale effects and 

synergies may not be achieved, because people do not always do what the producers 

of new IT-systems expect them to do (Edenius, 1996). Complex handling 

procedures impede the acceptance and usage of new technological equipment.  

 

It can be concluded that characteristics like easy and logical usage, thoroughly 

understandable manuals, bright large displays and or adequate physical sizes may 

endorse the penetration of telecommunication devices, leading to a higher 

acceptance on the user side in telemedicine. 
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2.2.3.5  ICT Governance risk compliance (GRC)  

Healthcare organisations are in a complex telemedicine industry imposed with 

multiple rules and regulations and exposed to certain risks around its 

ICT/telemedicine infrastructure. In order to prepare for new e-Health law, clinics 

need to adhere to specific governance, risk and compliance rules called GRC.  

 

Basically GRC is about: 

• Governance: managing a sustainable health  organisation by implementing 

clear and transparent rules and decision making processes, with the aim to 

continuously improve and measure quality and efficiency.  

 

• Risk management: Mosby’s Medical Dictionary (2009) describes 

healthcare risk management as a clinical administrative task involving both 

investigation of risks that affect the health of patients, staff and visitors, and 

prevention of property loss or damage. It is integral for hospitals to create 

an adequate risk management system that always strives for improved 

quality for the sake of patient safety and financial stability. 

 

• Compliance: pursuant to Kunhardt (2012), it is an interdisciplinary 

operational field of action with different responsibilities. Compliance is 

composed of legal persons in charge who follow the principles of medical 

law; an IT revisor to check compliance with technological guidelines like 

Cobit (Control Objectives for Information and Related Technology); a risk 

manager to assess IT-security and conformity to technical standards, and 

finally the CIO, the leading organisational person, responsible for 
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managerial aspects like service levels, ITIL coherence (worldwide IT 

service management standard) and costs. 

 

GRC is an integrative part of ICT management in telemedicine which avoids risks 

for the healthcare organisation. Additionally, it enables permanent improvement in 

the way the telemedicine service is being delivered to its patients/clients. 

 

The potential benefits of telemedical solutions and applications are multifaceted 

and far reaching. They range from time savings over treatment benefits up to a 

higher geographical health coverage. However, not every benefit can be exploited 

by Health organisations as they are closely linked to some prerequisites. There has 

to be a demand by patients and a referring capacity of hospitals. Quite often the real 

benefits cannot be estimated in advance, as the research and studies illuminating 

telemedicine are limited. Thus, it is of vital importance to understand what the real 

impacts for individual organisations could be. These are analysed and assessed in 

the upcoming section. 

 

2.3  Benefits of Telemedicine 

In scientific research, Hailey, Roine and Ohinmaa (2002) found that 56% of 

credible studies suggested advantages in using telemedicine in comparison with 

non-telemedicine alternatives. These studies considered economic assessment and 

patient outcome in particular, highlighting the critical role of teleradiology and 

telecare in efficiency and effectiveness. Hjelm (2005) maintained this perception 

by itemising the following main advantages of telemedicine. 
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2.3.1 Time and resource savings  

Innovations like telehealth, telemedicine and Electronic Health save their users time 

and improve patient care due to greater accessibility and faster information 

exchange. For instance, if patient medical records were digitised, physicians from 

various hospitals or General Practitioners would not have to conduct the same tests 

nor would they have to waste time by waiting for medical documents, images or 

files. Whereas in the past administrative tasks and information duplicates slowed 

down diagnostic or therapeutic procedures, it is now possible to accelerate these 

processes (Eysenbach, 2001). The gained efficiency yields improved patient 

satisfaction brought about by a longer and more intensive time the physician can 

spend with the customer/patient. 

 

2.3.2 Diagnostic and Treatment benefits 

The medical diagnosis aspect of telemedicine can improve the transmission of data 

and its presentation. With the introduction of high quality medical pictures and 

images through increased bandwidth, it is possible to conduct patient diagnosis 

more precisely. As the data can be transferred faster, time can be saved in favour of 

the patient. Solutions like teleradiology or telemonitoring enable proactive patient 

monitoring and surveillance anywhere. Thus patients can stay at home, while 

checking their health status remotely. With the emergence of data storing and 

processing capabilities (section 2.2.1) patient evaluation has become easier and 

further emerging solutions have become possible, like predictive modelling, which 

is a knowledge-based technology in healthcare. Predictive modelling allows an 

augmented human judgement by interpreting complex data coherences with a 

certain degree of confidence. It requires medical informatics researchers and 
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practitioners to systematically choose the most appropriate strategy to manage 

clinical prediction problems (Bellazi & Zupan, 2008).  

 

Further advantages concerning future treatment through telemedicine include: 

• Medical Research: research is one of the main areas in telemedicine. 

Without proper research medical progress is inconceivable. Clinical 

Universities, certain public research institutes and privately held medical 

companies conduct research with the help of telemedicine infrastructure. 

The evolution of ICT and especially telemedicine, has enabled physicians 

to access information on numerous other computers around the globe, and 

provided myriad options for education, research and communication.  

Nowadays various mobile and fixed ICT-telemedicine solutions and 

applications are available, making it possible to use interactive media with 

enhanced diagnosis, learning and information sharing (Ruffin, 1996b). 

 

• Improved access to services and increasing care delivery: in this conjunction 

the primary care delivery at home can be improved with remote applications 

like home monitoring and treatment. Medical data like blood pressure, 

blood glucose or heart rate can be transmitted remotely to a clinic, where 

the patient data can be evaluated in order to monitor and regulate medication 

for chronic diseases. In the past patients had to travel for such treatments. 

 

• Increased flexibility and efficiency: for secondary care in hospitals, 

telemedicine can provide access to hospitals and improve access between 

and within hospitals. For instance with video links, patient and health 

professionals can meet and discuss diagnosis and treatment options in a 
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virtual clinic environment. The advantage of this approach is that a tele-

consultation can be conducted from out of the GP’s surgery to a connected 

specialist centre. 

 

2.3.3  Interoperability and IT-Integration benefits 

Because of the possibility of accessing information remotely from distant locations, 

physicians are able to share and collect patient data through the internet. For 

instance with teleradiology, a second medical opinion can be retrieved via a VPN 

connection to a connected hospital or physician.  

 

Moreover, the general flow of information can be improved with Unified 

Communication solutions like videoconferencing and collaboration (see section 

2.2.2), where health professionals can share and review documents over large 

distances from remote locations. The interoperability can grow with telemedicine 

applications, if they are using standardised overlaying protocols, that can be 

accessed by different end user systems from connected health professionals. 

 

2.3.4  Higher Geographical Coverage 

Especially in rural regions not every medical treatment can be granted and the 

patients need to travel in urban regions. With the support of telemedicine 

applications it is possible to diagnose remotely, if the local GP has WAN internet 

connection to a connected medical hospital or specialised clinic. The possibility to 

diagnose from a remote location increases the coverage of rural regions 

significantly. 
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2.3.5  Improved Information exchange simplified processes 

At present, medical information sharing is entering the age of the information 

society (Rigby, Roberts & Thick, 2000; Haux et. al.,2003). Its content is 

widespread, multifaceted and diverse, comprising medical data from patients, 

research, examination, accounting or simply electronic sensors. Usually such 

information is shared between hospital organisations, health professionals (like 

General Practitioners), patients and health insurance companies. Theorists 

differentiate between asynchronous (letter, fax, e-mail etc.) and synchronous 

information sharing, also known as collaboration. Here the participants exchange 

real time information in online chat groups, support groups or electronic 

communities, that have been developed based on certain affiliations (Natesan, 

2005). 

 

Such communication channels are becoming more popular and prevalent as they 

not only have a great impact over a larger span of patients (Lueg et al., 2003; 

Natesan, 2005; Porszolt & Kaplan, 2006; Herbig & Buessing, 2006; Mukherjee & 

McGinnis 2007; Johner & Haas 2009) but also support complex interactions 

between doctor, patient, nurse and consultant. Lynne & Clarke (2002) further noted 

that internal as well as external communications with other healthcare organisations 

take advantage from this development. Studies suggest that synchronous 

communication, like in telemedicine, also plays a proactive role in emerging 

research efforts pursued for specified disease treatment (Lueg et al., 2003; Natesan, 

2005; Mukherjee & McGinnis, 2007).  
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Patients especially can take advantage of these broad offerings from information 

sources as they can compare their physician’s diagnoses and procedures against 

those prescribed on numerous healthcare Web sites on the internet. They are also 

able to challenge and even recommend certain treatment options directly to their 

referring physicians. This new patient power has changed the former nature of their 

interaction with their physicians in such a way that patients are now considered as 

being an integral part of the healthcare team based on a relationship of shared 

decision making between the two parties (Mukherjee & McGinnis 2007). 

Correspondingly new decision models like Evidence-based Medicine have become 

more popular. 

 

Thus the various capabilities and fields of application for telemedicine solutions 

have been outlined. The main focus was on time and resource savings, caused by 

an improved flow of information, but also higher geographical coverage and 

improved interoperability were proven to be essential for the provision of health 

services. However, treatment benefits have evolved with increased use of 

information sharing among various stakeholders, and since practical usefulness 

differs between applications and organisational context, the next section is devoted 

to describing the main stakeholders and assessing their input to decision processes 

leading to the adoption of telemedicine solutions. 
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2.4  Telemedicine Stakeholders 

Each hospital has a variety of stakeholders that have different interests and stakes 

inside the organisation. Their responsibilities vary from management, through 

administration and operation, up to the funding of the whole organisation. They are 

also often involved in political and strategical issues involving IT.  

 

Before entering into a telemedical project it is necessary to identify and involve the 

main stakeholders early in the planning cycle, to bring the telemedicine project to 

success. This section considers the particular needs of four main stakeholders, 

including health IT Managers, health insurance companies, telemedicine service 

providers, and physicians. 

 

Telemedicine Stakeholders 

Today telemedicine solutions are mainly driven by stakeholders (as outlined in 

section 1.1), since they have the authority and competency to realise such projects 

(Blair & Buessler, 1998; Kaplan, 2001). Their inputs mainly depend upon their 

accountability, which often leads to conflicts and competing interests (Heath & 

Norman, 2004). These conflicts can endanger the success of a telemedicine project, 

contingent on relative stakeholder interests and influences. Whereas some 

stakeholders, like healthcare insurances or hospital IT management, are only 

responsible for the financing of telemedicine projects, others are directly involved 

in either using it (physicians) or directly implementing it (health IT administrators). 

For the purpose of the present research project the four main stakeholder groups 

mentioned above will be further analysed. 
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2.4.1  Health IT managers 

Health IT managers are in charge of ICT infrastructure including potential new 

telemedicine solutions, therefore they are directly involved in the planning, 

budgeting and implementation of telemedicine applications like teleradiology or 

telehealth. In order to make the right decisions they need to evaluate and balance 

the advantages and disadvantages of such solutions. Lockamy and Smith (2009) 

found four main topics in this instance that need to be addressed: 

• Strategic alignment: all relevant stakeholders are important to the positive 

outcome of a planned telemedicine project. Strategic approach needs to be 

aligned on all levels of business. The choice of telemedicine solution 

determines the further respective strategy towards implementation, 

operation and funding of the telemedicine application. 

 

• Process management: the implementation of a telemedicine solution can 

change the administration and processes of a healthcare organisation 

significantly, depending on the respective penetration level. Teleradiology 

for instance, requires new equipment and new processes, as the way of 

examining patients changes from inflexible and location-dependent fixed 

procedures to flexible location-independent examinations.  

 

• Patient satisfaction: besides the intended financial benefits, patient 

satisfaction should be at the center of each telemedicine project (Lutz, 

2007). For them quality improvements like reduced waiting times combined 

with a fast and exact diagnosis are of great importance. 
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• Performance measurement: targets are necessary for a planned telemedicine 

strategy to assess its impact and success in advance. These targets have to 

be formulated, clear and unambiguous to all involved stakeholders well in 

advance. They should be tested frequently against planning and 

achievement to allow early intervention. Telemedicine projects can have an 

impact on cost, administration and usability (section 2.2.3).  

 

2.4.2  Health Insurance Companies 

Health insurance companies are financing the healthcare system with the fees of the 

insured members. However, financing is limited to chronic diseases, surgeries and 

rehabilitation of patients rather than to supporting diagnostic treatments using 

certain telemedicine technologies. Even though telemedicine has been recognised 

to have the potential to save time and resources, there is still no real financial 

support on the part of health insurance institutes. They still hesitate and refer to the 

need for further transparency in the cost effectiveness and usefulness of 

telemedicine solutions. Thus the need to further engage in telemedicine research 

has been recognised amongst healthcare insurance companies, but so far only some 

regional projects have been supported. The new e-Health law (section 2.2.3) may 

relieve this situation in the future. 
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2.4.3  Physicians 

Physicians have a strong interest in telemedicine solutions which encompass 

financial benefits and quality improvements like time and resource savings. The 

related risks from a physician’s point of view primarily come from progressive 

deskilling caused by an increased deployment of new ICT/telemedicine 

technologies. Hebert (1998) indicated that the roles and responsibilities of health 

professionals change over time, as there are more computer-orientated tasks to do, 

and this development will be accompanied by a changed focus from the patient to 

the device. As many tasks will be done from a telemedicine application, the 

physician is limited to utilising the devices instead of thinking about the patients’ 

health histories and their diseases. Moreover, in the case of an outage of these 

complex telemedicine devices, the physician has the problem of finding a 

workaround solution to resolve the situation.  

 

Unpredicted consequences such as these can adversely impact job satisfaction and 

performance. Fitch and Adams (2006) observed that any extra time “freed up” is 

not necessarily spent with patients, but on other tasks like checking such technical 

devices. As a result interactions with patients will generally become less frequent 

and shorter in duration. Other reported issues include the risk of the physician being 

too inert and cautious. In this context Mannan et al. (2006) found that numerous 

physicians resisted converting their paper records into electronic copies. Despite 

the fact that physicians are trained to use information technologies for their services, 

they still prefer to physically write their notes for each patient consultation, which 

results in double the work, because they have to enter it into the computer system 

as well. 
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In summary, health professionals and physicians can benefit from telemedicine 

solutions provided that they can handle the various telemedicine applications 

correctly. If usability is too complicated they may avoid adoption of telemedicine 

solutions (see section 2.2.3).  

 

2.4.4  Telemedicine Service Provider 

Telemedicine service providers play a central role in the evolution of telemedicine 

solutions for health organisations. Their main arguments to market telemedicine 

applications are based on technological features and functions, like extended record 

keeping or high definition images. At least some of them also mention financial 

benefits like cost savings, and qualitative aspects like time savings (Bransford, 

Nahabedian & Waterson, 2010).  

 

However these benefits are complicated to measure as they are associated with 

other related difficulties involving quality, complexity and growing expenses of 

telemedicine equipment (Lockamy & Smith, 2009). Therefore Lutz (2007) 

suggested a focus on added values for patients and other stakeholder groups to fulfil 

expectations with respect to proposed telemedicine solutions.  The challenge is to 

prove the real business impact of such solutions on health organisations, which can 

not only be done on the basis of technological facts and features, but instead 

requires measurement of the actual business impact in combination with 

administration and required processes to adopt such solutions successfully. Studies 

are rare and difficult to map, as organisational contexts vary in terms of structural 

differences between global health systems (see section 2.1.2) and their relevant 

legal constraints.   
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2.4.5  Patients 

The respective stake of patients in telemedicine projects is variable but will often 

not be recognised by patients themselves. Many telemedical benefits like improved 

diagnosis or surgery cannot be compared or assessed adequately. Numerous 

patients may be under treatment for the first time and have no possibility of refering 

to comparable experiences, even though the average age and number of patients 

grew over the past decade. Today those over 65 years of age account for two-thirds 

of hospital patients and 40 per cent of all emergency admissions. Such patients often 

need individualised care and have rapidly changing needs. 

 

These changing demands are associated with a number of other problems, on the 

financial side, that in turn affect the treatment of these patients. Despite the 

technological evolution, patients have been found to get only 10 minutes of face-

to-face time on an average with their physician (Mukherjee & McGinnis, 2007). A 

call back often takes one week and it takes up to almost a month to get a regular 

office appointment (Mukherjee & McGinnis, 2007). Telemedicine applications can 

relieve this undesired development for potential patients by providing quicker and 

longer consultation times with health professionals. Since they do not need to travel, 

both physicians and patients can save time and resources. In the present research 

the stakeholder group patients, although very important, will not be considered for 

ethical reasons. 

 

The review of stakeholders revealed their importance in the decision making 

process involved in adopting a telemedicine solution and how stakeholders’ 

interests and influences differ.  
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Although the four types of stakeholder analysed do not entirely represent all the 

stakeholders that could be included in the analysis, the discussion shows that 

stakeholders must be treated individually according to their respective needs and 

interests.  

 

The following section sums up the current challenges for decision-makers, and 

details the status of telemedicine and associated research today, before detailing the 

research questions and hypotheses which occupy the present study. 

 

2.5.1  Limitations of Telemedicine 

Apart from the numerous advantages telemedicine solutions are able to provide, 

there are also some limitations and deficiencies that have to be taken into 

consideration during decision-making processes where telemedicine solutions are 

being considered. These inadequacies affect different functional areas and each of 

them has the potential to cause serious problems for any hospital IT team. The 

following essential challenges have been identified. 

• Technological constraints: the technological requirements of telemedicine 

applications are variable and demanding. The technological effort to 

implement and operate these solutions grows with the rising complexity. 

One of the main reasons is the lack of standardisation and limitations on the 

available transmission bandwidth. Both issues can interfere with 

telemedical collaboration over distances. Whereas standardisation can be 

handled by certain software tools, the lack of bandwidth involves physical 

properties and therefore can not always be controlled. 
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• Organisational challenges: the professional environment of today’s 

hospitals is designed to serve static IT applications and processes. However, 

new mobile solutions in combination with telemedicine applications require 

restructuring, and integration of new processes and procedures. The 

literature review showed that this transformational change affects not only 

the processes, but also the staff members involved. In this context, 

inefficient processes and usability problems were reported to be a major 

obstacle for proper integration. 

 

• Economic challenges: the literature review highlighted the type of costs 

involved in the field of telemedicine. They can be distinguished between 

fixed costs for the acquisition of equipment and operating costs for the IT - 

infrastructure and associated personnel expenses.  In some cases, the 

compensation and settlement provided by health insurance companies and 

patients is not cost effective. As a result, numerous funded projects were 

terminated directly after the promotion period. 

 

• Legal requirements: legal barriers haven been found to be crucial during the 

review; in particular high demands in relation to IT infrastructure and the 

required data protection in relation to patients are challenging. But also the 

first diagnosis is of concern, if carried out solely by a telemedicine 

consultation.  

 

Here the life and health of the patient is directly affected and dependent on 

the proper functionality and availability of the telemedicine application. 
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Therefore, these telemedical procedures should always be clinically 

validated to ensure reliability. 

 

• The protection of patient data:  the extremely restrictive regulations for the 

provision of patient data complicate the broad usage of telemedicine 

applications. This data needs to be exchanged either anonymously or as a 

pseudonym, which is a challenge for hospital IT systems. In fact, technical 

security solutions require appropriate equipment not only on the transmitter, 

but also the receiver side. Therefore the counterpart to any telemedicine 

application has to implement and adjust security as well. The necessary 

adjustments need to be factored in for the original IT system as well as the 

IT of the partner clinic. 

 

• Lack of scientific evidence:  pilot projects, e-Health initiatives and other 

telemedicine implementations are increasingly being used by health 

organisations not only to improve health provision for patients, but also to 

generate further business benefits. Unfortunately there is no single study 

that could prove these benefits without a doubt. As a result hospitals 

interested in telemedicine need to calculate risk, where possible economic 

benefits cannot be scientifically proven. 

 

• Telemedicine is not a new method of treatment: telemedical treatments are 

not a new method per se, but instead evidence based methods to treat and 

diagnose patients anytime and anywhere. But in fact they cannot replace an 

adequate and comprehensive medical procedure of a physician. Large scale 

digitisation bears the risk that the personal doctor-patient relationship 
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becomes more and more impersonal. Communication over the Internet, 

especially for serious diseases, may not be a substitute for a personal and 

confidential conversation between the patient and the doctor. 

 

Even though, the above listed limitations do not encompass all the possible 

problems that may arise in connection with telemedical solutions, each has the 

potential to distort the economic benefit. However, the risk for the hospital can be 

mitigated if these points are considered and evaluated prior to implementation of 

telemedical solutions. The next section provides an overview of previous research 

in this area. 
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2.5.2  Previous Research in Telemedicine 

In recent years numerous researchers have attempted to explore the various 

opportunities telemedicine can provide. The majority of these studies have been 

carried out on only one single telemedicine application, like teleradiology or 

telemonitoring, disregarding further applications. Only a few researchers 

investigated telemedicine holistically, as the broad spectrum involves too many 

differences for comparison. In their endeavour to answer far ranging questions 

about costs and benefits, some also tried to understand the potential business and 

health impacts for patients.  

 

Others evaluated technological characteristics or isolated facets as success factors 

(Whetton, 2005). With a common purpose to justify the utilisation of telemedicine 

solutions, different research approaches were applied. A vast majority of 

publications consisted of questionnaires, followed by trial-orientated and process 

orientated evaluation methods (Klaasen, van Benjium & Hermens, 2016). Some 

researchers investigated existing studies and compared their outcomes, whereas 

others conducted case studies of recent telemedicine implementations. In summary, 

the diversity of these research reports makes it difficult to apply and compare results 

(Lobley, 1997; Hersh et al., 2001; Grigsby, Brega & Devore, 2005). Moreover, 

studies are descriptive (Kazley, McLeod & Wager, 2012), with non–standardised 

evaluation methods.  
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Correspondingly, some recent studies failed to prove credibility and reliability 

(Curell et al., 2000; Roine et al., 2001; BMJ Group, 2002; Hailey, Ohinmaa & 

Roine, 2004; Cleland et al., 2005; Klersy et al., 2009; Inglis et al., 2010; de Jongh 

et al., 2012 and McCartney, 2012). Nevertheless, these can provide an overview 

and guidance for interested health organisations.  

 

Previous studies focused on the following fields of telemedicine:   

• Efficiency: a major part of former research focused on the efficiency 

improvements of telemedicine solutions, as they are directly associated with 

time savings and higher profits for Health organisations. Even though most 

experts agree that telemedical systems increase efficiency, reduce errors and 

change professional roles and responsibilities (Kohn, Corrigan & 

Donaldson, 2000; Bates & Gawande, 2003; Fonkych & Taylor, 2005), there 

is still hesitance among researchers, as only a minor number of studies 

successfully deduced the effectiveness of telemedicine (Ekeland, Bowes 

and Flottorp, 2010). 

 

• Financial aspects: cost effectiveness of telemedicine solutions in the 

administrative sector have been found by Bates et al. (2001), Mukherjee & 

McGinnis (2007) and Bhattacherjee et al. (2007).    

 

• Technology:  technical issues are considered as main obstacles in the 

implementation of telemedicine systems (Brebner et al., 2005; Taleb et al., 

2005; Courreges et al.,2005; Lee et al.,2005; Pedley et al.,2005). 
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• These issues pertain to failing connections, faulty devices, cable breakages 

and loss of power (Ryan et al., 2005; Courreges, 2005; Scheffler, 2005).           

Further issues concerning the lack of standardisation and technological 

change have been reported by Bashshur, Shannon and Sapci (2005).  

 

• Organisational processes: Kazley and Ozcan (2007) see an improvement in 

clinical processes, unlike Tanriverdi and Iacono (1999) and Sanderson 

(2007), who claim that the organisational and environmental context are 

often disregarded during the implementation of telemedicine systems.  

 

• Patient safety and quality: Menachemi et al. (2006) observed an 

improvement of quality and safety of patients with the utilisation of 

telemedicine solutions. 

 

• Future Outlook: mobile health is increasingly becoming relevant for 

telemedicine solutions. The market is to be expected to grow significantly 

until 2019 (Eddy, 2013). Legacy equipment on the other hand will be 

substituted by new solutions, like M-Health and Cloud computing. 

 

The following section addresses the current status of telemedicine in the area of 

health. 
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2.5.3  Current Status of Telemedicine 

Knowledge within the field of telemedicine across literature appears to be non-

transparent and confusing. Evidently telemedicine has too many facets, with its 

numerous solutions and applications that operate in different environments and 

healthcare systems, to drill it down to a measurable formula. In the prior sections 

much has been written about ICT and telemedicine systems and their benefits for 

health provision. In most cases such systems increase efficiency, reduce errors, alter 

professional roles and responsibilities (Kohn, Corrigan & Donaldson, 2000; Bates 

& Gawande, 2003; Fonkych & Taylor, 2005), reduce administrative costs 

(Bhattacherjee et al., 2007) and improve clinical processes (Kazley & Ozcan, 2007) 

as well as patient safety and quality of care (Menachemi et al., 2006).  

 

However research also revealed that not every large scale ICT investment leads 

automatically to a positive outcome (Ash, Gorman & Seshadri, 2004; Fonkych & 

Taylor, 2005). Correspondingly some recent studies failed to prove credibility and 

reliability (Curell et al., 2000; Roine et al., 2001; BMJ Group, 2002; Hailey, 

Ohinmaa & Roine, 2004; Cleland et al., 2005; Klersy et al., 2009; Inglis et al., 2010; 

de Jongh et al., 2012 & McCartney, 2012). Reasons for these failures include gaps 

in literature and non-meaningful studies that lack adaptability, factors which are 

further explored in the following sections.  
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Gaps in literature 

The major uncertainties and gaps in literature exist in relation to the following 

topics: 

(a) Economic impact: the main purpose of any telemedicine solution is to save 

costs and resources. Yet Bashur, Shanno and Sapci (2005) outlined the 

complexity of creating a cohesive body of economics-based evidence where 

some findings lose validity due to an incalculable decline in equipment 

pricing. Futhermore there is still no robust study giving evidence of 

economic benefits of such solutions, thus inhibiting a broader distribution 

(Grigsby, Brega & Devore, 2005). Stakeholders need to assess the expected 

outcome of a planned telemedicine implementation in order to create a valid 

business case. Otherwise, there is a risk of financial imbalance. Therefore 

Ekeland, Bowes and Flottorp (2010) suggested carrying out large scale 

studies to identify those economic benefits for interested stakeholders. 

 

(b) Methodological approach: agreed standards in economic evaluation 

are critical as they enable validation and comparability. If the results of 

telemedicine studies are ambiguous they cannot be applied to other planned 

telemedicine projects. Outcomes could differ tremendously when 

measurement variables are different or inconsistent (Lobley, 1997; Hersh et 

al., 2001; Grigsby, Brega & Devore, 2005). In such cases any planned 

telemedicine application could fail to deliver the expected economic 

benefits. Thus studies need to adhere to unambiguous and reproducible 

measurement variables with certain standards, to achieve similar results in 

a different environment (Whitten et al., 2007).  
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In future research, reviews should concentrate on well-designed studies and 

adequate reporting of measurement criteria that encompass the cultural and 

clinical context as well. 

  

(c) Sample Size: the relevance of telemedicine studies mainly depends on their 

applicability, objectivity and validity. Numerous authors observed too small 

sample sizes in recent studies (Frumento et al., 2009; Giansanti & Morelli, 

2009; Meher et al., 2009; Singh et al., 2010). In this context, a minimum 

sample size is necessary to fulfil the requirements of statistical significance. 

Otherwise results could be distorted, leading to wrong conclusions and 

misleading assumptions.  

 

(d) Cultural differences: in a recent study by Swanson, McLeod and Wager 

(2012) about telemedicine usage across different continents, enormous 

differences were found in utilisation and usage behaviour involving such 

applications. Great variations were observed in technology involving store 

and forward and real-time synchronous applications, as well as in solutions, 

with regard to video usage and treatment. Such differences make it difficult 

to compare and evaluate telemedicine studies thoroughly as they are 

characterised with different assumptions and health-philosophies. The 

gained results might therefore not be adaptable in a different continental 

region. 
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(e) Impacting factors: back in 2002, the Wanless report emphasised the 

necessity to prove the potential advantageous factors of ICT solutions prior 

to a planned implementation. Fourteen years later there are still gaps in 

objectively estimating these factors, even though they have organisation-

wide, intangible and long-lasting effects on costs (Saarinen, 1996). 

 

• Technology: current telemedicine solutions and applications are filled with 

features and functions, mostly propriety and complicated to assess. 

Additionally, they are difficult to integrate as they often lack adequate and 

standardised integration level with connected health information systems. 

This lack of standardisation combined with rapid technological change is a 

major challenge for telemedicine utilisation pursuant to Bashshur, Shannon 

and Sapci (2005). 

 

• Transparency: the political and legal situation is unclear and complex to 

understand. Currently the payment system is limited to case-based 

settlement, excluding any telemedical examination. In the future the new e-

Health law will provide a remedy, but in the meantime the outcome is vague. 

 

• Efficacy, effectiveness: Ekeland, Bowes and Flottorp (2010) analysed 80 

interventions from which only 21 deduced the effectiveness of telemedicine. 

18 studies showed encouraging but inconsistent results, as opposed to Miller 

(2001) who discovered admittedly positive results in the verbal 

communication of 38 studies, but emphasised the need for more research at 

the same time.  
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Likewise Hersh et al. (2001) call for more information on the efficacy of 

telemedicine.  

Since effectiveness has a direct impact on costs and resources, these 

inconsistent results may confuse stakeholders rather than explain how such 

solutions can improve the financial situation of a healthcare organisation. 

 

(f) Relevancy of potential factors: almost no particular saving or improved 

processing time can exclusively be attributed to a new information system 

like telemedicine (Au et al., 2002), because other factors may influence 

these savings as well (Murphy & Simon, 2002). 

 

Overall these uncertainties may impede stakeholders and decision makers from 

making a decision in favour of the implementation of telemedicine solutions. What 

they need is an overview and guide that shows the critical factors and considers 

their relative impact. This telemedicine guideline should be independent of the 

chosen application, the surrounding environment, and cultural philosophy of 

respective health systems. 
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2.5.4  Hypothesis Creation  

The various LIKERT questions have been evaluated with a factor analysis which 

explored the existence of potential "umbrella terms", consisting of question blocks 

that fit together. Consequently, these question blocks, comprising a similar 

background and content, have been consolidated into six single overlaying factors. 

These factors are F11_1 Progress, FL 11_2 Efficiency, F12_1 IT Quality, F12_2 

Satisfaction, F13_1 Transparency and F13_2 technology. 

 

2.5.4.1 Hypothesis generation 

Pre – defined Hypothesis 

The literature review indicated that telemedicine solutions require an adequate 

technology behind them to achieve higher efficacy and a better flow of information 

among users. Low bandwidth, insufficient and non-performant software, as well as 

weak applications, impede proper efficiency. As a result the numerous benefits of 

telemedicine cannot be fully exploited. The technological foundation of any 

telemedicine solution is a prerequisite to accomplishing any organisational 

efficiency advantages. On the basis of the previous literature review, the following 

pre –defined Hypothesis can be formulated. 
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Pre – defined Hypothesis # 1: Telemedicine is about high quality information 

exchange in different designs and variations. In the literature review, telemedicine 

technology turned out to be essential for the organisational performance and 

efficiency of a hospital. Obviously, the faster and better the exchange of medical 

data, the higher the efficiency with regards to an optimised diagnosis of patients. 

 

# Pre – defined Hypothesis 2: The literature review highlighted that a gradual 

development of telemedicical examinations lead to an improved acceptance and 

usability among users and stakeholders likewise. Consequently, the faster the 

progression, the higher the satisfaction of users and stakeholders. 

 

Section 2.2.3 of the literature review outlined the necessity to have transparency of 

the financial and legal impacts of telemedicine solutions. This transparency can be 

provided by certain hard- and software solutions as they enable reporting 

possibilities and statistical evaluations for involved stakeholders. 

 

Hospitals require a sufficient visibility of telemedicine solutions towards health - 

processes, its legal impacts and financial issues. This information can be retrieved 

through certain hard - and software technologies that are able to display the required 

facts and figures. Hence the pre – defined Hypothesis # 3 can be summarised as 

follows: The better the hard - and software technology, the higher the overall 

transparency. 
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Advanced telemedicine solutions have been found to improve organisational 

progress and its associated user satisfaction level, which is mandatory according to 

Urtubey & Petrich (2002); Whitten & Adams  (2003); Obstfelder et al.  (2007) and 

Ekeland et al. (2010), because otherwise such projects fail. 

 

The evolution of new telemedicine applications does not only depend on the IT - 

industry. The progression of such solutions in clinical environments, delivers 

valuable assistance in the design and characteristic of hard - and software 

development. The feedback of the various users and stakeholders plays a major role 

in this instance. Thus the pre – defined Hypothesis # 4 can be noted as: The more 

detailed the feedback of end - users, the better the quality of the corresponding IT - 

systems. 

 

The factor efficiency encompasses the adhering sub- factors like time- and resource 

savings that may be realised with the implementation of adequate telemedicine 

solutions. It has the potential to accelerate the overall progression of operational 

handling procedures, as they become more simple and intuitive. As a result, the pre- 

defined Hypothesis # 5 can be concluded as follows: Higher efficiency through 

telemedicine solutions yields to higher progression. 

 

Transparency in regard to financial (Strode et al., 1999; Hailey, 2005; Mannan et 

al., 2006 & Mukherjee & Ginnis, 2007) and legal aspects (Stanberry, 2006), are 

required to operate any telemedicine solution.  
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Stakeholders need to know the expected outcome to plan the business with the 

deployment of such solutions. This transparency, in turn, will add to the overall 

progression of the health organisation.  

 

On these grounds the pre – defined Hypothesis # 6 can be summarised as follows: 

The lower the transparency of such solutions the slower the progress of telemedical 

examinations. 

On the basis of the six formulated hypotheses the confirmatory structural equation 

model, SEM can now be finalised with the following structure (figure 2.23): 

 

Figure 2.23: SEM-model with Hypothesis: 
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2.5.5  Conclusion Literature Review 

The preceding literature review dealt with the question of ICT/telemedicine and its 

critical factors for success. The review started with definitions and technological 

foundations of telemedicine solutions and the question of the drivers of such ICT-

solutions. It turns out that factors like demographic change, behaviour change, 

advanced technologies and lack of resources are significant influencers. Beside 

these factors, an observed growing urbanisation has put pressure on politicians, 

since the costs for health systems increase progressively.  

 

In the following sections telemedicine solutions were further defined. Fundamental 

to any telemedicine solution is an appropriate hard- and soft-ware infrastructure that 

should be standardised and well designed to cope with the various telemedicine 

applications like teleradiology, teleconsultation, or telemonitoring. These 

applications can be operated with different underlying transfer technologies like 

unified communication, cloud computing and mobile - health, that form the future 

trends. 

 

Furthermore transparency in terms of financial, legal and political impact represents 

a critical factor in this instance. Here the stakeholder needs clear information and 

advice on the expected outcome. Unfortunately literature revealed gaps in certain 

aspects due to the complexity of the topic telemedicine in general. 
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Consideration of the stakeholders followed. Although there are usually many 

stakeholders involved, only the critical ones were incorporated in the review. 

Finally the current status of telemedicine and potential gaps in associated literature 

were pointed out.  

 

The next chapter deals with the research methodology to identify the critical factors 

of telemedicine from a stakeholder’s perspective. 
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3 Methodology  

Section three “Methodology” describes the methods used to answer the research 

question and associated hypotheses. The section begins with a justification of the 

research approaches and underlying paradigms. Afterwards the design of both 

approaches, quantitative and qualitative, will be explained in detail. The chapter 

finishes with an analysis of the applied quality criteria to confirm reliability, 

validity, objectivity and ethical considerations (figure 3.1): 

 

Figure 3-1: Structure of Methodology   
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3.1 Introduction 

In the previous chapters the theoretical background for the various solutions and 

applications of telemedicine were discussed. It turned out that there are different 

terms and definitions on this multifaceted topic in literature. After explaining its 

technological items and dimensions, a review about the driving forces of such 

technologies followed. Thereafter, the benefits, risks and challenges along with 

their fields of impact have been analysed. Subsequently, the main stakeholders have 

been identified and investigated concerning their respective stakes and interests in 

telemedicine solutions. Following the brief overview in chapter 1.5, this chapter 

contains the research methodology, research procedures and the theoretical 

background of the chosen research paradigm. Part of this discussion will be 

alternative methods, ethical considerations and issues in relation to reliability, 

objectivity and validity. 

 

3.2 Justification of Research approach 

Over the past decades numerous possible research approaches have evolved with 

different associated paradigms. To find the right research paradigm, 40 selected 

ICT/Telemedicine research reports, based on the definitions of Guba and Lincoln 

(1994), have been investigated. It could be observed that authors who concentrated 

on one area of ICT have selected the positivism/post-positivism paradigm (Berg et 

al., 2005; Cho, Mathiassen & Gallivan, 2009), as opposed to  

Moser and Law (2006) and Aggelidis and Chatzoglou (2008) who posed a more 

general view on health information systems by using instead critical theory and 

constructivism attributes for their research (table 3.1). 
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Table 3.1  Paradigm examples based on Guba & Lincoln (1995) 

 

  Positivism Postpositivism 

Critical 

Theory Constructivism 

Ontology 

definition 

Naive realism; an 

understandable 

reality is assumed to 

exist (an external 

objective to the 

research); "the way 

things are" 

Critical realism, 

"real" reality is 

considered to exist, 

imperfectly 

understandable 

Historical realism; 

there is no reality 

outside of people’s 

perception (reality is 

shaped by social 

political, cultural, 

economic, 

ethnic/gender 
values) 

Relativism; realities 

are relative and 

understandable in 

the form of 

multiple, intangible 

mental 

constructions 

example 

Cho,Mathiassen & 
Gallivan (2009) 

positive effects of 

telehealth are 
assumed 

Berg et.al (2005) 
supposed a positive 

impact of new 

mobile ICT 
technologies 

A single reality of 

historical 

information in 
medical practise 

(Moser & Law, 

2006) 

Aggelidis & 

Chatzoglou (2008) 

revealed multiple 
realities to evaluate 

hospital information 

systems 

Aim 

definition 

Description, 

explanation and 

uncovering of facts 

(cause and effect) 

Exploration (what 

are the variables 

involved?), develop 

research issues 

Uncovering 

meanings and 

understandings of 

the broad 

interrelationships; 

critique on existing 

structures and 

practices 

Build a consensus 

understanding that 

is more 

sophisticated than 

the previous 

understandings 

example 

To explain the 

paradox of 

telehealth 

innovation 
Cho,Mathiassen & 

Gallivan (2009) 

Berg et.al (2005) 

wanted to explore 

the positive impact 

in a sociotechnical 

context 

Moser & Law 

(2006) seeked to 

explore assumptions 

and limitations of 
Electronic Patient 

Records 

To generate a 

synthesis of 

literature in context 
to HIS 

Epistemology 

definition 

Investigator and the 

investigated object 

are independent 

entities without 

influencing each 

other (one way 

mirror). Findings 
shall be true, but 

always subject to 

verification 

Modified dualistic/ 

objectivist; critical 

tradition; Replicated 

findings are 

probably true, but 

always subject to 

falsification 

Get “inside the 

minds”, the 

investigator and the 

investigated object 

are assumed to be 

interactively linked; 

value mediated 

findings; fusion with 
ontology 

Findings are created 

by combining 

research outcomes 

(created findings); 

the investigator and 

the object of 

investigation are 

assumed to be 

interactively linked 
(transactional/ 

subjectivist) 

example 

Relationship of 

telehealth 

implementations 

and slow diffusion 

have been observed 

by Cho,Mathiassen 

& Gallivan (2009) 

Findings are 

generalizable to 

organize lives, but 

also risks with new 

technologies have 

been observed Berg 

et.al (2005) 

Moser & Law 

(2006) revealed 

research outcomes 

with ICT program 

statements of 

hospitals 

Subjectivist findings 

of HIS has been 

found by Aggelidis 

and Chatzoglou 

(2008) 

Logic 

definition 

Deductive (from 
general to 

particular) is seen as 

the development of 

new issues by 

logical reasoning 

Basically deductive 

Deductive and 
inductive (from 

specific to general) 

as generalization of 

an idea through 

examples 

Inductive 

example 

Definition of a 

process model 

(Cho,Mathiassen & 

Gallivan, 2009) 

 Focauldian 

approach was 

adopted to interpret 
the findings Berg 

et.al (2005) 

Moser & Law 

(2006) assumed 

findings are 
organizationally 

contingent 

Aggelidis & 

Chatzoglou (2008) 

tried to discover 
patterns in ICT 

literature 
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Methodology 

definition 

Experimental and 

manipulative, 

chiefly quantitative 

based on the 

verification of 

hypothesis 

Modified 

experimental/ 

manipulative; 

critical multiplism; 

falsification of 

hypotheses; may 

include qualitative 

methods;  

Dialogue between 

the investigator and 

the subjects of the 

inquiry; dialectical 

Hermeneutical/ 

dialectical; 

Constructions can 

only be created by 

interaction between 

and among 

investigator and 

respondent 

Collecting more 

situational 

information;  

reintroduce 
discovery as an 

element in inquiry  

example 

Cho,Mathiassen & 
Gallivan (2009) 

decided for a 

longitudinal study 

of a telestroke 

program 

Berg et.al (2005) 

conducted 11 semi 

structured 

interviews with five 

focus groups 

Moser & Law 

(2006) compared 
archival qualitative 

data with 

ethnographic studies 

of hospital decision 

making 

Aggelidis & 

Chatzoglou (2008) 
conducted 

comprehensive 

literature research, 

three approaches 

have been defined 

 

To determine patterns and paradigms in ICT and health related research reports, it 

is necessary to identify the predominant paradigm first, to draw conclusions about 

its particular outcome. 

 

In Table 3.2, the 40 journals have been analysed in relation to the applied research 

paradigm. Constructivism and post-positivism paradigms have been applied in 36 

research papers as the dominant approach. It can be concluded that most authors 

(21) decided on constructivism followed by post-positivism (15) as their main 

paradigm. The corresponding methodology for constructivism included 

literature/document reviews which can be described as a backward-looking, 

historical-contextualizing activity. For the post-positivism paradigm the 

methodologies varied between qualitative and quantitative techniques like 

interviews, surveys and case studies. A minority of reports with only four out of 40 

contained elements of critical theory, which could be explained by the complexity 

of this approach that has a strong coherence to historical, cultural and social issues, 

which may impede the necessary objectivity that is required to examine telemedical 

health related research issues.  
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Table 3.2 Predominant Research paradigm  

Positvism 
Post.                

Positivism 

Critical 

theory 
Constructivism Authors 

      x Aggelidis & Chatzoglou (2008) 

  X     Alkraiji, Jackson & Murray (2011) 

  X     
Andersson, Vimarlund & Timpka 

(2002) 

      x Au, Ngai & Cheng (2002) 

      x Baldwin, Clarke & Jones (2002) 

      x Bellazzi & Zupan (2008) 

  X     Berg et al. (2005)   

      x Berbée et al. (2009) 

      x Bhattacherjee et al. (2007) 

    x x Black et al.(2011) 

x       Cho,Mathiassen & Gallivan (2009) 

      x Coiera & Hovenga (2007) 

      x Crocker, Johnson & King (2008) 

x       Davidoff et al. (1995) 

  X     Dey, Hariharan & Brookes (2006) 

  X     Fitch & Adams (2006)  

      x Gagnon et al. (2005) 

      x Garde et al. (2007) 

x X     Hafeez-Baig & Gururajan (2009) 

      x Häyrinen, Saranto & Nykänen (2008) 

      x Isetta (2008)  

      x Joyce, Green & Winch (2006) 

  X     Karim & Soederholm (2009) 

  X     Koppel et al. (2005) 

      x Kuo & Hwang (2004) 

  X   x Lemire (2010) 

    x x Ludwick & Doucette (2009)  

      x Lluch (2011) 

  X     Mannan,Murphy & Jones (2006)  

x X     Mayoka et al. (2012) 

    x   Moser & Law (2006) 

      x Mukherjee & McGinnis (2007) 

      x Noir & Walsham (2007) 

  X     Lee & Meuter (2010)  

x       Otieno et al.(2009) 

x       Shea et al. (2009) 

  X     Sittig et al. (2008) 

  X     Waring & Wainwright (2002) 

    x x Yusof et al. (2008) 

  X     Zhi Xiong & Pokharel (2007) 

6 15 4 21  
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Quantitative techniques have only been used by Koppel et al. (2005); Otieno et al. 

(2009); Shea et al. (2009); Currie and Finnegan (2011) and Mayoka et al. (2012). 

From these authors using positivism as the dominant paradigm, none of them 

addressed the impact of telemedicine on health provision in general. Overall it can 

be recognised that there is a certain bias among the authors to conduct literature 

reviews and deploy qualitative techniques with post-positivism and constructivism 

attributes.  

 

While only a few authors utilised quantitative techniques for their research, beyond 

that a tendency towards focusing on certain areas of ICT, instead of investigating 

the entire field of telemedicine, could be recognised. In this context it was 

noticeable that telemedicine has been investigated in only three out of 40 articles 

(Gagnon et al., 2005; Cho, Mathiassen & Gallivan, 2009; Mayoka et al., 2012). 

 

 In fact, the results of research mainly depend on the research paradigm and the way 

it has been prepared and conducted. Beyond that, different philosophical 

assumptions and worldviews are mirrored in the conceptions about the nature of 

reality (ontology) and knowledge (epistemology).  
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3.3 Justification of Research Paradigm 

The reason for the present research project was to build new insights into the critical 

factors of telemedicine from a stakeholder’s perspective. The extensive literature 

review identified the main factors that impact a telemedicine stakeholder’s view on 

telemedicine. Due to the complexity of this topic the question arose as to whether 

one research paradigm and approach would be sufficient to cover all aspects.  

 

An interesting approach including quantitative and qualitative methods and 

concepts, that have complementary strengths and non-overlapping weaknesses, is 

called the “mixed methods” or “mixed research” (Brewer & Hunter, 1989; Johnson 

& Turner, 2003). According to Powell et al., (2008, p. 306) this approach allows 

researchers to be “more flexible, integrative, and holistic in their investigative 

techniques, as they strive to address a range of complex research questions that 

arise” (Powell et al., 2008, p. 306). Creswell and Plano Clark (2007) support this 

view but emphasised guidance for a proper timely prioritised integration of both 

methods, quantitative and qualitative. Tashakkori and Creswell (2007) go a step 

further by requesting a clear differentiation of studies that employ the two types of 

data without serious integration and studies that “mix” the data sets effectively. 

Likewise Onwuegbuzie and Johnson (2006) demand that quantitative and 

qualitative approaches should be considered either as separate but complementary 

or as a continuum and compatible. 
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The integration of both methods enables the researcher to redirect both studies with 

given earlier results. In this revision process it is possible to address the quantitative 

data more systematically by adding further qualitative questions.  

 

To decide the underlying paradigm is even more complex since the pragmatic 

mixed method research does not match with a single system or philosophy 

(Creswell et al., 2003), and is instead guided by the research question, rather than 

being restricted by paradigmatic beliefs and assumptions (Johnson & 

Onwuegbuzie, 2004). In literature, several paradigm options are provided for mixed 

methods and there is still disagreement amongst the scholars. Whereas Guba and 

Lincoln (1994) rejected mixed methods due to the incompatibility of the underlying 

paradigms, Teddlie and Tashakkori (2003) outlined three possible options to adopt 

an adequate paradigm that encompasses the broad range of mixed methods 

research: 

• Firstly, the a‐paradigmatic stance, which excludes the paradigm issue by 

just disregarding it. 

 

• Secondly, the multiple paradigm stance claims that researchers can draw on 

more than one paradigm in their research. Teddlie and Tashakkori (2003) 

outlined three variations in this conjunction, namely: the complementary 

strengths thesis which separates the methods; the dialectical thesis  (Greene, 

& Caracelli 2003; Greene, 2007) which asserts that insights can be achieved 

from mixing mental models (Greene & Caracelli, 2003; Greene, 2007) and 

the multiple paradigms thesis which suggests that the mixed‐methods 
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design sets the adequateness of the paradigm choice (Cresswell & Plano‐

Clark, 2007). 

 

• Thirdly, the single paradigm approach, where the researcher applies a single 

paradigm to both the qualitative and quantitative research approach. In 

literature, the main paradigms for this approach are pragmatism (Maxcy, 

2003; Johnson & Onwuegbuzie, 2004; Morgan, 2007) and the 

transformative approach Mertens (2003). 

 

For the purpose of the research project the multiple paradigm stance under the 

characteristic of the complementary strengths thesis was selected.  

 

The two chosen research paradigms, positivism for the quantitative, and post-

positivism for the qualitative approach, correspond closest to the epistemological 

and methodical frame of the telemedicine research project. The paradigm separation 

conducted allowed strengths to be drawn from both the positivism and post-

positivism approaches (Morse, 2003). However the similarity of both paradigms 

made it difficult to distinguish them as both are based on explanation, prediction 

and control (Guba & Lincoln, 1994). Even the construed structural equation model 

SEM, resulting from the quantitative positivism approach, is sometimes also 

common in post-positivism paradigms. 

• The quantitative approach with the underlying positivism paradigm was 

conducted with a Web-based survey.  
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From an epistemological point of view, reality was objective with no 

relationship or dependency between respondents and researcher (Guba & 

Lincoln, 1994). The findings of the predefined hypothesis, which have been 

formulated as a result of the preceding factor analysis, have been tested with 

statistical methods. They were considered to be true and objective since the 

questionnaire was pre-tested to make sure participants understood the 

questions. Reality was apprehendable in a single common reality also 

known as realism or in a  “naive” realism sense from an ontology 

perspective (Guba & Lincoln, 1994). The aim was the detection of critical 

factors and creation of a structural equation model to evaluate the impact of 

certain factors like cost, transparency and quality on potential stakeholders 

of telemedicine projects. Part of this survey included all relevant stakeholder 

groups that have been considered without further differentiation on their 

background and answers. 

 

• In contrast to the quantitative and positivism based Web-survey approach, 

the qualitative post-positivism approach was subjective rather than 

objective, revealing findings that were probably true. Here the reality is 

deemed to be imperfectly and probabilistically understandable (Guba & 

Lincoln, 1994). Hence it has been frequently reflected upon to make sure 

results are objective, reliable and valid. The main intention was to extend 

the gained knowledge from the quantitative approach. The interview 

questions consisted of the same questions as in the Web survey.  
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Contrary to the Web-survey, that was answered by all stakeholders with no 

further differentiation, the aim was to select interview partners and experts 

of the four identified stakeholder groups to get further insights per 

stakeholder. For this purpose a differentiation took place between 

physicians, health IT-managers, health insurance members and 

telemedicine service providers. 

 

 

The results of both methods and paradigms were treated separately. The 

quantitative approach with the positivism paradigm was intended to outline a 

general relationship between the driving factors of telemedicine projects, mapped 

to a structural equation model SEM. The second post-positivism approach with the 

qualitative interviews contained the same questions addressed to each of the 

predefined stakeholder representatives, to allow a further differentiation and 

analysis of the critical factors that have been analysed and calculated by the factor 

analysis. 
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3.4 Research Design  

The research started with the quantitative research method, in which a Web-survey 

of a large random sample of selected stakeholders of a German telemedicine 

institute was conducted. The applied questionnaire was the basis not only for the 

subsequent factor analysis, but also for the creation of the structural equation model 

SEM. The identified critical factors shaped the SEM model and formulated the 

associated Hypotheses that were tested after the evaluation of the quantitative data. 

Afterwards qualitative interviews with a small group of four selected stakeholders 

took place, to gain further information on the content of the main SEM factors. 

Finally, the results were interpreted with the knowledge of both methods. 

This approach, depicted in figure 3.1, is also known as an explanatory sequential 

mixed methods design (Creswell & Plano Clark, 2007). The main focus was on the 

results and tested hypotheses of the quantitative approach.  

Figure 3-2: Research Approach 
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3.5 Limitations 

The mixed methods approach is a challenging and complex research method which 

goes along with certain limitations. The survey as well as the interviews were 

conducted in Germany under the philosophy and restriction of the German 

healthcare system (see chapter 2.5).  Hence the results may not be adaptable to other 

healthcare organisations and philosophies in different countries. The Web survey 

was organised by a governmental telemedicine organisation/institute which 

provides information and support about telemedicine solutions and applications to 

healthcare organisations and health professionals. It organises congresses and 

meetings, where interested members and participants can socialise and share 

information about the latest developments of telemedicine technologies.  

 

The answers of these participants concerning telemedicine might be biased as their 

interest and knowledge are already proven with the membership in this 

organisation. This nearness includes an ontological risk that reality is context bound 

or context stripped, by only focusing on certain variables. This contextually stripped 

situation can then only be applied in similar environments, losing its applicability 

and generalisability to other situations (Guba & Lincoln, 1994). As the telemedicine 

solutions are far reaching and complex, the findings might not be adaptable to the 

individual case due to an ideographic disjunction (Guba & Lincoln, 1994).  

 

Nevertheless the structural equation model SEM is not only able to analyse the 

measurement of latent variables, but also able to test relationships between latent 

variables (Babin et al., 2008). It was therefore a useful construct to assess the 

relative impact and importance of certain factors in telemedicine. 
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The main selection criteria for the qualitative approach in turn was to find experts 

across the four stakeholder groups, comprising IT-health managers, physicians, 

telemedicine solution vendors, and health-insurance experts. The fixed structure of 

the interview could have biased the interviews, as the researcher, willingly or 

unwillingly, comes into the role of an adviser or participant in relation to the issues 

of the research area by anticipating the given answers (Yin, 2009). From an 

epistemological point of view the structured questions may disregard the detailed 

descriptions that could be important for the researcher. 

 

3.6 Data Collection 

Throughout the data collection a strict separation between the quantitative and 

qualitative approach was applied to avoid any distortion of the results and findings. 

The four interview partners were not members of the surveyed telemedicine 

institute.  

 

3.7 Sampling methods 

Before starting quantitative or qualitative research, the sampling method needs to 

be defined upfront. Sampling is intended to draw inferences from a smaller to a 

wider population group, to limit the scope and complexity of the project.  

 

For the telemedicine project it was essential to survey and interview people who 

have a certain knowledge about the topic, because otherwise the outcome would 

have been insufficient and fragmented. Thus the selection of the survey respondents 

and interview partners was executed via purposive stakeholder sampling. With this 
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sampling method it was possible to undertake a further interview with experts based 

on the knowledge gained in the preceding quantitative approach.  

 

What can be detrimental in this context is potential researcher bias, where the 

researcher is trying to manifest certain theories, therefore it is important to stick to 

the aim and context of the research (Palys, 2008). The quantitative approach has 

been realised with a governmental non-profit telemedicine institute, whose 

members are all potential stakeholders in the field of telemedicine. The interview 

partners in turn were selected among stakeholder experts in the area of 

telemedicine. Here the aim was to obtain further insights and details about the 

questions that could not been covered in an anonymous Web-survey, based on 

multiple choice and Likert ratings. These results should refine the prior findings of 

the quantitative Web-survey, because they were strongly related to the main critical 

factors. These main factors were used to answer the hypotheses and research 

question adequately. 

 

The constitution of the governmental telemedicine institute included physicians, 

health insurance members, telemedicine vendors, health-union members and health 

IT-managers/administrators. This composition enabled a general view on the 

overall issues and opinions of telemedicine.  

 

The further qualitative approach consisted of one physician, one IT-health manager, 

one telemedicine service provider and one health insurance expert. The objective 

was to collect further information from the four relevant stakeholders excluding 

empirical or statistical significance or validity. Hence the decision to select only 

one expert per stakeholder group was made, because the main purpose was to 
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specify the factors of the SEM model in more detail, without proving again its 

statistical relevance. The significance and meaningfulness of this selection was low 

and possibly biased by personal opinion as these experts were searched for 

randomly via Web and publications. Their views and opinions do not fully represent 

their referring stakeholder group.  

 

3.8 Quantitative approach 

Initially a workshop with a team of the governmental telemedicine institute and the 

researcher was conducted to discuss the survey approach and the intended research 

questions. It was decided that the survey should consist of four questions for 

participants that have no experience with telemedicine solutions and eight questions 

for participants that already had contact with such solutions. Three of the eight 

questions contained a Likert-scale with a five point score to assess the participant’s 

personal judgement on the predefined questions.  

Each of the three questions had up to ten further sub-questions, to specify the 

general critical factors. At a later stage these sub-questions were formed in relation 

to the main critical overlaying factors. 

 

The generated questions were distributed to certain telemedicine experts in advance 

to verify their comprehensibility and professional validity. After a positive feedback 

and further refinement, the survey went live in May 2014. About 500 members of 

the governmental institute were contacted via a personal email in which they were 

informed about the planned survey, its organiser, the project aim, its intention, the 

duration, the anonymity granted and its voluntary nature (Appendix 7.1).  
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A Web link which forwarded the participant to the survey was placed centrally. The 

evaluation has been performed with Q-Set, a tool that allows organisation and 

administration of Web surveys for students and professionals (www.q-set.de). The 

survey was activated for eight months. During this time the institute members were 

reminded six times to take part in the survey (Appendix 7.1) 

 

3.8.1 Survey Questionnaire 

The survey questions were based on the results of the literature review in chapter 

two to identify the relevancy and impact of each single topic/factor. A general 

differentiation has been made between participants with and without existing 

knowledge and experience in telemedicine technology, to avoid distorted results. 

 

Introductionary questions 

The first question started with a query concerning the professional background of 

the respondent to categorise them into the different stakeholder groups for later 

research. These groups included physicians, telemedicine vendors, health insurance 

experts, IT-managers and the health federation members. The latter were 

disregarded in the data evaluation as the number of respondents were too low.  It 

was expected that each stakeholder group would have a different view to 

telemedicine.  

 

The following two questions asked about the respondent’s experience in the field 

of telemedicine to identify any previous knowledge per stakeholder group. The ones 

who admitted experience were asked further detailed questions about this and about 

the main applications they dealt with. With this question it was possible to get a 
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picture of the most relevant solutions in conjunction with processes as well as legal 

and economic aspects.  

 

The participants with no experience in turn were asked if there are special reasons 

for their telemedicine absence. For this purpose they could write down some notes 

in a small field below the question. Subsequently both groups, with and without 

telemedicine experience, were asked about any potential future interests in a 

number of common telemedicine applications like teleradiology, telemonitoring, 

and telemedicine hardware and software solutions, to receive a general view on 

their significance for each stakeholder. The various solutions could be selected by 

multiple choice without further limitations. After this question the survey ended 

with an acknowledgement for the respondent group with no experience in the area 

of telemedicine.  

 

In the next question the experienced group were asked about administrative 

telemedicine experiences in relation to processes, and economic and legal aspects, 

addressing the outcome of the literature review about organisation and processes 

(Aggelidis & Chatzoglou, 2008); security/governance (Medical Dictionary, 2009); 

as well as financial cost aspects (Bates et al., 2001; Serafini, 2005; Mukherjee and 

McGinnis, 2007; Bransford, Nahabedian & Waterson, 2010). 

 

Question F 12_2:  

Usability and acceptability of the IT-system: The operational handling of 

telemedicine systems has to be user friendly and transparent to achieve high 

acceptancy among users. Usability, or the system’s capability to be used by humans 

effectively and easily (Shackel, 1991), is one of the determinant factors for 
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productivity of healthcare employees (Kuo & Hwang, 2004; Berg et al., 2005; Cao 

& Zhang, 2005). Usability typically differentiates between characteristics of the 

user, the task and the surrounding environment (ISO, 2010). Acceptability in turn 

is a subjective attribute that includes the willingness of persons on whom the IT-

system depends to provide accurate, consistent, complete, and timely data (CDC, 

2001). But for the purpose of the research project, both terms have been merged as 

usability is strongly linked to the acceptability of a product or system (Koohang, 

2004). If usability is not given, then the acceptability is affected as well. The target 

audience for the survey were already using and accepting telemedicine applications 

to a high degree, which makes a further differentiation negligible. Combining both 

terms as a single factor simplifies the statistical evaluation. In addition to that, a 

further specification will follow in the subsequent question dealing with the 

complexity of such systems. 

 

Likert questions 

The following three questions comprised a five score Likert scale as the intensity 

of experience was assumed to be linear and measurable amongst the participants 

(Bowling, 1997; Burns, & Grove, 1997).  

Likert scales are usually displayed in 5- or 7-point formats but can also be larger 

(Malhotra & Peterson, 2006). The applied 5 score Likert scale provided the degree 

of the participant’s opinion instead of a simple yes and no. Contrary to a 7 or higher 

score scale it offers less options for the respondent and is easier to statistically 

analyse, as the spread of data and variance is lower. On the other hand, it does not 

capture subtle information which could yield to skewed data.  
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The remaining experienced participants could score the three predefined Likert 

questions to measure level of attitudes and opinions, ranging from very high 

agreement to very low agreement.   

The questions addressed critical factors of telemedicine solutions from a 

stakeholder’s perspective. They were linked to the main overlaying factors. 

 

The first Likert question asked about perceived potential benefits of telemedicine 

(Hailey, Roine & Ohinmaa, 2002; Hjelm, 2005). These benefits were divided into 

10 sub-questions addressing potential advantages like time and resource savings, 

and better diagnostic and improved efficiency, that were gathered from the 

literature review. The given answers have been categorised after the factor analysis 

into the two main factors F 11_1 Progress and F 11_2 Efficiency as both of these 

terms described best the underlying sub-factors. 

 

The second Likert question (question six) consisted of eight sub-questions aimed to 

find out their satisfaction and perception of IT-quality from the participants. The 

answers obtained were again categorised after the factor analysis to the main 

factors, which were intended to fit into the underlying questions. The decision fell 

on F12_1 IT-quality and satisfaction level F12_2, as the proximity appeared to be 

close to the Likert question/sub-variables. 

The last Likert scale (question seven) asked the participants to assess the 

importance of the aspects transparency, including its political and legal issues, as 

well as usability (Kuo & Hwang, 2004; Berg et al., 2005; Cao & Zhang, 2005) and 

technology. The results were integrated in the last two factors F13_1 transparency 

and F13_2 technology.  
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3.8.2 Quantitative Research Design 

The quantitative research started with the categorisation of the three Likert-

questions and their associated factors F11_1 to F13_2. Then an explorative factor 

analysis was executed to determine the various loads on the variables (sub-

questions). Afterwards a confirmative structural equation model (SEM) was 

designed and calculated to both illustrate the latent relations among factors and 

variables and to test the prior formulated hypothesis. 

 

3.8.3 Factor Analysis 

For the evaluation of the gained survey data an explanatory factor analysis (EFA) 

has been chosen. According to Rietveld and Van Hout (1993) factor analysis can 

detect variability among correlated variables subject to a potentially lower amount 

of undetected variables or factors.  

 

The variables which could not directly be detected, such as telemedicine utilisation 

or technological advance, were of interest. These latent factors came to the fore by 

examining the covariation among the observed variables and could then be further 

investigated in successive analyses (Field, 2000; Rietveld & Van Hout, 1993). 

Byrne (2010) acknowledges that factor analysis is utilised in cases where the 

researcher is aware of the measure structure, to set the linkages between observed 

measures and the underlying latent variables in advance.   

 

Subsequently this hypothesised model, gained from a factor analysis, could be 

statistically construed with a confirmatory structural equation model SEM. The 

observed variables evolved with the answering of the 5 score Likert-scale questions. 
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They consisted of the various sub-questions/variables that came out during the 

literature review. In essence the factor analysis explored the existence of potential 

"umbrella terms" in each question block of these observed variables. Questions with 

a similar background and content have been put together to a single factor.  

 

For some factors the overlaying term (F11_1-F13_2) does not fit exactly. For 

instance where the association between the main factor transparency and the 

underlying sub-factor usability is rather low. However, all variables and sub-

variables are part of the SEM model and its fit. The resulting latent factors 

(unobserved variables) or constructs were then highlighted graphically (see figure 

4.2). 

 

The resulting six question blocks comprised the consolidated factors and codes as 

per below: 

 

The first factor concentrated on the change and progress that go along with the 

utilisation of telemedicine technology. The progression derived from the health IT  

and clinical improvements. 

 

 

 

 

 

 

 

 



Methodology 

Page 163 of 427 

 

5 Score Likert question 

Change progress     

(Factor F11_1)  Rationale Coding 

Higher diagnostic quality (e.g. by 

doctors specialisation) 

 

 

Telemedicine solutions can 

contribute to the qualification of 

radiologists as they allow greater 

efficiency due to increased 

diagnosis possibilities. 

 

q011003 

Advanced level of integration 

between different IT systems 

 

The integration of different IT-

systems can be achieved with 

standardized telemedicine 

applications based on the 

standards DICOM and PAC's. 

 

q011005 

Improved interoperability between 

different technical standards 

 

Modern telemedicine applications 

provide interoperability to some 

extent and can therefore bridge 

different technological interfaces 

and software standards. 

 

q011006 

Shorter treatment period 

 

Due to flexible telemedicine 

applications like teleradiology, the 

treatment period can be reduced as 

the necessity to travel diminishes. 

 

q011007 

Reduced complexity / simplified 

processes 

 

Telemedicine solutions have the 

potential to reduce complexity as 

the diagnosis procedure and docu-

mentation can be executed across 

different health organisations and 

wards. 

q011010 

 

 

Telemedicine is about information exchange in different designs and variations. 

The second factor encompasses the adhering sub-factors like time and resource 

savings that are achieved by enhanced efficiency. 
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Efficiency   

Factor FL 11_2 Rationale Coding 

Time savings (better utilisation of 

human capacity) 

 

Increased information exchange 

lead to improved efficiency of 

human resources. 

 

q011001 

Resource savings (better 

utilisation of technical capacity) 

 

Increased efficiency lead to 

improved efficiency technical 

capacities. 

 

q011002 

Higher geographical coverage in 

rural areas compensate the 

shortage of physicians 

 

Telemedicine solutions can extend 

the geographical coverage due to 

augmented information exchange. 

 

q011004 

Improved efficiency 

 

 

Enhanced information exchange of 

medical data is the main purpose 

of telemedicine solutions.    

 

q011008 

Increased flexibility and efficiency 

 

Adequate Information exchange 

lead to more flexibility and 

efficiency. 

q011009 

 

 

The preceding factor efficiency incorporated sub-factors like the flow of 

communication amongst health professionals, whereas factor three is concerned 

with the quality aspects of this technology (section 2.2.1). Technological features 

and functions require an adequate quality, which is measured with subtopics like 

usability, integration and interoperability. 

 

 

 

 

 



Methodology 

Page 165 of 427 

 

 

 

IT Quality    

Factor_F12_1 Rationale Code 

The quality of the IT software is 

good 

 

 

IT-software should not be only 

easy to use, but also well and 

comprehensively designed to 

fulfil all relevant tasks for its 

users.  

 

q012002 

The depth of integration of the IT 

software is good 

 

 

The integration of the ICT/ tele-

medicine software should be well 

integrated to all connected 

systems to grant a smooth 

transmission of medical data.  

 

q012003 

The interoperability of the IT 

software is good. 

 

The interoperability to other IT-

systems is a prerequisite in 

telemedicine to enable medical 

data transfer. 

 

q012004 

The operability of the IT / 

systems used is simple and clear 

 

Interoperability is presupposed, 

otherwise an exchange of medical 

data is not possible.  

q012005 

 

 

The resulting satisfaction level of the stakeholders is a key criteria in the decision 

process of any telemedicine project. Factor four includes the main aspects of 

satisfaction for the stakeholders involved. Therefore it is necessary to assess their 

relative impact and perception in the decision making process. 
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Satisfaction   

Factor_F12_2 Rationale Code 

I am satisfied with the use of 

telemedical solutions in my 

professional life 

 

 

Stakeholder satisfaction is an 

indicator of successful 

telemedicine implementation and 

experience. 

 

q012001 

The economic value of such 

systems is transparent and 

comprehensible 

 

Economic benefits are major 

factors for the decision making in 

the area of telemedicine.  

q012006 

The implemented IT solutions 

affect the quality of patient care 

positively 

 

IT systems have an impact on 

patient care as they support 

clinical diagnosis and 

administrative tasks. 

q012007 

The implemented IT solutions 

affect the patient diagnosis 

positive 

 

Due to better medical images and 

faster medical data exchange the 

diagnosis will be accurate and 

quick. 

q012008 

 

 

Transparency was the fifth “umbrella” factor covering the part IT, processes, legal, 

financing, complexity and usability (section 2.2.3). These subthemes are all 

necessary to get a comprehensive view of the actual impact of telemedicine 

solutions, and therefore a useful guide in the decision making process. 
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Transparency    

Factor_F13_1 Rationale Code 

Cost of acquisition, maintenance 

and service of IT systems 

Costs incurred need to be 

transparent to assess financial 

impact. 

q013004 

Payroll / Remuneration / 

refinancing 

 

Comprehensive transparency need 

to contain refinancing and 

remuneration aspects. 

 

q013005 

Transparency of costs and benefits 

of IT 

 

Exact costs of IT including 

maintenance are required to 

provide transparency. 

 

q013006 

Legal and political situation of 

such solutions 

 

Proper transparency include legal 

and political aspects as they can 

influence telemedicine strategies. 

 

q013007 

Usability and acceptability of the 

IT-system solutions such as 

telemedicine 

 

Operational handling must be user 

friendly and transparent to achieve 

high acceptancy among users.  

q013008 

Complexity of the used hospital 

software and their systems  

The IT-infrastructure and software 

ought to be transparent and 

efficient for its users.  

q013009 

 

 

Technology, the last of the six factors, is the platform for any telemedicine solution 

application (section 2.2.2). Prerequisite is a network combined with adequate hard- 

and soft-ware solutions. Factor six addresses the main issues concerning these 

technological aspects. 
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Technology   

Factor_F13_2 Rationale Code 

Flexibility of the used hospital 

software and systems 

 

Flexible hospital information 

systems enable the implementation 

of telemedicine applications.  

 

q013001 

Compatibility of the software 

systems used with each other and / 

or with external systems 

 

Compatibility issues among 

software systems impede the 

implementation of telemedicine 

solutions. 

 

q013002 

Bandwidths or capacity 

bottlenecks when exchanging data 

with external organisations and 

clinics 

 

Low bandwidth or capacity 

constraints interfere the adaption 

of telemedicine applications. 

q013003 

 

 

All factors together were used to answer the research question about the critical 

factors in telemedicine from a stakeholder’s perspective. 
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3.8.4 Structural Equation Model (SEM) 

Structural equations models, SEM, define a system of all observed variables that 

are hypothesised as indicator measures of underlying latent factors (SAS, 2013). 

They incorporate and assess linear and causal relationships between multiple 

independent and dependent structures through a concurrent, multiple equation 

estimation process (Babin & Svensson, 2012). SEM seeks to detect relationships 

among multiple variables, by investigating the structure of interrelationships 

outlined in a series of equations (Hair et al., 2010). 

 

The SEM combines the incorporation of both observed and latent variables, the 

latter depicting a hypothetical construct that is invoked to explain observed 

covariations in a formative measure model, also known as factors.  

 

SEM relieves the hypothesis testing which makes it an advanced research tool for 

theory testing (Steenkamp & Baumgartner, 2000), when accurately employed 

(Chin, 1998a). 

 

Hair et al. (2010) characterised SEM with the following attributes: 

• Estimation of multiple and interrelated dependence relationships; with the 

SEM model it was possible to include latent variables into the analysis of 

the conducted Web-survey. These latent variables have theoretical and 

practical justification (Hair et al., 2010). 
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• Ability to represent unobserved concepts in these relationships and account 

for measurement error in the estimation process; this hypothesised and 

unobserved concept measured multiple variables indirectly by investigating 

their consistency. Such models are attractive as the concept of multiple 

measures diminishes the measurement error. The collective set of Likert 

questions represented the concept of telemedicine thoroughly, as it avoided 

the risk that single respondents interpreted the telemedicine questions 

differently (Hair et al., 2010). 

 

• Defines a model to explain the entire set of relationships; for the research 

approach it was important to find out the relationships between the 

predefined factors. The SEM-model helped to visualise these relationships 

adequately. 

 

As there was no restriction on the amount of variables the system fitted the 

preceding factor analysis.  

 

Finally the covariance based SEM model evolved with the support of AMOS 

(Analysis of Moment Structures) an add-on module for SPSS. AMOS is designed 

primarily for structural equation modeling, path analysis, and covariance structure 

modeling and has therefore been used as a tool for the preceding factor analysis. 
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The simultaneous analysis of various equations provided the possibility to create a 

non-recursive model that illustrates correlated residuals or reciprocal impacts. 

Figure 3.2 shows the creation of the planned SEM model with its latent variables: 

overall the SEM model illustrates the research question in relation to the critical 

factors in telemedicine from a stakeholder’s perspective. 

 

 

 

Figure 3-3: SEM-model 
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3.9 Qualitative approach 

The aim for the subsequent qualitative approach was to further investigate the 

stakeholder view based on the same questions as in the quantitative survey, 

comprising issues about quality, transparency, technology, costs, effectiveness and 

impact of telemedicine on health provision. For this reason four randomised and 

designated telemedicine experts in the fields of health-IT management, physicians, 

health insurance and telemedicine vending were contacted by phone and email. 

They were searched for and found through the internet and expert recommendation.  

 

The interviews took place from December 2014 to June 2016; afterwards they  were 

transcribed and analysed according their validity in relation to the research 

question. Contrary to the Web-survey, the participants could answer in more detail. 

They had no personal relationship to each other or the researcher him/herself and 

no membership in the governmental telemedicine institute BTA. 

 

3.9.1 Qualitative Interview Questionnaire  

The questions of the qualitative interviews were similar to the preceding 

quantitative survey. 

The interviews were carried out with four experts representing the stakeholder 

groups physicians, telemedicine service providers, health-insurance members and 

IT-managers. They took place in the offices of the various interview partners. The 

atmosphere was quiet and unstressed with no time limitation. 
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The first question determined the experiences gained by the professional 

background of the respective stakeholder. Participants were asked in detail about 

their experience and the main applications they dealt with. Subsequently questions 

on their view and perception of the three Likert-questions followed, addressing the 

main identified factors of: 

 

• F 11_1 Progress and F 11_2 Efficiency (question five);  

• F12_1 IT-quality and satisfaction level F12_2 (question six); 

• F13_1 Transparency and technology level F13_2 (question seven);  

 

Following the interview, the responses were summarised together with the 

interview partner, to avoid any misunderstanding during the interview.  

It was assumed that through the strict adherence to the three Likert questions the 

results would be relevant. At no point during the interview was confrontational 

questioning used. The interview atmosphere can be described as trustful. The four 

qualitative interviews were transcribed on the basis of their relevancy to the six 

main factors F11_1 to F13_2, comprising the main verbal statements and a 

summarised interpretation of the researcher. The interview closed with the signature 

of the interviewee on the Ethics form and final acknowledgement. 
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3.10 Quality Criteria Quantitative and Qualitative research 

The quality criteria in empirical social research is not only intended to legitimise 

studies and their results scientifically, but also to avoid measurement errors during 

the course of research. Validity, reliability and objectivity are important factors to 

acknowledge the accuracy of the chosen quantitative and qualitative approach. For 

both methods, the quantitative and qualitative paradigms, the content of knowledge 

is different. Therefore several researchers maintain that criteria like reliability and 

validity only apply to quantitative paradigms and hence are not valid for qualitative 

inquiry (Leininger, 1994; Altheide & Johnson, 1998). In this instance Guba and 

Lincoln (1981) demand rigor in addressing paradigm specific criteria like validity 

(internal and external) reliability and objectivity to reach trustworthiness. 

 

3.10.1 Reliability  

Reliability is an indispensable element in quantitative and qualitative research. It 

refers to the question of consistency and applicability of the generated results to 

reproduce them with a similar methodology (Denzin & Lincoln, 2005). In this 

instance Kirk and Miller (1986) examined three types of reliability in quantitative 

research, 

• The degree to which a measurement remains the same in repetitive attempts. 

If the applied telemedicine survey were to be conducted again the results 

could vary, if the amount of respondents were to leap up. Indeed the ratio of 

survey returns was sufficient and significant from a statistical point of view. 
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• The stability of a measurement over time. The quantitative telemedicine 

survey was active over an eight months period to anticipate any timely 

distortions that could have been caused by absence or holiday times of the 

respondents. 

 

• And the analogy of measurements within a given time period. Were the 

survey to be reproduced in a similar time period, the results should be nearly 

the same, as the respondents, their views about telemedicine and their 

willingness to answer the survey would remain over the time.  

 

In essence the survey should reproduce the same research results by other 

researchers, when executing the same working steps (Denzin & Lincoln, 2005). The 

only limitations come from the constitution of the surveyed respondents and the 

philosophy of the German health system, where the research took place. 

 

The 500 members of the governmental telemedicine organisation BTA may have 

already had some knowledge or interest in telemedicine solutions. Other health 

professionals or health stakeholders might have less knowledge in the field of 

telemedicine and would therefore answer the survey questions differently.  

 

The qualitative interviews were carried out with only four stakeholders, one in each 

of the identified groups. The results can therefore not be considered as fully 

reproducible, but delivered indications of the topics beyond the six main factors of 

the structural equation model and associated research question. Their primary 

purpose was to refine the factors of the latent SEM construct. They were not used 

to test any hypothesis. 
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The health system and philosophy in Germany is another factor that could generate 

different results. The knowledge and distribution of telemedicine applications could 

vary in other countries and health systems. Large countries, with a low physician 

density, might be more receptive for telemedicine applications, than smaller 

countries like Germany, where the physician density is comparably high. 

Consequently the results could vary in terms of perceived value and relative 

importance. For the German health system the results will help to delineate the main 

driving forces and benefits of telemedicine for the stakeholders involved. 

 

3.10.2 Validity 

The validity for both research approaches, quantitative and qualitative, were treated 

separately, with different procedures, according to Yin (2003). Whereas the 

quantitative method was intended to create and test the pre-defined hypothesis and 

research question that was visualized with the Structural Equation model SEM, the 

subsequent qualitative interviews were aimed at acquiring further information about 

the main six SEM factors from a stakeholder perspective. 

 

3.10.3 Validity criteria qualitative interviews 

Apart from the research method, interpretations and generalisations play a major 

role in qualitative research. Since qualitative research is concerned with meaning 

rather than with creating generalised hypothesis statements (Crouch & McKenzie, 

2006), there is no consensus among scholars about the validity aspects. Creswell 

and Miller (2000) propose that the validity is impacted by the researcher’s 

perception of validity in the study and choice of paradigm assumption, whilst 

Merriam (2002) suggests four criteria to assess the quality of qualitative research, 
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including the research problem, the utilised methods, the findings of the research, 

and the discussion afterwards. Others simply doubt the applicability of validity 

measures in qualitative research due to its different nature and intention (Krefting, 

1991). This might be one of the reasons why qualitative research is often criticised 

for lacking scientific rigour (Mays and Pope 1995). 

 

For the present qualitative research approach and the associated interviews in 

particular, the following validity measures were applied: 

 

• Qualitative paradigm: The applied post-positivism paradigm for the 

qualitative approach revealed findings that were probably true but subjective in 

nature. The observed reality is deemed to be imperfectly and probabilistically 

understandable (Guba & Lincoln, 1994). Therefore, the gained interview results 

were frequently reflected upon for their significance in comparison with the 

quantitative approach, to make sure they are objective, reliable and valid.  

 

 

• Questionnaire: The pre-defined interview questions have been structured 

upon the preceding quantitative approach. The participants were asked equal 

questions under the same preconditions, to achieve maximum comparability and 

validity. Furthermore, all questions were pre-tested on prior selected telemedicine 

experts and members of the governmental telemedicine organisation, to make sure 

they could be easily understood by the targeted stakeholders. The conducted 

interviews and relationships between the researcher and respondent were 

documented appropriately. The first question determined the experiences gained by 

the professional background of the respective stakeholder.  
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Each was asked in detail about their experience and the main applications they dealt 

with. Subsequently, questions on their view and perception of the three Likert-

questions followed. Here the participants had the opportunity to tell about their own 

experiences as there were no time limits. The significance and meaningfulness of 

this selection was low and possibly biased by personal opinion as these experts were 

found randomly via the Web and publications.  

The participants’ views and opinions do not fully represent each respective 

stakeholder group. Aside from that, potential researcher bias, where the researcher 

may be trying to manifest certain theories, may be detrimental as well (Palys, 2008). 

For this purpose, each answer has been checked twice against the results of both the 

literature review and quantitative approach results. The requirements concerning 

validity were expected to be met as long as the questionnaire was comprehensible 

from a content point of view. 

 

• Sample size: Concerning the sample size there are no specific rules in 

qualitative research. Patton (2002) proposed to link the sample size to the dedicated 

time, the available resources, and study objectives, whereas Charmaz (2006) 

suggests that the objective of the study determines the project design, and associated 

sample size. Likewise Jette, Grover and Keck (2003) added that expertise in the 

selected topic can reduce the number of required participants. Other authors prefer 

the concept of saturation, in which the process of collecting and analysing data will 

be concluded at the point where no further insights can be detected. Data saturation 

is regarded as fundamental because it shows if a study is based on an adequate 

sample to prove content validity (Francis et al., 2010). For the present research 

project data saturation can be assumed as the information provided by the 

interviews added further information to the existing quantitative knowledge. 
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• Data collection: The quality check concerning data collection was based on 

Patton (2002), considering the questionnaire was complete and the researcher 

adhered to the minimum content without excluding any topics. The given answers 

were documented as they were provided to the interviewer. The given answers were 

mapped to the preceding quantitative research according a pre-defined criteria to 

further refine those results. There was no relationships among the researcher and 

the interviewees. The requirements of comparability and consistency in terms of 

interview results were realistic as all interviews were carried out by the same 

researcher without any external help, to ensure a similar skill-set and interview 

procedure. 

  

Finally, the aim of collecting further information from relevant stakeholders 

excluding empirical or statistical significance, was achieved. Each participant 

provided further insights on the gained findings of the quantitative approach as 

outlined in the discussion of findings in chapter 5.3. 

 

3.10.4 Internal Validity 

The question to which degree the quantitative survey delivers the assumed measures 

is defined as internal or contextual validity. Ryan et.al (2002) summarised it as the 

possibility to draw “valid conclusions from a study given the research design and 

controls employed” (Ryan et al., 2002, p. 141). Likewise Moskal and Leydens 

(2002) added that evidence determines the level to which the study has been 

interpreted correctly.  
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The systematic composition of the survey questions that have been linked to the 

literature review ensured an adequate measurement. The subsequent factor analysis 

represents a particular procedure for the determination of construct validity that 

needs to be examined. Both factor analysis and construct validity, which includes 

both criteria and content validity, have been strongly connected for a long time 

(Thompson & Daniel, 1996). An adequate utilisation of such methods ensures that 

the conclusions are credible and believable. 

 

3.10.5 External Validity 

External validity states as to which level the results of the study can be generalised 

beyond the sample in “quantitative research” (Ryan et al., 2002). The respondents 

of the survey represent a sample of a wider population that share the same interests 

and stakes in telemedicine projects. It is therefore essential that the gained findings 

are transferable and generalisable for the general public.  As the applied mixed 

methods research delivered different data, it was important to consider different 

types of validity checks as well. Onwuegbuzie and Johnson (2006, p. 57) created a 

useful matrix to address the main issues with regard to legitimation type and 

example of threats (chart 3.3). 
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Table 3.3 Threat Matrix 

Legitimation type  

 

Examples of threats 

 

Sample integration                                      
The degree to which the 

relationship between the 

quantitative and qualitative 

sampling designs yields quality 

meta-inferences. 

 

A mismatch between quantitative and 

qualitative data samples could be avoided 

as both approaches have been clearly 

separated throughout the research. Both 

approaches have been conducted 

sequential with a different target group. 

The respondents of the survey have not 

been considered in the qualitative 

interviews. 

 

Inside - outside                                                                
The extent to which the researcher 

faithfully presents and appropriately 

utilizes the insider’s view and the 

observer’s views for purposes such 

as description and explanation. 

 

The imbalance between the insider's and 

outsider's view could be achieved through 

a clear research separation. Whereas the 

quantitative data were used to create a 

Structure Equation model, the qualitative 

data were intended to just add details to the 

same questions without inferring the SEM- 

model. 

 

 

Weakness minimization 

 

The extent to which the weakness 

from one approach is compensated 

by the strengths from the other 

approach.  

 

Threats and weaknesses of both methods 

have been carefully assessed in advanced. 

The purposive stakeholder sampling has its 

limitations and so do both approaches, as 

they reflect a reality that is limited by 

cultural aspects, health-system constraints 

and the special topic of telemedicine, 

where only fragmented knowledge can be 

expected among experts. 

 

Sequential 
The extent to which one has 

minimized the potential problem 

wherein the meta-inferences could 

be affected by reversing the 

sequence of the quantitative and 

qualitative phases 

 

Sequencing is a threat as the results and 

interpretations differentiate if the 

chronology of the quantitative and 

qualitative phases are reversed. Therefore 

a clear separation of both methods were 

applied. The meta -inferences have not 

been affected as the sequence phases were 

conducted step by step. 
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Conversion 
The extent to which quantitizing or 

qualitizing yields quality meta-

inferences 

 

Over-generalisations and representations 

of participants which are not realistic could 

be avoided as the sample population came 

from different groups and have been 

evaluated independently. 

 

 

Paradigmatic mixing 
The extent to which the researcher’s 

epistemological, ontological, 

axiological, methodological and 

rhetorical beliefs that underlie the 

quantitative and qualitative 

approaches are successfully (a) 

combined or (b) blended into a 

usable package. 

 

Even though the research questions of the 

quantitative and qualitative approach were 

similar, a dualism of paradigmatic 

assumptions towards positivism and post-

positivism could be avoided through clear 

isolation of both methods. 

 

  

 

Commensurability 
The extent to which the meta-

inferences made reflect a mixed 

worldview based on the cognitive 

process of Gestalt switching and 

integration 

 

Missing empathy or training to make 

Gestalt switches might be existing, but due 

to the nature of the topic (telemedicine) 

and the research approach which is largely 

statistical this risk is minimised. It could 

appear rather in the qualitative approach 

and affect the interview outcome. 

 

 

 

Multiple validities 
The extent to which addressing 

legitimation of the quantitative and 

qualitative components of the study 

result from the use of quantitative, 

qualitative, and mixed validity 

types, yielding high-quality meta-

inferences. 

 

Meta inferences of the quality of 

quantitative and qualitative parts of the 

study are a threat. However, the risk of 

mixing the validity of statistical data with 

non-statistical data is known and 

considered throughout the research 

process. 

 

 

 

Political 
The extent to which the consumers 

of mixed methods research value 

the meta-inferences stemming from 

both the quantitative and qualitative 

components of a study 

 

 

The field of telemedicine is to some extent 

ideologically-based. Related conflicts 

could be avoided as there were no other 

researchers in place. Contradictions and 

paradoxes when qualitative and 

quantitative data are compared and 

contrasted could appear, therefore both 

approaches were treated isolated and 

sequential. 

 

Source: Onwuegbuzie and Johnson (2006, p. 57) 
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3.10.6 Objectivity 

A prerequisite of objectivity is that a truth or independent reality exists outside of 

any investigation. It is a principle which attempts to reduce the researcher’s belief 

and values to a minimum in order to be unbiased throughout the research project 

(Marlow, 2001). Scholz and Tietje (2002) observed problems in relation to 

objectivity and scientific rigor in qualitative research. For both the understanding 

of the research field and the competency to apply mixed methods the researcher 

was equipped through former qualifications, dissertational study and job-related 

roles in professional work. 

 

3.10.7 Ethical Considerations  

Ethical considerations need special attention in social science, independently from 

the research approach and paradigm. The latter is concerned with validity of 

prescriptive norms, demanding a differentiation between existence and moral 

correctness of a norm (Fiss, 1981).  

 

The confidentiality, anonymity and privacy of the survey respondents was 

considered throughout the research process. Potential participants were emailed and 

informed in advance as to the aim and purpose of the survey and asked if they would 

like to take part. The participation was voluntary and could be stopped and 

withdrawn at any time without consequences. Since the participants from the 

quantitative survey could not be traced back, the privacy and protection of the 

individuals has been assumed.  
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For the personal interviews the participants had to sign off on an agreement about 

the purpose, outcome and consequences of answering the research questions, based 

on the ETHICS approval of the Charles Sturt University research committee. The 

questions were similar to those of the quantitative approach. Electronic copies of 

the survey data were kept in a password-protected folder. The quantitative as well 

as the qualitative research was conducted under the codes of ethics of Charles Sturt 

University.  

 

3.11 Conclusion 

The decision about the right research approach and paradigm was complex since 

both methods differentiate in terms of their explanatory power and information 

value.  

The reason for the choice made was the ambition to select a contrary approach and 

paradigm to other previous researchers (table 3.1; 3.2). The quantitative approach 

with the factor analysis and SEM model was intended to answer the research 

question about the critical factors in telemedicine from a stakeholder’s perspective. 

The quantitative approach should further enlighten these identified factors. Indeed 

the categorisation of overlaying factors like transparency, progress and technology 

and underlying sub-variables does not always fit perfectly in some cases, but 

provides at least an understanding of the content of the factor and the possibility to 

put it in a structural equation model SEM. The results reflect mainly the 

assumptions of the German healthcare system and the perception of members from 

the governmental telemedicine institute BTA. 
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4 Analysis of Data 

Chapter four entails the analysis of the collected data, the evaluation with the 

support of statistical methods as well as the investigation of major topics arising 

from both the quantitative and qualitative approach. The focus will be on the 

creation and applicability of the structural equation model SEM, and its underlying 

factors, as they provide the answer to the research question in relation to  the critical 

factors of telemedicine from a stakeholder’s perspective.  

 

In this context it is important to understand the mechanisms of how the latent 

variables of the SEM model influence other related variables and to what extent. 

The six Hypotheses displayed in the SEM model will be examined consecutively. 

The results and implications will be further investigated in chapter five. 

 

Figure 4-1: Structure of Data Analysis 
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4.1 Quantitative Approach 

After a period of eight months the quantitative Web-survey was finally finished. 

Following the initial email invitation, six reminders were sent out during this time 

to encourage the ca. 500 members of the governmental telemedicine institute BTA 

to reply. As a result 122 consolidated returns could be statistically evaluated in 

factor analysis and put into a structural equation model. About 25 responses were 

incomplete and could therefore not be considered. The consolidated response rate 

was 24.4 %. The evaluation of the survey was divided into two parts. The first part 

deals with the analysis of the multiple choice questions, the other part concentrates 

on the statistical investigation via a multivariate factor analysis, to finally answer 

the research question. 

 

4.1.1 Survey answers  

Table 4.1 outlines the respondents per stakeholder group. It can be noted that the 

highest return rate came from the physicians. The group IT-service providers and 

hospital-IT were almost equal, whereas the group health union and health insurance 

members were underrepresented. The phenomena could be either caused by the 

structure of the telemedicine organisation members or in their interest in the topic 

in general.  

 

The IT-service provider group were asked further which solutions their respective 

company provides. The answers ranged from mostly telemedicine software 

applications, diagnostic equipment and hardware up to consulting services. 
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Table 4.1 Respondent’s professional background 

122 Respondents  

Physicians  51 

IT telemedicine specialist/vendor       27 

Health-insurance member 9 

Health – union association member 2 

Hospital IT /Administration 32 

Others - 

 

 

 

 

The question concerning prior experience in the field of telemedicine was answered 

negatively by 37 respondents. They noted reasons such as: lacking demand and 

necessity, personal reservations, complexity of the topic and missing knowledge 

combined with low competency. 13 members could not even name a reason for 

their telemedicine absence.  
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The subsequent question asked the respondents in which area of telemedicine they 

had already gained experience. 23 persons in total answered this multiple choice 

question. 

 

In which telemedicine applications and solutions have you already gained 

experience? 

Table 4.2 Telemedicine experience 

Respondent’s total: 23  

Teleradiology; transmission of MRT/CT images over distance 6 

Teleconsultation/ telediagnostic; Sharing of patient data over distance 7 

Telemonitoring; surveillance of patient healthiness over distance 3 

Telerehabilitation/ teletherapy of patients from a distance - 

Hospital health information system (e.g. HIS/RIS/LIS) 11 

Practis administration sytem (PVS) 11 

Telemedicine infrastructure (Network and transmission technology) 8 

Telemedicine hardware solutions 2 

Telepathology; transmission of MRT/CT images - 

Others 3 
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Table 4.2 shows that experience in the field of software and infrastructure is 

comparably high with respectively 11 respondents each, whereas knowledge about 

real telemedicine applications is lower. Seven persons noted teleconsultation, six 

teleradiology and only three noted telemonitoring in this context. This disproportion 

could indicate either that the respondents interpret the utilisation of real 

telemedicine applications differently or they are not aware of associated 

telemedicine solutions in relation to their hard- and soft-ware infrastructure.  

 

The next question asked for experience on the administrative and process side of 

telemedicine solutions. 

 

In which of the below mentioned administrative areas have you already gained 

experience with telemedicine solutions? 

Table 4.3 Experience with telemedicine solutions 

Respondent’s total: 83   

Processes around telemedicine 34 

Economy (costs, value, return on invest, TCO Total cost of ownership 

etc. 
35 

Legal aspects of telemedicine 14 

In none of these areas 26 
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This multiple choice question was answered by 83 respondents. It highlights 

economy and processes as the main areas of experience. By contrast, 26 

respondents had no experience in any area and only 14 had knowledge about the 

legal impact of telemedicine solutions. 
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The next question asked about existing preferences: 

Table 4.4  Telemedicine interests 

Which telemedicine solution would arouse your interest in the 

future? 

Respondent’s total: 113  

Teleradiology 43 

Teleconsultation/Telediagnostic 46 

Telemonitoring 37 

Telerehabilitation / Teletherapy 24 

Health information system (KIS) 42 

Practice administration system (PVS) 18 

Telemedicine infrastructure solutions 32 

Telemedicine hardware solutions 24 

Telepathology 6 

Others 16 

    

Cloud  2 

Unified Communication 1 

Video Collaboration 1 

MRT CT 1 

Consulting Processes etc. 1 

General telemedicine  1 

E health Cloud mobile health 1 

HW SW 1 

-- 1 

Prevention 1 

Video 1 

Solution mobile cloud etc. 1 

Videoconference 1 

Software Solution 1 

Consulting 1 

 

Table 4.4 illustrates the interests of the 113 respondents, with a focus on 

teleconsultation (46 respondents), teleradiology (43 respondents) and 

telemonitoring (37 respondents). From a software perspective, 42 respondents 

expressed interest in health information systems (section 2.2.1.2). 

Telerehabilitation (24 respondents) and especially telepathology (only 6 

respondents) play a minor role in the view of the respondents. 
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Interestingly, telemedicine transfer technologies like Cloud Computing (4 

respondents), Unified Communication/Video (4 respondents) and mobile solutions 

(2 respondents) found interested supporters, despite a low maturity level (see 

chapter 2.2.2), which could be a sign of a rising interest in these future technologies. 

 

4.1.2 Summary multiple choice questions 

The evaluation of the multiple choice questions revealed a disproportionate amount 

of physicians among the respondents. In contrast to that, only a few health insurance 

and union members answered the questions of the Web-survey. The group IT-

vendor and hospital-IT were almost equally represented (27 to 32).  

 

The experience in relation to telemedicine was comparably low in all respondent 

groups. From a technological perspective the existing knowledge was mainly 

limited to software solutions. Further knowledge could be confirmed on subjects 

relating to finance and economics. Only a few members could affirm experience on 

the legal side of telemedicine solutions. After these introductory multiple choice 

questions, the Likert scale rating questions followed. They are subject to statistical 

evaluation in the next section.  
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4.2 Hypothesis Creation  

The various LIKERT questions have been evaluated with a factor analysis which 

explored the existence of potential "umbrella terms", consisting of question blocks 

that fit together. Consequently, these question blocks, comprising a similar 

background and content, have been consolidated to six single overlaying factors. 

These factors are F11_1 Progress, FL 11_2 Efficiency, F12_1 IT Quality, F12_2 

Satisfaction, F13_1 Transparency and F13_2 technology. 

 

Hypothesis generation: 

Factor 1 technology: 

The literature review indicated that telemedicine solutions require an adequate 

technology behind them to achieve a higher efficacy and better flow of information 

among users. Low bandwidth, insufficient and non-performant software, as well as 

weak applications impede a proper efficiency. As a result, the numerous benefits of 

telemedicine cannot be fully exploited. The technological foundation of any 

telemedicine solution is a prerequisite to accomplishing any organisational 

efficiency advantages. 

Hypothesis H 1 is therefore:   

Hypothesis # 1 Advanced hard- and soft-ware technology of telemedicine solutions 

have a positive impact on the efficiency and flow of communication of Health 

organisations and health professionals in general. 

Telemedicine solutions allow the optimisation of the way today’s healthcare is 

being provided. Shorter treatment periods, higher diagnostic quality, reduced 

complexity and improved interoperability have been found to be the main efficiency 

factors during the literature review. All these gained benefits will contribute to the 



Analysis of Data 

Page 195 of 427 

 

overall progression of healthcare organisations that utilise such telemedicine 

solutions. 

 

Hypothesis 2 will consequently as follows: 

Hypothesis # 2: the flow of communication in telemedical healthcare delivery 

influences the progress with respect to improved treatment, diagnosis, 

standardisation and lower complexity, positively.  

Section 2.2.3 of the literature review outlined the necessity to have transparency of 

the financial and legal impacts of telemedicine solutions. This transparency can be 

provided by certain hard- and soft-ware solutions as they enable reporting 

possibilities and statistical evaluations for involved stakeholders. 

 

Hence Hypothesis 3 can be summarised: 

Hypothesis # 3: advanced hard- and soft-ware telemedicine technology combined 

with high bandwidth induces higher transparency with regard to financial and legal 

impacts of telemedicine solutions. 

Advanced telemedicine solutions have been found to improve organisational 

progress and its associated user satisfaction level, which is mandatory according to 

Urtubey & Petrich (2002); Whitten & Adams  (2003); Obstfelder et al.  (2007) and 

Ekeland et al. (2010), because otherwise such projects fail. 

 

Thus Hypothesis 4 can be summarised as: 

Hypothesis# 4: the stronger the progress the greater the associated satisfaction level 

of involved stakeholders with regard to quality and economy. 

The quality of embedded telemedicine technology evolves over time.  
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One of the reasons is the growing progression of the software itself, which is not 

only caused by updates and upgrades, but also by the overall progress of the health 

organisation, its underlying processes and end-user feedback, that will be used to 

refine the software accordingly. 

 

Hypothesis 5 can be summarised as: 

Hypothesis # 5: progress, in respect of the evolution of telemedicine solutions on 

the basis of higher diagnostic quality, shorter treatment periods and advanced 

systems and process integration, impacts the IT software quality positively. 

 

Transparency in regard to financial (Strode et al., 1999; Hailey, 2005; Mannan et 

al., 2006 & Mukherjee & Ginnis, 2007) and legal aspects (Stanberry, 2006), are 

required to operate any telemedicine solution. Stakeholders need to know the 

expected outcome to plan the business with the deployment of such solutions. This 

transparency, in turn, will add to the overall progression of the health organisation. 

 

On these grounds Hypothesis # 6 can be summarised as: transparency with respect 

to acquisition costs, legal and political aspects as well as usability has an impact on 

progression including improved treatment, diagnosis, standardisation and lower 

complexity. 
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On the basis of the six formulated hypothesis the confirmatory structural equation 

model, SEM can now be finalised with the following structure: 

 

 

Figure 4-2 : SEM-model with Hypothesis  
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4.2.1 Factor Analysis 

According to Rietveld and Van Hout (1993) factor analysis can detect variability 

among correlated variables subject to a potentially lower amount of undetected 

variables or factors. The chosen explorative factor analysis (EFA) has been used 

for theory development instead of testing hypotheses about the underlying 

construct, contrary to a confirmatory factor analysis. According to Pedhazur and 

Schmelkin (1991, p. 67) "[e]xploratory factor analysis is concerned with the 

question of how many factors are necessary to explain the relations among a set of 

indicators and with the estimation of the factor loadings"  

 

The relationship between the observed items and k unobservable (latent) factors 

yield to the basic equation of factor analysis: 

  

Y = Lf + e 

Whereas  

L = (lij) is (pxk) -matrix of Loadings 

f = (f1; :::; fk) the Vector of the common factors and 

e = (e1; :::; ep) the vector of the specific errors  

The basic assumption of factor analysis is that the value of a variable can 

additively be divided into a weighted sum of the factors. This assumption can be 

expressed by the following equation (Moosbrugger & Hartig, 2003) 
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The term xim depicts the observed value of the person i on the variables mij the 

value of person i on the factor j; mj, represents the factor loadings of the observed 

variables m on the unobservable (latent) factor j; f denotes the number of the 

underlying factors of XIM and εmi labels a residual variable. 

 

Initially the calculation started with an unrotated and non-transformed exploratory 

factor analysis. The gained results turned out to be insufficient, as the exact 

allocation of the data was not possible at this stage. Recent literature claims that 

rotation techniques are indispensable for the meaningful interpretation of factor 

analytic results, since unrotated factors are usually difficult to interpret. Hence an 

oblique Promax rotation has been contemplated to achieve correlation of the new 

factors.  

 

The factor analysis was conducted with the software program SPSS (IBM, 2015). 

SPSS is a comprehensive software package for statistical data analysis, which 

covers the entire analytical process including data input, data preparation and 

execution of the statistical methods. 

 

4.2.1.1 Results and statistical significance 

In theory certain indicators like intrinsic factors or Kaiser-Meyer-Olkin Measures 

can be applied to prove the adequacy of data for a factor analysis. The latter, also 

known as KMO, is the most commonly used measure (Bühner, 2006). The KMO 

measure is calculated by itself 
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Whereas r ij is the correlation coefficient of the variables i and j. The partial 

correlation coefficient rij.z evolves after partial extraction of all other variables.  

 

KMO can assess and approve the statistical validity of any computed factor 

analysis. Up to an intrinsic value > 1 (statistical measure) a discrete factor can be 

assumed. The survey generated a total of 6 critical factors with the support of the 

factor analysis.  

 

The Kaiser-Meyer-Olkin Measures (KMO) was above > .800 for every factor, 

which can be considered as very high (KMO chart). Hence the conducted factor 

analysis was meritorious from a statistical point of view.  

 

KMO Chart 

 

Source: Brosius (2011) 

 

Subsequently the results of the factor analysis are depicted. Ideally the respective 

variables of the certain rows load on a factor.  
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After the conducted rotation the factors are > .500 and well partitioned. The various 

KMO measures are displayed below (KMO chart). If the variables would have been 

loaded below 0.5 on the factor, the significance would be rated as “miserable” 

according the KMO chart above. 

 

Table 4.5: Results question 5 

    

Change 

progress 

(F11_1) 

Efficiency   

(F11_2) 

Time savings (better utilisation of 

human capacity) 
q011001  0.7890 

Resource savings (better utilisation 

of technical capacity) 
q011002  0.7794 

higher diagnostic quality (e.g. by 

doctors specialisation) 
q011003 0.7443  

higher geographical coverage in 

rural areas compensate for the 

shortage of doctors 

q011004  0.8853 

Advanced level of integration 

between different IT systems 
q011005 0.5537  

Improved interoperability between 

different technical standards 
q011006 0.8751  

shorter treatment period q011007 0.7088  

Improved information exchange q011008  0.5896 

Increased flexibility and efficiency q011009  0.7027 

Reduced complexity / simplified 

processes 
q011010 0.8419  

KMO = 0.8445 
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Table 4.6 Results question 6 

    
Quality 

(F12_1) 

Impact / 

satisfaction 

(F12_2) 

I am satisfied with the use of 

telemedical solutions in my 

professional life. 

q012001  0.6463 

The quality of the IT software is 

good. 
q012002 0.8674  

The depth of integration of the IT 

software is good. 
q012003 0.8846  

The interoperability of the IT 

software is good. 
q012004 0.7773  

The operability of the IT / systems 

used is simple and clear 
q012005 0.9021  

The economic value of such systems 

is transparent and comprehensible. 
q012006  0.6954 

The implemented IT solutions affect 

the quality of patient care 

positively. 

q012007  0.9179 

The implemented IT solutions affect 

the patient diagnosis positive. 
q012008  0.9377 

KMO = 0.8392 
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Table 4.7 Results Question 7 

  
Transparency 

(F13_1) 

Technology 

(F13_2) 

Flexibility of the used hospital software 

and systems 
q013001  0.8357 

Compatibility of the software systems 

used with each other and / or with 

external systems 

q013002  0.8257 

Bandwidths or capacity bottlenecks 

when exchanging data with external 

organisations and clinics 

q013003  0.7847 

Cost of acquisition, maintenance and 

service of IT systems 
q013004 0.6518  

Payroll / Remuneration / refinancing q013005 0.8075  

Transparency of costs and benefits of 

IT 
q013006 0.7151  

Legal and political situation of such 

solutions 
q013007 0.7743  

Usability and acceptability of the IT-

system solutions such as telemedicine 
q013008 0.8752  

Complexity of the used hospital 

software and their systems  
q013009 0.6976  

KMO = 0.7979 
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4.2.1.2 Merging to overlaying factors 

The results of the factor analysis pointed out the connections to the referring Likert 

questions. It could be observed that two variables appeared per question block. The 

related sub-questions q011001 to q013009 have formed two umbrella terms 

respective to critical factors, these are: 

 

F11_1: q011003, q011005, q011006, q011007 and q011010 

The question block F11_1 has been formed with respect to the major overlaying 

factor “Progress” as the sub-questions/variables like higher diagnostic quality, 

advanced integration, improved interoperability, reduced complexity and shorter 

treatment period fit best to describe and cover all included sub-items. 

 

F11_2: q011001, q011002, q011004, q011008, q011009 

The question block F11_2 has been formed with respect to the major critical factor 

“Efficiency”. Here certain sub-factors like time-resource savings, geographical 

coverage, information exchange and efficiency could be described best under the 

term “efficiency”. 

 

F12_1: q012002, q012003, q012004, q012005 

The question block F12_1 has been put together with the major overlaying factor 

“IT-quality”, as all sub-factors are associated with the quality of IT in telemedicine. 

 

F12_2: q012001, q012006, q012007, q012008 

The question block F12_2 received the major overlaying factor “satisfaction”, since 

all underlying factors are associated with the satisfaction level of telemedical 

systems from a stakeholder’s perspective. 
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F13_1: q013004, q013005, q013006, q013007, q013008, q013009 

The question block F12_1 has been named with respect to the major overlaying 

factor “Transparency” because the underlying factors are associated with financial, 

legal and political transparency. For statistical reasons the term usability is 

included, even though it is known more as a sociotechnical factor. 

 

F13_2:  q013001, q013002, q013003 

The question block F12_1 has been formed with respect to the major overlaying 

factor “Technology” as the corresponding sub-factors deal with the technology of 

telemedicine solutions (sections 2.2.1; 2.2.2). 

 

Despite the fact that the overlaying factors do not encompass and describe all facets 

and dimensions of the underlying factors (sub-questions), they are necessary to 

retrieve a holistic Meta-perspective through the structural equation model SEM. 

 

The final SEM model can be broken down to the sub factors, if the content of each 

critical factor is to be further explored. The following section will concentrate on 

the statistical analysis of the Likert questions to test the generated hypothesis and 

build the referring structural equation model, SEM. 
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4.2.2 Statistical evaluation with SEM 

The Likert score questions were intended to receive an answer to the research 

question of: 

 “What critical factors impact the sustainable adoption and integration of 

ICT/Telemedicine by involved stakeholders in Germany? 

 

The aim was to find the critical factors and their relative importance and correlation 

to adjacent factors, through a factor analysis. The structural equation model SEM 

was applied to measure the causal relationships of the generated research 

factors/variables. SEM is common in research, if latent variables of interest cannot 

be directly measured but can be alternatively investigated by using other 

measurable, or manifest, variables (Joreskog, 1993; Shumaker & Lomax, 1996). 

The implemented SEM model illustrated and tested the correlations and hypothesis.  

The quality criteria of the applied SEM model was measured with the RMSEA 

value and its associated 95% confidence interval (table 4.8).  

 

The RMSEA or root mean square error average is a measure of model adequacy, 

where lower values indicate a better fit (Hair et al., 2010).  In Literature, RMSEA 

scores are basically considered to signal adequate fits if they are: 

• below 0.10 (Browne & Cudeck, 1993; Shumaker & Lomax, 1996) 

• not higher than 0.08 (Hair et al., 2010). 

However, other authors like Bollen and Timm (2000, in Hair et al., 2010) challenge 

these static cut off points by describing them as inadvisable. 
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The applied telemedicine SEM model has an overall grade of RMSEA = 0.046, 

which can be generally described as very good. The associated 95- confidence 

interval of the RMSEA value is at 0.013 to 0.067, so that even the limit is not 

reached here. 

 

Both for the overall model as well as the comparison of the groups the third 

group, health unions, was deleted, since the number of cases were too low. 

 

Group frequency % 

P 51 42,68 

TSP 27 22,69 

I 9 7,59 

HIT 32 26,89 

Total 119 100,00 

Group P: Physicians, radiologists 

Group TSP: Telemedicine service vendor / provider 

Group I: Health insurance institutes 

Group HIT: Health IT-managers 
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Table 4.8 Measurement Model 

Measurement Model 

 

  Coefficient Std. error z p 95 CI- 95 CI+ 

F11_1 

q011003 0,653 0,077 8,430 0,000 0,501 0,804 

q011005 0,664 0,076 8,780 0,000 0,516 0,812 

q011006 0,786 0,055 14,220 0,000 0,678 0,894 

q011007 0,713 0,067 10,650 0,000 0,582 0,844 

q011010 0,633 0,078 8,130 0,000 0,480 0,785 

F11_2 

q011001 0,629 0,082 7,650 0,000 0,468 0,790 

q011002 0,616 0,084 7,290 0,000 0,451 0,782 

q011004 0,579 0,090 6,430 0,000 0,403 0,756 

q011008 0,803 0,057 14,090 0,000 0,691 0,915 

q011009 0,827 0,052 15,950 0,000 0,725 0,928 

F12_1 

q012002 0,805 0,049 16,420 0,000 0,709 0,902 

q012003 0,873 0,039 22,260 0,000 0,796 0,950 

q012004 0,770 0,056 13,830 0,000 0,661 0,880 

q012005 0,771 0,056 13,770 0,000 0,661 0,881 

F12_2 

q012008 0,761 0,066 11,560 0,000 0,632 0,890 

q012006 0,824 0,057 14,480 0,000 0,713 0,936 

q012007 0,734 0,073 10,080 0,000 0,591 0,877 

q012001 0,673 0,076 8,820 0,000 0,524 0,823 

F13_1 

q013004 0,572 0,091 6,320 0,000 0,394 0,749 

q013005 0,758 0,066 11,560 0,000 0,629 0,887 

q013006 0,667 0,076 8,780 0,000 0,518 0,816 

q013007 0,611 0,082 7,440 0,000 0,450 0,771 

q013008 0,922 0,046 19,890 0,000 0,831 1,013 

q013009 0,530 0,091 5,830 0,000 0,352 0,709 

F13_2 

q013003 0,776 0,079 9,880 0,000 0,622 0,931 

q013002 0,692 0,085 8,140 0,000 0,525 0,859 

q013001 0,711 0,083 8,590 0,000 0,549 0,874 

 

 

 

Tables 4.8 and 4.9 highlight the results of the measurement model:  
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Table 4.9 Results Structural Model 

Structural Model 

  Coefficient Std. error Z P 95 CI- 95 CI+ 

F11_1 
F11_2 0,771 0,086 9,000 0,000 0,604 0,939 

F13_1 -0,394 0,105 -3,760 0,000 -0,599 -0,188 

F12_1 F11_1 0,788 0,064 12,270 0,000 0,662 0,914 

F12_2 F11_1 0,785 0,070 11,160 0,000 0,647 0,923 

F11_2 F13_2 -0,027 0,146 -0,190 0,852 -0,314 0,259 

F13_1 F13_2 0,397 0,124 3,210 0,001 0,155 0,640 
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Figure 4-3: Complete Structural Equation model 

 

4.2.2.1 Covariance Error terms 

The correlated error terms in table 4.10 show that the unique error variances of the 

associated indicators go along. These error terms correlate and measure something 

similar that differs from the latent construct’s explained variance (1-variance) that 

are represented in the model. Thus, this correlation is not analysed and unknown 

but it exists.  
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For example the co-variable q012003 has a relatively high correlation -0.389 to the 

error term q 012008.  

 

Q 12003: The depth of integration of the IT software is good. 

Q 012008:  The implemented IT solutions affect the patient diagnosis positively. 

 

As a result it could be concluded that what cannot be explained via q12003 in the 

model (depth of IT software integration) is supposed to have a correlation to what 

cannot be explained via q012008 (IT solutions that affect the patient diagnosis 

positive) in the model. Therefore both factors correlate with an effect on the fit of 

the model. They impact each other in what they do not describe. These error terms 

are important for the overall fit of the model, as they are part of the construction. 

This relation is also known as between construct error covariance (Hair et al., 2010). 
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Further correlations are listed in table 4.10 

 

Table 4.10 Variance SEM - Model 

variance (correlation of error term)  

 Coefficient Std. error Z p 95 CI- 95 CI+ 

cov(e.q011003,e.q011005) -0,160 0,134 -1,200 0,232 -0,423 0,102 

cov(e.q011003,e.q011001) 0,194 0,120 1,610 0,107 -0,042 0,429 

cov(e.q011005,e.q011001) 0,245 0,118 2,080 0,038 0,014 0,476 

cov(e.q011010,e.q011009) 0,328 0,135 2,430 0,015 0,064 0,593 

cov(e.q011001,e.q011004) 0,248 0,116 2,130 0,033 0,020 0,476 

cov(e.q012003,e.q012008) -0,389 0,141 -2,770 0,006 -0,665 -0,114 

cov(e.q012005,e.q012008) -0,281 0,127 -2,220 0,027 -0,530 -0,032 

cov(e.q012008,e.q012007) 0,304 0,138 2,200 0,028 0,033 0,575 

cov(e.q013004,e.q013002) 0,239 0,129 1,850 0,065 -0,015 0,493 

cov(e.q013005,e.q013006) 0,299 0,127 2,360 0,018 0,051 0,548 

cov(e.q013006,e.q013003) 0,274 0,129 2,130 0,033 0,022 0,527 

cov(e.q013007,e.q013009) 0,213 0,118 1,800 0,072 -0,019 0,444 

cov(e.q013009,e.q013003) 0,290 0,136 2,130 0,033 0,023 0,556 

cov(e.F11_2,e.F13_1) 0,290 0,134 2,160 0,030 0,027 0,553 

 

 

4.2.2.2 SEM model separately (groups) 

 

During the research an attempt was made to calculate separate SEM models for the 

above-mentioned groups. However, the number of respondents in group K was too 

low, as were the number of cases in the groups L (physicians), K (Health insurance 

institutes),  I (Telemedicine vendor) and IT (Health IT-managers),  as SEM = 

requires significantly more than N> 50 volunteers to perform any content validity 

estimates.  

 

A multinomial logistic regression could be a remedy to overcome the low amount 

of respondents in group K, but due to its complexity it has not been contemplated 

for this research project. 
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A further simplification of the equation model highlights the main results: 

 

Figure 4-4: SEM simplified 

 

 

4.2.3 Results Quantitative Research 

The first Likert question answered the research question as to the relative 

importance of the critical factors (table 4.11). The main factors, with time savings 

in the top position, all fit under the overlaying factor F11_1 “efficiency”, composed 

of sub-variables like time savings, geographical coverage, resource savings, 

information exchange, flexibility and efficiency. Clearly these are the most 

important and critical factors in the eye of the stakeholders, when thinking about 

telemedicine solutions. This factor is directly followed by the next overlaying factor 

F11_2 “progress”, which includes improved diagnostic quality, advanced 

integration, improved interoperability, shorter treatment and reduced complexity, 

and, although important, is rated lower than the preceding factor. 
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Table 4.11 Critical factors  

 
1=very high 

2=high 

3=neutral 

4=low 

5=very low 

Factors in telemedicine: Importance/usefulness 

Rated Benefits Average value  

Time savings (better utilisation of human capacity) 2,14 

higher geographical coverage in rural areas 

compensating  shortage of doctors  
2,26 

Resource savings (better utilisation of technical   

capacity) 
2,32 

Improved information exchange       2,36 

Increased flexibility and efficiency 2,39 

Improved interoperability between different technical 

standards 
2,49 

Advanced level of integration between different IT 

systems 
2,53 

Reduced complexity /simplified processes 2,61 

higher diagnostic quality (e.g. by doctors specialisation) 2,71 

Shorter treatment period 2,78 

 

 

 

0 0,5 1 1,5 2 2,5 3

Time savings (better utilisation of human capacity)

higher geographical coverage in rural areas…

Resource savings (better utilisation of technical…

Improved information exchange

Increased flexibility and efficiency

Improved interoperability between different…

Advanced level of integration between different…

Reduced complexity /simplified processes

higher diagnostic quality (e.g. by doctors…

Shorter treatment period

Average Grade

Benefits in Telemedicine
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The second Likert question dealt with the satisfaction level of stakeholders in 

relation to telemedicine solutions. Here the intention was to identify the relative 

satisfaction in telemedicine solutions among the various stakeholder groups. As a 

result, the overlaying factor “IT-quality” F12_1 comprising IT-quality, software 

integration level, operability and interoperability was rated superior to the next 

overlaying factor F12_2 “satisfaction” encompassing the sub-factors economic 

value, patient quality and diagnosis. 

 

 

Table 4.12 Satisfaction level 

1= I agree  

2= I agree widely   

3= neutral   

4= I agree only partially  

5= I do not agree  

  

Satisfaction level among stakeholders  

Rated factors Average value 

The quality of the IT software is good 2,57 

The level of integration of the IT software is good 2,69 

The operability of the IT / systems used is simple and 

clear 
2,72 

The interoperability of the IT software is good 2,74 

I am satisfied with the use of telemedical solutions in 

my professional life 
2,82 

The economic value of such systems is transparent and 

comprehensible 
2,98 

The implemented IT solutions affect the quality of 

patient care positively 
2,99 

The implemented IT solutions affect the patient 

diagnosis positive.       
2,99 
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Table 4.13 Critical factors relative importance 

1=very important  

2=important  

3=neutral  

4=less important  

5=not  important  

  

Critical factors relative importance  

Rated factors Average value  

Usability and acceptability of the IT-system solutions 

such as telemedicine 
2,11 

Cost of acquisition, maintenance and service of IT 

systems 
2,14 

Payroll / Remuneration / refinancing 2,17 

Flexibility of the used hospital software and systems 2,19 

Bandwidths or capacity bottlenecks when exchanging 

data with external organisations and clinics 
2,24 

Transparency of costs and benefits of IT 2,24 

Compatibility of the software systems used with each 

other and / or with external systems 
2,28 

Legal and political situation of such solutions 2,4 

Complexity of the used hospital software and their 

systems 
2,43 

 

2,3 2,4 2,5 2,6 2,7 2,8 2,9 3 3,1

The quality of the IT software is good

The level of integration of the IT software is good

The operability of the IT / systems used is…

The interoperability of the IT software is good

I am satisfied with the use of telemedical…

The economic value of such systems is…

The implemented IT solutions affect the quality…

The implemented IT solutions affect the patient…

Average Value

Satisfaction Level of Stakeholders
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The last Likert scale was concerned with the relative importance of the identified 

critical factors. The first one was F13_1 “transparency” with the underlying sub 

factors costs, remuneration, usability, legal and political issues. The adjacent 

overlaying factor was F13_2, with its sub factors software flexibility, compatibility 

and bandwidth. In contrast to the preceding factors here the picture was uneven with 

a light advance of transparency against technology. Nonetheless, usability and cost 

(section 2.2.3) seem to be very critical in this instance. 

 

The evaluation of the Likert scales revealed not only the answer to the research 

question to some extent, but also showed that the overlaying factors delineate 

among themselves to a high degree. Additionally, it turned out that telemedicine is 

strongly associated with time and resource savings as well as a higher geographical 

coverage. Also the factors technology and transparency and their usability and costs 

in particular, play a major role in the view of the surveyed stakeholders. The next 

part concentrates on the outcome of the preceding factor analysis (tables 4.5, 4.6, 

1,9 2 2,1 2,2 2,3 2,4 2,5

Usability and acceptability of the IT‐system…

Cost of acquisition, maintenance and service…

Payroll / Remuneration / refinancing

Flexibility of the used hospital software and…

Bandwidths or capacity bottlenecks when…

Transparency of costs and benefits of IT

Compatibility of the software systems used…

Legal and political situation of such solutions

Complexity of the used hospital software and…

Average Grade

F
a

ct
o

rs

Rated Critical Factors
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4.7). These results will be now further processed, to identify the correlations among 

the six overlaying factors, in order to construct a structural equation model SEM. 

 

4.2.4 Interpretation SEM-Model 

An influence of technology (F13_2) on efficiency (F11_2) does not exist. From a 

statistical point of view it is the only non-significant result. It cannot be determined 

whether there is a relation between both factors or not, as can be seen in table 4.9 

and figure 4.2. 

 

All remaining results turned out to be statistically significant at p <0.001. 

A strong positive coherence (0.77) exists on the influence of efficiency (F11_2) on 

the factor "progress“(F11_1). The stronger the efficiency, the greater the progress 

in the field of telemedicine. A rather weak negative correlation (-0.39) could be 

measured between “transparency” (F13_1) and “progress" (F11_1). The stronger 

the transparency aspect, the lower the overall progress. This could be interpreted in 

a way that too much “transparency” seems to be obstructive to general progression.  

 

Similar strong influences exist on the factors progress (F11_1) which has a 0.79 

load on both IT quality (F12_1) and "satisfaction" (F12_2). The higher the progress, 

the greater the IT-quality (F12_1) and the satisfaction level among respondents 

(F12_2).  

 

An intermediate relation with a negative load of -0.39 exists between the factors F 

13.1, “transparency” and F 11_1, “progress”. This result can be interpreted as 

negative correlation of the factor transparency towards “progress”. 
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The remaining factor “technology” (F13_2 0.4) impacts the factor “transparency” 

(F13_1) with a load of 0.4. It has therefore a significant impact on transparency 

with regards to finance, legal and usability issues. 

 

4.2.5 Hypothesis testing 

The following six hypotheses were tested in the research: 

 

Figure 4-5: SEM with Hypothesis 

 

 

 

 

 

 

Hypothesis #1:   Advanced hard– and soft-ware technology of telemedicine 

solutions have a positive impact on the efficiency among health professionals. 

 

A robust technological foundation is a key success factor for any telemedicine 

application. Low bandwidth, inflexibility, incompatibility and minor integration 
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level of soft- and hard-ware jeopardise the main purpose of telemedicine, which is 

the flow and exchange of medical information between health professionals.  

Hence the advised benefits of telemedicine solutions like treatment and diagnosis 

over a distance cannot be fully exploited at the cost of both the patients and the 

health professionals. 

 

In fact, contrary to these assumptions, the SEM-model indicates a low negative 

correlation (figure 4.5). The reasons for this unexpected result could be varied. 

Clearly there are reservations among the respondents in respect to an over reliance 

on technology. Too much technology focus might impede proper efficiency as it 

shifts the attention onto features and functions instead of real communication in the 

delivery of healthcare. Yan et al. (2012) described this phenomena in their research 

paper about a conceptual telemedicine model as “technostress”. According to them, 

this stress is caused by the recurring striving for new telemedicine trends, constant 

renewals of health systems and associated complaints from overburdened health 

professionals. Ekeland et al. (2010) and Obstfelder et al. (2007) maintained this 

view and added “adoption failures” as another consequence that yields resistant 

behaviour among health professionals. Bad experiences in the past or resistance to 

changes among certain stakeholders could be another reason for this result. 

 

Actually, this technological aversion is a risk for the telemedicine vendors. Clearly 

they lost sense of the real demands of their customers or they could not convey the 

benefits of superior technological features and functions adequately. Other reasons 

for this surprising finding could be found in the factor usability. Even if these 

features and functions are required for the operation of telemedicine applications, 
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they could be too complex for its users and thus lead to technological resistance 

(see chapter 2.2.3.4) 

 

 

 

 

Figure 4-6: SEM - Hypothesis 1 

 

 

 

 

 

Hypothesis  1 needs to be rejected as the measurement provided a low negative 

factor load of -0.027 

 

 

 

Hypothesis # 2:   The flow of communication in telemedical healthcare 

delivery influences the progress with respect to improved treatment, diagnosis, 

standardisation and lower complexity, positively.  

 

Progression caused by telemedicine solutions is well documented in literature. The 

detected influence of efficiency has therefore a direct impact on: 

• Higher diagnostic quality, caused by a fast and detailed flow of medical 

information through telemedicine applications.  



Analysis of Data 

Page 222 of 427 

 

• Deeper integration of IT-systems, since improved communication leads to 

enhanced adjustment of the IT-systems between connected health-

organisations. 

• Shorter treatment periods for patients, as the information is not only quicker, 

but also remotely available at a distance. 

• Reduced complexity and simplified processes, since the implementation of 

telemedicine solutions goes along with an extended availability and 

exchange of medical information among health professionals. 

 

The factor load of efficiency to change and progress was measured with a load of 

0.77 or 59%.  

This comparably high value indicates a strong coherence in the SEM model. An 

opposed correlation could not be determined. It can be concluded that the 

stakeholders assume efficiency as a positive factor for the overall progression of 

telemedicine solutions. Hypothesis 2 can be accepted. 

 

Figure 4-7: SEM - Hypothesis 2 
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Hypothesis # 3:   Advanced hard- and soft-ware telemedicine technology 

combined with high bandwidth induces higher transparency concerning financial 

and legal aspects of telemedicine solutions.  

 

Figure 4-8: SEM – Hypothesis 3 

 

 

 

Telemedicine technology can add to the overall transparency of telemedicine 

solutions. The telemedicine hard- and soft-ware solutions associated with sufficient 

bandwidth to transmit medical data contribute to the visibility of: 

• Costs, associated with the acquisition, utilisation, operation and 

maintenance of telemedicine applications. 

• Legal and political aspects, with respect to patient confidentiality, restriction 

of the transmission of medical data as well as the absence of direct care 

through physicians. 

• Utilisation benefits, with regard to how telemedicine solutions pay off or 

reach the break-even point or generate a return on investment (ROI) from a 

financial perspective. 

 

The detected factor load was at 0.4 which equals to 16%. Even though this impact 

is rather low, it still indicates a direct correlation. In section 2.2.1 the benefits of 
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hard- and soft-ware solutions implied their impact on transparency. Well integrated 

software applications like billing and accounting have the potential to assess costs 

and benefits at the same time, because they are directly linked to other connected 

health information systems like the HIS (see figure 2.13 in chapter 2.2.1.3). The 

gained information provides a seamless view on all incurred health costs. 

 

The research hypothesis #3 can consequently be accepted. 

 

 

Hypothesis # 4:   The stronger the progress the greater the associated 

satisfaction level of involved stakeholders with regard to quality and economy. 

 

Figure 4-9: SEM – Hypothesis 4 

 

 

 

Hypothesis H.4. can be accepted in relation to a correlation between progress and 

general satisfaction. An above average impact with a factor load of 0.79 could be 

measured for the impact of progress on the satisfaction level of the involved 

stakeholder groups. The factor progress influences at a rate of 62% satisfaction 

benefits like: 

• Improved patient diagnosis, through faster sharing of high quality images in 

the radiology ward. 

• Better treatment options of patients, as the diagnosis can be more precise. 
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• A higher satisfaction level of all involved stakeholders and an improved 

economy rate. 

This result confirms the necessity of research and further progress in the field of 

telemedicine. It can be noted that these respondents, who perceived real progress 

on the basis of their personnel telemedicine experience, were generally more 

satisfied with the resulting outcome. The generated hypothesis # 4 can be confirmed 

and accepted as the perceived value of progress is undisputed among the 

respondents. 

 

Hypothesis # 5: Progress, in respect of the evolution of telemedicine solutions on 

the basis of higher diagnostic quality, shorter treatment periods and advanced 

systems and process integration, impacts the IT software quality positively. 

 

Figure 4-10: SEM – Hypothesis 5 

 

 

 

 

The test of hypothesis H.5. showed that the expected impact of progress on the 

quality of ICT exists. This denotes again the importance of further progress and 

research in the field of telemedicine. As with hypothesis H.4., the load is at 0.79 or 

62%. IT-quality refers mainly to the systems integration of hard- and soft-ware 
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solutions. Further progress and improvement with reference to systems integration, 

treatment and diagnosis, can influence the interoperability and integration of 

telemedicine software systems positively. Thereby the progress perceived by the 

respondents plays a major role in the systems integration. It can act as an enabler 

for further standardisation across healthcare organisations.  

 

Hypothesis # 5 can be accepted under the assumption that perceived added values 

benefit the quality, utilisation and integration of telemedicine based IT-software. 

 

 

Hypothesis # 6: Transparency with respect to acquisition costs, legal and political 

aspects has an impact on progression in healthcare.  

 

Figure 4-11: SEM – Hypothesis 6 

 

 

 

 

Transparency of the financial and legal aspects correlates with the perceived 

progress of telemedicine solutions. Hypothesis # H.6. can be accepted with a 

negative factor load of  -0.39. This result emphasises the necessity to have adequate 

transparency when utilising telemedicine solutions. Even though the factor load is 

negative it is relevant for all involved stakeholders. A lack of transparency may 

impede a reasonable progress in terms of treatment, diagnosis and system 
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integration benefits. Indeed a prerequisite for transparency is the availability of all 

required information to assess the risks and benefits. Past experiences reveal the 

difficulties that healthcare organisations face when they are trying to get 

information on the financial and legal side. Cost for instance can often only be 

estimated (see chapter 2.2.3.1). The legal and political aspects that cover a broad 

area of complex rules and regulations are similar. Any contemplated telemedicine 

applications need to be in compliance with such restrictions.  

 

Moreover full transparency demands internal communication among all relevant 

stakeholders. They all need to have the same information level to execute an 

adequate decision making process. This in turn will enable the overall progress to 

allow early counteraction of negative developments before, during and after the 

implementation of telemedicine solutions. 

 

4.2.6 Summary Hypothesis testing 

The test of the hypothesis revealed both some expected results, but also some 

unexpected findings. Especially on the technological side, the impact was lower 

than estimated after the literature review. Clearly there is a general opinion among 

respondents that over reliance on technology has adverse effects not only on the 

progress, but also on the transparency of telemedicine solutions. Progress, on the 

other hand, plays a major role in the SEM-construct. With four correlations it turned 

out to be a key-factor when dealing with telemedicine projects and solutions. IT-

quality and the resulting satisfaction have only one correlation coming from the 

progress of telemedicine. It can be noted that these two correlations have the highest 

factor load with 0.79, indicating the importance of progress with regard to IT-
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quality and telemedicine benefits. Transparency and efficiency impact progress, the 

latter one up to 0.77 or 59%, which can be considered as the third highest value. In 

essence it can be summarised that the telemedicine stakeholders should pay special 

attention to the factors of efficiency, transparency and progression. Although the 

factor technology is important as well, it should be treated with care so as not to 

overstrain the acceptance and usability of telemedicine solutions. 

 

4.3 Summary Qualitative Research Stakeholder Interviews 

The semi-structured interviews were intended to find out more information about 

the six factors of the SEM model. The given answers were condensed to filter out 

the benefits and shortcomings.  

 

4.3.1 Summary of the stakeholder interviews 

4.3.1.1 Telemedicine Service provider 

The company of the telemedicine service provider offers a teleradiology network, 

in which connected hospitals can operate telemedicine based examinations. 

According to the service provider representative, this network is very successful as 

they continuously grow their customer basis, mostly hospitals and physicians. The 

network allows the same time exchange of medical data like MRT/CT images and 

patient reports to connected clinics. Additionally, they provide software services 

that can manage and document the flow of information and content. The usage is 

financed with a license model, where interested hospitals can book certain network 

and software service licenses for their telemedicine activities. These licenses and 

capacities are scalable in a pay per use model and therefore interesting for health 

organisations that do not want to take the risk of high investments. 
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The telemedicine service provider is not really familiar with the administrative 

work behind telemedical examinations, but with the technical prerequisites and 

associated maintenance issues. 

 

Telemedicine interests 

The service provider is mainly interested in teleradiology solutions as here the 

growing potential is given due to demographic change and further treatment 

specialisations of hospitals/clinics. 

From a technological perspective the service provider considers Cloud solutions as 

the future technology for being more flexible. But so far they do not know how to 

obtain permission for medical/patient data transmission because the law for data 

protection is too restrictive in their view. They would also like to broaden their 

portfolio with consulting services for clinics with respect to telemedicine solutions, 

as they have recognised the lack of knowledge among health IT-managers and 

physicians. 

 

Telemedicine Critical factors and relevancy 

The main factors are time and resource savings, which are the key arguments for 

selling their services, according to the service provider. Through their network, 

clinics are able to share same time information, without possessing their own 

technical resources. The network performance and provided bandwidth are 

comparably high through shared media that can absorb data-peaks during 

transmission, which provides another selling argument, according to the service 

provider. 
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Interoperability and standardisation are seen as critical but manageable through 

standards like DICOM and RIS (Radiology Information System). New technologies 

like Cloud and M-Health will help to achieve a higher penetration level for 

telemedicine. 

 

The legal and political side were criticised as being too non-transparent and not 

really customer friendly. The service provider considers these legal barriers as the 

main reason for the existing hesitation to implement telemedicine based solutions. 

In particular the prerequisites per federal state make it difficult to sell their services 

across boundaries in Germany. 

 

4.3.1.2 Physician radiologist 

The physician is working as a radiologist in a large hospital that offers diagnostic 

services to other interested clinics. The solution contains a WAN-network and 

adequate hard- and soft-ware infrastructure that is compatibly connected between 

50 remote clinics. Even though most of these clinics have their own CT and 

sometimes even MRT equipment, they lack radiologists who could evaluate the 

medical findings around the clock. For this reason, the remote clinic conducts the 

examination with a medical technical assistant, who sends the patient pictures via 

VPN to the connected radiologist. The remote radiologist in turn evaluates the 

findings and determines the required treatment for the patient. If it is necessary or 

medically indicated, the radiologist drives to the remote clinic to take over the 

further actions on the patient. 

The physician, who is also president of the German teleradiology association, 

explained that these images had initially been transferred by fax. 
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According to the physician 90 percent of their patients have a suspected 

craniocerebral injury, the remaining 10 percent abdomen injuries. About 70-80 

percent of these patients turn out to have no serious medical finding. 

Without this telemedical examination and diagnosis, the cost would be much 

higher, as the remote clinics would need to foresee additional radiologists to cover 

the round the clock availability for emergency patients.  

 

Administrative experience 

The physician considers the different technological software compartments as 

complex and confusing. An integrated system that is linked to patient data, clinical 

findings and invoicing would be desired, even though the physician considers their 

current soft- and hard-ware solution as being sufficient. 

 

From an administrative point of view the physician criticised the complex rules and 

regulations of the German health system. The time spent with filling out documents 

and obtaining governmental approvals keeps the physician away from doing the job 

of examining patients. Beyond that, every radiological examination needs to be 

documented elaborately by both the remote clinic who conducts the examination 

and the physician who diagnoses the injury from a distance. Further criticism came 

from the required transmission time for medical data. Pursuant to the X-ray law 

(Roentgenverordnung) the maximum time must not exceed 15 minutes, which is 

difficult to achieve since the technological conditions vary among the connected 

neighbor clinics.  

 

The physician emphasised quick reaction and intervention if an emergency patient 

arrives in the remote clinic. With this as a background, they wrote a manual for the 
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remote clinics to document the required process steps in order to achieve the 

regulated minimum times for diagnosing emergency patients. 

 

Telemedicine critical factors and relevancy 

The physician sees time and resource savings as the main beneficial factor for their 

solution. In particular savings on personnel expenditure play a major role for them, 

as radiologists are rare and expensive in Germany. The time savings were justified 

with regards to the former onsite travelling to the hospital, which is not required 

anymore. Besides that, the specialisation possibilities for certain diseases through 

job-sharing are seen as another positive outcome of their own teleradiology 

solution. 

 

Telemedicine interests 

The physician is interested in teleradiology and new mobile solutions that are more 

flexible. The aim of the physician for the future is to implement home office 

working places in order to be able to diagnose remotely via a tablet computer. Cloud 

solutions are also of interest as they support the flexibility of storing MRT and CT 

images permanently. The physician said that they are attractive because they enable 

independent access from anywhere at any time. Further interests have been 

expressed in security aspects and new software that has the potential to relieve 

administrative work in telemedicine. 
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4.3.1.3 Health IT-Manager 

The health IT-manager is responsible for the ICT-infrastructure of a medium sized 

hospital that manages teleradiology examinations and telemonitoring with 17 

connected remote clinics. For this reason they have a large hard- and soft-ware 

infrastructure including an appropriate software solution that is integrated to their 

HIS-system. The main business is generated with the remote examinations of 

emergency patients on a 24 hour basis. The required patient images are coming 

from the connected hospitals, where a medical assistant conducts the CT- screening 

and transmits the results over the WAN-network. 

The responsibility for the health IT-manager is to take care that all the systems are 

reliable and redundant. 

 

Administrative experience 

The administration and operation of the ICT-system is done by the health IT-

manager. The manager is not only responsible for buying and maintaining the 

equipment (MRT/CT), but also for the management and invoicing of the diagnosis 

services for the connected hospitals. Frequently they conduct workshops to discuss 

the business and potential improvements on the technical side. The generated 

revenue depends on the kind of injury and diagnosis conducted.  

The IT-manager confirmed that the legal aspects are critical and complex, due to 

numerous rules and regulations that exist for such solutions. However, they see the 

growing political support in Germany.  

 

Telemedicine interests 

The health IT-manager is interested in teleradiology. As a transfer technology they 

see M-Health and Cloud computing as being attractive for their business scenario. 
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Here the health IT-manager supposes potential to save money, but also a risk for 

patient data protection. The IT-manager noted that there is still no political and legal 

consent concerning the general approval of Cloud-solutions in Germany. 

 

Telemedicine Critical factors 

The main beneficial factor has been described as the possibility for smaller 

healthcare oganisations to assign the diagnostic part to specialised clinics that 

provide radiological examinations via telemedicine. The IT-manager pointed out 

the high personnel costs that could be saved. Interestingly, the equipment costs play 

a minor role in the eye of the IT-manager, although acquisition and maintenance 

costs are comparatively high.   

Besides that improved information sharing and better possibilities to diagnose 

patients are considered as being positive. By contrast is the factor data security, 

which is complex and restrictive in Germany, according to the IT-manager.  

 

4.3.1.4 Health Insurance Manager 

The health-insurance manager works in a health insurance organisation that drives 

certain telemedicine initiatives for their members in Germany. As such, the 

insurance manager is directly involved in these projects. At present, they fund a 

telemonitoring project to surveil COPD-patients from a distance and a teleradiology 

project, where they support the implementation of a standardised network for 

interested clinics and other health organisations. The purpose of this funding is not 

only to encourage health organisations to invest in this future technology, but also 

to analyse the contemplated costs and benefits. So far no real evidence of cost 

savings could be found, according to the health-insurance manager. Moreover, they 
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could not detect any improved health of their patients through telemedicine 

solutions. As long as this evidence is missing the insurance company has problems 

putting telemedicine solutions in their settlement catalogue of funds for health 

organisations. In the opinion of the insurance manager, this will take at least 10 

years to realise. 

 

The health-insurance manager commented that this might be the reason for slow 

adoption and sectorial thinking among physicians, because they are scared to loose 

patients/customers. The insurance manager drew awareness to the possible risks of 

overtreatment, due to the latest telemedicine hype. Such negative developments 

would interfere with the positive aspects of such solutions. However, the insurance 

manager spoke about a permanent underutilisation in radiology wards of German 

clinics which could be prevented with suitable telemedicine solutions. 

 

Administrative experience 

The insurance manager is not really involved in the administrative issues of 

providing telemedicine based services, but knows about the scope and complexity. 

In their view these guidelines need to be simplified and identical for all federal 

states in Germany, because otherwise it will be problematic to adapt it to an aligned 

telemedicine based settlement. This requirement has been addressed politically by 

the health insurance organisation. 

 

Telemedicine interests 

The insurance manager is interested in numerous telemedicine solutions, but rather 

from an economical perspective. In particular new technologies, like Cloud 

solutions and M-Health are of interest, as long as they fulfil the necessary security 
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requirements and economic benefits for the health insurance organisation as well. 

The insurance manager has no technical background and experience and could not 

assess the applications upon their functions and features. 

 

Telemedicine critical factors 

For the health insurance manager the changed demographical structures and wider 

geographical coverage, are the main and most critical factors. Resource savings and 

increased flexibility were also named. Nonetheless, the insurance manager would 

not rank the different benefits on their relevancy, as all are important for the success 

of telemedicine. 

On the other hand the insurance manager reminded of the importance of the face to 

face contact between physician and patient, which should not be disregarded in this 

instance. 
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4.3.2 Summary Critical factors 

 

FactorF11_1 progression  

 

Question towards improved quality, integration, processes, interoperability, less 

complexity and shorter treatment period 

 

TSP: The interviewee acknowledged progressing quality and interoperability of 

latest telemedicine applications like teleradiology through standards like Dicom 

email and latest transfer technologies like Cloud and M-Health. 

 

P: The interviewee agreed on the recent progress of telemedicine applications but 

criticised the difficult integration of such solutions through different software 

compartments at the same time. However, certain workshops with partners helped 

to achieve an adequate integration level. 

 

HIT: The interviewee commented on the advanced possibilities through 

telemedicine solutions in relation to improved information sharing, better diagnosis 

and capacity utilisation, especially for smaller clinics that cannot fund radiology 

wards. 

 

I: The interviewee associates the telemedicine evolution with topics like growing 

collaboration, broader coverage and financial benefits. Besides that, the insurance 

manager warned of an overtreatment of patients caused by unnecessary 

examinations. 
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Factor F11_2 Efficiency, 

Question in relation to efficiency, information exchange and associated benefits like 

time and resource savings 

 

TSP: The interviewee agreed on better efficiency, especially for smaller hospitals, 

caused by superior information exchange through telemedicine solutions they 

provide on a pay per use basis.  

 

P: The interviewee is satisfied with the direct communication and diagnosis 

treatment that telemedicine enables. According to the respondent's view this leads 

to time and resource savings as well as to a better specialisation of radiologists. 

 

HIT: The interviewee sees a clear improvement in the flow of communication 

which is caused by their own teleradiology solutions. Here they save travelling time 

and onsite radiologists. New applications like M-Health allow further location 

independence. 

 

I: The interviewee has no personal experiences, but sees recent improvement in 

communication exchange between telemedical clinics. On the other hand the 

respondent criticised the sectorial thinking across those healthcare organisations 

that impedes proper flow of communication. 
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Factor F12_1 IT – Quality,   

Question in relation to IT - quality 

 

TSP:  The interviewee is basically satisfied with the IT-quality, but considers the 

amount of software solutions as too high and complex. Further criticism has been 

noticed regarding the existing software islands that they want to overcome with 

their overlaying hard- and soft-ware infrastructure. 

 

P: The interviewee is satisfied with the implemented IT-software, but perceives the 

harmonisation possibilities for the existing software compartments and license 

costs as inadequate and not really user friendly. 

 

HIT: The interviewee had good experiences with the implemented IT-quality but 

criticised the level of integration and connection to other systems, which they 

remedied with their own software solution and associated network infrastructure. 

 

I: The interviewee has only limited knowledge, but regards the broad and complex 

software portfolio of applications negative and hopes that future applications will 

be less complex and more standardised. 
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Factor F12_2 Satisfaction,  

Question concerning satisfaction with regards to quality and economy 

 

TSP: The interviewee summarised flexibility, time savings and resource utilisation 

as the main benefits of telemedicine solutions which add to an overall satisfaction 

level among the involved users. 

 

P: The interviewee observed quality improvements like efficiency and flexibility 

on the treatment and diagnosis side, caused by their own telemedicine applications, 

which yield a higher patient and radiologist satisfaction. 

 

 

HIT: The interviewee reported about new possibilities with their adopted 

telemedicine remote radiologists and the resulting improvement on the diagnosis 

side for connected remote hospitals, which in turn are happy with the gained cost 

and quality improvements. 

 

 

I: The health insurance interviewee cannot really assess the satisfaction among 

telemedicine users due to lack of experience, but has heard about benefits 

concerning flexibility and improved quality from their members and their own 

telemedical corporations. 
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Factor F13_1 Transparency,  

Question regarding costs, remuneration, legal and political issues of telemedicine 

solutions 

 

TSP: The interviewee drew a positive picture about the transparency of associated 

costs in telemedicine, but sees a need for clarification on the political and legal side 

of telemedicine. The complex legal rules and regulations hamper a further 

penetration. 

 

P: The interviewee assessed the transparency as being sufficient but considers the 

legal and regulative restrictions as unconducive. In particular the complex federal 

health system has been criticised because it complicates accreditation to conduct 

telemedicine based services. Another phenomenon has been described as 

protectionism. The respondent explained that certain lobby groups among resident 

physicians prevent proper competition among radiologists who utilise telemedicine 

applications. 

 

HIT:  The interviewee is satisfied with the current financial transparency in his 

company. The respondent considers the political situation as insufficient but on the 

right way to promote such projects in the future. Criticism has been formulated 

towards the case based settlement for telediagnostical examinations. 

 

I: The interviewee admitted that there are unsolved problems, politically and 

legally, that need to be fixed to obtain full transparency.  

Moreover there is no settlement for any telemedical diagnosis. The treatment is 

exclusively based on the finding itself and not on the procedure to gain this finding. 
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However, it has been recognised among healthcare institutes that such support is 

necessary to promote telemedicine projects. 

 

Factor F13_2 Technology, 

Question in regard to technical flexibility, interoperability, capacity, compatibility 

 

TSP: The interviewee spoke in high terms of the technological foundation, 

consisting of a modern WAN network with the ability to prioritise medical data 

streams. The associated hard- and soft-ware applications have been rated as 

performant but not well enough integrated, although standards like DICOM relieve 

the situation. However, it was confirmed that new technologies like Cloud and M-

Health will revolutionise the market. Criticism came from the user side, where the 

interviewee sees a gap between the permanent demand and feasibility of always 

delivering the latest technologies. 

 

 

P: The interviewee was delighted about the latest technological progress of ICT, 

especially on the part of telemedicine. Of special interest are M-Health and Cloud 

technologies although there is no clarity about the legal aspects. 

Criticism centered around the lack of integration and compartmental thinking of the 

telemedicine hard- and soft-ware  industry. 

 

HIT: The interviewee pointed out the capabilities of the WAN-network that allow 

fast and prioritised data transmission and is also interested in Cloud and M-Health. 

Standards were an issue, but the respondent agreed to a common mutual standard 
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with the business partners to overcome confusion and complexity on the 

technological side. 

 

I: The interviewee had only limited knowledge and experience on the technological 

side of telemedicine solutions. However, the respondent was aware of the 

complexity of managing technological aspects like standardisation and integration 

issues for all involved health organisations and stakeholders. 
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5 Conclusions and Implications 

Section five starts with the evaluation of the quantitative research approach. First 

the critical factors will be determined and explained in regard to their relevancy. 

Afterwards, these factors will be put into the SEM model to outline the various 

correlations and dependencies of the model. Thereafter, the findings of the 

qualitative research will be interpreted and analysed from a stakeholder perspective, 

based on the four executed interviews, to finally answer the research question. The 

final part contains a discussion about certain quality criteria comprising 

contribution to theory and for practise as well as limitations and implications for 

further research. 

 

Figure 5-1: Overview section 5 
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5.1 Introduction 

The aim of the research project was to investigate the critical factors that facilitate 

or impede the sustainable adoption and integration of telemedicine solutions in 

Germany. For this reason two different research approaches were applied to cover 

all relevant items and dimensions. The first quantitative approach was the most 

comprehensive and significant one, as it was intended to answer the research 

question and associated hypothesis. The second qualitative approach in turn should 

enlighten the detected critical factors with further underlying information from 

stakeholders’ perspectives. 

On the basis of the survey conducted, the most critical factors could be found and 

rated upon their relative importance. Through the subsequent factor analysis it was 

then possible to detect and categorise two overlaying factors per Likert question 

blocks, which led to six major critical factors in total.  

These overlaying factors were then put in a structural equation model to highlight 

their correlations and values within the SEM construct. The SEM model can be 

used both to understand the complex relations between these identified six factors 

in relation to their existing or non-existing relation to adjacent factors, and to 

provide a holistic Meta-perspective from a stakeholder viewpoint to answer the 

research question. 

Decision makers are now able to identify in advance which factors of telemedicine 

influence health provision and to what extent. In addition to that, the succeeding 

qualitative approach illustrates the various sub-topics of each factor.  

In order to achieve this perspective, four different stakeholders comprising a 

telemedicine service provider, a physician, a health IT-manager and a health 
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insurance representative were interviewed and asked the same questions that were 

applied for the quantitative research as well. 

Both results together produce a comprehensive view of the determining factors in 

telemedicine. Stakeholders and health decision makers can pay special attention to 

factors with a high impact and relevance, to avoid unwanted developments prior to 

and after the implementation of telemedicine projects. Besides that, they are now 

able to identify the pattern of certain factors in their interaction with adjacent factors 

inside the SEM construct. 

In the first chapter the background to the research topic and research problem was 

identified and evaluated. This chapter points out the necessity for further 

investigation into the critical factors of telemedicine from a stakeholder’s 

perspective and justified the associated research method and agenda consisting of 

two different research approaches and paradigms.  

Chapter two focused on the relation of existing knowledge and previous research, 

which was mainly based on studies. It gives special attention to the driving forces 

of telemedicine, before it identified the various dimensions and factors that impact 

telemedicine solutions, positively and negatively. These critical factors include 

technological aspects as well as political, legal and financial issues which were 

covered under the caption transparency. Beyond that, the responsible stakeholders 

with their respective interest in such solutions were analysed to determine the scope 

of research.  

Finally the literature review outlined potential information gaps and unclear studies 

about the costs and benefits of potential telemedicine solutions. 



Conclusions and Implications 

Page 248 of 427 

 

On this basis the research question of  “What critical factors impact the sustainable 

adoption and integration of ICT/Telemedicine by involved stakeholders in 

Germany? was formulated. 

Chapter three described the applied research methods that have been used to collect 

the required data for the research question and appendant six predefined 

hypotheses. It consists of the research framework and the related data sample. The 

research has been divided into two parts. The first part comprises the quantitative 

approach which was undertaken in three consecutive steps.  First the critical factors 

and their relative importance in telemedicine were determined via the Web-survey 

and its associated ratings. Then a factor analysis was carried out to identify and 

consolidate the numerous sub-factors/variables into six main critical factors. 

Finally, these factors were implemented in a designed structural equation model 

SEM. The SEM model visualises the complex relations of the factors impacting 

telemedicine solutions. The second part of the research deals with the qualitative 

approach. Here the results of the quantitative method should be further investigated 

to gain additional information beyond the six factors of the SEM model. In order to 

obtain this information, four different stakeholders were interviewed. 

Chapter four contains the analysis of the gained data. The first section focusses on 

the quantitative approach with the factor analysis and the associated creation of the 

SEM model. Part two summarises the results of the qualitative interviews in the 

context of the six factors of the SEM model.  

The most critical factors and their relative impact were of particular interest. But 

also the overlaying factors and their role in the SEM construct were of interest. 

Chapter four closes with the evaluation and summary of the acquired findings.  
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Chapter five explains the conclusions and implications for the research question 

and predefined hypothesis. Subsequently a discussion of implications, limitations 

and recommendations for further research follow. The final section closes with a 

recapitulation of the quality criteria for both research methods.  

 

5.2 Findings Quantitative Approach 

In this section the conclusions drawn from the conducted quantitative research are 

highlighted. The first part of the Web-survey consisted of general questions that 

had to be answered, before the Likert-score ratings started. The latter part was 

analysed with factor analysis (Field 2000; Rietveld & Van Hout 1993). It showed 

that most respondents came from the physician stakeholder group, followed by 

health-IT-managers and telemedicine service providers. Health insurance and union 

members were underrepresented. The reason for this could be that either physicians 

are more interested or they are more represented in the member structure of the 

surveyed telemedicine institute. 

Concerning prior knowledge the survey exposed that most of the respondents had 

already acquired experience in solutions like hospital information systems, 

infrastructure, teleconsultation and teleradiology. This experience included also 

administrative areas such as processes, economy and legal issues as well. However, 

legal knowledge in particular was rarely distributed and 26 persons had no 

experience at all. Even though these results are not statistically relevant, they 

indicate that stakeholders and decision makers should engage more with 

telemedicine solutions, accompanied by adequate training (Kodukula & Nazvia, 
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2011). In particular the legal aspects are of importance, bearing in mind that a new 

e-Health law has been enacted recently (BMG, 2016). 

Teleradiology, teleconsultation and telemonitoring were rated as the most important 

applications followed by software (HIS) and infrastructure solutions (Network and 

server architecture). Here the future research should be intensified according to  

Roine et al. (2001); BMJ Group, (2002); Hailey, Ohinmaa and Roine (2004); 

Cleland et al. (2005); Klersy et al. (2009); Inglis et al. (2010); de Jongh et al. (2012) 

and McCartney (2012).    

But popular transfer technologies like Unified Communication, Cloud solutions and 

M-Health also found interested respondents. For these technologies, the number of 

studies are comparably higher, but often not directly linked to telemedicine 

solutions (table 3.2). 

Overall it can be noted that these results reflect to some degree the inconsistent 

studies and lack of information about the factors transparency and technology.  

 

5.2.1 The main critical factors 

The survey results revealed that time and resource savings as well as higher 

geographical coverage, are the major critical factors in telemedicine, as already 

implied by Eysenbach (2001); Hjelm (2005); and Kodukula & Nazvia (2011). In 

contrast to that stakeholders placed less emphasis on higher diagnostic quality and 

shorter treatment periods, which is very interesting as the respondents were mainly 

physicians. This may be grounded either in case based settlement or it has to do 

with sectorial thinking or protectionism (see qualitative interviews section 4.2). 



Conclusions and Implications 

Page 251 of 427 

 

Relative importance was mainly dedicated to transparency factors like usability 

(Kuo & Hwang, 2004; Berg et al., 2005; Cao & Zhang, 2005) and cost and benefits 

(Bhattacherjee et al. 2007). This view is underpinned by literature but disputed 

among scholars (Ash, Gorman & Seshadri, 2004; Fonkych & Taylor, 2005) as they 

do not see credible studies which could prove any associated implications. 

The overall satisfaction level among stakeholders pointed out a positive bias 

towards IT-quality from the perspective of software and integration level, contrary 

to literature that see the numerous standards and lack of integration level critically 

(Proctor & Brown, 1997; Raghupathi & Tan, 2002; Aggelidis & Chatzoglou, 2008).  

The diagnostic factors comprising shorter treatment periods, better diagnosis and 

radiologist specialisation were rated lower by the stakeholders, although they are 

an integral part of telemedicine. Even the interview partners in the qualitative 

research confirmed its relevancy in the context of their telemedicine solution. 

The precedent factors have been consolidated to allow a holistic approach from a 

Meta-perspective. These six overlaying factors were put in the SEM model. The 

evidence of the existence of the detected factors and sub-variables were traced back 

to the findings of the academic literature in chapter two. 

Figure 5.1 depicts the SEM model with the various relations and dependencies. The 

referring hypothesis evolved through the SEM creation. 
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Figure 5-2: SEM - Model 

 

 

The propositions were tested in section 4.1.7. The test results are displayed in table 

5.1 
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Table 5.1 displays the six supported and un-supported factors of the SEM. 

Table 5.1 Research Propositions 

Hypothesis Hypothesis 

test  

# 1 Advanced hard- and soft-ware technology of telemedicine 

solutions have a positive impact on the efficiency and flow of 

communication of health organisations and health professionals in 

general. 

Not 

Accepted 

# 2 The progression of telemedicine adds to the overall 

satisfaction of telemedicine stakeholders 

Accepted 

# 3 Advanced hard- and soft-ware telemedicine technology 

combined with high bandwidth induces higher transparency 

concerning financial and legal impacts of telemedicine solutions.  

Accepted 

# 4 The higher the progression with regards to improved 

treatment, diagnosis, standardisation and lower complexity, the 

greater the benefits of telemedicine in terms of IT- quality and 

overall satisfaction 

Accepted 

# 5 Efficiency, with respect to the flow of communication among 

the different telemedicine stakeholders impacts the progression of 

telemedicine positively. 

Accepted 

# 6 Transparency with respect to acquisition costs, legal and 

political aspects as well as usability has an impact on progression 

including improved treatment, diagnosis, standardisation and 

lower complexity.  

Accepted 
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Conclusion SEM Model 

The creation of the SEM model generated some interesting findings. One of them 

is the missing correlation of technology with higher efficiency. Clearly technology 

appears sometimes to be prohibitive of efficiency. The reasons can only be 

supposed in areas like transparency with respect to usability (ISO, 2010). Efficiency 

itself has a strong correlation to progress, which acts as a key factor since it has four 

correlations including IT-quality, efficiency, transparency and satisfaction level. 

The strongest correlations turned out to be between efficiency and progress (0.77); 

progress and satisfaction (0.79); and progress and IT-quality (0.79). The 

implications for this result are explained in the following section. 

 

5.2.1.1  Factor 1: technology 

The importance of an adequate technological foundation for telemedicine solutions, 

described in section 2.2.1, is uncontroversial in literature (Herbig & Buessing, 

2006; Porszolt & Kaplan, 2006; Trill, 2009; Johner & Haas, 2009; Kunhardt, 2011).  

Telemedicine technology enables the flow of medical data via video, images and 

direct communication among health professionals. Without an adequate 

technological foundation the telemedicine applications cannot be adopted and 

operated. However the factor analysis could not detect a direct association between 

technological foundation and improved efficiency. Therefore Hypothesis #1 needed 

to be rejected.  

An explanation for this unexpected outcome could be found in the over challenging 

demands on usage, called usability (Kuo & Hwang, 2004; Berg et al., 2005; Cao & 

Zhang, 2005). Section 2.2.2 outlines certain problems that go along with complex 
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manuals and handling procedures. Sax et al. (2005) observed that health 

professionals are distracted by telemedicine technology when conducting complex 

procedures. Indeed often complexity grows equally with the progress of new hard- 

and soft-ware solutions. In particular the numerous new developments and upgrades 

that are necessary for owning the latest technologies may lead to higher frustration 

on the part of users in health-IT. 

Further reasons might be found in the lack of adaptability, low bandwidth, 

inflexibility, incompatibility and minor integration level of soft- and hard-ware 

caused by proprietary software islands and incompatible interfaces (Proctor & 

Brown, 1997). Telemedicine Service providers should consider the concerns of 

over-technisation amongst stakeholder groups that hold users back from the 

implementation of such applications. The design of soft- and hard-ware solutions 

should incorporate and reflect the wishes and demands of users, instead of the 

vendors, with their aspirations to perpetually add new features and functions. 

Unlike its relationship to efficiency, a direct influence of technology on the factor 

transparency was identified. Hypothesis #3 can be accepted. 

Clearly the technology supports the transparency of costs, benefits and legal issues 

positively. It shows that advanced telemedicine solutions care for a growing 

visibility among stakeholder groups. A prerequisite is an appropriate soft- and hard-

ware infrastructure. Stakeholder groups should foresee this relationship in their 

telemedicine project planning. If they contemplate the implementation of a modern 

telemedicine infrastructure that meets the expectations of transparency, then the 

probability is high that this will also increase further progress (figure 5.1). On the 
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other hand inadequate IT infrastructure can impact transparency and other related 

factors negatively. 

 

5.2.1.2 Factor 2: efficiency 

The improvement of efficiency is the core task of any telemedicine solution. It has 

a strong correlation with progress in terms of higher diagnostical capability, shorter 

treatment periods, lower complexity and higher levels of integration (Proctor & 

Brown, 1997;   Raghupathi & Tan., 2002;   Aggelidis & Chatzoglou, 2008). 

Hypothesis #5 can be accepted. 

Independent from the kind of information, stakeholders should support the flow of 

information, internal and external, to healthcare organisations, to achieve 

sustainable progress in efficiency (SEM model figure 5.1). The influence of 

technology indicates a further dependency in this instance (figure 5.1). This means 

that technological preconditions have a direct impact on efficiency and progress at 

the same time. Stakeholders are well advised to consider both sufficient progress 

and appropriate technology for a chosen telemedicine application. 

 

5.2.1.3  Factor 3: progress 

The progress caused by the implementation of telemedicine solutions represents a 

key factor with a total of four correlations with adjacent factors. But it can only 

evolve if the factors transparency (2.2.3) and efficiency (section 2.3.5) are 

comparatively considered. 
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Progress in turn has an effect on IT-quality in terms of soft- and hard-ware 

solutions, confirming Hypothesis #4. It can be noted that without measurable 

progress the IT-systems stagnate in their evolution. Stakeholders should insist on 

progress as a leverage factor for IT-quality.  

Progression also impacts the overall satisfaction level of the involved stakeholders. 

Hypothesis #2 can be accepted. 

Section 2.3 reveals the positive aspects of satisfaction on enhanced patient 

outcomes and reduction in organisational expenses (Bates et al., 2001; Mukherjee 

& McGinnis, 2007). 

Telemedicine stakeholders should monitor implementation and progress on a 

regular basis. Insufficient progress in turn could be traced back to either lack of 

efficiency or deficiencies in the factor transparency (figure 5.1). 

 

5.2.1.4 Factor 4: transparency 

The factor transparency shows a dependency on proper telemedicine technology 

(figure 5.1). A robust technological telemedicine infrastructure combined with 

adequate software solutions can add to improved transparency. This in turn has an 

impact on efficiency. Hypothesis # 6 can be accepted. 

Numerous studies on transparency and effectiveness of telemedicine solutions have 

been published, but none could unequivocally prove associated benefits of 

telemedicine (Curell et.al, 2000; Roine et al., 2001; Cleland et al. 2005; de Jongh 

et al., 2012 & McCartney, 2012). Most often the costs and benefits could not be 

assessed, as the required data could not be drawn from the existing software 
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solutions. Stakeholders should pay attention to software solutions that enable 

transparency on the financial side (Strode et al., 1999; Hailey, 2005; Mannan et al., 

2006 & Mukherjee & Ginnis, 2007), to achieve a well-balanced correlation within 

the SEM model. The arrow correlation of transparency in relation to progress shows 

a negative factor load. This means that higher values on transparency reduce the 

factor progress to the same extent. Nevertheless, it does not necessarily mean that 

transparency can be neglected, as the balance of the whole construct should stay in 

the foreground. 

 

5.2.1.5 Factor 5: IT-Quality  

IT-quality shows a dependency on progression. In a progressive environment hard- 

and soft-ware applications can unfold and utilise their capabilities (Eyssenbach, 

2001; Bellazi & Zupan, 2008; Shekelle & Goldzweig, 2009). Chapter 2.2.1 

summarised the associated prerequisites accordingly. That is to say that stagnation 

in the quality of IT could be attributed to lack of progress. 

Sociotechnical challenges and usability issues on the other hand could explain the 

reciprocal correlation. Users that have difficulties in operating telemedicine 

systems could avoid usage and bypass it with manual solutions, which would 

interfere with the development and refinement of software applications. Only if the 

users provide feedback can the software be adjusted and enhanced in relation to 

their personnel requirements. Stakeholders could avoid these issues by teaching the 

end-users of telemedicine applications with adequate training, which should take 

place prior to the planned implementation. 
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5.2.1.6 Factor 6: satisfaction 

Satisfaction on the user and stakeholder side is inevitable for the execution of 

successful telemedicine projects. Otherwise such projects fail (Urtubey & Petrich, 

2002; Whitten & Adams, 2003; Obstfelder et al., 2007; Ekeland et al., 2010). A 

project failure leads not only to dissatisfaction among users and stakeholders, but 

also impedes the benefits of telemedicine, as concluded in section 2.3. Therefore 

stakeholders should take the strong correlation of the factor progress into account. 

Overall satisfaction level should be measured frequently by the responsible 

stakeholders before, during and after implementation. It could be measured either 

directly with user surveys or indirectly by measuring the development and quality 

of patient diagnosis and treatment, and achieved improvements in the rate of 

economy. If the results then indicate signs of dissatisfaction the stakeholders could 

intervene in associated factors like progress, transparency, technology and 

efficiency. 

 

5.2.2 Conclusion 

The results of the factor analysis mirror the findings of the literature review to a 

great extent. However some results like the minor importance of the factor 

technology were unexpected. An indicator could be the growing requirements on 

users and IT-administrators that lead to a certain reluctant behaviour among users. 

Indeed this does not exclude the usage of performant technology as long as it is 

accepted and easy to use. 

The same is true for the exposed significance of progress, which acts as a key factor 

for correlated factors.  
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Without measurable progress the success of telemedicine might be questionable. 

Transparency in turn requires technology to unfold its possibilities in relation to 

costs and benefits assessment.  

IT-quality depends on progression as it needs user feedback to develop features and 

functions.  

Efficiency in turn adds to progress, but has no relation to technology, which 

demonstrates that communication is not always about advanced technology. 

Transparency is necessary as stakeholders have to assess cost and benefits upfront. 

The current legal situation is unclear and filled with rules and regulations that 

distinguish per federal state. Also obstructive is the still existing case based 

settlement for examinations that disregards any telemedical activities. A remedy 

might be the new e-Health Law that has been released recently. 

A high satisfaction level is the aim, but can only be achieved if all factors and sub 

variables of the structural model are equally addressed. SEM is a theoretical 

construct which is only valid in the measured setup with all existing correlations 

and sub-variables. It is a complex method to describe the relative importance of 

factor relations in telemedicine, from a stakeholder’s perspective. Its main purpose 

is the detection and visualisation of both positive and negative developments within 

the existing factors of telemedicine. 
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5.3 Findings Qualitative Approach 

5.3.1 Summary interviews 

The interviews generated some new facts and information that was shared by some 

of the interviewees. Three of the four questioned persons had already gained 

experience with a teleradiology solution. Their main interest was to use their own 

capacities as best as possible to generate profits with the provision of telemedical 

services to connected remote clinics. Higher demographic coverage, time and 

resource savings were simultaneously rated as the most critical and positive factors. 

But improved diagnosis and radiologist’s specialisation were also seen as positive 

by the physician and health-IT manager, which reflects the findings from the 

quantitative approach. They explained that smaller hospitals especially profit from 

the possibility of out-tasking the diagnostic aspect of their work to clinics that are 

specialised, because they can save costs. Moreover they can concentrate on their 

core competency when they hand over the diagnostic part, which in turn will be 

better due to an improved radiologist specialisation.  

However they should at least possess a CT to be able to screen emergency patients 

and pass on the images to the telemedicine vendor.  Indeed, all stakeholders agreed 

on the fact that the main costs are not on the equipment, like CT or MRT, but on 

the required personnel, in the form of the physicians / radiologists. 

One major critical factor among the surveyed stakeholders was the issue of the lack 

of standardization that they face in their daily work. It was noticeable that all of the 

reviewed stakeholders shared an interest in new solutions and applications like 

Cloud Computing or M-Health, which could relieve this problem in their view. 
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Besides this interest was the fear of the various rules and regulations that are 

associated with these new media. The future is seen with a degree of apprehension 

in relation to the timeline towards telemedical services being accredited and paid as 

part of the case-based settlement fee catalogue of the health insurance companies 

in Germany. A last critical factor was remarked upon by the health insurance 

manager and the physician: they called it protectionism/sectorial thinking. Behind 

these terms is the fear of health professionals and health organisations of loosing 

customers/patients to other physicians due to telemedicine based services and 

resulting higher transparency, which yield a growing reluctance among these 

stakeholder groups, in their view.  

The following part outlines the content of the interviews per stakeholder. 

(a) Telemedicine service Provider 

The TSI-stakeholder drew a positive picture about the telemedicine market in 

Germany. The product portfolio of hard- and soft-ware applications were seen as 

variable and confusing due to the numerous available applications, which are not 

well integrated. In this instance the TSI-stakeholder pointed out the necessity to 

further develop integrated standards beyond DICOM and PAC’s with a higher level 

of integration. With the existing applications, the integrity level is sufficient but not 

consistent across health organisations. From a technical perspective, the 

prerequisites of high performance WAN and LAN connections with high 

bandwidth and productive server systems were mentioned. The several updates and 

upgrades were regarded as a problem not only for IT-administrators, but also for 

end users. Feedback from clients and users is required to further enhance the 

software and progression in this field.  
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The TSI-stakeholder also confirmed a lack of transparency and an unclear political 

situation. To remedy the situation, it would require new legal regulations that would 

be valid across all federal states of Germany. Furthermore, the TSI-stakeholder 

demands the adoption of telemedicine funding from the health insurance companies 

to support the further progression of telemedicine.  

(b) Physician 

The physician stakeholder appreciated the possibilities of current telemedicine 

applications, since they provide higher flexibility and greater efficiency. The 

physician uses mobile devices like tablets to share diagnostical information. 

However some findings are still discussed via telephone without video connection.  

Criticism came towards the complex integration of such systems, which sometimes 

require workarounds to adopt telemedicine applications. The pricing structure, 

especially the license costs, has been found to be very expensive. According to the 

physician there is also no harmonisation among the different systems, which require 

continuous practise and training. This compartmental thinking hampers proper 

systems integration in the view of the physician. 

The Physician supposed that protectionism among health professionals is a major 

reason for the slow progress of telemedicine in Germany. The fear of loosing 

patients/clients and revenue is pervasive among physicians.  

Transparency was rated low by this stakeholder. The main reasons were seen in the 

complex regulations that differentiate each federal state. Other criticism was 

formulated on the lack of support of the health insurance organisations. At present 

there are no funds for telemedicine available, as the remuneration system only 
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considers treatments as refundable. The case based treatment system was criticised 

as it does not meet the requirements of the physicians.  

(c)  IT-Manager Administrator 

The health IT-manager articulated the benefits of telemedicine as information 

sharing, improved diagnosis, higher efficiency and enhanced resource utilisation. 

The stakeholder’s hospital uses mobile devices like tablets and video 

communication to discuss diagnosis findings. 

Although the flow of communication is sufficient in the view of the health IT-

manager, there was still a reservation towards the level of integration. In matters of 

software applications applicability and usability were rated as good, contrary to the 

results from the survey. 

From a transparency point of view, criticism was raised on the lack of visibility of 

the various rules and regulations and the missing funds caused by a case based 

remuneration system on the health insurance side. However the costs and benefits 

could be exactly quantified by the Health IT-manager. The achievement this level 

of transparency demanded the implementation of another software tool that was 

programmed and customised. This information substantiated the indication of 

software islands in telemedical health IT wards (Proctor & Brown, 1997). 

(d) Health Insurance Manager 

The health insurance representative had no real experience on telemedicine 

solutions but represented the financial side of telemedicine. Furthermore his own 

health insurance organisation supported a telemedicine project. Here they had good 

experiences with respect to enhanced flexibility, communication exchange and 

collaboration among connected health professionals.  
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Concerning technical issues the insurance representative knew about a lack of 

standardisation and the complex software landscape, but not from his own 

experience. The necessity to compensate telemedicine examinations has been 

recognised by health insurance companies, but this is difficult to implement because 

there is no consesus about the way this can be realised in accordance with all the 

different rules and regulations. The health insurance stakeholder explained that 

there are certain initiatives to fund telemedicine based examinations, independent 

from the case based settlements. 

5.3.2 Conclusion 

The stakeholder interviews brought further insights beyond the six identified 

factors. The knowledge of the respondents varied depending on their professional 

background. Whereas the physician and health-insurance representative had mainly 

knowledge about quality aspects and financials, the It-manager and service provider 

knew more about the technical background. Together they provided a multifaceted 

and holistic picture of their perception around telemedicine. 

The overlapping subjects in relation to telemedicine that concerned all stakeholders 

were: 

• Standardisation: The numerous software solutions combined with minimum 

standards are seen with skepticism. There is a consensus that these software 

islands interfere with proper system integration, which was already part of 

the discussion in chapter 2.2.1.2. 

 

• Progression: Telemedicine is not a one off solution. It requires an ongoing 

process of adaption, tradeoffs among stakeholders as well as financial 
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justification to constantly improve its performance. In this process it is 

necessary to consider end-user feedback, as this input can improve usability. 

 

• Legal and political: The legal side of telemedicine is not only confusing but 

also different in each federal state. All stakeholders agreed that a new legal 

foundation needs to be established, that provides for clear rules and 

regulations across boundaries. The new e-Health law will remedy this 

situation provided that the contents are entirely realised.  

 

• Case based settlement: The present remuneration system does not consider 

any telemedicine treatment. Health insurances should change their payment 

and settlement strategy to make telemedical examinations more attractive. 

This measure could then lead to higher penetration and further growth rates. 

 

• Benefits: Efficiency and flexibility were acknowledged, but difficult to 

measure. Nevertheless costs and benefits need to be clear to the involved 

stakeholders, as they need to plan their telemedical business strategy 

thoroughly. Any missing figure or value can distort the whole business 

calculation. 

 

• Usability: The stakeholders agreed that telemedicine applications should be 

easy to handle, which conforms to the findings of the literature review 

(section 2.2.3.4) and survey (section 4.1). Users who perceive the handling 

as too complex might avoid usage. As a result the anticipated advantages 

could not be put into effect. 
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• Telemedicine development: The physician and health insurance 

representative refer to behaviour among health professionals which impedes 

telemedical examinations. They called this phenomena sectorial thinking 

with respect to “protectionism”. According to them, the physicians referred 

to resist telemedical examinations, because they fear losing their patients to 

other physicians who use telemedicine applications. Such a behavior has an 

adverse effect on the evolution of telemedicine. Awareness campaigns 

initiated by the telemedicine service providers and health insurance 

institutes may relieve this hazardous situation. 

 

• Technology: The foundation should be a strong WAN and LAN- connection 

combined with performant servers and adequate software, according to the 

health IT-manager and telemedicine service provider. However several 

updates and upgrades were criticised in this context as they sometimes 

overstrain the end users. Here the telemedicine vendors are accountable to 

deliver technological solutions with appropriate update and upgrade cycles 

to avoid annoyance of health IT-managers. 

 

The following section summarises the findings obtained from the quantitative and 

qualitative research approach. Even though both approaches were conducted 

independently, their aim and structure was similar. The first quantitative approach 

was intended to capture the question of the major factors in telemedicine 

empirically, whereas the second qualitative approach aimed to check the results 

qualitatively via stakeholder interviews. Prior to the research, it was expected that 

the findings should show similar results but afterwards they outlined considerable 

differences in some areas of research. The reason for this phenomenon cannot 
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exactly be traced back. However it is likely that the differences relate to the 

underlying knowledge of the interviewed stakeholders. This background 

information could probably neither be covered in the questionnaire, nor in the 

subsequent Likert score ratings of the quantitative approach. Such results are 

important as they identify correlations that would otherwise not be detected. To 

assess their relevancy it is necessary to compare the statistic and qualitative results 

equally. In the best case results do not only show similarities, but also interaction 

between results. For example, if a factor in the SEM model indicates a strong 

coherence to an adjacent factor that has been also mentioned in the qualitative 

interview, then the reader can combine both results accordingly. Since the questions 

in the qualitative interviews were not limited, it is then possible to draw information 

beyond the mere statistical information. This holistic view from a Meta-perspective 

enables the decision maker to cover all relevant dimensions and items. The only 

risk in this instance is that the evaluation of both results could be either 

misinterpreted or be ambiguous. This might happen if the responses from the 

interviewed people are not clear and precise. Therefore it is necessary to always 

scrutinize any result and finding carefully. The subsequent section comprises the 

main findings and recommendations from both research methods. 

 

5.3.3 Discussion of findings 

The pressure on the German healthcare system is ubiquitous. A lack of resources, 

unprofitable hospitals, over-challenged physicians, obsolete health structures and 

inefficiencies lay the foundation for all kinds of telemedicine solutions. It is not a 

new way of treatment per se but rather a method by which an evidence-based 

therapy can be brought to a place where no expert is on site. 
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During the course of research telemedicine turned out to have beneficial effects for 

both healthcare organisations and patients. Unfortunately these effects could neither 

be quantified nor really verified on a real business case. Too many variables, 

assumptions and unknown underlying factors conceal possible evidence. Even the 

created SEM model is based on various assumptions that may not fit in a real health 

environment. Obviously telemedicine is too diversified and complex to pin it down 

to clear facts and recommendations. 

It is not conceivable for SEM models to support the evolution of new research 

studies in the future. But at least they provide guidance and assist the involved 

stakeholders to grasp the whole complexity of telemedicine.  

A positive sign is the evolution of regional networks among hospitals that develop 

concepts for a widespread use of telemedicine. The possibilities of creating real 

benefits for patients and health organisations grows with such collaborations 

enormously. 

In this instance the following further topics appeared to be relevant during the 

research approach.  

(a) Costs:  

One major obstacle for decision makers and other stakeholders towards the 

implementation of telemedicine solutions is the unclear cost situation. Even though 

Bates et al. (2001) and  Mukherjee & McGinnis (2007) observed cost effectiveness 

in the administrative sector, there is still a lack of clear and valid telemedicine 

studies that can prove any cost advantages.  Thus it is difficult to assess the real cost 

impact in advance for stakeholders. The quantitative and qualitative results brought 

no clarity about the real costs, but confirmed the necessity to assess these in 
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advance. In particular the demarcation between CAPEX (capital expenses) and 

OPEX (operational expenses) as well as direct and indirect costs of telemedicine 

were of interest for the surveyed participants.  

At least consensus among the interviewed stakeholders and survey participants was 

achieved on the fact that the major part of costs arise on the part of personnel and 

radiologists in particular. Since the interview respondents stated that they require 

around the clock services this phenomenon is explainable, because it requires 

manpower resources for day and night including holiday times or sickness 

absences. At least three to four radiologists with all incorporated costs would be 

necessary to cover such an availability. 

 

(b) Economy 

Impact on other health areas: Telemedicine solutions are associated with potential 

economic benefits like cost savings and process improvements. The assessment of 

the relevancy of these factors appears to be difficult as these advantages cannot be 

exclusively attributed to the ICT solution itself (Au et al., 2002; Murphy & Simon, 

2002). Other factors discovered during the project included: 

• Organisational changes which often lead to more efficiency in neighboring 

wards; 

• Patient emergence and behaviour that can change through the usage of 

telemedicine applications; 

• Competitive environment that changes over time due to technological 

changes.  
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Such influences are complex to assess because often they are not visible to the 

health organisation. 

(c) Compelling event:  

Even though telemedicine provides an attractive possibility to achieve cost 

effectiveness there is still the need for a trigger or compelling event for healthcare 

organisations to implement such a technology. Potential savings alone might not be 

enough to justify such an investment, unless the overall financial situation is 

strained or the number of patients low. Telemedicine may provide a remedy in such 

situations by broadening the service portfolio for patients. Health-checks, remote 

monitoring, medication or patient prevention programs could help clinics to 

generate further business and revenue.  

 

Also physical recommendations or food implications could be part of this business 

model. Here the clinic could agree to contracts with food makers, the sports industry 

or even local fitness centres. Patient loyalty would grow and there would be 

possibilites to generate business as well. 

Another reason could be a changed strategy where the clinic concentrates on their 

core competencies which may not include telemedicine services. In this scenario 

the diagnosis part could be outsourced to a telemedicine service provider or 

connected neighbor clinic to take over such tasks. The clinic in turn could focus on 

treatments that fit their knowledge and competency.  
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(d) Health corporations:  

Telemedicine enables health-organisations to collaborate not only on the diagnosis, 

but also on certain treatments and health-programs. Often this collaboration 

encompasses numerous clinics with various competencies that can be brought 

together to make a combined offer for patients. Such collaborations have the effect 

that the patient can always expect the best possible choice and treatment due to the 

various capabilities these clinics have. Moreover, they can organise a common 

agreement to share the business volume equitably according to competencies and 

clinical resources. This approach would help to overcome the sectorial thinking and 

protectionism that have been mentioned during the stakeholder interviews (section 

4.2). Apart from these points, the clinical corporations could be used to lower the 

acquisition costs for: 

• Telemedicine equipment, like MRT,X-ray and CT; 

• Telemedicine devices like video, mobile health and telephony; 

• Telemedicine applications like teleradiology, telehealth, telemonitoring; 

•  ICT infrastructure like hard- and soft-ware solutions, servers and 

underlying networks. 

The larger the number of connected clinics the higher the demand on equipment 

and therefore the higher the possibility to negotiate competitive pricing. 

Additionally scale effects resulting from the collaboration and connection of clinics 

may arise and relieve the financial situation of the health organisation.  

These benefits could include a better reputation in the market that would be 

achieved due to advanced telemedicine solutions. 
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(e) Expansion 

Telemedicine applications have the potential to influence other areas of medicine. 

For instance remote monitoring of patients can help to better understand patient 

behavior and its impact on health. Consequently health delivery can be more 

customised and concerted. The gained health data could be used to provide an exact 

dose of medicine or to work out secondary prevention and to develop new 

applications for mobile devices. By this means new industries of health services can 

evolve. In addition to that, health research can profit from patient metrics as well 

clinical studies. 

(f) Cultural aspects:  

During the research project the cultural differences in Germany among stakeholders 

and health-professionals could be observed in the conducted survey and interviews. 

It turned out that a certain diversity of expectations came to the fore, which was not 

limited to any technology or financial benefit itself, but also to usefulness. But even 

the degree of demand ranged from mere video communication between two 

physicians, up to superior large scale teleradiology solutions. It is difficult to 

address these different requirements and expectations adequately as stakeholders 

and decision makers need to understand both the surrounding environment and 

associated usage. 

(g) Learning effects  

The research outlined positive effects on doctors’ specialisation through a focus on 

their core tasks. These effects can have a positive impact on the patient and other 

adjacent wards as well, as it grows the quality of treatment in general. The better 

the diagnosis the more accurate the subsequent treatments. 
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(h) Political support: 

Governmental institutes like the BTA can help to share information about 

telemedicine applications through a wide range of health-organisations. Their 

experience and case studies of successful implementations, combined with 

governmental funds, support hospitals to come to a decision towards their 

implementation. Beyond that they bring together interested clinics to plan a 

common approach. 

(i) Current telemedicine studies:  

The demand for clear studies is persistent among stakeholders of telemedicine 

(Miller, 2001; Ekeland, Bowes & Flottorp, 2010). In particular large studies are 

necessary for planned telemedicine projects to guide stakeholders in their decision 

making process. Current studies often lack the necessary transparency to draw 

unambiguous conclusions.  

The reasons for this unsatisfactory situation are varied. Most often the research 

approach is incomparable, limited in focus and bound or even biased to a certain 

health-system and philosophy (Hailey, Ohinmaa & Roine 2004; Hailey, 2005; 

Mannan et al., 2006; Mukherjee & Ginnis, 2007).  What the health-organisations 

need are large scale studies that apply a certain logical approach and comparable 

metric to draw valid conclusions. Such studies could include the patient’s 

satisfaction level as well, in order to refine the overall picture, because only satisfied 

patients are loyal. 

(j) Telemedicine applications: 

The number and characteristics of telemedicine applications are confusing for 

interested clinics. Often it is questionable as to what is really meant by telemedicine 
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and what is simply another feature in an existing ICT-solution. The most significant 

ones during the research were teleradiology and telehealth. 

The dilution of telemedicine definitions is causing problems as this also distorts 

related studies. This in turn yields to misinterpretations among the telemedicine 

industry and consumers (clinics). As a result, the calculated economical outcome 

cannot be achieved. Therefore it is important to work with exact terms and 

definitions.  

(k) Comparability, reproducibility of results 

Agreed standards in economic evaluation are necessary for reproducibility, because 

otherwise the results could vary significantly (Lobley, 1997; Hersh et al., 2001; 

Grigsby, Brega & Devore, 2005). Therefore further measurement contents of 

studies may be adapted from the six factors identified in the factor analysis: 

(l) Technology:  

Telemedicine technology comprises of the hardware part and infrastructure. The 

hardware part could be measured upon downtimes, network failures, transmission  

quality, bandwidth, processing time, speed and efficiency. 

(m)  IT-quality:  

The software part should be observed with regards to integration level, capabilities 

usability and handling. Proper IT-solutions also help other connected wards to 

increase efficiency if they are well integrated.  

(n) Transparency:  

Transparency could be measured by the availability of clear data in relation to the 

financial and legal situation.  
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The exact costs and benefits need to be outlined  transparently without 

misinterpretation. Therefore it is important to observe the exact capacity rate of 

equipment and personnel to identify inefficiencies before they come up. 

(o) Efficiency:  

Here the focus should be laid on certain key performance indicators like:  

• Reduced travel time: Telemedicine benefits are seen in reduced travel times 

and saved time and resources, according the quantitative survey. These 

factors have been reported during the stakeholder interviews as well.  

• The number of diagnostical treatments: for instance with the 

implementation of teleradiology applications the amount and frequency of 

examinations should increase the number of conducted examinations and 

type (MRT/CT), including the communication behavior among different 

wards. 

 

(p) Measuring progress 

The progress of telemedicine could be analysed during a certain time period with 

long term studies. The focus should lay on growing performance and profit, as well 

as on new customers/patients, which could be acquired through telemedicine 

solutions. 

(q) Measuring satisfaction 

Satisfaction level of radiologists and health professionals as well as other scale 

effects could be measured with surveys and appraisal interviews. 
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(r)  Factors that are interesting for stakeholders:  

Future studies should address the personal interests per stakeholder. For example 

physicians may be interested in quality aspects whereas IT-managers might be more 

concerned about technical features and functions, as the qualitative interviews 

outlined. Besides that, the studies should be large scale to enable meaningfulness. 

Structural equation models are useful in this context as they are shifting the factorial 

results to a higher overlaying level which provides a holistic view to telemedicine 

decision makers. 

(s) Telemedicine utilisation  

The interviewed physician and telemedicine service provider stakeholder reported 

that the main usage of their teleradiology solution concentrates on emergency 

patients with CT head and abdomen examinations, which constitute 90 percent of 

all teleradiology patient treatments. Clearly this form of usage is common according 

to both stakeholders. Basically the CT diagnosis is lower in costs and suitable for 

emergency patients to exclude serious injuries of the head and abdomen. Future 

research should focus on this phenomena to find out the underlying reasons for this 

partial usage. If the MRT plays a minor role for teleradiology, then the business 

case would have to be calculated with different variables, excluding the MRT part. 

In fact, such a limitation would have an impact on the expected advantages. 

The preceding discussion of findings of both research approaches allowed some 

interesting comparisons to be drawn. Firstly the results were predominantly similar 

for the factors efficiency, economy, transparency, usability, progression and 

cultural influences. On these findings only minor discrepancies could be observed. 

The main differences have been found for the factors technology and IT quality. 
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Whereas the literature review and the interviewed persons pointed out the 

importance of these factors for an improved efficiency of hospitals, this coherence 

could not be found in the statistical evaluation. 

Secondly, the discussion allowed a deeper insight into the gained results of the 

factor analysis and SEM model generation. Since the answers in the qualitative 

interviews were not limited, they provided the underlying explanation to some of 

the empirical findings. For example, the legal constraints and technological barriers 

of telemedicine, although discovered, could not be derived from the statistical 

evaluation but from the qualitative interviews. They revealed some important 

insight details that would otherwise not be detected. Such qualitative results are a 

valuable source to refine the statistical findings.  

Thirdly, some findings of the qualitative research approach indicated new fields of 

interest that could add to the overall results. Concrete examples were the 

telemedical collaboration possibilities among connected telemedicine clinics and 

the new application areas for existing solutions like health prevention and nutrition 

consulting. For this reason, it is necessary to consider both research results 

independently and consecutively to get a holistic view. 
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5.4 Contribution to Theory 

Certain implications for theory concerning the factors that influence telemedicine 

evolution have been found as part of this research.  

The main existing knowledge around telemedicine gained from the literature review 

has been condensed from several sub-variables to six subordinated factors. With 

the help of a structural equation model SEM, these factors were transformed in a 

network of relationships, to allow a holistic view of telemedicine in general. This 

is a guide for stakeholders and decision makers to identify both critical factors and 

their reciprocal correlations. The SEM model mirrors the perception and 

expectation of telemedicine stakeholders and can therefore not only be used for 

planning but also for existing implementations, to avoid and adjust negative 

developments before they arise. 

In essence decision makers can now assess: 

• What factors contributes to satisfaction, how it can be achieved and what 

are the sub-variables behind it. 

• Why technology is not the main factor and which parts of technology are 

really important in this context. 

• The exposed relevancy of progression and why it is important for other 

factors like satisfaction as well. 

• The strong impact of efficiency on the progress of telemedicine. 

• The effect of progress in relation to IT-quality. 

 

The second part of the research allows a more detailed view of the issues behind 

these factors. For this purpose four predefined stakeholders, identified in the 

literature review, were questioned about their opinion towards these six factors. As 
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a result the six factors were pinned down to current topics from their personal 

perspective. Even if only one or two of these factors appear to be a problem, the use 

of the SEM model can identify the underlying mechanisms and relationships that 

need to be considered, in order to solve problems adequately. For instance if 

transparency is low, the user can conclude that progress is at risk and that 

technology behind it could remedy the issue to a certain extent. Consequently a 

corrective measure would be to check and realign the hard- and soft-ware behind 

the application, its ability to report financials as well as standardisation and usability 

issues. 

This additional information could also help single decision makers to decide on the 

right telemedicine strategy. Previous research shows the discrepancy of academic 

results. Neither the BMJ Group (2002) nor Hailey, Ohinmaa and Roine (2004) 

could find studies which delivered applicable criteria of telemedicine performance, 

even though Strode et al. (1999); Hailey (2005); Mannan et al. (2006) and 

Mukherjee and Ginnis (2007) emphasised its imperative relevancy. 

Despite the fact that the SEM model cannot replace scientific studies, it can at least 

highlight correlations of factors that lead to successful implementations in 

telemedicine. It can also build new insights on the perception of benefits and 

shortcomings on a Meta-level, while at the same time delivering clarity in relation 

to philosophical stance and operational impact. 
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5.5 Contribution for Practise 

The SEM model with its associated sub-variables can be used in practice as a guide 

for telemedicine business strategy. In order to employ the SEM model as a business 

tool, it is necessary to make sure that the factors and variables are known and that 

the starting position is clear and unambiguous. Basically it should be determined if 

it is a planned project or an existing telemedicine infrastructure. Both situations can 

be managed with the support of the SEM model and the results of the associated 

qualitative interviews. 

For a planned telemedicine project, the factors in figure 7.9 should be addressed 

independently as follows: 

The factor progress should be examined if all sub-variables in relation to 

standardisation and interoperability are given. A guide in which standards are useful 

and common can be find in section 2.2.1.5. Moreover the results of the interviews 

indicated that standards like DICOM email as well as Cloud and mobile solutions 

offer adequate transfer media to share medical information. Stakeholders should 

assess how they could be utilised. Subsequently progression should be checked by 

measurement, either with software tools or user surveys. 

Efficiency can also be measured by monitoring the processes of telemedicine in 

relation to: improved diagnosis, required times for treatments, capacity utilisation, 

resource savings and possible geographical scope of telemedicine health delivery 

(section 2.3). The qualitative interviews outlined the possible resource savings 

through higher efficiency of telemedicine solutions in detail. 
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The quality of the ICT infrastructure is critical and well described in section 2.2.1.  

Special attention should be paid to the points harmonisation, integration level and 

standardisation possibilities, that were raised during the stakeholder interviews. 

The satisfaction level of users and stakeholders needs to be measured frequently. 

Any deviation allows inferences to be drawn in relation to other factors like 

progress. Stakeholder and end user surveys play a major role in measuring the 

satisfaction level of users. The factor transparency contains an assessment of the 

financial situation, which can be done with certain software solutions like health-

based Enterprise Resource Planning systems (ERP).  

Legal and political issues should be clarified before implementing telemedicine 

solutions. Especially the federal regulations and their impacts should be taken into 

consideration. Also it should be observed if protectionism among connected health 

professionals exists and if the case based settlements are sufficient to cover costs 

and generate profit. If not, affected clinics could think about a reasonable share of 

the patient costs and resulting payments from health insurance. 

An adequate technological foundation is required: even if it is not the key factor for 

efficiency, it still contributes to transparency if the hard- and soft-ware solutions 

are well designed and deeply integrated with connected systems across 

organisations. Nevertheless technology should neither overstrain the end-users with 

complex manuals nor the IT-managers with permanent updates and upgrades. 

Respective information is summarised in section 2.2.3. 
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Figure 5-3: SEM-Model with Percentages 

 

 

 

5.6 Limitations 

Certain limitations have been found during the research approach. The choice to 

conduct mixed methods research provided a variety of perspectives on the research 

question, but was also found to be challenging (Greene, 2007). It has 

complementary strengths and non-overlapping weaknesses (Brewer & Hunter, 

1989; Johnson & Turner, 2003), which were minimised as far as possible during 

the research. 

Similarly complex was the selection of post-positivism and positivism for the 

underlying paradigms, since the pragmatic mixed method research does not match 

with a single system or philosophy (Creswell et al., 2003). Therefore the multiple 

paradigm stance under the characteristic of the complementary strengths thesis was 

selected (Teddlie & Tashakkori, 2003). It turned out that, although complex, the 

results were clear, but limited in their validity for the following reasons:  
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• Sample size and selection:  The sample size was comparably low but in 

relation to the total group statistically significant. The participants of the 

Web-survey were all members of a telemedicine association BTA and 

therefore equipped with previous knowledge. However non-members might 

have answered differently. For the quantitative approach, with only four 

interview partners, the significance was not given. It was intended instead 

to get some insights on the topics behind the critical factors of telemedicine. 

 

• The cultural background and health system: Both approaches took place in 

Germany, under the basic beliefs, cultural assumptions and associated 

health systems. Therefore the results might not be applicable to other 

cultures and health systems. 

 

Other limitations arose through the anonymity of the respondents: their answers 

could be distorted if they did not answer the questions seriously or were in a hurry. 

Furthermore not all stakeholders were questioned. The results may vary if every 

stakeholder were involved in a survey or interview. An expansion of the 

investigated stakeholder groups to further groups and across countries would 

possibly reveal different results. Also the fact that mostly physicians replied to the 

survey may be a factor. 

The kind and style of the questions could have led to some bias among the 

respondents, as they either had previous knowledge or a settled opinion about a 

certain topic in the field of telemedicine.  
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The categorisation into the six major factors did not precisely match the underlying 

variables. Some of these variables could fit into other major factors as well. 

Nevertheless most of the variables could be exactly linked to the main factors. 

5.7 Further Research 

Various fields of research evolved during the dissertation that should be further 

examined.  

The SEM model pointed out six critical factors influencing telemedicine solutions. 

It is advisable to statistically underpin these factors and associated relations 

pertaining to: 

• Technology: technology alone, although a key factor, seemed not to be that 

crucial. Therefore the question relates to how technology could further be 

developed to allow deeper integration and easier use. For this purpose the 

three dimensions of Bashur et al. (2011), that is technology, functionality 

and applications, could be analysed separately to further identify the root 

causes of standardisation issues. In this context it could also be verified 

whether Cloud computing or mobile health (section 2.2.2) have the potential 

to remedy missing standards. There are certainly barriers towards medical 

data security to solve before it can be fully utilised. 

 

• Transparency: further research should encompass technical transparency 

achieved by advanced software solutions and personal transparency like 

consumerism (Gray, 2008; Simons, 2008) and cross border health tourism 

(Kunhardt, 2011). End user surveys and reliable studies on real financial 

performance could support transparency issues. 
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• Efficiency: intangible and long lasting effects are difficult to measure 

(Saarinen, 1996), as these cannot be traced back to a single factor (Au et al., 

2002; Murphy & Simon, 2002). Therefore the sub-variables of efficiency 

like time and resource savings, and improved information exchange could 

be partitioned before investigation and then afterwards put together to get a 

holistic view of the main points. 

 

• IT-Quality: for IT subsequent research should concentrate on end users of 

software solutions to enable appropriate usability, which is considered to be 

the determinant factor (Kuo & Hwang, 2004; Berg et al., 2005; Cao & 

Zhang, 2005). The gained results could be shared with IT-vendors to 

optimise their product portfolio accordingly. 

 

• Progress: the importance of progress could not be ascertained during the 

literature review and there is no study available that confirms its outstanding 

position. Future research should include the factor progress and connected 

sub-variables like improved diagnosis and shorter treatment periods, by 

measuring them quantitatively. 

 

• Satisfaction: a high satisfaction level is crucial for any telemedicine solution 

to succeed and it heavily depends on progress. An alternative research 

approach should include the patients in future research, as they are at the 

centre of each telemedicine project (Lutz, 2007). Moreover they represent 

an important stakeholder group. 
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In addition, it should be determined whether other stakeholder groups like 

policymakers, risk- and compliance-officers or health unions, which have not been 

analysed in this dissertation, are important as well.  

The sample size for the undertaken research addressed a relatively small sample 

and could therefore be enlarged to other cultures and healthcare systems to find out 

whether the factors remain with the same relevance and correlation in relation to 

factor load and direction. The SEM model could then be generalised across borders 

in the near future. 

The underlying research paradigm plays a major role in any research. Other 

paradigms and research approaches, quantitative and qualitative, could refine the 

results too, if conducted on a larger scale.  

Additionally future focus groups may include randomised selected participants who 

work in health organisations to get a basic view on telemedicine. To prioritise the 

practice, future researchers are well advised to pay attention to clear studies with 

conceivable results that support all kind of stakeholders in decision making. In any 

case the SEM model can contribute to traditional tools with a holistic view to a 

complex topic. 
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5.8 Final Conclusion 

It is not so long ago that patients had to carry their bulky X-rays from doctor to 

doctor. If they lost their images it was necessary to x-ray them all over again, 

including unnecessary radiation exposure to the body. Modern information and 

communication technologies have opened up new possibilities in medicine. 

Pioneering telemedicine was the digitisation of data in particular, so that today’s 

medical information can be exchanged quickly and easily by electronic means. The 

distance between doctor and patient, thanks to new technical achievements, no 

longer matters. 

Nonetheless, the current German healthcare system is at the beginning of the new 

millennium in a profound process of change towards the evolution of telemedical 

examinations. Demographic change, scientific progress and numerous social 

changes put the current shape of the health systems into question. Proven supply 

structures, settlement strategies and payment systems may not cope with the future 

challenges of telemedicine. Conventional financing concepts lack the requirements 

of acknowledging remote examinations. Health insurance companies need to 

rethink their strategy to cope with these challenges. 

But also the telemedicine service providers, health IT-managers and physicians 

need to contribute to the success of telemedicine solutions. 

Non-standardised and non-user friendly technologies, software islands, lack of 

interoperability, sectorial thinking, protectionism and lack of political support  

impede the idea of time- and location-independent examinations. 

The conducted research can assist to remedy these major challenges, by providing 

a guide to adhere to in the strategy decision-making processes of stakeholders, to 
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transform healthcare into a new era of health delivery. The created SEM model can 

augment this process. Complex topics like telemedicine cannot be explained by one 

factor or term only. There are too many surrounding variables that need to be 

considered. And even if all factors are incorporated, it is still too complex to apply 

and arrive at any consequences, as figure 4.2 explicitly shows.  

Further consolidation of the main critical factors in figure 4.3 provided both 

visualisation and applicability. With this consolidated SEM model it is possible to 

draw the necessary findings and conclusions. This does not mean that the sub-

variables should be disregarded. They can still be considered by the users, if the 

overlaying critical factor has been found to be problematic. In such cases the major 

factor (e.g. transparency or technology) should be pinned down to sub-variables in 

order to allow deeper research of the possible causes. 

Indeed special attention should be paid to two further critical factors. First the risk 

of an over technisation or technostress relating to the factor technology (Yan et al., 

2013), probably due to its growing complexity; and secondly on the risk of over-

treatment as described by the health insurance manager, during the conducted 

interview. The welfare of patients does not grow equally with ever new offerings 

and methods of prevention and diagnosis possibilities. There is a risk that this new 

health transparency may turn into an addiction of fictional treatments and 

hypochondriac behaviour.  

A somewhat positive new development in health-business arose with the latest pay 

per use models that evolved during the research and which can be observed for 

other technical industries as well. These models have the potential to replace former 

asset based business models. In a pay per use scenario a health organisation does 
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not need to buy cost-effective equipment, but can book or lease certain telemedical 

services instead. These services can be scaled up and down, according to the degree 

of capacity utilisation, making it possible to calculate any telemedical business 

project precisely and accurately and hence increasing overall transparency. 

In any case at the centre of every consideration should be the patient, being the most 

important stakeholder.  

 



References 

Page 291 of 427 

 

6 Bibliography 

6.1 Books, Journals, Web 

 

A 

Abbasi, A. (2003), Voice over IP A Discussion of Business and IT Challenges: 

Voice over IP and IP Telephony Trends  

http://searchnetworking.techtarget.com/ whitepaperPage/ 

 

Aggelidis,V.P. and Chatzoglou,P.D. (2008), Methods for evaluating hospital 

information systems: a literature reviewEuroMed Journal of Business Vol. 3 

No. 1, 2008 pp. 99-118 

 

Akter, S., Ray,P., (2010), describing mobile E-Health – solutions as an ultimate 

platform to serve the unserved, Yearb Med Inform (2010) 94–100. 

 

Altheide, D., & Johnson, J. M. C. (1998). Criteria for assessing interpretive validity 

in qualitative research. In N. K. Denzin & Y. S. Lincoln (Eds.), Collecting 

and interpreting qualitative materials.(pp. 283-312). Thousand Oaks, CA: 

Sage. 

 

Ash, J. S., Gorman, P. N., Seshadri, V., & Hersh, W. R. (2004). Computerized 

Physician Order Entry in U.S. Hospitals: Results of a 2002 Survey. Journal 

of the American Medical Informatics Association : JAMIA, 11(2), 95–99. 

http://doi.org/10.1197/jamia.M1427 

 



References 

Page 292 of 427 

 

Amanatidou,E., Butter,M., Carabias,V., Leis,M. Schaper‐Rinkel,P., van Rij ,V. 

Warrington,B.(2011), Major trends, challenges and emerging issues in 

Health, European Union SESTI D6.2 Workshop papers (4/4): Health Final 

Version 

 

Amazon (2012), Mechanical Turk, viewed 13th June 2012 at  

http://www.mturk.com 

 

Ammenwerth, E., Shaw N.T.(2005),  Bad Health Informatics Can Kill – Is 

Evaluation the Answer? 1Institute for Health Information Systems, UMIT – 

University for Health Sciences, Medical Informatics and Technology, Hall in 

Tyrol, Austria 

 

American Telemedicine Association. (2010). ATA: Defining telemedicine. 

 

Armbrust, M ;Fox,A., Griffith, R.,  Joseph, A.D.,Katz,R., Konwinski, A., Lee,G. 

Patterson, D. Rabkin, A. Stoica,I. Zaharia,M. (2010),” Clearing the clouds 

away from the true potential and obstacles posed by this computing 

capability”, Journal of communications of the ACM, April 2010 vol. 53  no 

4 

 

Armbrust, M., Fox, A., Griffith, R., Joseph, A. D., Katz, R. H., Konwinski, A., Zaharia, 

M., (2009). Above the Clouds: A Berkeley View of Cloud Computing. Retrieved 

from University of California at Berkeley website: 

http://www.eecs.berkeley.edu/Pubs/TechRpts/2009/EECS-2009-28.pdf 



References 

Page 293 of 427 

 

Au, N., Ngai, E.W.T. and Cheng, T.C.E. (2002), “A critical review of end-user 

information system satisfaction research and a new research framework”, 

Omega, Vol. 30 No. 6, pp. 451-78. 

 

 

B 

Babin, B.J.,   Svensson, G. (2012),"Structural equation modeling in social science 

research",European Business Review, Vol. 24 Iss 4 pp. 320 – 330 

 

Babin, B.J., Hair, J.F. and Boles, J.S. (2008), “Publishing research in marketing 

journals using structural equations modeling”, Journal of Marketing Theory 

and Practice, Vol. 16 No. 4, pp. 279-285. 

 

Bahaadinbeigy K, Yogesan K, Wootton R. (2010), Gaps in the systematic reviews 

of the telemedicine field. J Telemed Telecare. 2010;16(7):414-6. doi: 

10.1258/jtt.2010.100505. Epub 2010 Sep 14. 

 

Banthin, J.S., Cunningham, P.J., and Bernard, D.M.,(2008)  “Financial Burden of 

Health Care, 2001–2004,” Health Affairs, Jan./Feb. 2008 27(1):188–95. 

 

Bashshur, R., Shannon, G.Krupinski, E.and Grigsby, J. (2011), The Taxonomy of 

Telemedicine, Mary Ann Liebert Inc, VolL. 17 No. 6 _ July/August 2011 

Bashshur R, Shannon G, Sapci H. (2005), Telemedicine evaluation. Telemed J E 

Health 2005;11:296–316. 

 



References 

Page 294 of 427 

 

Bashshur, R.; Reardon, T.; Shannon, G (2000). Telemedicine: A new health care 

delivery system. Annu. Rev. Public Health 2000, 21, 613–637 

 

Bates DW, Gawande A.A. (2003): Improving safety with information technology.  

New England Journal of Medicine, 348:2526-34. PubMed Abstract 

Publisher Full Text 

Bates, D.W., Cohen, M., Leape, L.L., Overhage, J.M., Shabot, M.M. and Sheridan, 

T. (2001), “Reducing the frequency of errors in medicine using information 

technology”, Journal of the American Medical Informatics Association, Vol. 

8 No. 4, pp. 299-308. 

 

Bellazzi, R. Zupan, B. (2008), Predictive data mining in clinical medicine: Current 

issues and guidelines,  International Journal of Medical Informatics Volume 

77, Issue 2, February 2008, Pages 81–97 

 

Berg, M, Aarts J, Van Der Lei J. (2003), ICT in health care: sociotechnical 

approaches. Methods Inform Med.; 42(4):297–301. 

 

Berg, et.al (2005), Emphasizing technology: socio-technical implications, 

Information Technology & People, Vol. 18 No. 4, 2005 pp. 343-358 

University of Technology, Lulea° Sweden 

 



References 

Page 295 of 427 

 

Bhattacherjee, A.,N. Hikmet, N. Menachemi, V. Kayhan, and R. Brooks. (2007). 

"The Differential Performance Effects of Healthcare Information Technology 

Adoption." Information Systems Management 24: 5-14. 

Bidgood, W. D., Horii, S. C., Prior, F. W., Syckle, V., & E, D. (1997). 

Understanding and Using DICOM, the Data Interchange Standard for 

Biomedical Imaging. Journal of the American Medical Informatics 

Association, 4(3), 199–212. doi:10.1136/jamia.1997.0040199 

 

Blair, J. and Buessler, J. (1998), “Competitive forces in the medical group industry: 

a stakeholder perspective”, Health Care Management Review, Vol. 23 No. 2, 

pp. 7-27. 

 

Blumenthal, D. (2004), “New Steam from an old Cauldron – the Physician–Supply 

Debate, New England Journal of Medicine, 350;17;1780-1787. 

 

BMC Medical Informatics and Decision Making (2012), Building the national 

health Information infrastructure for personal health, health care services, 

public health, and research. (o. J.) Viewed April 7, 2012, at 

http://www.biomedcentral.com/1472-6947/3/1 

 

Bodenheimer, T.(2005), High and Rising Health Care Costs. Part 1: Seeking an 

Explanation, Annals of Internal Medicine Volume 142 • Number 10 

 

 



References 

Page 296 of 427 

 

Bollen, K.A., and Ting. (200), A Tetra Test for Causal Indicators, Psycological 

Methods 5;3-32 

Bowling, A. (1997). Research Methods in Health. Buckingham: Open University 

Press. 

Böhm, M.; Leimeister,S.; Riedl, C.; Krcmar,H.(2009), „Cloud Computing: 

Outsourcing 2.0 oder ein neues GeschäftsmodelI zur BereitstelIung von IT-

Ressourcen?“ Information Management und Consulting 24 (2009) 2 

 

Bransford, L., Nahabedian, C., & Waterson, V. (2010). Has the time come to 

embrace telehealth as a system solution? HealthBeat . Retrieved 24th Aug, 

2015 

 

Browne, M.W. and Cudeck, R. (1993), “Alternative ways of assessing model fit”, 

in Bollen, K.A. and Long, J.S. (Eds), Testing Structural Equation Models, 

Sage, Thousand Oaks, CA, pp. 136‐62. 

 

BMG Bundesgesundheitsministerium, (2016), viewed at  http://www.bmg.bund.de/                   

themen/ krankenversicherung/e-health-gesetz.html on the 14th of January 

2016 

 

Brebner JA, Brebner EM, Ruddick-Bracken H. (2005) Experience-based guidelines 

for the implementation of telemedicine services. J Telemed Telecare 2005; 

11 Suppl 1:3-5. 

 

 



References 

Page 297 of 427 

 

Brosius, F. (2011). SPSS 19. Heidelberg: mitp. 

 

Buyya R, Yeo C S and Venugopal S (2008), “Market Oriented Cloud Computing: 

Vision, Hype and Reality for Delivering IT Services as Computing Utilities,” 

University of Melbourne, Australia 

 

Burns, N., & Grove, S. K. (1997). The Practice of Nursing Research Conduct,  

Critique, & Utilisation. Philadelphia: W.B. Saunders and Co. 

 

Buttell A (2010), “6 Reasons to Switch to Cloud Computing,” Journal of Financial 

Planning, January/February 2010, pp. 6-7 

 

Bühner, M. (2006). Einführung in die Test- und Fragebogenkonstruktion. 

München: Pearson. 

 

 

C 

Campbell, R.J. (2001), “Consumer health, patient education, and the internet”, The 

Internet Journal of Health, Vol. 2 No. 2, available at: 

www.ispub.com/ostia/index.php?xmlFilePath¼ journals/ijh/vol2n2/ 

consumer.xml 

 

 



References 

Page 298 of 427 

 

Cao, M., Zhang, Q. (2005), "B2C e-commerce web site quality: an empirical 

examination", Industrial Management & Data Systems, Vol. 105 No.5, 

pp.645-61. 

 

Center for Environmental Health and Injury Control, CDC (2001). Updated 

Guidelines for Evaluating Public Health Surveillance Systems July 27, 2001 

/ 50(RR13);1-35 MMWR - 37(S-5) 1-18  Publication date: 05/06/1988 

 

Channin DS.(2000) n M:I-2 and IHE: Integrating the Healthcare Enterprise, Year 

2. Radiographics  2000;20:1261-2. Siegel EL, Channin DS. IHE Primer.  

Charmaz, K. (2006). Constructing grounded theory: A practical guide through 

qualitative analysis. Thousand Oaks, CA: Sage 

 

Chen, E., Mendonca, E., McKnight, L., Stetson, P., Lei, J. and Cimino, J. (2004), 

“A wireless handheld application for satisfying clinician information needs”, 

Journal of the American Medical Informatics Association, Vol. 11 No. 1, pp. 

19-28. 

 

Chin, W.W. (1998), “Issues and opinion on structural equation modelling”, MIS 

Quarterly, Vol. 22 No. 1, pp. vii-xvi. 

 

Cleland JGF., Louis A., Rigby A., Janssen U., Balk A. (2005): Noninvasive home 

telemonitoring for patients with heart failure at high risk of recurrent 

admission and death. The TEN-HMS-Study. In: Journal of the American 

College of Cardiology. Vol. 45, Nr. 10: 1654-1664. 



References 

Page 299 of 427 

 

Coiera, E., Hovenga E.J.S., (2007), Building a Sustainable Health System, 1Centre 

for Health Informatics, Pniversity of New South Rales, Australia 

 

Conradie, D.P. and Jacobs, S.J. (2003). Challenges encountered when using ICTs 

(ICTs) in support of development in rural African communities. Engineering 

Management February; 30-33. 

 

Coomans, G. (1999), Europe’s Changing Demography: Constraints and 

Bottlenecks, Demographic and Social Trends Issue Paper, No. 8, Seville, 

Joint Research Centre (JRC) and the Institute for Prospective Technological 

Studies (IPTS) 

Coopers & Lybrand (1994), Executive Summary Post implementation Review, 

Darlington August 

 

Courreges F, Vieyres P, Istepanian RS, Arbeille P, Bru C. (2005) Clinical trials and 

evaluation of a mobile, robotic tele-ultrasound system. J Telemed Telecare 

2005; 11 Suppl 1:46-9. 

 

Creswell, J. W. & Miller, D. L. (2000). Determining validity in qualitative inquiry. 

Theory into Practice, 39(3), 124-131. 

 

Creswell, J.W. and Plano Clark, V.L. (2007), Designing and Conducting Mixed 

Methods Research, Sage, Thousand Oaks, CA. 

 



References 

Page 300 of 427 

 

Crocker, T., Johnson,O, and King, S (2008), The suitability of care pathways for 

integrating processes and information systems in healthcare, Transforming 

Government: People, Process and Policy Vol. 3 No. 3, 2009 pp. 289-301, 

University of Leeds, Leeds, UK 

 

Crouch, Mira & McKenzie, Heather (2006). The logic of small samples in interview 

based qualitative research. Social Science Information, 45(4), 483-499 

 

Currell R, Urquhart C, Wainwright P, Lewis R. (2000): Telemedicine versus face 

to face patient care: effects on professional practice and health care outcomes. 

Cochrane Database of Systematic Reviews 2000, Issue 2. 

 

Currell R, Urquhart C, Wainwright P, Lewis R (2010), Telemedicine versus face to 

face patient care: effects on professional practice and health care outcomes, 

The Cochrane Library 2010, Issue 1 

 

 

D 

Davidoff,F.,Haynes,B.,Sackett D.,Smith,R. (1995),” Evidence based medicine a 

new journal to help doctors identify the information they need”, BMJ 

VOLUME 310 London WC1H 9JR 

 

de Jongh T, Gurol-Urganci I, Vodopivec-Jamsek V, Car J, Atun R. (2012): Mobile 

phone messaging for facilitating selfmanagement of long-term illnesses. 

Cochrane Database of Systematic Reviews, Issue 12. 



References 

Page 301 of 427 

 

Deloitte Research (2004), Getting of the Ground: VoIP Goes Mainstream, viewed 

at: www. deloitte.com/ 

 

Denzin N.K. & Lincoln Y.S. (2005), Handbook of Qualitative Research, Sage: 

Thousand Oaks, CA 

 

Dolan, G., Iredale, R., Williams, R. and Ameen, J. (2004), “Consumer use of the 

internet for health information: a survey of primary care patients”, 

International Journal of Consumer Studies, Vol. 28 No. 2, pp. 147-53. 

 

Duesberg, F 2011, „E-Health 2011 Informationstechnologien und Telematik im 

Gesundheitswesen“, ISBN 978-3-9814005-0-2, Medical Future Verlag, 

Solingen Germany 

 

Dunbrack, L.A. N, Freedman, Holland, M. (2008), The Role of Unified 

Communications in Healthcare Service Improvement, Health Industry 

Insights #HI213860 

 

Duncan E. Jackson Sally I. McClean, (2012),"Trends in telemedicine assessment 

indicate neglect of key criteria for predicting success", Journal of Health 

Organization and Management, Vol. 26 Iss 4 pp. 508 – 523 

 

Dussault, G., & Franceschini, M. (2006). Not enough there, too many here: 

understanding geographical imbalances in the distribution of the health 

workforce. Human Resources for Health, 4(1), 12. 

 



References 

Page 302 of 427 

 

E 

Easterby-Smith, M., R. Thorpe, and A. Lowe, (1991). Management Research: An 

Introduction. Sage Publication, London, pp: 23-25. 

 

Eddy, N. (2013), Telemedicine, Mobile Health Markets Expected to Explode. 

Eweek, 6 

Edenius, M. (1996), Ett modernt dilemma: organiserandet kring elektronisk post, 

Stockholm University, Stockholm. 

 

Ekeland, A., Bowes, A. and Flottorp, S. (2010), “Effectiveness of telemedicine: a 

systematic review of reviews”, International Journal of Medical Informatics, 

Vol. 79 No. 11, pp. 736-771. 

 

Eysenbach, G.: What is e-health? J Med Internet Res (2001); 3 (2): e20 

http://www.jmir.org/2001/2/e20/. 

 

EOHCS (2002), Healthcare Systems in Eight Countries: Trends and Challenges, 

European Observatory on Health Care Systems, LSE, London. 

 

European Commission (2014) Digital Agenda for Europe 18 factors make 

telemedicine success viewed at http://ec.europa.eu/digital-agenda/en/news/  

18-factors-make-telemedicine-success on the 18th January 2016 

 

Ewart, G.W., Lynne M.;  Gaba, M.M.,. Bradner,R.H.,Medina,J.L.  Chandler, 

E.B.(2004), The Critical Care Medicine Crisis: A Call for Federal Action, 



References 

Page 303 of 427 

 

White Paper From the Critical Care Professional Societies CHEST / 125 / 4 / 

APRIL, 2004 

 

 

F 

Ferguson, T (2002): From patients to end users. BMJ, 324 (2002), S. 555 

 

Fiss, Owen M., (1981) "The Varieties of Positivism" Faculty Scholarship Series. 

Paper 1219. http://digitalcommons.law.yale.edu/fss_papers/1219 

 

Fitch,C.J. and Adams,C., (2006) Managing mobile provision for community 

healthcare support: issues and challenges, Business Process Management 

Journal Vol. 12 No. 3, 2006 pp. 299-310 Department of Information Systems 

and Computer Applications, University of Portsmouth, Portsmouth, UK 

 

Fonkych K, Taylor R. (2005), The state and pattern of health information 

technology adoption. Santa Monica: Rand Corporation 

 

Forrester Research (2012), viewed 12 March 2012  http://www.forrester.com/ 

Security+And+The+Cloud/fulltext/ 

 

Francis, J., Johnston, M., Robertson, C., Glidewell, L., Entwistle, V., Eccles, M. 

and Grimshaw, J. (2010) ‘What is an adequate sample size? Operationalising 



References 

Page 304 of 427 

 

data saturation for theory-based interview studies’. Psychology & Health 

25(10): 1229-1245 

 

Froehlich W, Seitaboth S, Chanpheaktra N, Pugatch D. (2009);Journal Telemed 

Telecare. 2009;15(4):208-10. doi: 10.1258/jtt.2008.081001. PMID: 

19471034 

 

Frumento, E., Colombo,C., Borghi, G., Masella, C., Zanaboni, P. Barbier, D. 

Cavoretto.D. (2009). "Assessment and analysis of territorial experiences in 

digital tele-echocardiography", Annali dell'Istituto superior di sanità, Vol. 45, 

363 - 371. 

 

 

 

G 

Gamm, L.D. (1996), “Dimensions of accountability for not-for-profit hospitals and 

health systems”, Health Care Management Review , Vol. 21 No. 2, pp. 74-

86. 

 

Gamm, L.D., Rogers, J.H. and Work, F. (1998), “Advancing community health 

through community health partnerships”, Journal of Healthcare Management, 

Vol. 43 No. 1, pp. 51-67 

 

Garde,S. ,Hullin,C.M.b, Chen,R.,Schuler,T. Gränz,J., Knaup,P. Hovenga,E.J.S. 

(2006) Towards Sustainability of Health Information Systems: How Can We 



References 

Page 305 of 427 

 

Define, Measure and Achieve It? MEDINFO 2007 K. Kuhn et al. (Eds) IOS, 

press, 2007 

 

Garg, A, Adhikari NKJ, McDonald, H. (2005), Effects of computerized clinical 

decision support systems on practitioner performance and patient outcomes: 

a systematic review. JAMA.;293(10):1223–38.  

Gartner, (2007), Magic Quadrant for Unified Communications, 2007 Bern Elliot, 

Gartner RAS Core Research Note G00150273 

 

Gartner, (2007), The beginning of Unified Communications and Collaboration, 

2007 Bern Elliot, Gartner RAS Core Research Note G00150273 

 

Gartner (2009), Search Analytics Trends: Cloud and IT Outsourcing 

 

Gartner (2009), Predicts 2010: Future Impacts of Cost Cutting and Cloud in 

Sourcing IT and Business Process Services 

 

Gelo,O., Braakmann, D. ,Benetka, G. (2008), Quantitative and Qualitative 

Research: Beyond the Debate, department of Psychology, Siegmund-freud 

University, Vienna 

 

Gigerenzer,G Gray J A Muir (2011): “Better Doctors, Better Patients, Better 

Decisions: Envisioning Health Care 2020”, Massachusetts Institute of 

Technology and the Frankfurt Institute for Advanced Studies, The MIT 

Press,55 Hayward Street, Cambridge, MA02142 



References 

Page 306 of 427 

 

Giansanti, D., Morelli,S., (2009). "Digital tele-echocardiography: A look inside", 

Annali dell'Istituto superior di sanità, Vol. 45, 357 - 362. 

 

Glaser, J. (2011),”Cloud computing can simplify HIT infrastructure management, 

Journal of healthcare financial management Aug.2011 

 

Golafshani, N. (2003) “Understanding Reliability and Validity in Qualitative 

Research”, The Qualitative Report Volume 8 Number 4 December 2003 597-

607 http://www.nova.edu/ssss/QR/QR8-4/golafshani.pdf 

 

Gray, M. (2008), Making the future of Healthcare, National Knowledge Service, 

University of Oxford, Great Britain 

 

Greene, J. C. (2007). Mixed methods in social inquiry. San Francisco: John Wiley 

& Sons. 

 

Grigsby J, Brega A, Devore PA. (2005) The evaluation of telemedicine and health 

services research. Telemed J E Health 2005;11:317–328. 

 

Grimson, J., Grimson, W., Hasselbring, W. (2000), The SI Challenge in Health 

Care. In: Communications of the ACM 43 (2000) 6, S. 48-55. 

 

Guba, E. G. (1981). Criteria for assessing the trustworthiness of naturalistic 

inquiries, Educational Communication and Technology Journal, 29 (2), 75-

91. 



References 

Page 307 of 427 

 

Guba, E., & Lincoln, Y. (2005). Paradigmatic controversies, contradictions, and 

emerging confluences. In N. Denzin & Y. Lincoln (Eds.), Handbook of 

qualitative research (3rd ed., pp. 191-215). Thousand Oaks, CA: Sage. 

 

Gurstein, M. (2005). Why community technology matters: community informatics 

and the effective use of ICTs. Community Informatics Research Network 

(CIRN) conference. 

 

 

 

H 

Hailey, D.  Roine, R. and Ohinmaa,A,(2002), Systematic review of evidence for the 

benefits of telemedicine J Telemed Telecare March 2002 8:1—7; 

 

Hair, J. F., Black,C.W.,Babin,B.J.,Anderson,R.E. (2009). Multivariate Data 

Analysis: A Global Perspective. 7th ed. Upper Saddle River: Prentice Hall, 

2009. 

Harnett, B. (2006), Telemedicine systems and telecommunications Journal of 

Telemedicine and Telecare Volume 12 Number 1 2006 

 

Harvard Health Publications (2012) http://www.health.harvard.edu/newsweek/ 

Why-people-become-overweight.htm, viewed 08th June 2012 

 



References 

Page 308 of 427 

 

Haux R, Ammenwerth E, Herzog W, Knaup P. Health Care in the Information 

Society: A Prognosis for the Year 2013. Int J Med Inf 2003; 66: 3-12. 

 

Health Metrics Network. 2006a. A Framework for Standards for Country Health 

Information System Development (Version 1.65). Geneva: World Health 

Organization (WHO). 

 

Heath, J. & Norman, W. (2004). Stakeholder theory, corporate governance and 

public management: What can the history of state-run enterprises teach us in 

the post - Enron era? Journal of Business Ethics, 53, 247-265 

 

Hebert, M.A. (1998), “Impact of IT on health care professionals: changes in work 

and the productivity paradox”, Health Services Management Research, Vol. 

11, pp. 69-79. 

 

Heeks, R. (2002). Information systems and developing countries: failure, success, 

and local improvisations. Information Society 18(2): 101–123. 

 

Heinen-Kammerer, T.; Kiencke, P.; Motzkat, K.; Liecker, B.; Petereit, F.; Hecke, 

T.; Müller, H.; Rychlik, R. (2005): Telemedizin in der Tertiärprävention:  

Wirtschaftlichkeits-analyse des Telemedizin-Projektes Zertiva bei 

Herzinsuffizienz-Patienten der Tech-niker Krankenkasse. 

Gesundheitsökonomie & Qualitätsmanagement 

 

 

 



References 

Page 309 of 427 

 

Herbig,B, Buessing,A (2006), „Informations-und Kommunikationstechnologien im 

Krankenhaus“, ISBN 978-3-7945-2447-1, Schattauer Verlag 

Stuttgart,Germany 

 

Herselman, M. and Jacobs, S.J. (2003). Analysis of the success of ICT at the 

Ikageng MPCC in support of the Itsoseng Community: a case study. 

Available at: http://link.wits.ac.za/journal/j05-jacobsikageng-mpcc.pdf 

(accessed 13 August 2007). 

 

Hersh WR, Helfand M, Wallace J, Kraemer D, Patterson P, Shapiro S, Greenlick 

M. (2001), Clinical outcomes resulting from telemedicine interventions: A 

systematic review. BMC Med Inform Decis Mak 2001;1:5.  

 

Hjelm,N.J.,(2005), Benefits and drawbacks of telemedicine, Journal of 

Telemedicine and Telecare 2005; 11: 60–70 

 

Huston, T.L, Huston, J.L (2000), "Is telemedicine a practical reality?", 

Communications of the ACM, Vol. 43 No.6, pp.91-5. 

 

 

I 

IBM (2015) Software SPPS, http://www-01.ibm.com/software/de/ 

analytics/spss/products/statistics/ 

 

 



References 

Page 310 of 427 

 

IDC, International Data Corporation (2008) Health Industry Insights, an IDC 

Company #HI213860 

 

IDC International Data Corporation (2008) The Critical Need for Connected 

Healthcare: Meeting Today's Integration Challenge Health Industry Insights, 

an IDC Company #HI212098 

 

IDC International Data Corporation (2009), viewed at March 2012 

http://.idc.com/ie/wp-content/uploads/2009/12/idc_cloud_benefits_2009.jpg 

 

Indrajit, I. K., & Verma, B. S. (2007). DICOM, HL7 and IHE: A basic primer on 

Healthcare Standards for Radiologists. Indian Journal Of Radiology & 

Imaging, 17(2), 66-68. 

 

Inglis S., Clark R., McAlister F., Ball J., Lewinter C. et al. (2010): Structured 

telephone support or telemonitoring programmes for patients with chronic 

heart failure. Cochrane Database of Systematic Reviews Issue 8. 

 

International Standardization Organisation,ISO (2010), viewed 10th June 2012 

http://www.iso.org/iso/catalogue_detail.htm?csnumber=52075 

 

Istepanian, R. S. H. Laxminarayan,S, Pattichis,C.S.(2006). M-Health: Emerging 

Mobile Health Systems. Springer Science Business Media,233 Spring Street 

NY10013 USA 

 



References 

Page 311 of 427 

 

Istepanian, R., Jovanov, E. & Zhang, Y. (2004) Guest Editorial. Introduction to the 

special section on M-health: beyond seamless mobility and global wireless 

healthcare connectivity. IEEE Transactions on Information Technology and 

Biomedicine, 8, 405-414. 

 

ITIL.org, 2010, viewed 05 June 2010,  http://www.itil.org/en/  vom kennen /itil/ 

ueberblick/ index.php 

 

International Engineering Consortium (2003), "Unified messaging: definition and 

overview", viewed 30. May 2013   www.iec.org/online/tutorials 

/unified_mess 

 

 

J 

Jacobs, S.J. (2003). An information and communication technology hub (ICT hub) 

for rural communities. Unpublished M. Tech. dissertation, Technikon 

Pretoria 

 

Jette, D. J.; Grover, L. & Keck, C. P. (2003). A qualitative study of clinical decision 

making in recommending discharge placement from the acute care setting. 

Physical Therapy, 83(3), 224-236. 

 



References 

Page 312 of 427 

 

Jin,Z. and Chen,Y., (2015) "Telemedicine in the Cloud Era: Prospects and 

Challenges," in IEEE Pervasive Computing, vol. 14, no. 1, pp. 54-61, Jan.-

Mar. 2015. 

Johner,C, Haas,P (2009): „IT im Gesundheitswesen, erfolgreich  einführen, 

entwickeln, anwenden und betreiben“, ISBN 978-3-446-41556-0, Carl 

Hanser Verlag München Germany 

 

Johnson, R.B. and Onwuegbuzie, A.J. (2004), “Mixed methods research: a research 

paradigm whose time has come”, Educational Researcher, Vol. 33 No. 7, pp. 

14‐26 

 

Joreskog, K.G. (1993), “Testing structural equation models” in Bollen, K.A. and 

Long, J.S. (Eds), Testing Structural Equation Models, Sage, Thousand Oaks, 

CA, pp. 294‐316 

 

 

 

K 

Kaplan, R.S. (2001), “Strategic performance measurement and management in 

nonprofit organizations”, Nonprofit Management and Leadership, Vol. 11 

No. 3, pp. 353-70. 

Kaplan, R.S. and Norton, D. (1996), The Balanced Scorecard: Translating Strategy 

into Action, Harvard Business School Press, Boston, MA 



References 

Page 313 of 427 

 

Katzan, H.(2010), On The Privacy Of Cloud Computing, International Journal of 

Management & Information Systems – Second Quarter 2010 Volume 14, 

Number 2 Savannah State University, USA 

Kazley, A., and Y. Ozcan. (2007). "Organizational and Environmental 

Determinants of Hospital EMR Adoption: A National Study." Journal of 

Medical Systems 31 (5): 375-84 

Kazley, A, McLeod, A.C, Wager,K.A. "Telemedicine in an International Context: 

Definition, Use, and Future" In Health Information Technology in the 

International Context. Published online: 08 Mar 2015; 143-169. 

 

Khoumbati, K., Themistocleous, M. (2006): Integrating the IT Infrastructures in 

Healthcare Organisations: a Proposition of Influential Factors. In: Electronic 

Journal of e-Government 4 1, S. 27-36. 

 

Kyriacou E, Pattichis C, Pattichis M. An overview of recent health care support 

systems for eEmergency and mHealth applications. In: 31st annual 

international conference of the IEEE EMBS. Minneapolis, Minnesota, USA; 

September 2009. p. 1246–9 

 

Kleinbaum, D.G. Kupper, Nizam, Muller (2008), Applied Regression Analysis and 

Other Multivariable Methods, 4e, Thomson Brooks/Cole, Thomson Higher 

Education 10 Davis Drive Belmont, CA 94002-3098  

 



References 

Page 314 of 427 

 

Klersy, C., De Silvestri,A.,  Gabutti, G., Regoli, F., Auricchio, A.  (2009), Journal 

of the American College of Cardiology, Vol. 54, No. 18, 2009 

 

Koch, S. (2003).” Designing Clinically Useful Systems: Examples from Medicine 

and Dentistry”. Adv Dent Res 17: 65-68. 

 

Kodukula,S. Nazvia,M. (2011) Evaluation of Critical Success Factors for 

Telemedicine Implementation, International Journal of Computer 

Applications (0975 – 8887) Volume 12– No.10, 2011 

 

Kohn L, Corrigan J, Donaldson M.(2000), To err is human: building a safer 

ehealth system. Washington DC: National Academies Press 

 

Koohang, A. (2004), Expanding the Concept of Usability. University of Wisconsin 

– Milwaukee, Milwaukee, WI, USA Informing Science Journal Volume 7, 

2004 

Koppel R, Metlay J, Cohen A, et al. (2005), Role of computerized physician order 

entry systems in facilitating medication errors. J Am Med 

Assoc.;293(10):1197–203. 

Kunhardt, H. (2012), GRC Governance Risk Compliance, Vorlesung IT 

Compliance, Hochschule Deggendorf 

 



References 

Page 315 of 427 

 

Kunhardt, H. (2011), „Systemisches Management im Gesundheitswesen“, Gabler 

Verlag Springer Fachmedien Wiesbaden 

 

Kunhardt, H. (2011), Processes in Medical Tourism & Cross-border Healthcare, 

Modul 6  virtuelle Hoschule Bayern, Deggendorf Germany 

 

Kunhardt, H. (2006), Evidence-Based Information Technology: concept for 

Rational Information Processing in the Health Care System, in Porzsolt, F., 

Kaplan, R.M.: Optimizing Health Improvement the Value of Healthcare 

Delivery, Springer, 2006 

 

Kuo, H-M., Hwang, S-L. (2004), "Evaluation research of information and 

supporting interface in electronic commerce web sites", Industrial 

Management & Data Systems, Vol. 104 No.9, pp.712-21.  

 

 

 

 

L 

Leininger, M. (1994). Evaluation criteria and critique of qualitative research 

studies. In J. M. Morse (Ed.), Critical Issues in Qualitative Research Methods. 

Newbury Park, CA: Sage. 

 



References 

Page 316 of 427 

 

Lee HR, Yoo SK, Jung SM, Kwon NY, Hong CS. (2005) A Web-based mobile 

asthma management system. J Telemed Telecare 2005; 11 Suppl 1:56-9. 

Lincoln, Y. S., & Guba, E. (1985). Naturalistic inquiry. Beverly Hills: Sage. 

 

Ling, R. (2000), “We will be reached: the use of mobile telephony among 

Norwegian youth”, 

Information Technology & People, Vol. 13 No. 2, pp. 102-20. 

 

Lippeveld, Theo, R. Sauerborn, and C. Bodart. 2000. Design and Implementation 

of Health Information Systems. Geneva: WHO 

 

Littlejohns, P., Wyatt, J.C. and Garvican, L.(2003). Information in practice –

evaluation computerised health information systems: hard lessons still to be 

learnt. British Medical Journal 326: 860-863 

 

Lobley D. (1997), The economics of telemedicine. J Telemed Telecare 1997;3:117–

125.  

 

Lockamy, A., Smith,D.L. , (2009),"Telemedicine: a process enabler for enhanced 

healthcare delivery systems", Business Process Management Journal, Vol. 15 

Iss 1 pp. 5 – 19 

 

Lorenzi, Nancy M.; Novak, Laurie L.; Weiss, Jacob B.; Gadd, Cynthia S.; Unertl, 

Kim M.: Crossing the Implementation Chasm: A Proposal for Bold Action. 



References 

Page 317 of 427 

 

In: Journal of the American Medical Informatics Association 15 (2008) 3, S. 

290-296. 

 

Lynne P. B., Clarke, M., Tillal E.., Jones,R.W., (2002),"Telemedicine and its role 

in improving communication in healthcare", Logistics Information 

Management, Vol. 15 Iss 4 pp. 309 - 319 

 

 

 

M 

Malterud, K,   Volkert, D., Siersma, V.D. and Guassora,A.D. (2015), Sample Size 

in Qualitative Interview Studies: Guided by Information Power, Qualitaitve 

Health Research Unit for General Practice, Uni Kalfarveien 31, N-5018 

Bergen, Norway. 

 

Mannan, R., Murphy, J. and Jones, M. (2006), “Is primary care ready to embrace 

e-health? A qualitative study of staff in a London primary trust”, Informatics 

in Primary Care, Vol. 14, pp. 121-31. 

 

Malvey, D., Fottler, M.D. and Slovensky, D.J. (2002), “Evaluating stakeholder 

management performance using a stakeholder report card: the next step in 

theory and practice”, Health Care Management Review , Vol. 27 No. 2, pp. 

66-79 

 

Mansell, R & Wehn, U (eds.) (1998) Knowledge societies: Information technology 

for Sustainable development, Oxford University Press, New York. 



References 

Page 318 of 427 

 

Mantzana, V., Themistocleous, M., Irani, Z. and Morabito, V. (2008), “Identifying 

healthcare factors involved in the adoption of information systems”, 

European Journal of Information Systems, Vol. 16 No. 1, pp. 90-102. 

 

Marlow,C. (2001), Research Methods for Generalist Social Work, 3rd ed. 

Belmont,California: Brooks/Cole 

 

Mason, Mark (2010). Sample Size and Saturation in PhD Studies Using Qualitative 

Interviews [63 paragraphs]. Forum: Qualitative Social Research, 11(3), Art. 

8, http://nbn-resolving.de/urn:nbn:de:0114-fqs100387. 

McCartney Margaret (2012): Show us the evidence for telehealth A recent 

Department of Health press release sings the praises of telehealth, saying that 

it could improve three million lives in England. But where are the data to 

support this technology. In: British Medical Journal; 344:  

 

McGraw-Hill Concise Dictionary of Modern Medicine (2002). © 2002 by The 

McGraw-Hill Companies, Inc. 

 

Mcleod, J. (1994). Doing Counselling Research. London: Sage. 

 

McMichael,A.J. (2000) The urban environment and health in a world of increasing 

globalization: issues for developing countries, Bulletin of the World Health 

Organization, 2000, 78 (9) 

 



References 

Page 319 of 427 

 

 

Menachemi, N., C. Saunders, A. Chukmaitov, M. C. Matthews, and R. G. Brooks. 

(2007). "Hospital Adoption of Information Technologies and Improved 

Patient Safety: A Study of 98 Hospitals in Florida." Journal of Healthcare 

Management 52 (6): 398-410 

 

Miake-Lye, I.M. Amulis, A., Saliba, D., Shekelle, P.G. , Volkman, L.K.  Ganz. 

D.A. (2011). "Formative evaluation of telecare fall prevention project for 

older veterans", BMC, Vol. 11, 119 - . 

 

Miller, A. (2001) Telemedicine and doctor-patient communication: an analytical 

survey of the literature J Telemed Telecare February 1, 2001   vol. 7  no. 1  1-

17 

Mosby's Medical Dictionary,(2009) 8th edition. © 2009, Elsevier. 

Morgan, D.L. (2007), “Paradigms lost and pragmatism regained: methodological 

implications of combining qualitative and quantitative methods”, Journal of 

Mixed Methods Research, Vol. 1 No. 1, pp. 

 

Moskal, B., Leydens, J. & Pavelich, M. "Validity, reliability and the assessment of 

engineering education". Journal of Engineering Education , Vol. 91, No. 3, 

351-354, 2002. 

 



References 

Page 320 of 427 

 

Moosbrugger, H., Hartig, J. (2003). Factor analysis in personality research: Some 

artefacts and their consequences for psychological assessment. 

Psychologische Beiträge, 44, 136-158. 

 

Mukherjee,A. McGinnis,J (2007), E-healthcare: an analysis of key themes in 

research International Journal of Pharmaceutical and Healthcare Marketing 

Vol. 1 No. 4, 2007 pp. 349-363 

 

Mukherjee, A, McGinnis, J.(2007) , International Journal of Pharmaceutical and 

Healthcare Marketing Vol. 1 No. 4, 2007 pp. 349-363 

 

Mukherjee, A. and Nath, P. (2007), “Role of electronic trust in online retailing: a 

re-examination of the commitment-trust theory”, European Journal of 

Marketing, Vol. 41 Nos 9/10, pp. 1173-202. 

 

Murphy, K.E. and Simon, S.J. (2002), “Intangible benefits valuation in ERP 

projects”, Information Systems Journal, Vol. 12 No. 4, pp. 301-20. 

 

 

 

N 

Nemertes Research (2009), Unified Communications for Healthcare Delivering 

positive ROI from improved communication and Collaboration, 888-241-

2685 �DN0506 

 



References 

Page 321 of 427 

 

NIST, National Institute of standards and Technology (2009), viewed at 

http://www.nist.gov/itl/csd/cloud-102511.cfm 

 

 

 

 

O 

Obstfelder, A., Engeseth, H.K. and Rolf, W. (2007), “Characteristics of 

successfully implemented telemedical applications”, Implementation 

Sciences , Vol. 2 No. 25, pp. 1-11. 

 

OECD (2015), Cardiovascular Disease and Diabetes: Policies for Better Health and 

Quality of Care, OECD Health Policy Studies 

 

OECD (2011), Health at a Glance: Burden of out-of-pocket health expenditure, 

OECD Indicators - OECD © 2011 - ISBN 9789264061538 

 

Olivia F. Lee, Matthew L. Meuter, (2010) "The adoption of technology orientation 

in healthcare delivery: Case study of a large-scale hospital and healthcare 

system's electronic health record", International Journal of Pharmaceutical 

and Healthcare Marketing, Vol. 4 Iss: 4, pp.355 – 374 

 

 Oliver,A.J.,(2007), Internet Pharmacies: Regulation of a Growing Industry, The 

Journal of Law, Medicine & Ethics Volume 28, Issue 1, pages 98–101, March 

2000 



References 

Page 322 of 427 

 

Oodan et.al (2003), Telecommunications Quality of Service Management from 

legacy to emerging services, The Institution of Electrical Engineers, Michael 

Faraday House, London UK 

 

Onwuegbuzie, A.J. and Leech, N. (2009), “Conclusion – lessons learned for 

teaching mixed research: a framework for novice researchers”, International 

Journal of Multiple Research Approaches, Vol. 3 No. 1, 

 

Onwuegbuzie, A.J. and Johnson, R.B. (2006), “The validity issue in mixed 

research”, Research in the Schools, Vol. 13 No. 1, pp. 48-63. 

 

 

 

P 

Palys, T. (2008). Purposive sampling. In L.M. Given (Ed.) The Sage Encyclopedia 

of Qualitative Research Methods. (Vol.2). Sage: Los Angeles, pp. 697-8. 

 

Patton, MQ. (2002), Qualitative research and evaluation methods. 3rd edition. 

Thousand Oaks, CA: Sage Publications 

 

Pedhazur, E. J., & Schmelkin, L. P. (1991). Measurement, design, and analysis: An 

integrated approach Hillsdale, NJ: Erlbaum. 

 



References 

Page 323 of 427 

 

Pedley DK, Beedie S, Ferguson J. (2005) Mobile telemetry for pre-hospital 

thrombolysis: problems and solutions. J Telemed Telecare 2005; 11 Suppl 

1:78-80. 

 

Perednia D A, Allen A (1995). “Telemedicine technology and clinical 

applications”. JAMA, Feb 8, 1995, 273(6) 

 

Perry C., Coote L. (1994), “Processes of a Case Study Research Methodology: 

Tool for Management Development,” ANZAM 1994 Conference, 

Wellington, New Zealand. 

 

Porzsolt,F, Kaplan,M (2006), “Optimizing Health, Improving the Value of 

Healthcare Delivery” , Springer Science + Business Media LLC,233 Spring 

Street New York 10013 

 

Powell, H., Mihalas, S., Onwuegbuzie, A.J., Suldo, S. and Daley, C.E. (2008), 

“Mixed methods research in school psychology: a mixed methods 

investigation of trends in the literature”, Psychology in the Schools, Vol. 45 

No. 4, pp. 291‐309. 

 

Punniyamoorty,M. Mathiyalagan,P.,  Lakshmi,G.  (2012),"A combined application 

of structural equation modeling (SEM) and analytic hierarchy process (AHP) 

in supplier selection"Benchmarking: An International Journal, Vol. 19 Iss 1 

pp. 70 - 92 



References 

Page 324 of 427 

 

 

Q 

Quantz, R. (1992). Interpretive Method in Historical Research: Ethnohistory 

Reconsidered. In The Teacher’s Voice, edited by R. Altenbaugh. Washington, 

DC: Falmer. 

 

 

 

R 

Radiology Business (2016), viewed at: http://www.radiologybusiness.com/topics 

/business/equipment -service-total-cost-ownership on the 2nd March 2016 

 

Raghupathi,  and Tan, J., (2002) Strategic IT Applications in Health Care, 

December 2002/Vol. 45, No. 12 Communication of the ACM 

 

Reason J.,(2000)  Human error: models and management   Bmj, 320 (7237), pp. 

768–770 

Rojo, M.G., Castro, A.M. ,Goncalves, L. (2011). "COST Action “EuroTelepath”: 

Digital pathology integration in electronic health record, including primary 

care centres", Diagnostic Pathology, Vol. 6, S6  

 

Rolim, C.O.; Koch, F.L.; Westphall, C.B.; Werner, J.; Fracalossi, A.;Salvador, 

G.S.;   (2010), “Cloud Computing Solution for Patient's Data Collection in 

Health Care”, Journal of  eHealth, Telemedicine, and Social Medicine, 2010. 

ETELEMED '10. Second International Conference  



References 

Page 325 of 427 

 

Rigby M, Roberts R, Thick M, editors. Taking Health Telematics into the 21st 

Century. Abingdon: Radcliffe Medical Press; 2000. 

 

Ross,J. Irani,L. Silberman,M.S. Zaldivar,A. and Tomlinson,B.(2010), Who are the 

Crowdworkers? Shifting Demographics in Amazon Mechanical Turk. In 

alt.CHI, 2010. 

 

Ruffin, M (1996), "Information technology, part 2: interactive media enhances 

medicine", http://www.tiinet.com/tii/reading/ruff0896.html 

 

Ryan, B., Scapens, R.W. and Theobald, M. (2002), Research Method & 

Methodology in Finance &Accounting, 2nd ed., Thomson, London. 

 

 

 

S 

Sackett (1996), Evidence based medicine: what it is and what it isn't , BMJ Volume 

B312 13January 1996,NHS Research and Development Centre for Evidence 

Based Medicine, 

 

Sackett D.L., Straus S.E., Richardson W.S., Rosenberg WMC., Haynes RB. 

(2000).” Evidence-based medicine: how to practice and teach EBM”. 

London: Churchill Livingstone, 2000. 



References 

Page 326 of 427 

 

Saritas, O and Keenan, M (2004), Broken promises and/or techno dreams? The 

future of health and social services in Europe, Volume 6 · Number 5 · 2004 · 

pp. 281-291 

 

SAS Institute Inc. (2013). SAS/STAT ® 13.1 User’s Guide Cary, NC: SAS Institute 

Inc. 

 

Scannell,K, Scannell K, Perednia DA, Kissman H. (1995), Telemedicine: past, 

present, future. Current bibliographies in medicine. Maryland: National 

Library of Medicine, 1995. 

 

Schoen C, Osborn R, Squires D, Doty MM, Pierson R, et al. (2010) How health 

insurance design affects access to care and costs, by income, in eleven 

countries. Health Affairs 29: 2323–2334.  

 

Scholz R.W. & Tietje O. (2002), Embedded Case Study Methods, Integrating 

Quantitative and Qualitative Knowledge, Sage Publications, Inc. Thousand 

Oaks, CA 

Shackel, B. (1991). Usability - context, framework, design and evaluation. In B. 

Shackel & S. Richardson (Eds.), Human factors for informatics usability (pp. 

21-38). Cambridge: Cambridge University Press. 

 

 



References 

Page 327 of 427 

 

Shekelle PG, Goldzweig CL, (2009): Costs and Benefits of Health Information 

Technology: An Updated Systematic Review. London: Health 

Foundation for Southern California Evidence-Based Practice Centre, RAND 

Corporation; 2009. 

 

Sharma, G. (2007), “Using ICT to help the poor access public services: an action 

research programme”, Information Development, Vol. 23 No. 1, pp. 15-24 

 

Shortliffe, E.H., and Blois, M.S., (2006). “The Computer Meets Medicine and 

Biology: Emergence of a Discipline”. New York: Springer. 

 

Shulman, L. (2000). From Minsk to Pinsk: Why a scholarship of teaching and 

learning? Journal of Scholarship of Teaching and Learning, 1(1), 48–53. 

 

Shumaker, R.E. and Lomax, R.G. (1996), A Beginner's Guide to Structural 

Equation Modeling, Lawrence Erlbaum Associates, Mahwah, NJ. 

 

Simons, D.PL. (2008), Consumer Electronics Opportunities in Remote and Home 

Healthcare Philips Research Europe, Eindhoven, The Netherlands 

 

Simpson, L.R. (2003), “The patient point of view – IT matters”, Nurse 

Administration Quarterly, Vol. 27 No. 3, pp. 254-6. 

 



References 

Page 328 of 427 

 

Singh, R., Mathiassen,L., Stachura, M.E.,  Astapova E.V.(2010). "Sustainable rural 

telehealth innovation: A public health case study", Health Services Research, 

Vol. 45, 985 - 1002. 

Siriginidi Subba Rao, (2001) "Integrated health care and telemedicine", Work 

Study, Vol. 50 Iss: 6, pp.222 – 229 

 

Smith, J. K. (1983). Quantitative versus qualitative research: An attempt to clarify 

the issue. Educational Researcher, 12(3), 6-13. 

 

Spaulding, R., Belz,N. , DeLurgio, S. ,Williams.A.R. (2010). "Cost savings of 

telemedicine utilization of psychiatry in rural Kansas community", 

Telemedicine and e-Health, Vol. 16, 867 - 871. 

 

Stanberry, B. (2006) Legal and ethical aspects of telemedicine. In: Wootton, R. et 

al (2006) Introduction to Telemedicine. London: Royal Society of 

Medicine Press 

 

Song,S. (2002), Urbanisation and City Size Distribution in China, Department of 

Economics, University of Nevada, Reno, NV 89557 0207, USA,  

 

Statistisches Bundesamt (2016), viewed at 03th of August, 2016 

https://www.destatis.de/DE/ZahlenFakten/GesellschaftStaat/Gesundheit/_ 

Grafik/   GesundheitsausgabenNominal.png?__blob=poster 

 



References 

Page 329 of 427 

 

Steenkamp, J.-B.E.M. and Baumgartner, H. (2000), “On the use of structural 

equation models for marketing modelling”, International Journal of Research 

in Marketing, Vol. 17, Special Issue, pp. 195-202. 

 

Swanson,A. K. ,McLeod, A.C., Wager, K.A.,(2012), Telemedicine in an 

International Context: Definition, Use, and Future   Health Information 

Technology in the International Context. 2012, 143-169 

 

 

T 

Tachakra, S., Wang,X., Istepanian, R.S.,  Song,Y., (2003) Mobile e-health: the 

unwired evolution of telemedicine, Telemed. J. e-Health 9 (3) (2003) 247–

257. 

 

Taleb AC, Bohm GM, Avila M, Wen CL. (2005) The efficacy of telemedicine for 

ophthalmology triage by a general practitioner. J Telemed Telecare 2005; 11 

Suppl 1:83-5. 

 

Tashakkori, A. and Creswell, J.W. (2007), “Editorial: the new era of mixed 

methods”, Journal of Mixed Methods Research, Vol. 1 No. 1, pp. 3‐7. 

 



References 

Page 330 of 427 

 

Tan, J.K.H. and Hanna, J. (1994), ``Integrating health care with information 

technology: knitting Patient information through networking'', Health Care 

Management Review, Vol. 19 No. 2, pp. 72-77 

 

Trill, R (2009),“ Praxisbuch E-Health: Von der Idee zur Umsetzung“ , ISBN 978-

3-17-019988-0 Kohlhammer Druckerei GmbH Stuttgart, Germany 

 

U 

Unit-05-Hospital Information System  http://train-srv.manipalu.com/wpress/wp- 

ontent/uploads/2009/07/clip-image002150.jpg. (O. J.) viewed 18th May, 

2012 

Urtubey, X. and Petrich, M. (2002), “Argentina’s national telemedicine 

programme: reasons for a premature failure”, Journal of Telemedicine and 

Telecare , Vol. S3, pp. 69-71. 

 

V 

Van Dyk,L.(2014), A Review of Telehealth Service Implementation Frameworks, 

Int. J. Environ. Res. Public Health 2014, 11(2), 1279-1298; 

doi:10.3390/ijerph110201279 

 

Ventola, C. L. (2014). Mobile Devices and Apps for Health Care Professionals: 

Uses and Benefits. Pharmacy and Therapeutics, 39(5), 356–364. 

 

Verhoeven, F., Tanja-Dijkstra, K., Nijland, N., Eysenbach, G., & van Gemert-

Pijnen, L. (2010). Asynchronous and Synchronous Teleconsultation for 



References 

Page 331 of 427 

 

Diabetes Care: A Systematic Literature Review. Journal of Diabetes Science 

and Technology, 4(3), 666–684. 

 

Varshney et.al (2002), voice over IP, January 2002/Vol. 45, No.1 

 

Vazirani,S., Hays,RD., Shapiro,MF, Cowan,M (2005)” Effect of a 

Multidisciplinary Intervention on Communication and Collaboration Among 

Physicians and Nurses”. American Journal of Critical Care, January 2005, 

Volume 14, No. 1 2005;14:71-77 

 

Vaquero. L. M.; Rodero-Merino, L.; Caceres, J.: Lindnet, M.(2009):” A break in 

the clouds: towards a cloud definition.  ACM SIGCOMM Computer 

Communication Review. 39(1)12009. 50-55. 

 

 

 

 

W 

 

Wears RL, Berg M. (2005), Computer technology and clinical work: still waiting 

for Godot. JAMA. 2005 Mar 9;293(10):1261-3. 

 

Weinstein RS, Lopez AM, Joseph BA, Erps KA, Halcomb M, Barker GP, 

Krupinski EA. (2014) Telemedicine, telehealth, and mobile health 

applications that work: Opportunities and barriers. Am J Telemed 

2014;127:183–187.  



References 

Page 332 of 427 

 

 

Whetton, S. (2005), “Successes and failures: what are we measuring?”, Journal of 

Telemedicine and Telehealth , Vol. S2, pp. 98-100. 

Whitten PS., Karen, L.  Johannessen,W.,  Soerensenw, T., Gammonw,D. Mackert 

,M. (2007) et al. Research methodology in telemedicine studies Journal of 

Telemedicine and Telecare Volume 13 Number 5 2007 

 

Whitten, P. and Adams, I. (2003), “Successes and failures: a case study of two rural 

telemedicine projects”, Journal of Telemedicine and Telecare, Vol. 9, pp. 

125-9 

 

Whitten PS, Mair FS, Haycox A, May CR, Williams TL, Hellmich S. (2002), 

Systematic review of cost effectiveness studies of telemedicine interventions. 

BMJ 2002;324:1434–1437. 

 

Wisnicki, J.H. (2002), “Wireless networking transforms healthcare: physician’s 

practices better able to handle workflow, increase productivity (the human 

connection)”, Ophthalmology Times, Vol. 27 No. 21, pp. 38-41. 

 

World Health Organization 2011, mHealth New horizons for health through mobile 

Technologies, Global Observatory for e-Health series - Volume 3 

 

World Health Organization (2011), viewed at 06th June 2011 at 

http://www.who.int/features/qa/42/en/index.html 

 



References 

Page 333 of 427 

 

World Health Organisation WHO (1998), Obesity: preventing and managing the 

global epidemic. Report of a WHO Consultation on Obesity. Geneva, World 

Health Organization, 1998  

World Health Organization. (2010). Telemedicine – Opportunities and 

developments in member states. Report on the second global survey on 

eHealth, Vol. 2. (2010). World Health Organization. Retrieved from 

http://www.who.int/goe/publications/ goe_telemedicine 

 

Wootton,R. Menzies,J and Ferguson,P. (2009), Follow-up data for patients 

managed by store and forward telemedicine in developing countries; Journal 

of Telemedicine and Telecare Volume 15 Number 2 2009 

 

Wootton, R (2001), "Telemedicine", British Medical Journal, Vol. 323 pp.557-60. 

 

 

 

 

Y 

Yin, Robert K. (2009), Case Study Research. Design and Methods Sage 

Publications, Thousand Oaks, 4th ed. 2009 

Youseff, L., Butrico, M., and D. Da Silva. 2009. Toward a Unified Ontology of 

Cloud Computing. Journal of Grid Computing Environments Workshop, 

2008. GCE '08 

 



References 

Page 334 of 427 

 

Yu, W.D. and Jothiram, V. (2007), “Security in wireless mobile technology for 

healthcare systems”, in Jothiram, V. (Ed.), 9th International Conference on 

E-health Networking, Application and Services. 

 

 

Z 

Zhang, K; Liu, W; Locatis, C; Ackerman M. (2015), Cloud and traditional 

videoconferencing technology for telemedicine and distance learning. 

Telemed J E Health 2015;21:422–426. 

 

 

Zwarenstein,M (2000) What's so great about collaboration?, BMJ 2000; 320 doi: 

10.1136/bmj.320.7241.1022 

 

Ziyu Yan, Xitong Guo, Matthew K.O. Lee, Douglas R. Vogel, (2013) "A 

conceptual model of technology features and technostress in telemedicine 

communication", Information Technology & People, Vol. 26 Iss: 3, pp.283 – 

297 

 

 

 

 

 

 

 



Appendix 

Page 335 of 427 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7 Appendix 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix 

Page 336 of 427 

 

7 Appendix 

7.1 E-mail invitation to Web - survey 

 

The following six e-mails, including all reminders, were sent out to the members 

of the GOIN/BTA institute during a time period of 6 months. The initial e-mail 

was sent out in May 2015. The survey ended with the last and final reminder on 

January 2015.  

The original e-mail invitations were sent out in German language which have 

been translated into English for the purpose of this thesis. 

 

Initial e-mail 15th May 2015 

 

Von: Dietmar Flasch [mailto:dietmar.flasch@go-in-ingolstadt.de]  

Gesendet: Donnerstag, 15. Mai 2014 09:52 

undisclosed recipients: 

Betreff: Online-Umfrage zur Akzeptanz und Nutzung von Telemedicine  im 

Deutschen Gesundheitswesen 

 

Dear GOIN-members, 

 

Together with our partner company Bayerische Telemed Allianz,BTA, we would 

like (BTA), to draw attention to a brief online survey. Currently the BTA 

undertakes a research project together with the University of Deggendorf, in 

which the acceptance and use of telemedicine solutions in Germany will be 

investigated. The following survey is aimed at the different stakeholders and is 

conducted anonymously. With the following link you will be forwarded to the 

online survey: 

 

http://www.q-set.de/q-set.php?sCode=JPDEZTWMBMZZ 
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The survey consists of 10 questions that will take about 5 minutes.  

We would be very pleased about your participation and thank you for your 

support. The results will be sent to you upon request. 

Your  

Bayerische TelemedAllianz, Dr. Siegfried Jedamzik 

[http://www.telemedallianz.de/]  

Technische Highschule Deggendorf  

Fachbereich Healthcare, Prof. Dr. Horst Kunhardt  

With best regards 

Your GO-IN Team 

Dietmar Flasch 

Projektmitarbeiter 

......................................................................  

GO IN Integrationsmanagement- und  

Beteiligungs-GmbH im Gesundheitswesen 
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First reminder June 10th 2014 

 

From: Dietmar Flasch [mailto:dietmar.flasch@go-in-ingolstadt.de]  

Sent: Dienstag, 10. Juni 2014 10:38 

Subject: Erinnerung - Online-Umfrage zur Akzeptanz und Nutzung von 

Telemedicine  im Deutschen Gesundheitswesen 

Dear GOIN-members, 

We would like to remind you on our Telemedicine survey from 15 May 2014th. 

This survey is very important for us, as we work on standardized solutions in the 

field of telemedicine, which should benefit all involved members. So far, 26 

members have already answered, which is very much appreciated. Our team 

would like to thank you for that. 

We would be very pleased if we would reach at least 100 responses. The answers 

of the 10 questions are anonymous and will take between 3 - 5 minutes. 

Here the referring link: http://www.q-set.de/q-set.php?sCode=JPDEZTWMBMZZ 

We would be very pleased about your participation and thank you for your 

support. The results will be sent to you upon request. 

With best regards 

Your  

 

Dimension Data Communications Deutschland GmbH, Stefan Kahlert 

[http://www.xing.com/profile/Stefan_Kahlert] -> Veranstalter  

Bayerische TelemedAllianz, Dr. Siegfried Jedamzik 

[http://www.telemedallianz.de/]  

Technische Highschule Deggendorf  

Fachbereich Healthcare, Prof. Dr. Horst Kunhardt  

Sowie Ihr GO-IN Team 

Dietmar Flasch 

Projektmitarbeiter 

......................................................................  
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Second reminder June 26th 2014 

 

From: Dietmar Flasch [mailto:dietmar.flasch@go-in-ingolstadt.de]  

Sent: Donnerstag, 26. Juni 2014 10:14 

Subject: Erinnerung - Online-Umfrage zur Akzeptanz und Nutzung von 

Telemedizine im Deutschen Gesundheitswesen 

 

Dear GOIN-members, 

We would like remind you once again to our online survey concerning the 

acceptance and usage of telemedicine in the German healthcare system. Your 

opinion is very important as we work on standardized solutions in telemedicine, 

which is beneficial for all involved stakeholders. So far, more than 30 members 

have already responded. Our team would like to thank you for that! 

We would be very pleased if we would receive at least 100 responses. The 

answers to the 10 questions are anonymous and will be taken between 3 - 5 

minutes. 

Here the Link: http://www.q-set.de/q-set.php?sCode=JPDEZTWMBMZZ 

We would be very pleased about your participation and thank you for your 

support. The results will be sent to you upon request. 

 

Best regards 

Your 

 

Dimension Data Communications Deutschland GmbH, Stefan Kahlert 

[http://www.xing.com/profile/Stefan_Kahlert] -> Veranstalter  

 

Bayerische TelemedAllianz, Dr. Siegfried Jedamzik 

[http://www.telemedallianz.de/]  

Technische Highschule Deggendorf  

Fachbereich Healthcare, Prof. Dr. Horst Kunhardt   

sowie 

Ihr GOIN-Team 

Dietmar Flasch 

Projektmitarbeiter  
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Third reminder July 28th 2014 

 

From: Dietmar Flasch [mailto:dietmar.flasch@go-in-ingolstadt.de]  

Sent: Montag, 28. Juli 2014 16:53 

Subject: Zum Start der großen Ferien - Online-Umfrage zur Akzeptanz und 

Nutzung von Telemedizin im Deutschen Gesundheitssystem 

 

Dear GOIN-members, 

With the beginning of the summer holidays we would like to remind you once 

again to our online survey on the acceptance and usage of telemedicine in the 

German health care system. Your opinion is very important as we work on 

standardized solutions in telemedicine, which is beneficial for all involved 

stakeholders. So far, more than 45 members have already responded. Our team 

would like to thank! 

We would be very pleased if we would receive at least 100 responses. The 

answers to the questions are anonymous and will take between 3 - 5 minutes. 

Please take part!! 

Here the Link: http://www.q-set.de/q-set.php?sCode=JPDEZTWMBMZZ 

We would be very pleased about your participation and thank you for your 

support. The results will be sent to you upon request. 

Best regards 

Your 

 

Dimension Data Communications Deutschland GmbH, Stefan Kahlert 

[http://www.xing.com/profile/Stefan_Kahlert] -> Veranstalter 

Bayerische TelemedAllianz, Dr. Siegfried Jedamzik 

[http://www.telemedallianz.de/]  

 

Technische Highschule Deggendorf  

Fachbereich Healthcare, Prof. Dr. Horst Kunhardt  

sowie 

Ihr GOIN-Team 

Dietmar Flasch 

Projektmitarbeiter 

Fourth reminder October 6th 2014 
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From: Dietmar Flasch [mailto:dietmar.flasch@go-in-ingolstadt.de]  

Sent: Montag, 6. Oktober 2014 12:53 

Subject: Sie haben noch nicht teilgenommen? Nochmalige Chance - Online-

Umfrage zur Akzeptanz und Nutzung von Telemedicine  im Deutschen 

Gesundheitssystem 

Dear GOIN-member, 

We had already reminded you a few times during this summer to take part on our 

online survey. We now have decided to extend the survey again. So if you have 

not participated yet, we would be very pleased if you could participate on the 

online survey on the acceptance and usage of telemedicine in the German health 

care system and share your experiences with us. 

Your opinion is very important as we work on standardized solutions in 

telemedicine, which is beneficial for all involved stakeholders. Our team would 

like to thank you! 

Here the link: http://www.q-set.de/q-set.php?sCode=JPDEZTWMBMZZ 

We would be very pleased about your participation and thank you for your 

support. The results will be sent to you upon request. 

Best regards 

Your 

Dimension Data Communications Deutschland GmbH, Stefan Kahlert 

[http://www.xing.com/profile/Stefan_Kahlert] -> Veranstalter der UmFrage 

Bayerische TelemedAllianz, Dr. Siegfried Jedamzik 

[http://www.telemedallianz.de/]  

Technische Highschule Deggendorf  

Fachbereich Healthcare, Prof. Dr. Horst Kunhardt  

As well as  

Your GOIN-Team 

Dietmar Flasch 

Projektmitarbeiter 

. 
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Last reminder January 22th 2015 

 

From: Dietmar Flasch [mailto:dietmar.flasch@go-in-ingolstadt.de]  

Sent: Donnerstag, 22. Januar 2015 09:23 

Subject: Erinnerung - Letzte Chance aufgrund finaler Auswertung - Online-

Umfrage zur Akzeptanz und Nutzung von Telemedicine  im Deutschen 

Gesundheitssystem 

 

Dear GOIN-members, 

Even if 2015 is now already more than four weeks old, we still want to wish you a 

good start! By the end of last year we had surveyed you with respect to your 

personal experience and opinion in the usage of telemedicine in Germany - you 

probably remember. Now that the final evaluation is planned for the end of 

January. We would like to remind you once again for a final call to share your 

opinion in our online survey towards the acceptance and usage of telemedicine in 

the German healthcare system. Your opinion is very important as we work on 

standardized solutions in telemedicine, which will beneficial for all members 

involved. In order to obtain a reasonably meaningful evaluation, we would be 

very happy if we receive a few more completed questionnaires - if you have, of 

course, not yet participated - . The answers to the questions are anonymous and 

will take between 3 - 5 minutes. 

 

Here the link http://www.q-set.de/q-set.php?sCode=JPDEZTWMBMZZ 

 

As a thank for your participation we draw prices to all GOIN members who left us 

an e-mail address  

*  1 Apple iPad Air 4 G von Apple im Wert von knapp 500,- Euro sowie 

zusätzlich 

*  5 Amazon-Gutscheine á 50,- Euro 

Participation is worthwhile. So do not hesitate if you have not yet taken part and 

answer the short questionnaire below: 

http://www.q-set.de/q-set.php?sCode=JPDEZTWMBMZZ .  

We would be very pleased about your participation and thank you for your 

support. The results will be sent to you upon request. 

Best regards 

Your 
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Ihre Veranstalter: 

Organizer 

Dimension Data Communications Deutschland GmbH 

Stefan Kahlert 

 

 

Bayerische TelemedAllianz, Dr. Siegfried Jedamzik 

[http://www.telemedallianz.de/ ] 

 

Technische Highschule Deggendorf 

Fachbereich Healthcare, Prof. Dr. Horst Kunhardt 

 

sowie 

Ihr GOIN-Team 

Dietmar Flasch 

 

Projektmitarbeiter 

...................................................................... 
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Charles Sturt University¹s Human 

Research Ethics Committee 

 

Panorama Avenue 

BATHURST NSW   2795 

Phone:      (02) 6338 4628 

7.2  Information and Consent sheet 

 

 

 

 

 

Information sheet for an anonymous Survey about Telemedicine  

 

Interview topic: Impact factors of ICT/Telemedicine 

 

Invitation  
You are invited to participate in a research study on a research project about 

Teleradiology. 

 

The study is being conducted by the DBA- student Stefan Kahlert from the faculty 

of Business at the Charles Sturt University. Before you decide whether or not you 

wish to participate in this study, it is important for you to understand why the 

research is being done and what it will involve. Please take the time to read the 

following information carefully and discuss it with others if you wish.  

 

Purpose of the study: Your participation in this study will be highly valued, as it 

will contribute to the completion of a Doctor of Business Administration thesis with 

Charles Sturt University in Australia. 

It is intended to distribute a questionnaire consisting of about 13 questions for 

Teleradiology solutions.  

The questionnaire will be distributed via Web, E-mail and paper based. It is 

intended to figure out insights into factors impacting involved stakeholders of 

Teleradiology solutions. The answering of the questions will take about 5-10 

minutes. It is planned to publish the results in a dissertation and possibly a 

healthcare journal. 

 

The primary research question: “What are the critical factors of Telemedicine in 

healthcare delivery for the different stakeholders”  

This study has three major targets: 
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target 1: “To identify the function and professional position of potential 

stakeholders being involved in Teleradiology solutions and to find out what 

benefits they expect from such solutions.” 

 

target 2: “To assess the current usage/utilisation of Telemedicine and to identify 

potential shortcomings that the stakeholders link to Teleradiology.” 

target 3: “To work out strategical approaches for future Teleradiology projects 

that consider and address stakeholders needs and concerns by encompassing its 

respective benefits per stakeholder 

 

 

Your role in this study:  

We are seeking healthcare experts that have already gained some experience in 

Telemedicine projects and solutions from each stakeholder group, which are 

physicians, IT-solution providers, Hospital IT-managers and health insurance 

companies. You have been identified via Web and governmental non-profit 

Telemedicine organisations that promote and support such solutions in Germany. 

Your name was selected as you are a member from this governmental Teleradiology 

support organisation. If you agree we would like you to answer and rate about 13 

questions about your personal experiences in Teleradiology solutions as far as you 

have gained them. You need to answer all questions because otherwise we cannot 

consider and evaluate your answers. 

If you don’t have appropriate knowledge about this specific topic please disregard 

this mail/document. Survey participants need to have at least basic knowledge and 

experience in the above research topic. In any case there will be no benefits and no 

risks at any time to you in participating in this research project. 

What does this study involve?  

If you agree to participate, you will be asked to answer the questions from your 

personal perspective containing your personal view and information. If you don’t 

want to answer just disregard this mail/document. Your personal information and 

experience is of help for us because we want to understand more about our research 

topic and investigate which impact will be of benefit resulting from such projects. 

The interview will be evaluated by the research student Stefan Kahlert under the 

supervision of Prof.Dr. Kunhardt and Prof.Dr. Krivokapic-Skoko. 

What if I don't want to take part in this study? 

Participation in this research is entirely your choice. Whether or not you decide to 

participate, are your decision and will not disadvantage you. If you do decide to 

participate you may withdraw from the project at any time without giving a reason 

by just stopping the answering. 
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What if I participate and want to withdraw later? 

Your data is anonymous and therefore cannot be traced back at any time, however 

you cannot be identified at any time. Please bear in mind that the answers cannot 

be deleted once it is submitted. 

How will my confidentiality be protected? 

Any information collected is anonymous. It will be stored securely and only 

accessed by the researchers unless you consent otherwise, except as required by 

law. Data will be retained for at least 5 years at the University staff at least a copy 

of the data used for analysis is to be held at the Charles Sturt University.  

Confidentiality: In order to ensure the study includes a representative mix of 

participants (for example, country of origin, job function and government/private 

institutions), you will be asked to complete a short, anonymous demographic 

profile.  Please note that no personal details are gathered and are completely 

confidential, and nor any other identifying information will be used or published 

 

Participation in this study is voluntary, however once the data is submitted it will 

be evaluated and merged with other anonymous answers and therefore cannot be 

deleted at a later stage. It also cannot be traced back subsequently. 

 

Approvals: Charles Sturt University’s Ethics Committee has approved this study. 

If you have any complaints or concerns about this research you can contact: 

Executive Officer 

Human Research Ethics Committee 

Office of Academic Governance 

Charles Sturt University 

Panorama Avenue 

Bathurst  NSW  2795 

Phone:      (02) 6338 4628 

Email:       ethics@csu.edu.au 

 

 

Name :…………………….   Date: …………………….. 
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7.3 Web – survey questions 

Survey Stefan Kahlert   Telemedicine utilisation in German Healthcare 

 

 

0 %

 

Dear Ladies and Gentlemen, dear members of the BTA,  

 

As part of a research project of the University of Deggendorf and the Bavarian 

TelemedAllianz (BTA), we investigate the acceptance and use of telemedical 

solutions in Germany. The following survey is aimed at the different 

stakeholders in telemedicine and is conducted anonymously. 

The answers to the eight questions take about 3 to 5 minutes. 

We would be delighted to receive your participation and thank you for your 

support. The results will be sent to you upon request. As a thank you we are 

drawing Amazon vouchers and 5 á 50,00 Euro, for those members who leave 

us an email address. 

Your 

 

Bayerische TelemedAllianz Dr. Siegfried Jedamzik  

Technische Highschule Deggendorf  

Fachbereich Healthcare Prof.Dr. Horst Kunhardt 

 

1 

 

Which of the following stakeholder groups you belong to? 

 

 Physicians (Physicians,radiologists)  

 Industry (Telemedicine service provider)

 Health insurance organisation 

 Health unions 

 Hospital IT /Administration 

 Others  

 

continue with the next question >The survey has been created with the 

support of Q-set.de 

Organiser of the survey Mr. Stefan Kahlert, E-Mail: leverager13(at)yahoo.de 
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  Telemedicine usage in the German Health system 47%           

          

2 Do you already have experiences with telemedical solutions? 

  
(Multiple Choice possible)        

  

 

       

  Yes 

 

⃝      

  No 

 

⃝      

  Others 

  
          

          

  
<Back to last question                                                   continue to next 

question> 

          

  
The survey has been created with the support of Q-set.de                                                            

Organiser: Mr. Stefan Kahlert 
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  Telemedicine usage in the German Health system 53%           

          

3 Are there special reasons for this? 

  
        

  

  
       

    

 

      

    

 

      

    

 

      

    

 

      
          

  
<Back to last question                                                   continue to next 

question> 

          

  
The survey has been created with the support of Q-set.de                                                            

Organiser: Mr. Stefan Kahlert 
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  Telemedicine usage in the German Health system 93%           

          

4 Which telemedicine solution would arouse your interest in the future? 

  
(Multiple Choice possible)        

  

 

       

  Teleradiology 

 

⃝      

  Teleconsultation/ Telediagnostic 

 

⃝      

  Telemonitoring 

 

⃝      

  Telerehabilitation / Teletherapy 

 

⃝      

  Hospital information system (KIS) 

 

⃝      

  Practice administration system (PVS) 

 

⃝      

  Telemedicine infrastructure Solutions 

 

⃝      

  Telemedicine hardware solutions 

 

⃝      

  Telepathology 

 

⃝      

  Others 

 

⃝      
          

  
<Back to last question                                                   continue to next 
question> 

          

  
The survey has been created with the support of Q-set.de                                                            

Organiser: Mr. Stefan Kahlert 
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Respondents with Experience 

 

  Telemedicine usage in the German Health system 60%           

          

5 In which areas did you gain experience with telemedicine solutions? 

  
(Multiple Choice possible)        

  

 

       

  Teleradiology; transmission of images  ⃝ 

  Teleconsultation/ Telediagnostic; exchange of patient data over distance  ⃝ 

  Telemonitoring; Surveillance of patient data 

  

   ⃝ 

  Telerehabilitation / Teletherapy of patients from a distance   ⃝ 

  Hospital information system (KIS/RIS/LIS) 

  

   ⃝ 

  Practice administration system (PVS) 

  

   ⃝ 

  Telemedicine infrastructure Solutions 

  

   ⃝ 

  Telemedicine hardware solutions 

  

   ⃝ 

  Telepathology; distance transmission of MRT/CT images  ⃝ 

  Others 

  

   ⃝ 
          

  
<Back to last question                                                   continue to next 

question> 

          

  
The survey has been created with the support of Q-set.de                                                            
Organiser: Mr. Stefan Kahlert 
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  Telemedicine usage in the German Health system 67%           

          

6 
In which of the below administrative areas could you already gain 

experience with telemedical solutions? 

  
(Multiple Choice possible)        

  

 

       

  Processes around telemedicine  

 

⃝      

  
Economic aspects (Cost, usage, Return on Invest, TCO Total 

cost of ownership etc.) 
 

⃝      

  Legal aspects of telemedicine solutions 

 

⃝      

  In none of these areas 

 

⃝      
          

  
<Back to last question                                                   continue to next 

question> 

          

  
The survey has been created with the support of Q-set.de                                                            
Organiser: Mr. Stefan Kahlert 
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  Telemedicine usage in the German Health system 73  %          

          

8 
Which benefits do you see with reference to telemedicine solutions and 

how do you evaluate their usefulness? 

          

  1=very high        

  2=high        

  3=neutral        

  4=low        

  5=very low        

  

 

 1 2 3 4 5 

  Time savings (better utilisation of human capacity) 

 

⃝ ⃝ ⃝ ⃝ ⃝ 

  
Resource savings (better utilisation of technical 

capacity) 
 

⃝ ⃝ ⃝ ⃝ ⃝ 

  
Higher diagnostic quality (e.g. by doctors 

specialisation) 
 

⃝ ⃝ ⃝ ⃝ ⃝ 

  
Higher geographical coverage in rural areas 

compensating the shortage of doctors  
 

⃝ ⃝ ⃝ ⃝ ⃝ 

  Extended integration between different IT-systems 

 

⃝ ⃝ ⃝ ⃝ ⃝ 

  
Improved interoperability of different technological 

standards 
 

⃝ ⃝ ⃝ ⃝ ⃝ 

  Shorter treatment period  

 

⃝ ⃝ ⃝ ⃝ ⃝ 

  Improved information exchange 

 

⃝ ⃝ ⃝ ⃝ ⃝ 

  Increased flexibility and efficiency 

 

⃝ ⃝ ⃝ ⃝ ⃝ 

  Reduced complexity / simplified processes 

 

⃝ ⃝ ⃝ ⃝ ⃝ 
          

  
<Back to last question                                                  continue to next 

question> 

          

  
The survey has been created with the support of Q-set.de                                                            
Organiser: Mr. Stefan Kahlert 
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  Telemedicine usage in the German Health system 80  %         

          

9 How do you evaluate the following statements? 

          

  1= I agree        

  2= I agree widely        

  3= neutral        

  4= I agree only partially        

  5= I do not agree        

  
        

  

 

 1 2 3 4 5 

  
I am satisfied with the use of telemedical solutions in 

my professional life. 
 

⃝ ⃝ ⃝ ⃝ ⃝ 

  The quality of the IT software is good. 

 

⃝ ⃝ ⃝ ⃝ ⃝ 

  The level of integration of the IT software is good. 

 

⃝ ⃝ ⃝ ⃝ ⃝ 

  The interoperability of the IT software is good. 

 

⃝ ⃝ ⃝ ⃝ ⃝ 

  
The operability of the IT and systems used is simple 

and clear. 
 

⃝ ⃝ ⃝ ⃝ ⃝ 

  
The economic value of such systems is transparent 

and comprehensible. 
 

⃝ ⃝ ⃝ ⃝ ⃝ 

  
The implemented IT solutions affect the quality of 

patient care positively. 
 

⃝ ⃝ ⃝ ⃝ ⃝ 

  
The implemented IT solutions affect the patient 

diagnosis positive. 
 

⃝ ⃝ ⃝ ⃝ ⃝ 
          

  
<Back to last question                                                    continue to next 

question> 

          

  
The survey has been created with the support of Q-set.de                                                            
Organiser: Mr. Stefan Kahlert 
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  Telemedicine usage in the German Health system       90  %   

          

10 
How do you assess the following topics in terms of your current relation 

to telemedicine? 

          

  1=very important        

  2=important        

  3=neutral        

  4=less important        

  5=not  important        

  

 

 1 2 3 4 5 

  Flexibility of the used hospital software and systems 

 

⃝ ⃝ ⃝ ⃝ ⃝ 

  
Compatibility of the software systems used with each 

other and / or with external systems 
 

⃝ ⃝ ⃝ ⃝ ⃝ 

  
Bandwidths or capacity bottlenecks when exchanging 

data with external organisations and clinics 
 

⃝ ⃝ ⃝ ⃝ ⃝ 

  
Cost of acquisition, maintenance and service of IT 

systems  
 

⃝ ⃝ ⃝ ⃝ ⃝ 

  Payroll / Remuneration / refinancing 

 

⃝ ⃝ ⃝ ⃝ ⃝ 

  Transparency of costs and benefits of IT 

 

⃝ ⃝ ⃝ ⃝ ⃝ 

  Legal and political situation of such solutions 

 

⃝ ⃝ ⃝ ⃝ ⃝ 

  
Usability and acceptability of the IT-system solutions 

such as telemedicine 
 

⃝ ⃝ ⃝ ⃝ ⃝ 

  
Complexity of the used hospital software and their 

systems 
 

⃝ ⃝ ⃝ ⃝ ⃝ 
          

  <Back to last question                                              continue to next question> 

          

  
The survey has been created with the support of Q-set.de                                                            
Organiser: Mr. Stefan Kahlert 
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  Telemedicine usage in the German Health system 93%           

          

11 Which telemedicine solution would arouse your interest in the future? 

  
(Multiple Choice possible)        

  

 

       

  Teleradiology 

 

⃝      

  Teleconsultation/ Telediagnostic 

 

⃝      

  Telemonitoring 

 

⃝      

  Telerehabilitation / Teletherapy 

 

⃝      

  Hospital information system (KIS) 

 

⃝      

  Practice administration system (PVS) 

 

⃝      

  Telemedicine infrastructure Solutions 

 

⃝      

  Telemedicine hardware solutions 

 

⃝      

  Telepathology 

 

⃝      

  Others 

 

⃝      
          

  
<Back to last question                                                   continue to next 
question> 

          

  
The survey has been created with the support of Q-set.de                                                            

Organiser: Mr. Stefan Kahlert 
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7.4 Survey Results 

 

 

Question 1:  Which stakeholder group represents your professional background? 

(obligatory question) 

 

 

 

122 Respondents  

Physicians  51 

IT telemedicine specialist/vendor       27 

Health-insurance member 9 

Health – union association member 2 

Hospital IT /Administration 32 

Others - 

 

 

 

Question 2: In which telemedicine applications and solutions have you already 

gained experience? 

 

 

Respondent’s total: 23  

Teleradiology; transmission of MRT/CT images over distance 6 

Teleconsultation/ telediagnostic; Sharing of patient data over 

distance 7 

Telemonitoring; surveillance of patient healthiness over distance 3 

Telerehabilitation/ teletherapy of patients from a distance - 

Hospital health information system (e.g. HIS/RIS/LIS) 11 

Practis administration sytem (PVS) 11 

Telemedicine infrastructure (Network and transmission 

technology) 8 

Telemedicine hardware solutions 2 

Telepathology; transmission of MRT/CT images - 

Others 3 
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Question 3: In which telemedicine applications and solutions have you already 

gained experience? 

 

Respondent’s total: 23  

Teleradiology; transmission of MRT/CT images over distance 6 

Teleconsultation/ telediagnostic; Sharing of patient data over 

distance 7 

Telemonitoring; surveillance of patient healthiness over distance 3 

Telerehabilitation/ teletherapy of patients from a distance - 

Hospital health information system (e.g. HIS/RIS/LIS) 11 

Practis administration sytem (PVS) 11 

Telemedicine infrastructure (Network and transmission 

technology) 8 

Telemedicine hardware solutions 2 

Telepathology; transmission of MRT/CT images - 

Others 3 

 

 

 

Question 4: In which of the below mentioned administrative areas you have 

already gained experience with telemedicine solutions? 

 

Respondent’s total: 83   

Processes around telemedicine 34 

Economy (costs, value, return on invest, TCO Total cost of 

ownership etc. 35 

Legal aspects of telemedicine 14 

In none of these areas 26 
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Question 5: Which telemedicine solution would arouse your interest in the future? 

 

Respondent’s total: 113  

Teleradiology 43 

Teleconsultation/Telediagnostic 46 

Telemonitoring 37 

Telerehabilitation / Teletherapy 24 

Health information system (KIS) 42 

Practice administration system (PVS) 18 

Telemedicine infrastructure solutions 32 

Telemedicine hardware solutions 24 

Telepathology 6 

Others 16 

    

Cloud 2 

Unified Communication 1 

Video Collaboration 1 

MRT CT 1 

Consulting Processes etc. 1 

General telemedicine  1 

E health Cloud mobile health 1 

HW SW (Hardware Software) 1 

-- 1 

Prevention 1 

Video 1 

Solution mobile cloud etc. 1 

Videoconference 1 

Software Solution 1 

Consulting 1 
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Question 8: Which benefits do you see with reference to telemedicine solutions 

and how do you evaluate their usefulness? 

 

 
1=very high  
2=high  

3=neutral  

4=low  
5=very low 
 

85 Respondents 

 1 2 3 4 5 Average      

Time savings (better utilisation of human 

capacity) 
11 54 17 3 0 

2,14 (182 / 85 

Answers) 

Resource savings (better utilisation of technical   

capacity) 
14 37 29 3 2 

2,32 (197 / 85 

Answers) 

higher diagnostic quality (e.g. by doctors 
specialisation) 

7 32 32 7 7 
2,71 (230 / 85 

Answers) 

higher geographical coverage in rural areas 

compensating  shortage of doctors  
15 38 27 5 0 

2,26 (192 / 85 

Answers) 

Advanced level of integration between different 

IT systems 
7 41 25 9 3 

2,53 (215 / 85 
Answers) 

Improved interoperability between different 

technical standards 
6 42 29 5 3 

2,49 (212 / 85 

Answers) 

Shorter treatment period 
7 26 37 9 6 

2,78 (236 / 85 

Answers) 

Improved information exchange       
10 41 29 3 2 

2,36 (201 / 85 
Answers) 

Increased flexibility and efficiency 
7 44 29 4 1 

2,39 (203 / 85 
Answers) 

Reduced complexity /simplified processes 
5 35 36 6 3 

2,61 (222 / 85 

Answers) 
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Question 9: How do you evaluate the following statements? 

 

1= I agree 

2= I agree widely  

3= neutral  

4= I agree only partially 

5= I do not agree 
 
 

 
 

84 Respondents 

 1 2 3 4 5 Average 

I am satisfied with the use of telemedical 
solutions in my professional life 

3 26 40 13 2 
2,82 (237 / 84 
Answers) 

The quality of the IT software is good 
8 29 39 5 2 

2,57 (213 / 83 

Answers) 

The level of integration of the IT software is 

good 
3 36 32 10 3 

2,69 (226 / 84 

Answers) 

The interoperability of the IT software is good 
5 26 43 6 4 

2,74 (230 / 84 
Answers) 

The operability of the IT / systems used is 
simple and clear 

5 33 30 10 5 
2,72 (226 / 83 
Answers) 

The economic value of such systems is 

transparent and comprehensible 
2 26 34 16 6 

2,98 (250 / 84 

Answers) 

The implemented IT solutions affect the quality 

of patient care positively 
1 27 32 16 6 

2,99 (245 / 82 

Answers) 

The implemented IT solutions affect the 

patient diagnosis positive.       
5 25 28 12 11 

2,99 (242 / 81 

Answers) 
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Question 10: How do you assess the following topics in terms of your current relation 

to telemedicine? 

 
1=very important  

2=important  
3=neutral  

4=less important  
5=not important 

 
 

83 Respondents 

 1 2 3 4 5 Average 

Flexibility of the used hospital software and 
systems 

8 53 20 2 0 
2,19 (182 / 83 
Answers) 

Compatibility of the software systems used with 

each other and / or with external systems 
15 38 23 6 1 

2,28 (189 / 83 

Answers) 

Bandwidths or capacity bottlenecks when 

exchanging data with external organisations and 
clinics 

15 38 26 3 1 
2,24 (186 / 83 

Answers) 

Cost of acquisition, maintenance and service of IT 
systems 

13 47 21 2 0 
2,14 (178 / 83 
Answers) 

Payroll / Remuneration / refinancing 
21 37 17 6 2 

2,17 (180 / 83 

Answers) 

Transparency of costs and benefits of IT 
18 33 26 6 0 

2,24 (186 / 83 

Answers) 

Legal and political situation of such solutions 
13 31 31 4 2 

2,40 (194 / 81 

Answers) 

Usability and acceptability of the IT-system 
solutions such as telemedicine 

21 38 18 6 0 
2,11 (175 / 83 
Answers) 

Complexity of the used hospital software and 
their systems 

10 33 32 3 2 
2,43 (194 / 80 
Answers) 
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7.5 Score Likert question 

Change progress     

(Factor F11_1)  Rationale Coding 

Higher diagnostic quality (e.g. by 

doctors specialisation) 

 

 

Telemedicine solutions can 

contribute to the qualification of 

radiologists as they allow greater 

efficiency due to increased 

diagnosis possibilities. 

 

q011003 

Advanced level of integration 

between different IT systems 

 

The integration of different IT-

systems can be achieved with 

standardised telemedicine 

applications based on the 

standards DICOM and PAC's. 

 

q011005 

Improved interoperability between 

different technical standards 

 

Modern telemedicine applications 

provide interoperability to some 

extent and can therefore bridge 

different technological interfaces 

and software standards. 

 

q011006 

Shorter treatment period 

 

Due to flexible telemedicine 

applications like teleradiology, the 

treatment period can be reduced as 

the necessity to travel diminishes. 

 

q011007 

Reduced complexity / simplified 

processes 

 

Telemedicine solutions have the 

potential to reduce complexity as 

the diagnosis procedure and docu-

mentation can be executed across 

different health organisations and 

wards. 

q011010 
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Efficiency   

Factor FL 11_2 Rationale Coding 

Time savings (better utilisation of 

human capacity) 

 

Increased information exchange 

lead to improved efficiency of 

human resources. 

 

q011001 

Resource savings (better 

utilisation of technical capacity) 

 

Increased information exchange 

lead to improved efficiency 

technical capacities. 

 

q011002 

Higher geographical coverage in 

rural areas compensate the 

shortage of physicians 

 

Telemedicine solutions can extend 

the geographical coverage due to 

augmented information exchange. 

 

q011004 

Improved information exchange 

 

 

Enhanced information exchange 

of medical data is the main 

purpose of telemedicine solutions.   

 

q011008 

Increased flexibility and 

efficiency 

 

Adequate Information exchange 

lead to more flexibility and 

efficiency. 

q011009 
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IT Quality    

Factor_F12_1 Rationale Code 

The quality of the IT software is 

good 

 

 

IT-software should not be only 

easy to use, but also well and 

comprehensively designed to fulfil 

all relevant tasks for its users.  

 

q012002 

The depth of integration of the IT 

software is good 

 

 

The integration of the ICT/ tele-

medicine software should be well 

integrated to all connected systems 

to grant a smooth transmission of 

medical data.  

 

q012003 

The interoperability of the IT 

software is good. 

 

The interoperability to other IT-

systems is a prerequisite in 

telemedicine to enable medical 

data transfer. 

 

q012004 

The operability of the IT / systems 

used is simple and clear 

 

Interoperability is presupposed, 

otherwise an exchange of medical 

data is not possible.  

q012005 
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Satisfaction   

Factor_F12_2 Rationale Code 

I am satisfied with the use of 

telemedical solutions in my 

professional life 

 

 

Stakeholder satisfaction is an 

indicator of successful 

telemedicine implementation and 

experience. 

 

q012001 

The economic value of such 

systems is transparent and 

comprehensible 

 

Economic benefits are major 

factors for the decision making in 

the area of telemedicine.  

q012006 

The implemented IT solutions 

affect the quality of patient care 

positively 

 

IT systems have an impact on 

patient care as they support 

clinical diagnosis and 

administrative tasks. 

q012007 

The implemented IT solutions 

affect the patient diagnosis 

positive 

 

Due to better medical images and 

faster medical data exchange the 

diagnosis will be accurate and 

quick. 

q012008 

 

 

 

 

 

 

 

 

 

 

 

 

 

Transparency    
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Factor_F12_2 Rationale Code 

Cost of acquisition, maintenance 

and service of IT systems 

Costs incurred need to be 

transparent to assess financial 

impact. 

q013004 

Payroll / Remuneration / 

refinancing 

 

Comprehensive transparency need 

to contain refinancing and 

remuneration aspects. 

 

q013005 

Transparency of costs and benefits 

of IT 

 

Exact costs of IT including 

maintenance are required to 

provide transparency. 

 

q013006 

Legal and political situation of 

such solutions 

 

Proper transparency include legal 

and political aspects as they can 

influence telemedicine strategies. 

 

q013007 

Usability and acceptability of the 

IT-system solutions such as 

telemedicine 

 

Operational handling must be user 

friendly and transparent to achieve 

high acceptancy among users.  

q013008 

Complexity of the used hospital 

software and their systems  

The IT-infrastructure and software 

ought to be transparent and 

efficient for its users.  

q013009 
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Technology   

Factor_F12_2 Rationale Code 

Flexibility of the used hospital 

software and systems 

 

Flexible hospital information 

systems enable the implementation 

of telemedicine applications.  

 

q013001 

Compatibility of the software 

systems used with each other and / 

or with external systems 

 

Compatibility issues among 

software systems impede the 

implementation of telemedicine 

solutions. 

 

q013002 

Bandwidths or capacity 

bottlenecks when exchanging data 

with external organisations and 

clinics 

 

Low bandwidth or capacity 

constraints interfere the adaption 

of telemedicine applications. 

q013003 
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7.6 SPSS Survey Results 
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SPSS Chart 
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Chart 1: Results question 5 

 

    

Change 

progress 

(F11_1) 

Efficiency (F11_2) 

Time savings (better utilisation of 

human capacity) 
q011001  0.7890 

Resource savings (better utilisation 

of technical capacity) 
q011002  0.7794 

higher diagnostic quality (e.g. by 

doctors specialisation) 
q011003 0.7443  

higher geographical coverage in 

rural areas compensate for the 

shortage of doctors 

q011004  0.8853 

Advanced level of integration 

between different IT systems 
q011005 0.5537  

Improved interoperability between 

different technical standards 
q011006 0.8751  

shorter treatment period q011007 0.7088  

Improved information exchange q011008  0.5896 

Increased flexibility and efficiency q011009  0.7027 

Reduced complexity / simplified 

processes 
q011010 0.8419  

KMO = 0.8445 
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Chart 1: Results question 6 

 

    
Quality 

(F12_1) 

Satisfaction 

(F12_2) 

I am satisfied with the use of 

telemedical solutions in my 

professional life. 

q012001  0.6463 

The quality of the IT software is 

good. 
q012002 0.8674  

The depth of integration of the IT 

software is good. 
q012003 0.8846  

The interoperability of the IT 

software is good. 
q012004 0.7773  

The operability of the IT / systems 

used is simple and clear 
q012005 0.9021  

The economic value of such systems 

is transparent and comprehensible. 
q012006  0.6954 

The implemented IT solutions affect 

the quality of patient care 

positively. 

q012007  0.9179 

The implemented IT solutions affect 

the patient diagnosis positive. 
q012008  0.9377 

KMO = 0.8392 
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Chart 3: Results Question 7 

 

  
Transparency 

(F13_1) 

Technology 

(F13_2) 

Flexibility of the used hospital software 

and systems 
q013001  0.8357 

Compatibility of the software systems 

used with each other and / or with 

external systems 

q013002  0.8257 

Bandwidths or capacity bottlenecks 

when exchanging data with external 

organisations and clinics 

q013003  0.7847 

Cost of acquisition, maintenance and 

service of IT systems 
q013004 0.6518  

Payroll / Remuneration / refinancing q013005 0.8075  

Transparency of costs and benefits of IT q013006 0.7151  

Legal and political situation of such 

solutions 
q013007 0.7743  

Usability and acceptability of the IT-

system solutions such as telemedicine 
q013008 0.8752  

Complexity of the used hospital 

software and their systems  
q013009 0.6976  

KMO = 0.7979 
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KMO Measurement Chart: 

 

 

 

 

The Kaiser-Meyer-Olkin Measures (KMO 
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7.7 SEM-model 

 

 

 

Group frequency % 

P 51 42,68 

TSP 27 22,69 

I 9 7,59 

HIT 32 26,89 

Total 119 100,00 

 

 

Group P: Physicians, radiologists 

Group TSP: Telemedicine service vendor / provider 

Group I: Health insurance institutes 

Group HIT: Health IT-managers 
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7.8 Results Measurement Model 

 

 

Measurement Model 

 

  Coefficient Std. error z p 95 CI- 95 CI+ 

F11_1 

q011003 0,653 0,077 8,430 0,000 0,501 0,804 

q011005 0,664 0,076 8,780 0,000 0,516 0,812 

q011006 0,786 0,055 14,220 0,000 0,678 0,894 

q011007 0,713 0,067 10,650 0,000 0,582 0,844 

q011010 0,633 0,078 8,130 0,000 0,480 0,785 

F11_2 

q011001 0,629 0,082 7,650 0,000 0,468 0,790 

q011002 0,616 0,084 7,290 0,000 0,451 0,782 

q011004 0,579 0,090 6,430 0,000 0,403 0,756 

q011008 0,803 0,057 14,090 0,000 0,691 0,915 

q011009 0,827 0,052 15,950 0,000 0,725 0,928 

F12_1 

q012002 0,805 0,049 16,420 0,000 0,709 0,902 

q012003 0,873 0,039 22,260 0,000 0,796 0,950 

q012004 0,770 0,056 13,830 0,000 0,661 0,880 

q012005 0,771 0,056 13,770 0,000 0,661 0,881 

F12_2 

q012008 0,761 0,066 11,560 0,000 0,632 0,890 

q012006 0,824 0,057 14,480 0,000 0,713 0,936 

q012007 0,734 0,073 10,080 0,000 0,591 0,877 

q012001 0,673 0,076 8,820 0,000 0,524 0,823 

F13_1 

q013004 0,572 0,091 6,320 0,000 0,394 0,749 

q013005 0,758 0,066 11,560 0,000 0,629 0,887 

q013006 0,667 0,076 8,780 0,000 0,518 0,816 

q013007 0,611 0,082 7,440 0,000 0,450 0,771 

q013008 0,922 0,046 19,890 0,000 0,831 1,013 

q013009 0,530 0,091 5,830 0,000 0,352 0,709 

F13_2 

q013003 0,776 0,079 9,880 0,000 0,622 0,931 

q013002 0,692 0,085 8,140 0,000 0,525 0,859 

q013001 0,711 0,083 8,590 0,000 0,549 0,874 
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Structural Model 

  Coefficient Std. error z p 95 CI- 95 CI+ 

F11_1 
F11_2 0,771 0,086 9,000 0,000 0,604 0,939 

F13_1 -0,394 0,105 -3,760 0,000 -0,599 -0,188 

F12_1 F11_1 0,788 0,064 12,270 0,000 0,662 0,914 

F12_2 F11_1 0,785 0,070 11,160 0,000 0,647 0,923 

F11_2 F13_2 -0,027 0,146 -0,190 0,852 -0,314 0,259 

F13_1 F13_2 0,397 0,124 3,210 0,001 0,155 0,640 
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SEM - Model complete 
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Measurement table variance correlation of error terms 

 

 

variance (correlation of error term)  

 Coefficient Std. error z p 95 CI- 95 CI+ 

cov(e.q011003,e.q011005) -0,160 0,134 -1,200 0,232 -0,423 0,102 

cov(e.q011003,e.q011001) 0,194 0,120 1,610 0,107 -0,042 0,429 

cov(e.q011005,e.q011001) 0,245 0,118 2,080 0,038 0,014 0,476 

cov(e.q011010,e.q011009) 0,328 0,135 2,430 0,015 0,064 0,593 

cov(e.q011001,e.q011004) 0,248 0,116 2,130 0,033 0,020 0,476 

cov(e.q012003,e.q012008) -0,389 0,141 -2,770 0,006 -0,665 -0,114 

cov(e.q012005,e.q012008) -0,281 0,127 -2,220 0,027 -0,530 -0,032 

cov(e.q012008,e.q012007) 0,304 0,138 2,200 0,028 0,033 0,575 

cov(e.q013004,e.q013002) 0,239 0,129 1,850 0,065 -0,015 0,493 

cov(e.q013005,e.q013006) 0,299 0,127 2,360 0,018 0,051 0,548 

cov(e.q013006,e.q013003) 0,274 0,129 2,130 0,033 0,022 0,527 

cov(e.q013007,e.q013009) 0,213 0,118 1,800 0,072 -0,019 0,444 

cov(e.q013009,e.q013003) 0,290 0,136 2,130 0,033 0,023 0,556 

cov(e.F11_2,e.F13_1) 0,290 0,134 2,160 0,030 0,027 0,553 
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7.9 SEM-Model with factor loads 
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7.10 Interview Schedule 

 

For the qualitative research approach four in depth interviews (Ritchie, 2001) were 

carried out. This type of interview is also known as un- or semi structured 

interviewing. The questions followed a general interview guide approach consisting 

of questions that have been used for the Web-survey as well. The interview was 

informal with open ended questions. The Likert score questions were asked without 

a rating, instead the interviewee could answer these questions in length. 

 

This type of interview which researchers use to elicit information in order to achieve 

a holistic understanding of the interviewee’s point of view or situation. The given 

answers were documented according the different items and dimensions of the 

structural equation model SEM. 

The interview partner were selected referring to the four identified stakeholder 

group in section 2.7. These interview partners are proven expert in their field of 

telemedicine. Indeed, there was no relationship between the interviewee and 

interviewer. Whether interviewees nor interviewer were economically or politically 

dependent respectively family or work related, on each other. There was no prior 

contact at any time. All interviews were conducted by the same researcher, with the 

same set of questions in order to achieve consistency and comparability of research 

results. A triangulation of data sources was achieved by addressing questions to the 

pre- identified different telemedicine stakeholders. 

. 
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The four meetings took place in the various offices of the stakeholder experts, the 

atmosphere was convenient and quiet, and the interviewee took the time to answer 

the pre-defined questions detailed and elaborative. The interviews began with the 

explanation and purpose and the signing of the consent form and ended with a quick 

summary of results to confirm the common understanding of the topic. 

 

7.11 Interview guide qualitative approach 

 

The interview guide contained the same questions and structure that has been used 

for the quantitative approach. The introduction section included questions about the 

professional background. Thereafter questions about personal experiences in the 

field of telemedicine followed. Subsequently the main questions addressing the six 

factors and its associated sub-questions comprising technology, transparency, 

information exchange, progress, IT-quality and satisfaction level followed. 
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Interview Guide Qualitative Approach 

Question towards existing knowledge and formerly gained experience 

Do you already have experiences with telemedical solutions? What are your 

experiences in the field of telemedicine? 

In which of the below administrative areas could you already gain experience with 

telemedical solutions? 

Questions about the six main factors: 

1. How do you see progression in telemedicine in terms of improved quality, 

integration, processes, interoperability, less complexity and shorter 

treatment period? 

2. What is your opinion about the efficiency of telemedicine concerning 

improved information exchange and associated benefits like time and 

resource savings? 

3. What do you think about the current IT-software quality for telemedicine 

applications? 

4. How would you summarise the factors that lead to increased satisfaction 

with regards to quality and economy aspects. 

5. What is your experience about transparency towards costs, remuneration, 

legal and political issues of telemedicine solutions? 

6. How do you evaluate the factor telemedicine technology with its 

associated issues regarding technical flexibility, interoperability, capacity 

and compatibility? 

Any other topics or issues you want to raise about your personal and professional 

experience? 

Are you satisfied with your personal strategy and if not, what would you change? 
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7.12 Interview Schedule 

Four interviews in total were carried out to address the questions of the quantitative 

survey to the four stakeholder groups including a radiologist from the group 

physicians; a telemedicine expert in one of the biggest health insurance 

organisation, a telemedicine IT manager from a teleradiology hospital in Germany 

and a telemedicine service provider vendor delivering telemedical services to 

connected hospitals. 

 

Interviews about telemedicine solutions 

 

Interview 1: Stakeholder Group Physicians 

Interview partner: Physician in a teleradiological hospital, president of the 

Teleradiology association in Germany 

 

Date: November 28th 2014              Duration: 1 hour 10 minutes 
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Interview 2:  Stakeholder Group health insurance organization 

 

Interview partner: Director of a leading health insurance organisation and person in 

charge for telemedical questions in health. Author of several publication concerning 

health insurance and telemedicine. 

 

Date: December 1th 2014              Duration: 55 minutes 

 

 

 

Interview 3: Stakeholder Group Health IT-Manager / administrator 

 

Interview partner: Health IT- Director of a leading teleradiological clinic Germany. 

 

 

Date: December 9th 2014              Duration: 1 hour 20 minutes 

 

   

Interview 4: Stakeholder Group telemedicine service provider 

 

Interview partner: Head of an E-Health service provider and telemedicine project 

manager Germany  
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Date: June 10th 2015              Duration: 50  minutes 

 

 

 

 

7.13 Interview Summary 

 

Telemedicine Service provider 

The company of the telemedicine service provider offers a teleradiology network, 

in which connected hospitals can operate telemedicine based examinations. 

According to the service provider representative, this network is very successful as 

they continuously grow their customer basis, mostly hospitals and physicians. The 

network allows the same time exchange of medical data like MRT/CT images and 

patient reports to connected clinics. Additionally they provide software services that 

can manage and document the flow of information and content. The usage is 

financed with a license model, where interested hospitals can book certain network 

and software service licenses for their telemedicine activities. These licenses and 

capacities are scalable in a pay per use model and therefore interesting for health-

organisations that do not want to take the risk of high investments. 

The telemedicine service provider is not really familiar with the administrative 

work behind telemedical examinations, but with the technical prerequisites and 

associated maintenance issues. 
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Telemedicine interests 

The service provider is mainly interested in teleradiology solutions as here the 

growing potential is given due to demographic change and further treatment 

specialisations of hospitals/clinics. 

From a technological perspective the service provider considers cloud solutions as 

the future technology for being more flexible. But so far they do not know how to 

obtain a permission for medical/patient data transmission because the law for data 

protection is too restrictive in their view. They would also like to broaden their 

portfolio with consulting services for clinics with respect to telemedicine solutions, 

as they have recognised the lacking knowledge among health IT-managers and 

physicians. 

 

Telemedicine Critical factors and relevancy 

The main factors are time and resource savings, which is the key argument of selling 

their services according to the service provider. Through their network clinics are 

able to share same time information without possessing own technical resources. 

The network performance and provided bandwidth is comparably high through 

shared media that can absorb data-peaks during transmission, which is their main 

selling argument, referring to the service provider. 

 

The interoperability and standardisation are seen as critical but manageable through 

standards like DICOM and RIS (Radiology Information System). New technologies 

like cloud and M-Health will help to achieve a higher penetration level for 

telemedicine. 
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The legal and political side were criticised as being to in-transparent and not 

customer friendly. The service provider considers these legal barriers as the main 

reason for the existing hesitation to implement telemedicine based solutions. 

Especially the prerequisites par federal state make it difficult to sell their services 

across boundaries in Germany. 

 

 

Physician radiologist 

The physician is working as a radiologist in a large hospital that offers diagnostic 

services to other interested clinics. The solution contains a WAN-network and 

adequate soft-and hardware infrastructure that is compatibly connected between 50 

clinics. Even though most of these clinics have their own CT and sometimes even 

MRT equipment, they lack radiologists who could evaluate the medical findings 

around the clock. For this reason, the remote clinic conducts the examination with 

a medical technical assistant, who sends the patient pictures via VPN to the 

connected radiologist. The remote radiologist in turn evaluates the findings and 

determines the required treatment for the patient. If it is necessary or medically 

indicated the radiologist drives to the remote clinic to take over the further actions. 

The physician, who is also president of the German teleradiology association, 

explicated that these images had been transferred by fax in the early beginnings.   

According to the physician 90% of their patients have a suspected craniocerebral 

injury, the remaining 10% abdomen injuries. About 70-80 percent of these patients 

turn out to have no serious medical finding. 

Without this telemedical examinations and diagnosis, the cost would be much 

higher, as the remote clinics would need to foresee additional radiologists to cover 

the round the clock availability for emergency patients.  
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Administrative experience 

The physician considers the different technological software compartments as 

complex and confusing. An integrated system that is linked to patient data, clinical 

findings and invoicing would be desired, even though the physician considers their 

current soft- and hardware solution as being sufficient. 

 

From an administrative point of view the physician criticised the complex rules and 

regulations of the German health-system. The time spent with filling out documents 

and obtaining governmental approvals keep the physician away from doing the job 

of examining patients. Furthermore, every radiological examination needs to be 

documented elaborately from both, the remote clinic who conducts the examination 

and the physician who diagnose the injury from a distance. Further critics came 

from the required transmission time for medical data. Pursuant to the X-ray law 

(Roentgenverordnung) the maximum time must not exceed 15 minutes which is 

difficult to achieve, since the technological conditions vary among the connected 

neighbor clinics.  

 

The physician emphasised on the quick reaction and intervention if an emergency 

patient arrives in the remote clinic. At this background they wrote a manual for the 

remote clinics to document the required process steps to achieve the regulated 

minimum times for diagnosing emergency patients. 
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Telemedicine critical factors and relevancy 

The physician sees the time and resource savings as the main beneficial factor for 

their solution. Especially the savings on the personnel expenditures play a major 

role for them, as radiologists are rare and expensive in Germany. The time savings 

were justified with regards to the former onsite travelling to the hospital, which is 

not required anymore. Besides that, the specialisation possibilities to certain 

diseases through job-sharing are seen as another positive outcome of the own 

teleradiology solution. 

 

Telemedicine interests 

The physician is interested in teleradiology and new mobile solutions to be more 

flexible. The aim of the physician for the future is to implement home office 

working places in order to be able to diagnose remotely via a tablet computer. Cloud 

solutions are also of interest as they support the flexibility of storing MRT and CT 

images. The physician said, that they are attractive because they enable an 

independent access from anywhere at any time. Further interests have been 

expressed in security aspects and new software that has the potential to relive 

administrative work in telemedicine. 
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Health IT-Manager 

Telemedicine experience 

The health IT-manager is responsible for the ICT-infrastructure of a medium sized 

hospital that manages teleradiology examinations and telemonitoring with 17 

connected remote clinics. For this reason they have a large hard-and software 

infrastructure including appropriate software solution that is integrated to their HIS-

system. The main business is generated with the remote examinations of emergency 

patients on a day and night basis. The required patient images are coming from the 

connected hospitals, where a medical assistant conducts the CT- screening and 

transmits the results over the WAN-network. 

The responsibility for the health IT-manager is to take care that all the systems are 

reliable and redundant. 

 

Administrative experience 

The administration and operation of the ICT- system is done by the health IT-

manager. The manager is not only responsible for buying and maintaining the 

equipment (MRT/CT), but also for the management and invoicing of the diagnosing 

services for the connected hospitals. Frequently they conduct workshops to discuss 

the business and potential improvements on the technical side. The generated 

revenue depend on the kind of injury and conducted diagnosis.  

The IT-manager confirmed that the legal aspects are critical and complex, due to 

numerous rules and regulations that exist for such solutions. However, they see the 

growing political support in Germany.  
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Telemedicine interests 

The health IT-manager is interested in teleradiology. As a transfer technology they 

see M-Health and cloud computing as being attractive for their business scenario. 

Here the health IT - manager sees potential to save money but also a risk for patient 

data protection. The IT-manager noted that there is still no political and legal 

consent about the general approval of cloud solutions in Germany. 

 

Telemedicine Critical factors 

The main beneficial factor has been described as the possibility for smaller 

healthcare oganisations to assign the part diagnostic to specialised clinics that 

provide radiological examinations via telemedicine. Here the IT-manager pointed 

out the high personnel costs that could be saved. Interestingly the equipment costs 

play a minor role in the eye of the IT-manager, although acquisition and 

maintenance costs are comparably high.  

Besides that the improved information sharing and better possibilities to diagnose 

patients are seen as positive. Contrary to the factor data security, which is complex 

and restrictive in Germany, pursuant to the IT-manager.  
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Health Insurance Manager 

The health-insurance manager works in a health insurance organisation that drives 

certain telemedicine initiatives for their members in Germany.  As such the 

insurance manager is directly involved in these projects. At present they fund a 

telemonitoring project to surveil COPD-patients from a distance and a teleradiology 

project where they support the implementation of a standardised network for 

interested clinics or other health organisations. The purpose of this funding is not 

only to encourage health organisations to invest in this future technology, but also 

to analyse the contemplated costs and benefits. So far no real evidence of saving 

costs could be found according the health-insurance manager. Moreover they could 

not detect a better healthiness of their patients through telemedicine solutions. As 

long as this evidence is missing, the insurance company has problems to put it in 

their settlement catalogue funds for health organisations. In the opinion of the 

insurance manager this will take at least 10 years to realise. 

 

The health-insurance manager commented that this might be the reason for slow 

adoption and sectorial thinking among physicians, as they are scared to loose 

patients/customers. The insurance manager made also aware about possible risks of 

overtreatment, due to the latest telemedicine hype. Such negative developments 

would interfere the positive aspects of such solutions. However, the insurance 

manager spoke about a permanent underutilisation in radiology wards of German 

clinics which could be prevented with suitable telemedicine solutions. 
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Administrative experience 

The insurance manager is not really involved in the administrative issues of 

providing telemedicine based services, but knows about the scope and complexity. 

In their view these guidelines need to be simplified and identical for all federal 

states in Germany, because otherwise it will be problematic to adapt it to an aligned 

telemedicine based settlement. This requirement has been addressed politically by 

the health insurance organisation. 

 

Telemedicine interests 

The health IT-manager is interested in numerous telemedicine solutions, but rather 

from an economical perspective. Especially new technologies like cloud solutions 

and M-Health are of interest, as long as they fulfil the necessary security 

requirements and economic benefits for the health insurance organization as well. 

The insurance manager has no technical background and experience and could not 

assess the applications upon their functions and features. 

 

Telemedicine critical factors 

For the health insurance manager the changed demographical structures and wider 

geographical coverage are the main and most important factors. Also resource 

savings and increased flexibility were named. Nonetheless, the insurance manager 

would not rank the different benefits on their relevancy, as all are important for the 

success of telemedicine. 

On the other hand the insurance manager reminded on the importance of the face 

to face contact between physician and patient, that should not be disregarded in this 

instance. 
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Factor F11_1 Progression 

 

 

Stakeholder Group 

 

 

 

Telemedicine service provider 

 

 

 

Field of Evaluation 

 

 

Progression 

 

  

Associated assesment 

items 

Question towards improved quality, integration, 

processes, interoperability, less complexity and shorter 

treatment period 

  

Answers: 

 

 

 

"The quality, integration and interoperability evolved 

with the latest telemedicine applications like M-Health, 

Cloud etc." 

 

 

 

"Telemedicine replaced the CD burning robots we had 

in place before." 

 

 

 
"Through the telemedicine standard Dicom e-mail it was 

possible to connect different software standards of our 

partners." 

 

 

 

 

 

 

Interpretation: 

The interviewee acknowledged progressing quality and 

interoperability of latest telemedicine applications like 

teleradiology through standards like Dicom e-mail and 

latest transfer technologies like Cloud and M-Health.  
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Stakeholder Group 

 

 

 

 

Physician, radiologist 

 

 

 

 

Field of Evaluation 

 

 

Progression 

 

  

Associated assesment 

items 

 

Question towards improved quality, integration, 

processes,  

interoperability, less complexity and shorter treatment 

period 

 

  

 

 

Answers: 

"We have a broader coverage and shorter treatments 

periods." 

 

 

 

"The quality of the digital images is partly 3D based and 

very high." 

 

 

 

"We carried out several workshops with our connected 

health organisations to align our processes and 

integration." 

 

 

 

"The frequency and amount of diagnosis increased 

through our teleradiological solution." 

  

 

 

Interpretation: 

 

 

 

 

The interviewee agreed on the recent progress of 

telemedicine applications but criticised the difficult 

integration of such solutions through different software 

compartments at the same time. However, certain 

workshops with partners helped to achieve an adequate 

integration level. 
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Stakeholder Group 

 

 

 

 

Health- IT management and administration 

 

 

 

 

Field of Evaluation 

 

 

Progression 

 

  

Associated assesment 

items 

 

Question towards improved quality, integration, 

processes, interoperability, less complexity and shorter 

treatment period 

 

 
 

 

 

Answers: 

 

 

 

"The sharing of medical information improved through 

telemedicine." 

 

 

 

"With our telemedicine solution we are able to diagnose 

more patients at the same time anytime, anywhere." 

 

 

 
"Due to our day and night availability, where we 

distribute the requests to radiologists on duty, we have 

an optimal capacity utilisation." 

 

 

 

 

 

 

Interpretation: 

The interviewee commented on the advanced 

possibilities through telemedicine solutions towards 

improved information sharing, better diagnosis and 

capacity utilisation, especially for smaller clinics that 

cannot fund radiology wards. 
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Stakeholder Group 

 

 

 

 

Health insurance representative 

 

 

 

 

Field of Evaluation 

 

 

Progression 

 

  

Associated assesment 

items 

 

Question towards improved quality, integration, 

processes, interoperability, less complexity and shorter 

treatment period 

 

 
 

 

Answers: 

 

 

 

"We see economical improvements from our members 

caused by new telemedicine solutions."  

 

 

 

"These benefits include better resource utilisation which 

can help to cope with the low physician density in some 

German regions." 

 

 

 

"With the help of telemedicine we get networked 

structures which relieve collaboration among 

physicians." 

 

 

 

 

  

Interpretation: 

The interviewee associates the telemedicine evolution 

with topics like growing collaboration, broader coverage 

and financial benefits. Besides that, the insurance 

manger warned of an overtreatment of patients caused 

by unnecessary examinations. 
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Factor F11_2 Efficiency 

 

 

Stakeholder Group 

 

 

 

 

Telemedicine service provider 

 

 

 

 

Field of Evaluation 

 

 

Efficiency 

 

  

Associated assesment 

items 

 

Question towards information exchange and associated 

benefits like time and resource savings  

 

 
 

 

Answers: 

 

 

 

 

 

 

"Nowadays the telemedical communication and 

adjustment among healthcare organisations helped 

smaller hospitals for patient admission, as they can 

shift cost effective diagnosis to other connected 

hospitals without the necessity to relocate the patient." 

 

 

 

"We provide certain technical communication platforms 

where the health professionals can share patient 

information." 

 

"The health related information can be exchanged 

quickly and effectively." 

 

 

 

 

 

 

Interpretation 

 

The interviewee agreed on better efficiency, especially 

for smaller hospitals, caused by superior information 

exchange through telemedicine solutions they provide 

on a pay per use basis. 
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Stakeholder Group 

 

 

 

 

 

 

 

Physician, radiologist 

 

 

 

Field of Evaluation 

 

 

Efficiency 

 

  

Associated assesment 

items 

 

Question towards information exchange and associated 

benefits like time and resource savings  

 

 
 

 

Answers: 

"Our telemedicine applications allows us to 

communicate directly among radiologists and 

consultants at any time." 

 

 
"This direct communication lead to massive time savings 

as they don't need to drive by car to each patient and 

physician." 

 

 

 

 

 

 

Interpretation 

The interviewee is satisfied with the direct 

communication and diagnosis treatment that 

telemedicine enables. According the respondent's view 

this leads to time and resource savings as well as to a 

better specialisation of radiologists. 
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Stakeholder Group 

 

 

 

 

Health- IT management and administration 

 

 

 

 

Field of Evaluation 

 

 

Efficiency 

 

  

Associated assesment 

items 

 

Question towards information exchange and associated 

benefits like time and resource savings  

 

 
 

 

Answers: 

 

 

 

 

"Since we provide our teleradiology services we carry 

out workshops with our partners to share information 

on how we can improve our communication." 

 

 

 

"Before we started we had to shuttle the patients from 

hospital to hospital, meanwhile we do everything 

remotely via telemedical connection." 

 

 

 
"The information exchange among the radiologists and 

other health professionals like physicians is good, it 

saves times and resources." 

 

 

 

 

 

 

Interpretation: 

The interviewee sees a clear improvement in the flow of 

communication which is caused by own teleradiology 

solutions. Here they save travelling time and onsite 

radiologists. New applications like M-Health allow 

further location independency. 
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Stakeholder Group 

 

 

 

 

Health insurance representative 

 

 

 

 

Field of Evaluation 

 

 

Efficiency 

 

  

Associated assesment 

items 

 

Question towards information exchange and associated 

benefits like time and resource savings  

 

 
 

 

Answers: 

 

 

 

 

"One of the major problems of communication exchange 

is the sectorial establishment and perseverance among 

state politicians." 

 

 

 

"With telemedicine these sectors can be overcome 

leading to better resource utilisation, higher 

geographical coverage in places where we have a low 

physician density." 

 

 

 

 

 

 

Interpretation 

The interviewee has no own experiences but sees recent 

improvement in communication exchange of 

telemedical clinics. On the other side the respondent 

criticised the sectorial thinking across those healthcare 

organisations that impede proper flow of 

communication. 
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Factor F12_1 IT – Quality 

 

 

 

Stakeholder Group 

 

 

 

 

Telemedicine Service Provider 

 

 

 

 

Field of Evaluation 

 

 

IT - Quality 

 

  

Associated assesment 

items 

 

Question towards IT quality 

 

 
 

 

Answers: 

 

 

 

"We favoured the Chili software but over the time they 

charged more and more money for their licenses." 

 

 

 

"We still work with Chili based on DICOM e-mail as a 

standard for our telemedicine solution and it works 

well." 

 

 

 
"The various software islands are a problem in the field 

of telemedicine. “ 

 

 

 

 

 

 

Interpretation: 

The interviewee is basically satisfied with the IT-

quality, but considers the amount of software solutions 

as to high and complex. Further critics have been 

remarked on the existing software islands that they 

want to overcome with their overlaying hard - and 

software infrastructure. 
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Stakeholder Group 

 

 

 

 

 

 

Physician, radiologist 

 

 

 

 

 

Field of Evaluation 

 

IT - Quality 

  

Associated assesment 

items 

 

Question towards IT - quality 

 

 
 

 

Answers: 

 

 

 

"We have Visus and we are satisfied with them, 

although we have problems to harmonise it with other 

software systems." 

 

 

 

"The renewals and updates caused by new features and 

functions lead to additional work and complexity." 

 

 

 "The license costs are high, but the software is simple 

to operate." 

 

 

 

 

 

 

Interpretation: 

The interviewee is satisfied with the implemented IT-

software, but perceives the harmonisation possibilities 

for the existing software compartments and license 

costs as inadequate and not really user friendly. 
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Stakeholder Group 

 

 

 

 

Health IT-management 

 

 

 

 

Field of Evaluation 

 

 

IT - Quality 

 

  

 

Associated assesment 

items 

 

Question towards IT - quality 

 

 

 
 

 

Answers: 

 

 

 

 

"We have made good experiences with our software 

from Infinitt. From my perspective it is a modern state of 

the art PACS system." 

 

 

 
"We have even convinced two of our partners to 

implement it." 

 

"Notwithstanding, we had some problems with the 

connection of the RIS and HIS system." 

 

 

 

 

 

 

Interpretation: 

The interviewee made good experiences with the 

implemented IT-quality but criticised the level of 

integration and connection to other systems, which they 

remedied with an own software solutions and associated 

network infrastructure. 
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Stakeholder Group 

 

 

 

 

Health insurance representative 

 

 

 

 

 

Field of Evaluation 

 

 

IT - Quality 

 

  

Associated assesment 

items 

 

Question towards IT - quality 

 

 
 

 

Answers: 

 

 

 

"There are hundreds of software vendors providing 

numerous different standards and interfaces." 

 

 

 

"Also there are certain standards and needs among 

software manufacturers to favour their own software 

strategy and standard which makes it even more 

complex." 

 

 

 
"We would need a concerted standardised approach in 

the field of telemedicine software." 

 

 

 

 

 

 

Interpretation: 

The interviewee has only limited knowledge, but 

regards the broad and complex software portfolio of 

applications negative and hopes that future applications 

will be less complex and more standardised. 
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Factor F12_2 Satisfaction 

 

 

Stakeholder Group 

 

 

 

 

Telemedicine service provider 

 

 

 

 

 

Field of Evaluation 

 

Satisfaction 

  

Associated assesment 

items 

 

Question towards satisfaction with regards to quality and 

economy 

 

 
 

 

Answers: 

 

 

 

"The quality of our telemedicine services grew over the 

time and we are far more flexible now." 

 

 

 

"With our implemented teleradiological solutions our 

patients can save time and unnecessary travels." 

 

 

 

"Our partner health organisations are more flexible with 

us and they don't need their own personnel resources." 

 

 

 

 

 

 

Interpretation: 

The interviewee summarised flexibility, time savings 

and resource utilisation as the main benefits of 

telemedicine solutions that adds to an overall satisfaction 

level among the involved users. 
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Stakeholder Group 

 

 

 

 

 

 

Physician, radiologist 

 

 

 

 

 

Field of Evaluation 

 

 

Satisfaction 

 

  

Associated assesment 

items 

 

Question towards satisfaction with regards to quality 

and economy 

 

 
 

 

Answers: 

 

 

 

 

 

"There is a high quality on our diagnosis as our 

radiologists have high quality images and share their 

opinions remotely via telemedicine. Especially then, if a 

patient case appears to be complex." 

 

 

 

"We have our own internal quality control team who 

reviews former findings, their results outlined a 

continuous improvement over the years." 

 

 

 

"The Dicom standard and the new 5k monitors from 

Apple helped us to make our diagnosis much better, as 

we can access the patient images from anywhere at 

anytime." 

 

 

 

 

  

Interpretation: 

The interviewee observed quality improvements like 

efficiency and flexibility on the treatment and diagnosis 

side, caused by own telemedicine applications, which 

yield to a higher patient and radiologist satisfaction. 
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Stakeholder Group 

 

 

 

 

Health- IT management and administration 

 

 

 

 

Field of Evaluation 

 

 

Satisfaction 

 

  

Associated assesment 

items 

 

Question towards satisfaction with regards to quality and 

economy 

 

 
 

 

Answers: 

 

 

 

"Our radiologists appreciate our new monitor 

equipment and 3 tesla MRT we purchased for our 

teleradiology services." 

 

 

 

"There is a tendency that our connected remote 

radiologists share their information and opinions, which 

led in our view to a better diagnose quality." 

 

 

 

 

  

Interpretation: 

The interviewee reported about new possibilities with 

their adopted telemedicine remote radiologists and the 

resulted improvement on the diagnosis side for 

connected remote hospitals, which in turn are happy 

with the gained cost and quality improvements. 
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Stakeholder Group 

 

 

 

 

Health insurance representative 

 

 

 

 

Field of Evaluation 

 

 

Satisfaction 

 

  

Associated assesment 

items 

 

Question towards satisfaction with regards to quality 

and economy  

 

 
 

 

Answers: 

 

 

 

 

"We have our own telemedical center where we operate 

telemedicine solutions for connected health 

organisations and we see great successes." 

 

 

 

"Our cooperation partners gave us positive feedback 

about its possibilities to improve quality and efficiency." 

 

 

 
"In essence this solution is about monitoring health 

indicators of 300 patients, but I cannot assess business 

to business solutions." 

 

 

 

 

 

 

Interpretation: 

The health insurance interviewee cannot really assess 

the satisfaction of telemedicine users among due to 

lacking experience, but has heard about benefits 

concerning flexibility and improved quality from their 

members and their own telemedical corporations. 
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Factor F13_1 Transparency 

 

 

Stakeholder Group 

 

 

 

 

Telemedicine service provider 

 

 

 

 

Field of Evaluation 

 

 

Transparency 

 

  

Associated assesment 

items 

 

Question towards costs, remuneration, legal and 

political issues of telemedicine solutions 

 

 
 

 

Answers: 

 

 

 

"Telemedicine costs and remuneration are transparent, 

the major part is for personnel costs." 

 

 

 

"Legal and political situation is difficult, there are many 

rules and regulations that differ per region due to our 

federalistic system." 

 

 

 
"The "Roentgenverordnung"(X-ray ordinance) is 

complex and outdated as it does not reflect new 

requirements of telemedicine solutions." 

 

 

 

 

 

 

Interpretation: 

The interviewee drew a positive picture about the 

transparency of associated costs in telemedicine, but 

sees a need for clarification on the political and legal 

side of telemedicine. The complex legal rules and 

regulations hamper a further penetration. 
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Stakeholder Group 

 

 

 

 

Physician, radiologist 

 

 

 

 

Field of Evaluation 

 

 

Transparency 

 

  

Associated assesment 

items 

 

Question towards costs, remuneration, legal and 

political issues of telemedicine solutions 

 

 
 

 

Answers: 

 

 

 

 

 

"Financials in telemedicine are very important to us, 

they can be estimated because we get a lump sum per 

diagnosis and finding. The costs for the telemedicine 

solutions consist of personnel costs, technology, 

network and maintenance." 

 

 

 

"The technology costs are mainly based on software 

licenses that are scalable." 

 

 

 

"The Roentgenverordnung (x-ray ordinance) and the 

federal system in Germany makes it difficult for us to 

provide telemedicine services, as the rules and 

regulations varies per federal state." 

 

 

 

"We think there is kind of protectionism among health 

professionals and organisations in Germany." 

 

 

 

 

 

 

Interpretation: 

The interviewee assessed the transparency as being 

sufficient but considers the legal and regulative 

restrictions as unconducive. Especially the complex 

federal health-system has been criticised as it 

complicates accreditation to conduct telemedicine 

based services. Another phenomena has been described 

as protectionism. Here the respondent explained that 

certain lobby groups among resident physicians, 

prevent proper competition among radiologists who 

utilise telemedicine applications. 
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Stakeholder Group 

 

 

 

 

Health- IT management and administration 

 

 

 

 

Field of Evaluation 

 

 

Transparency 

 

  

Associated assesment 

items 
Question towards costs, remuneration, legal and political 

issues of telemedicine solutions 

  

 

Answers: 

 

 

"The financial side of telemedicine solutions is 

transparent. We can exactly calculate our costs and 

income. We do it with a calculated cash flow calculation 

over an 8 year depreciation. " 

 

 

"We have a transparent process with our partners in 

place." 

 

 

"All diagnostical treatments are case based with no 

relation to telemedicine." 

 

 

"The political support in the past 10 years changed 

positively as politicians have recognised, we need to do 

something." 

 

 

 

 

 

 

 

 

Interpretation: 

The interviewee is satisfied with the current financial 

transparency in his company. The respondent sees the 

political situation as insufficient but on the right way to 

promote such projects in the future. Criticism have been 

formulated towards the case based settlement for tele-

diagnostical examinations. 
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Stakeholder Group 

 

 

 

 

Health insurance representative 

 

 

 

 

Field of Evaluation 

 

 

Transparency 

 

  

Associated assesment 

items 
Question towards costs, remuneration, legal and 

political issues of telemedicine solutions 

  

Answers: 

 

 

 

"There is no specific settlement for telemedicine 

treatments so far but we work on something that at least 

supports such technologies financially." 

 

 

"We know about legal and political constraints for 

telemedicine solutions that vary per federal state which 

makes it complex and intransparent to run such 

solutions." 

 

 

"The political pressure caused by demographic change 

and lacking resources will further grow." 

 

 

 

 

 

 

 

 

Interpretation: 

The interviewee admitted that there are unsolved 

problems, politically and legally, that need to be fixed to 

obtain full transparency.  

Moreover there is no settlement for any telemedical 

diagnosis. The treatment is exclusively based on the 

finding itself and not on the procedure to gain this 

finding. However, it has been recognised among 

healthcare institutes that such support is necessary to 

promote telemedicine projects. 
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Factor F 13_2 Technology 

 

 

Stakeholder Group 

 

 

 

Telemedicine service provider 

 

 

 

Field of Evaluation 

 

 

Telemedicine Technology 

  

  

Associated assesment 

items 
Question towards technical flexibility, interoperability, 

capacity, compatibility 

  

Answers: 

"Our server based MPLS-network improved our 

technical flexibility, as we could transfer medical data 

in all directions." 

 

"High performance telemedicine soft- and hardware 

evolved rapidly." 

 

"Radiologist always want to have latest technologies 

and applications which makes it difficult for us to adapt 

and implement new servers and software." 

 

"Compatibility and interoperability is still an issue, we 

have too many media disruptions and software islands 

for telemedicine applications." 

 

"There are too many standards, we need to have an IHE 

standardization." 

 

"We consider DICOM e-mail and PAC's as a minimum 

standard." 

  

Interpretation: 

The interviewee spoke in high terms of the 

technological fundament, consisting of a modern WAN 

network with the ability to prioritise medical data 

streams. The associated soft- and hardware applications 

has been rated as performant but not well enough 

integrated, although standards like DICOM relieve the 

situation. However, it was confirmed that new 

technologies like cloud and M-health will revolutionise 

the market. Critics came from the user side, where the 

interviewee sees a gap between the permanent demand 

and feasibility of always delivering latest technologies. 
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Stakeholder Group 

 

 

 

Physician, radiologist 

 

 

 

Field of Evaluation 

 

 

Telemedicine Technology  

 

  

Associated assesment 

items 
Question towards technical flexibility, interoperability, 

capacity, compatibility 

  

Answers: 

 
"The flexibility and interoperability improved massively 

in the past years." 

 
"The server capacity grew enormously, but due to better 

3D pictures the storage requirements for telemedicine 

increased at the same level." 

 "The transmission speed in telemedicine is very high 

meanwhile." 

 

"Nevertheless, we have several software compartments 

like the storage, backup, imaging, viewing, billing, 

administration and health information system HIS which 

makes it complex for us." 

 

"It is difficult and almost impossible to have a consistent 

system throughout all medical processes." 

 

 

"The various interfaces depict a problem, especially with 

the handling." 

 

 

  

Interpretation: 

The interviewee was delighted about the latest 

technological progression of ICT, especially on the part 

telemedicine. Of special interest are M-Health and cloud 

technologies although there is no clarity about the legal 

aspects. 

Critics came from the lacking integration and 

compartment thinking of the telemedicine hard-and 

software - industry. 
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Stakeholder Group 

 

 

 

 

Health- IT management and administration 

 

 

 

 

Field of Evaluation 

 

 

Telemedicine Technology  

 

  

Associated assesment 

items 
Question towards technical flexibility, interoperability, 

capacity and compatibility 

  

Answers: 

 

 

"Our remote MPLS - network made it possible to have a 

quick telemedicine connection to all remote clinics." 

 

 

"The image transmission is very fast and takes about 15 

minutes in maximum." 

 

 

"Our radiologists have their own home based 

workstation, which made it possible to diagnose quick 

and efficient from home." 

 

 

The numerous standards are complex and partly 

incompatible, but together with our partner clinics, we 

agreed on a common software standard." 

 

 

 

 

 

  

Interpretation: 

The interviewee pointed out the capabilities of the 

WAN-network that allow fast and prioritised data 

transmission and is also interested in cloud and M-

Health. Standards were an issue, but the respondent 

agreed a common standard with the business partners to 

overcome confusion and complexity on the 

technological side. 
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Stakeholder Group 

 

 

 

Health insurance representative 

 

 

 

Field of Evaluation 

 

 

Telemedicine Technology  

 

  

Associated assesment 

items 
Question towards technical flexibility, interoperability, 

capacity, compatibility 

  

Answers: 

 

 

"Due to technical development of telemedicine solutions 

it is possible to be more flexible in health provision." 

 

 

"Technology is part of the healthcare organisation, but 

we support and fund certain telemedicine initiatives as 

we think it is the future." 

 

 

"To create technological standards for telemedicine is 

difficult as there are different technical processes in 

place for 200,000 physicians, 3.000 hospitals and 160 

health insurance institutes." 

 

 

 

 

 

  

Interpretation: 

The interviewee had only limited knowledge and 

experience on the technological side of telemedicine 

solutions. However, the respondent was aware about the 

complexity of managing the technological aspects like 

standardisation and integration for all involved health 

organisations and stakeholders. 
 

 

 

 

 

 

 

 


