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EXECUTIVE SUMMARY
Terrestrial Trunked Radio (TETRA), a complex communication system based on a
digital technology, is mainly used by public safety services (fire brigades, police,
ambulance, etc.) and other governmental user organisations. Simultaneous voice and
data transmission, standardized interfaces to ensure a multi-vendor environment and
other technology-related advantages are key characteristics of this innovation. As the
TETRA technology is included in a category of industrial goods called complex products
and systems (CoPS), this communication system is the candidate CoPS example. In all
business contexts, complex information technologies or information systems bring
productivity gains for the organisation only when the target group uses the system in the
way it is supposed to be used. There are determining factors that motivate an end user
to accept and/or use a technology.
The underlying study investigates the factors influencing the acceptance of the TETRA
technology on the end-user level. The theoretical model is based on Davis’ (1989)
Technology Acceptance Model and set in conjunction with the adoption process stages
introduced by Rogers (1995). The findings on CoPS are taken into consideration in this
paper, as the examined TETRA system is a CoPS example (Davies and Brady 1998;
Hobday 1998). Apart from the insights relating to CoPS, the mandatory context is
unique, as the technology acceptance models have previously been applied primarily to
volitional technologies.
A qualitative pre-study involving twenty-four expert interviews was followed by a broad
empirical assessment in quantitative terms. After gathering 295 data sets derived from
five international TETRA projects, multiple regression analyses were carried out in order
to test the proposed relationships in the research model. Results confirm the original
TAM core constructs; especially the significance of perceived usefulness even when the
use of the technology is mandated. When an already implemented system is examined,
the behavioural intention component need not be taken into consideration in the TAM.
The specific extension of the traditional TAM is especially valuable, as this study proves
the high significance of the influence of perceived system interoperability.
Moreover, peer group influence and competitive pressure have a significant influence
on the user’s attitude towards the use of TETRA technology.

Social influences – except the influence from supervisors – play an important role in
accepting mandated TETRA technology.
The overall model provides valuable theoretical input for further technology acceptance
studies and offers a better insight into the CoPS setting. Directions for future research
paths are given, while the limitations of the study are also being considered. Apart from
scientific contributions, the study highlights valuable implications for TETRA
practitioners. The study thus meets both theoretical and practice-driven objectives.
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EXECUTIVE SUMMARY
Terrestrial Trunked Radio (TETRA), ein auf digitaler Technologie basierendes
komplexes

Kommunikationssystem

Sicherheitsaufgaben

(Feuerwehr,

wird
Polizei,

in

erster

Linie

von

Behörden

Rettung)

und

anderen

mit

staatlichen

Nutzerorganisationen eingesetzt. Die gleichzeitige Übertragung von Sprache und
Daten, genormte Schnittstellen zur Sicherstellung der Herstellerunabhängigkeit sowie
weitere sich aus der eingesetzten Technologie ergebende Vorteile sind die
Schlüsselmerkmale dieser innovativen Lösung. Da die TETRA-Technologie in die
Kategorie der so genannten Complex Products and Systems (CoPS, komplexe
Produkte und Systeme) fällt, handelt es sich bei diesem Kommunikationssystem um ein
ideales Beispiel aus dem CoPS-Bereich. In allen betriebswirtschaftlichen Szenarien
bringen komplexe Informationstechnologien oder Informationssysteme dem jeweiligen
Unternehmen oder der jeweiligen Organisation nur dann Produktivitätsgewinne, wenn
die Zielgruppe das System auf die dafür vorgesehene Weise nutzt. Es gibt bestimmte
Rahmenbedingungen, die einen Endbenutzer dazu motivieren, eine Technologie
anzunehmen bzw. zu nutzen.
In dieser Studie werden die für die Akzeptanz der TETRA-Technologie auf der Ebene
der Endbenutzer ausschlaggebenden Faktoren untersucht. Das theoretische Modell
basiert auf dem Technologieakzeptanzmodell (TAM) von Davis (1989) und wird zu den
von Rogers (1995) postulierten Stufen des Annahmeprozesses in Beziehung gesetzt.
Auch die Forschungsergebnisse im Bereich CoPS werden in dieser Arbeit
berücksichtigt, da es sich bei dem untersuchten TETRA-System um ein CoPS-Beispiel
handelt (Davies and Brady 1998; Hobday 1998). Abgesehen von für CoPS relevanten
Erkenntnissen ist auch der Kontext des zwingend vorgeschriebenen Einsatzes einmalig,
da die

Technologieakzeptanzmodelle

bis jetzt in erster Linie auf freiwillige

Technologienutzung angewandt wurden.
Einer qualitativen Voruntersuchung mit insgesamt vierundzwanzig Gesprächen mit
Fachleuten folgte eine breit angelegte, empirische Bewertung in quantitativer Hinsicht.
Nach der Sammlung von 295 Datensätzen aus fünf internationalen TETRA-Projekten
wurden Regressionsanalysen durchgeführt, um die angenommenen Beziehungen
innerhalb des Forschungsmodells zu überprüfen.

Die Ergebnisse dieser Überprüfungen bestätigen die Kernkonstrukte des ursprünglichen
TAM, insbesondere die Bedeutung der vom Benutzer wahrgenommenen Nützlichkeit
auch in einem Umfeld, in dem die Nutzung der Technologie zwingend vorgegeben wird.
Bei der Untersuchung eines bereits implementierten Systems braucht die Komponente
der Verhaltensabsicht (behavorial intention) im TAM nicht berücksichtigt zu werden.
Diese spezifische Erweiterung des traditionellen TAM ist gerade deshalb besonders
wertvoll und zweckdienlich, weil diese Untersuchung beweist, welch großen Einfluss die
wahrgenommene Interoperabilität von Systemen hat. Darüber hinaus zählen auch der
Einfluss der Peergruppe sowie Wettbewerbsdruck zu wichtigen Einflussfaktoren für die
Einstellung der Benutzer zur Nutzung der TETRA-Technologie. Soziale Einflussfaktoren
– mit der Ausnahme des Einflusses von Vorgesetzten – spielen ebenfalls eine wichtige
Rolle bei der Akzeptanz des vorgeschriebenen Einsatzes von TETRA-Technologie.
Das Gesamtmodell liefert wichtige theoretische Grundlagen für weitere Untersuchungen
im Bereich Technologieakzeptanz und beleuchtet das CoPS-Umfeld näher. Die Arbeit
bietet Richtungsvorgaben für künftige Forschungsansätze, wobei die Einschränkungen
und Grenzen der beschriebenen Untersuchung ebenfalls aufgezeigt werden. Neben
den

wissenschaftlichen

Beiträgen

bringt

die

Untersuchung

auch

wertvolle

Schlussfolgerungen für die TETRA-Praxis und erfüllt damit sowohl theoretische als
auch praxisbezogene Zielsetzungen.
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Introduction

1 INTRODUCTION
Innovation will not in itself guarantee success (Wilson 1991).
An important and long-standing research question in Information Systems (IS) and
Information Technology (IT) is how we can accurately explain user acceptance of IS
and IT. The contradictory relationship between investment in IT and gains in productivity
has raised concern among academics and practitioners alike. Systems that are not
widely deployed and used provide little value. Kollmann (2004) stresses that market
success is not only determined by sales, but primarily by the actual usage on the part of
the customer. Thus, having the technology available is simply not enough as it has to be
accepted and used correctly by the intended target users in order to realize productivity
gains. The dichotomy between technology availability versus technology use regarding
TETRA (Terrestrial Trunked Radio) systems as depicted in Figure 1 reminds us of the
assimilation gap described by Fichman and Kemerer (1999).

Cumulative TETRA Networks

40
35
30
25

Acquisition
Deployment

20
15
10
5
0
2002

2003

2004

Time
Figure 1. TETRA assimilation gap 3
3

The author examined secondary sources on TETRA networks which had been published from the
beginning of the technology’s standardization in 1995 until May 2005. The period between 2002 and 2004
illustrates the assimilation gap regarding the contracted (aqcuisition) and the implemented (deployed)
TETRA networks. Details of network infrastructure or end user information are not considered (see
Appendix 9.1).
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What makes the target group use the technology? Why does one individual accept the
TETRA system while others do not?
What are the determinants that influence TETRA acceptance? These questions are the
driving force for this doctoral thesis. This analysis, which focuses on the factors
governing technology acceptance and use among users, is part of a growing body of
academic research (Davis 1989; Davis et al. 1989; Frambach et al. 2002; LeonardBarton and Deschamps 1988; Mathieson et al. 2001; Moore and Benbasat 1991; Morris
and Dillon 1997; Pijpers 2001; Venkatesh and Davis 2000).

1.1 STRUCTURE OF THE DOCTORAL THESIS
Chapter 1 introduces the research environment the underlying study is positioned in high technology markets. The underlying research domain - complex products and
systems (CoPS) is depicted in detail. The description of the research problem,
subsequent research questions, and research objectives follow.
TETRA, the technology examined here is a candidate example of the ‘complex products
and system’ category. For this reason, a detailed description of the TETRA technology
is provided in chapter 2.
Chapter 3 concentrates on the literature reviewed and the theoretical background of this
doctoral thesis. The section concerning ‘Organisational buying behaviour’, which may
be considered as an introduction to the thesis’ theory, is followed by the highlights of the
‘Organisational adoption’ literature. Both lead up to the ‘Technology Acceptance Model
(TAM)’. The author focused on reviewing previous TAM studies and formulating
hypotheses.
Chapter 4 presents the methodological approach with its philosophical perspectives,
while Chapter 5 continues with a description of the methods applied in the underlying
research work.
Chapter 6 presents the qualitative study conducted with the help of TETRA market
experts. After analyzing the results of this pre-study, the initially proposed research
model was revised, and new aspects, in particular hypotheses, were added.
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Chapter 7 describes the quantitative study carried out to examine the proposed
relationships in the revised research model. This section includes the statistical data
examination and the subsequent discussion of results.
Chapter 8 offers the final conclusions of this study, describes its limitations, and
provides an outlook on future research. Both the scientific contributions and the
managerial implications are described here.
The Appendices in chapter 9 include the details of the qualitative and quantitative
approaches, such as the complete questionnaire used in the survey, the coding
scheme, and some additional statistical tables.
Chapter 10 provides a list of references including books, journal articles and sources
from the World Wide Web (WWW).

1.2 DEFINITIONS OF KEY TERMS USED
Before proceeding further with the introduction of the subject matter, this sub-chapter
provides definitions of the most important terms used in this doctoral thesis. A list of
abbreviations can be found immediately after the table of contents.
1.2.1 INNOVATION
Innovation is defined as the adoption of an idea or behaviour, whether a system,
policy, program, device, process, product or service, that is new to the adopting
organisation (Damanpour 1992). Most of the innovations analyzed in Rogers’ book
‘Diffusion of innovations’ (1995) are technological innovations. The technological
innovation in this paper is based on is a digital communication system called
Terrestrial Trunked Radio (TETRA).
1.2.2 ATTITUDE
Attitude may be a construct composed of cognitive, affective and conative components
(Kollmann 2004). The first component refers to the knowledge, values and opinions a
person has about the attitude object. The second component reflects positive and
negative feelings and evaluations with regard to the attitude object. The conative part
reveals the behaviour tendencies toward the attitude object. Thus, attitude describes the
intended behaviour with respect to the act of purchasing the innovation.
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For the purposes of this paper, attitude is understood as the positive inner readiness to
accept/use the TETRA system.
1.2.3 ADOPTION
The adoption process is a sequence of stages a potential adopter goes through before
accepting a new product or service. Rogers (1995) defines the adoption process as the
process through which an individual or other decision-making unit passes from first
knowledge of an innovation, to forming an attitude towards the innovation, to a decision
to adopt or reject, to implementation of the new idea, and to confirmation of this
decision. Adoption decisions are made at the organisational, division, work group, or at
the individual level. When the adoption of innovations occurs at the individual level
within the organisation, we refer to this as intra-organisational acceptance (van
Everdingen 1995). In the context of adoption research, market success is reflected by
the act of purchasing, i.e. when the product is purchased or adopted by the customer.
There are alternative presentations also covering innovation usage following the
decision of adoption (Frambach and Schillewaert 2002; Rogers 1995). For the
purposes of this paper, adoption covers only the decision of the organisation to
purchase the TETRA innovation (organisational adoption).
1.2.4 DIFFUSION
Diffusion is the process by which an innovation is communicated through certain
channels over time among the members of a social system. In other words, diffusion
refers to the accumulated level of users of an innovation in a market (Rogers 1995).
Valente (1995) describes the diffusion of innovations as the spreading of new ideas,
opinions, or products throughout the society. Within diffusion research, a distinction
between different models can be found. Diffusion models focus on the understanding of
the diffusion process as a whole at the aggregate level. In contrast, adoption models
emphasize the disaggregate perspective and the factors of individual adoption
decisions. The result of the development of adoption over time is expressed in so-called
diffusion curves, which describe adoption from the first to the last customer. As the
author focuses on the acceptance/use of an innovation and the determinants
influencing its acceptance, adoption and diffusion issues are touched upon only
later in the literature review.
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1.2.5 ACCEPTANCE
Kollmann (2004) highlights the separation of the terms ‘adoption’ and ‘acceptance’ in
the relevant literature from German speaking countries. Adoption is interpreted as the
decision to purchase while acceptance refers to the decision to use the product.
Acceptance - similar to adoption - is mostly interpreted as a dichotomous yes/no
decision in the acceptance research studies. Consequently, it is necessary to interpret
acceptance as continued usage. The author incorporates the average intensity and
frequency of system usage in the empirical assessment although she recognizes the
limitations of measuring a variable parameter (acceptance) at one point in time, as no
longitudinal research design is provided for.
1.2.6 COMPLEX PRODUCTS AND SYSTEMS (COPS)
Hobday (1998) defines CoPS as high technology capital goods and services (See also
Belleval 2002). Each individual CoPS generates high costs and is made up of many
interconnected, often customized parts, designed in a hierarchical manner and tailormade for specific customers. A high degree of customer involvement in the innovation
process can also be noted. The CoPS example in this research study is the hightech innovation TETRA.
1.2.7 TERRESTRIAL TRUNKED RADIO (TETRA)
TETRA is the European standard for digital professional mobile radio specified by the
European Telecommunications Standard Institute (ETSI). Dunlop (1999) refers to
TETRA as a feature-rich communication system, providing everything from specialized
safety services to cellular operating modes (See also Boucher 2000; Ketterling 1998).
According to the TETRA MoU – a forum representing the European TETRA community
- more than 190 TETRA projects have already been contracted globally4. In other
words, since 1997 approximately 10,000 TETRA radio base stations have been
‘adopted’ by organisations mainly in the public safety sector.

4

For further information see http://www.tetramou.com
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1.3 FIELD OF INVESTIGATION
The process of technological innovation is one of the most challenging problems facing
business-to-business marketing (Urbaniak 2001). Myers and Marquis (1969) formalized
the process of technological innovation in industrial marketing as a series of stages
which may not always occur in a linear sequence (Figure 2). The starting point for
successful industrial innovations is the market demand and the technical resources
available at a particular time. When technical progress is considered, it may or may not
result in an invention for which there will be a future demand. Levit (1974) confirms the
richness of ideas and further highlights the scarcity of implementation (use).
Technological progress fundamentally depends on the acceptance of innovations.
Simply acquiring an innovation, however, is not sufficient from a supplier’s perspective
as potential future business derives mainly from successful implemented innovations.
Innovations cannot improve organisational performance if they are not used. Therefore,
the innovation process can only be regarded as successful when its targeted users use
the innovation in the way it was intended to be used. Lack of user acceptance is a
significant impediment to the success of innovations. Practitioners and researchers
have a strong interest in understanding why people accept innovations and how users
respond to new technologies.
This doctoral thesis focuses on the implementation and use stages of the technological
innovation process, while the adoption stage is only briefly highlighted in the literature
review (Figure 2). The author investigates the factors influencing the implementation
and use stages – also referred to as acceptance factors – of a complex communication
system (TETRA), which serves as technological innovation in this context.
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Figure 2. Process of technological innovation (Myers and Marquis 1969)

1.4 HIGH-TECHNOLOGY MARKETS AND ORGANISATIONAL MARKETS
From the theoretic angle, this research study can be positioned in the field of high-tech
and organisational markets. The author describes the nature of these specific markets
below in order to demarcate the theoretical position.
1.4.1 THE NATURE OF HIGH-TECH MARKETS
There is ample evidence indicating the specific ways in which high-tech markets differ
from consumer goods markets: they exploit, create change, are complex, need to be
targeted carefully, and exhibit risk. Nystrom (1990) describes high-tech markets as
marketing-dependent and technology-driven. Furthermore, high-tech markets are
characterized as complex and subject to rapidly changing technological conditions,
which leads to shorter life cycles and the need for rapid decisions (Bridges et al. 1991;
Davidow 1986). High-tech products are proximate to the state of the art in terms of their
function and design. Their complexity also impacts market acceptance in high-tech
markets in different way. The importance of speed in high-tech markets is driven by
increasing competition and continually evolving customer expectations (Doyle and
Saunders 1985).

Page 13 of 241

Introduction

All of this is compounded by higher levels of risk for both the customer and the
producer. As a result of these dynamic market conditions, high-tech companies
frequently rely on a product focus which is driven by the innovations in technology
rather than by the needs of the customer (Dugal and Schroeder 1995). Also, in hightechnology companies, research and development (R&D) usually dominates over other
business functions. This dominance of technology may lead to an ignorance of
marketing and interactions between R&D and marketing (Anttila 2002; Hasenauer et al.
2002). Shanklin and Ryans (1984) put an emphasis on effective linkages between the
R&D and marketing functions so that high-technology companies can make a
successful transition from being innovation-driven to being market-driven.
The dynamic environment necessitates a stronger consideration of the marriage
between marketing and technology. High-technology marketing then is the exchange
process by which firms strive to meet customer needs by offering goods that are
proximate to the state of the art in their function and design in a marketplace that is
generally dynamic (Backhaus and Wilson 1986).
1.4.2 THE NATURE OF ORGANISATIONAL MARKETS
The organisational market incorporates the industrial, reseller, and government markets
(Kotler 1991). The industrial market, also called the business market, consists of all
individuals and organisations that acquire goods and services to use in the production
of other products or services that are sold, rented or provided to others. Kotler (1991)
described the following characteristics of the industrial market, stressing the contrast to
the consumer market: fewer, larger, and geographically concentrated buyers, close
supplier-customer relationship, derived, inelastic, and fluctuating demand, and several
buying influences. The specifics of the industrial buying process are portrayed in detail
in the literature review (compare 3.2). The participants of the reseller market purchase
goods and services for their own operations at a profit. The government market consists
of governmental agencies that acquire or rent products and services for carrying out the
main functions of the government (defence, education, public welfare, and other public
needs).
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This paper examines the acceptance factors of a high-technology innovation in the
B2B5 environment. The high-tech innovation in this context is a digital communication
system that incorporates characteristics that can be found in the category of industrial
goods called CoPS (complex products and systems). Moreover, this technological
innovation is adopted (acquired) by business, reseller or governmental organisations.
After adoption by the organisation, the innovation is implemented and then used
(accepted nicht zwangsweise) by individuals. In order to make the high-tech as well as
the B2B backgrounds easier to understand, the author provides an in-depth description
of the technological innovation TETRA in section 1.2.7. The so-called technology
acceptance factors for TETRA are the major research focus of this study.

1.5 NEW CATEGORY OF INDUSTRIAL GOODS: COMPLEX PRODUCTS AND SYSTEM
(COPS)
CoPS are defined as high cost, engineering-intensive products, subsystems, networks
and constructs supplied by a unit of production (Hobday 1998). Belleval (2002)
describes CoPS as high-technology capital goods and services. They differ from
simpler, mass-produced products in terms of the dynamics of the innovation process,
competitive strategies, managerial constraints, and industrial co-ordination. Therefore,
the nature and/or dynamics of innovation may differ from those of other types of
products. Examples of CoPS include flight simulators, air traffic control units, and
telecommunication networks.
1.5.1 COPS’ CHARACTERISTICS
The main characteristics that set CoPS apart from mass-produced goods are briefly
summarized in the following (Davies and Brady 1998; Hobday 1998):
CoPS involve a high degree of customization in the final product and its key
components. As CoPS are made up of many customized sub-systems and components,
there is a high level of system hierarchisation. Component and interface compatibility
with future technologies or standards is therefore an important criterion.

5

B2B is a transaction that occurs between a company and another company, as opposed to a transaction
involving a consumer. The term may also describe a company that provides goods or services for another
company (www.investorwords.com).
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CoPS are never mass-produced and their product life cycles may extend over decades;
decisions to invest may take months or years. Transactions are infrequent, large in
value, and of long duration.
CoPS are designed by project organisations and produced as units or in small batches.
Industries that are supplying CoPS are usually oligopolies with a few large suppliers
facing a few large customers in each country. Governments become involved in the
coordination of CoPS for various reasons, such as preventing monopolistic abuse or
supporting international standards.
1.5.2 EXAMPLES OF COPS
Table 1 presents a selection of potential CoPS candidates in order to provide an insight
into their range and variety.

Sectors
Aerospace
Telecommunications
Electronics
Heavy Engineering

CoPS
Airports, air traffic control systems, baggage handling
systems
Telecommunication exchanges, base stations for mobile
communications, command and control systems, network
management systems
Banking automation systems, semi-conductor
manufacturing plants
Industrial turbines, power plants

Table 1. Candidate examples of CoPS

Hobday (1998) lists candidate examples of CoPS from the telecommunications sector.
These components can also be found in the digital communication system called
Terrestrial Trunked Radio, which is the subject of empirical research in this paper.
1.5.3 INDUSTRIAL ORGANISATION FOR COPS
The nature of CoPS can lead to extreme task complexity which, in turn, demands
particular forms of management and industrial organisation. CoPS are often produced
within projects or small batches which allow for a high degree of direct user involvement
in the innovation process, rather than through arms-length market transactions as
normally is the case with commodity goods.
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1.5.3.1 The project-based organisation as a coordination mechanism
Within CoPS supply networks, firms organize structures and strategies around the
needs of projects, which often cut across conventional boundaries. The firms are
responsible for coordinating decisions across enterprise boundaries, for enabling buyer
involvement, and for matching technical and financial resources through time. Here, the
project-based organisation is a widely used form of coordination. This organisation form
exists to communicate design and architectural knowledge and to combine the
distinctive resources, know-how and skills of collaborators. A typical CoPS-project is a
temporary organisational form that incorporates prime contractors, system integrators,
users, buyers, other suppliers, SMEs, and sometimes government agencies and
regulators.
The innovation actors colaborate, taking innovation decisions both prior to and during
production. Sometimes suppliers and users engage in co-engineering throughout the
production process. Governments and regulators are often involved in regulating and
politicizing individual transactions. Governments are also concerned with the
coordination of CoPS with regard to international standardization or safety issues. The
system integrators and prime contractors are responsible for the management of the
CoPS project; they establish temporary multi-firm/user alliances. For example, the
Channel tunnel project entailed a massive task of financial, managerial and
technological coordination involving hundreds of contractors, at least 208 lending banks
and around 14,500 employees at its peaks (Lemley 1992).
1.5.4 INNOVATION MANAGEMENT CHALLENGES IN COPS
In reality few organisations fall into the extreme ideal-type categories depicted in Table
2, which highlights some of the challenges of innovation management. However, in
CoPS, design intensity and product complexity lead to many complicated, non-routine
tasks. Users frequently change their requirements during production, which leads to
unclear goals, uncertainty in production and unpredictable, unquantifiable risks.
Suppliers have to proceed stage by stage with incomplete information, depending on
inputs from other suppliers that may be competitors in other projects. In some cases,
these challenges have led firms to re-organize their entire business activities along
project-based structures which push traditional single firm management thinking to its
limits.
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Challenges

Mass production/
simple goods

Project-based CoPS production

Management
objectives

Well-defined, consistent goals
Focused, clear

Ill-defined, competing goals
Unclear, multiple

Manufacturing-intensive
Mass-assembly driven
Information codified
Routine, measurable
Functionally based
Mechanistic
Hierarchical structures
Learning in functional
departments
Learning routines systematic
Explicit/codified
Supplier-driven
Single-firm-centred
Market-mediated
Off-the-shelf, proven
Well-established IT tools
Consistent with real practice
Controllable
Predictable
Short-term, stable
Certain environment
Complete information
Goal-oriented
Arm-length market transaction
Market price
Well-defined market
Requirements pre-defined
Efficiency, cost-led
Single criteria
Easily defined, measured
Departmental efficiency

Design-intensive
System integration focus
Information uncodified, tacit
Non-routine, hard to measure
Project-based, cross-functional
Organic
Consensus-based, team-based

Production task

Organisation

Learning

Innovation process
Management tools
Nature of risk
Decision making

Customer/market

Success/failure
factors

Learning in projects
Learning sporadic, fragmented
Implicit, tacit
Customer-driven
Collaborative, network driven
Negotiated
Few, mostly unproven tools
IT tools not well established
Inconsistent with practice
Hard to control, hidden
Unpredictable, emergent
Long-term, unstable
Uncertain environment
Incomplete information
Learning-centred
Involved, professional customer
Negotiated price
Multiple stakeholder interests
Requirements negotiated
Flexibility, effectiveness-led
Multiple success criteria
Hard to define, measure
Team effectiveness

Table 2. Innovation management challenges (Hobday and Rush 1999)
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1.6 TERRESTRIAL TRUNKED RADIO (TETRA) AS A COPS APPLICATION
Hobday (1998) lists telecommunications exchanges, telecommunication network
management systems, base stations for mobile communications, command and control
systems as candidate examples of CoPS in the sector of telecommunications. These
network components are also found in a professional radio communication system,
namely the Terrestrial Trunked Radio system (Dunlop et al. 1999). TETRA is a digital
communication system addressing a customer segment that Dunlop (1999) refers to as
the Professional Mobile Radio (PMR) community. The PMR community is represented
by organisations such as the police, fire brigade, ambulance services, military and
related forces, community services and public utilities, public transportation services,
industrial enterprises, and airports. The key characteristics of CoPS as stated in the
literature also apply to TETRA (Davies and Brady 1998). Thus, in this study TETRA is
treated as an application of CoPS. A detailed description of the TETRA technology, its
development and market characteristics follow in chapter 2.

1.7 TECHNOLOGY AND STRATEGY
Susanne Fuchs, a PhD colleague at Vienna University and the author followed the
invitation of Professor Anders Pehrsson to visit the CIC at the Växjö University in
February 2004. As the attended PhD course ‘Contemporary Strategy Research’
revealed an important research issue and brought to light interesting aspects for this
thesis (e.g., alliance formation), the author will provide the researched paths in the
following part.
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1.7.1 COPS AND NETWORK LEVEL STRATEGY
Research on strategic collaboration between firms has been receiving increasing
attention in the literature, which reflects the growing frequency and importance of
alliances in business practice (Contractor and Lorange 1988; Gulati 1998; Koza and
Lewin 1998; Lee et al. 2003; Rothaermel 2004; Rothaermel 2001). Strategy
perspectives that may be linked to the CoPS topic will be outlined in the following.
De Wit and Meyer (1998) discuss the network level strategy, taking contradictive
perspectives into consideration: the discrete organisation and the embedded
organisation.
Strategists

in

the

discrete

organisation

perspective

prefer

competitive

inter-

organisational relationships; companies are viewed as independent entities that are
competing with other organisations in a hostile market environment.
In a competitive situation, the rivalry between competitors is characterized by
calculating, bargaining, manoeuvring, and the use of power to achieve results. Each
organisation is acting entirely on its own in markets with a large number of other
players. Occasionally, tactical coalitions appear, but each individual remains
independent in terms of strategy. The competitive game of a discrete organisation is
understood as a zero-sum game.
In contrast, the embedded organisation plays a potentially positive-sum game and
benefits from a win-win situation. Companies embed themselves in webs of durable
partner/relationships. The form of such a collaborative relationship may be a joint
venture, a strategic alliance, bi- or multi-lateral collaboration or a value-adding
partnership. Each relationship may include a buyer, supplier, competitor and also a nonprofit-organisation, such as a government agency. In order to benefit from such
networks, the participants develop their strategies jointly or align their approaches.
Morgan (1997) notes that organisations are basically a web of coalitions and that
coalition building is an important dimension of almost all organisational life. The socalled web of durable partnerships can be illustrated by the example of the Austrian
TETRA project ‘Digitalfunk BOS Austria’, formerly known as ‘ADONIS’. The project
started with a Request for Proposals from the Ministry of the Interior (MoI) in 2001.
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The Request for Proposal, which was compiled by two consulting companies, ‘Austro
Consult’ and ‘Mason Communications’, required an integrated TETRA service to be
provided by a telecom operator. The first Austrian TETRA operator, ‘master-talk’, was
established and finally chosen for the project in July 2002. The operator chose CoPS
supplier Siemens as general contractor and systems integrator. Several sub-contractors
responsible for technical components and sub-systems were selected in a further step.
As it is highly common in a CoPS project, here, too, the end users were involved to a
large extent in the decision-making phase: before the decision for the preferred TETRA
suppliers was taken, potential TETRA users from the public safety and security services
tested diverse TETRA equipment, especially different types of terminals. In these socalled pilot projects, a large range of hand-portable brands was tested.
After the successful completion of the pilot projects, representatives of the user
organisations

and

of

the

preferred

equipment

suppliers

participated

in

engineering/design workshops to discuss further hardware and software development.
After legal disputes among the project partners, the ADONIS project was stopped
during the roll-out phase in 2003. In December 2003, the Austrian TETRA project was
re-launched with another bidding process. The consortium partners ‘Alcatel Austria AG’
and ‘Motorola GmbH’ won the contract for the new project, Digitalfunk BOS Austria, in
June 2004. These partners established a provider company called ‘TETRON
Sicherheitsnetz

Errichtung

und

BetriebsgmbH’,

which

is

responsible

for

the

implementation and operation of the TETRA system. Nationwide operation in Austria is
scheduled for 2009.
The table below lists the main project members responsible for the key technical
components to offer an insight into the network level strategy in this project.
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TETRA equipment
Base stations
Telecommunications
exchanges
Network
management
systems
Command and
control systems
Connection lines
(i.e. leased lines)
Hand-portables
Mobiles

Suppliers for
‘ADONIS’
Rohde & Schwarz
(Germany)
Rohde & Schwarz
(Germany)

Suppliers for
‘BOS Digitalfunk Austria’
Motorola GmbH
(Austria)
Motorola GmbH
(Austria)

Rohde & Schwarz
(Germany)

Motorola GmbH
(Austria)

Frequentis
(Austria)
Telekom Austria
(Austria)
Nokia (Finland),
Sepura (UK),
Teltronic (Spain),
Cleartone (UK)

Frequentis
(Austria)
Alcatel Austria AG
(Austria)
Motorola GmbH
(Austria)

Table 3. Major suppliers in the ADONIS and BOS Digitalfunk Austria projects

1.7.2 COMPETITIVE ALLIANCE
Even very large international companies cannot rely on in-house research alone to
master all the technical developments relevant in the industry. Managing technology
flows among companies and labs often means using new organisational and
administrative mechanisms, such as strategic partnerships and consortia (Clark 1989).
The development of new products and the penetration of markets are very costly
activities, which is why joint ventures together with a competitor are a well-known
approach today. An alliance may strengthen the position of both companies vis-à-vis
outsiders. Furthermore, the competitive collaboration enhances each partner’s internal
skills and technologies.
The literature on strategic management points out the major principles to adhere to in
order to benefit from a competitive alliance (De Wit and Meyer 1998).
Networking and competitive collaborations have been gaining popularity in practice:
General Motors and Toyota assemble automobiles, Siemens buys Fujitsu PCs,
Motorola, Damm and Frequentis supply the telecommunications market with Mobile
Base Stations. Competitive collaboration as a network strategy can also be found in the
TETRA market.
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Siemens, for instance, did not enter the market before the year 2000, when most
important TETRA projects in Europe had already been contracted to the TETRA
suppliers Nokia, Motorola, or Rohde & Schwarz11. Considering the critical factor of
timing, a competitive association was the ideal strategy for market entry. For this reason
Siemens concluded a strategic alliance with Rohde & Schwarz, as any R&D investment
would have been too late for Siemens at that point. What is more, Rohde & Schwarz is
one of the TETRA players that had been influencing the standardization process right
from the start. The two companies aligned their strategies in terms of R&D investments
and acquisition policies. Market entry modes as general institutional arrangements
necessary for the entry of a company’s products, technology, and human/financial
capital into a market are comprehensively described in the literature. Strategic alliances
and organic development are categories that include different modes for entering the
market (Pehrsson 2001).
In the context of TETRA base stations, there is another alliance to be pointed out.
Damm is one of the digital base station manufacturers in Europe beside Rohde &
Schwarz, Nokia, Motorola, OTE, Teltronic, and Rohill.
It is worth noting that German supplier Rohde & Schwarz buys sub-components from
Danish base station manufacturer Damm. A very interesting aspect of this constellation
is that Motorola acquires the same sub-components from Damm for their own base
stations.
A third partnership in the TETRA market is the Damm-Motorola-Frequentis liaison that
resulted in a specific product type (small and mobile single-site base station).
Even though these three companies are normally opponents on the market, the
development of this specific product benefited from their alliance.
1.7.3 ALLIANCE FORMATION: EXPLOITATION VERSUS EXPLORATION
When a new technology offers uncertain opportunities, a firm can choose to exploit an
existing technology to ensure its immediate survival (exploitation). Alternatively, it can
opt to explore the new technology, which may provide better opportunities in the long
run (exploration). Nielsen (2002) describes the attempt of maximizing the utilization of
complementary assets / existing resources and capabilities as exploitation.
11

Major TETRA projects have already been described in detail in chapter 1.6.
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To put it differently, exploitation is concerned with increasing the productivity and
efficiency of employed capital and assets through standardization, systematic cost
reductions, and improvement of existing technologies, skills, and capabilities (Koza and
Lewin 1998). Exploration, on the other hand, is associated with discovering new
opportunities for wealth creation and above-average returns via innovation, invention,
building new capabilities, and investment in the firm’s absorptive capacity. Exploration is
understood as the pursuit of knowledge, of things that might come to be known, and
exploitation as the use and development of things already known (Rothaermel 2001).
Balancing exploration and exploitation entails balancing prioritization of today versus
tomorrow. Exploitation refers to the short-term improvement and refinement of existing
opportunities, competencies and solutions whereas exploration is associated with the
long-term, and implies experimentation and the search for new opportunities,
competencies and solutions (Fjeldstad and Haanoes 2001).
1.7.4 OUTCOME AND IMPACT OF ALLIANCES
In order to develop innovations, new products or services firms often engage in
cooperative relationships with other firms, suppliers, customers, and at times even
governmental or municipal organisations (Sorrn-Friese 1998).
Technological innovation has never been more important; yet building a competitive
advantage alone has never been more difficult (Clark 1989). The purpose of
cooperative relationships is typically to get access to critical complementary resources,
information, and competencies. The possible gains from learning do matter for the firms’
decision to engage in cooperative relations, but learning economies are typically
secondary concern when firms are actually considering entering new cooperative
relationships in innovation projects.
The primary objective is to enhance efficiency through economies of scale. Learning
economies, however, is typically an unanticipated effect of such cooperative
relationships that leads to further innovation and possibilities for efficiency gains.
1.7.4.1 Standards
One of the prominent arguments is that firms join forces to develop a higher-quality
standardized technology.

Page 24 of 241

Introduction

There are several different processes by which technologies become standards. A
regulatory body with enforcement powers (i.e. ETSI)12, a single dominant company or a
collaboration of firms may impose a standard on a market. It is increasingly common for
firms to join together into one or more standard setting alliances in order to develop
standard technology and to sponsor the adoption of a standard. The successes and
failures of European mobile telecommunications standards have been examined by
Bekkers (2001), who predicts a medium-level success for the TETRA, while ERMES is
classified with a low degree of success, and GSM with a higher level of success.
1.7.4.1.1 Reasons for standards: network externalities
Several studies have examined, from an economic perspective, the effects of network
externality on IT adoption and innovation (Nault and Dexter 1994; Wang and Seidmann
1995). This refers to the fact that the value of technology to a user increases with the
number of its adopters. Standards often develop in markets in which there are
increasing returns in the number and size of firms that adopt the same core product and
process design features (Axelrod 1997).
Consumer interest in products that subscribe to accepted standards is greater than
interest in equivalent non-standard products. The concept of network externality has
been applied in the literature on standards, in which a primary concern is the choice of a
correct standard. Network externality is defined as ‘the change in the benefit, or surplus,
that an agent derives from a good when the number of other agents consuming the
same kind of good changes’ (Katz and Shapiro 1994). When the value of membership
to one user is positively affected when another user joins and enlarges the network,
such markets are exposed to network externalities.
Metcalfe’s law states that the value of a network goes up in line with the square of the
number of users. If there are n people in a network, and the value of the network to
each of them is proportional to the number of other users, then the total value of the
network is proportional to n x (n-1)=n² -n.

12

Radio spectrum is a limited resource shared by many users. The coordination and administration of the
allocation of spectrum among these different users is performed at national and international levels. ETSI,
the European Telecommunications Standard Institute, is the European organisation that is in charge of
standardization; its work involves defining technical specifications for radio systems operated in Europe.
ETSI has already published a large number of equipment specifications, among which the most widely
known are GSM, DECT, ERMES and TETRA.
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This fundamental value proposition – also called network effects or positive feedback –
has already been recognized as critical in the (tele-) communications and transportation
industry. Positive feedback systems follow a predictable, S-shaped or logistic pattern of
growth. Figure 3 illustrates the typical pattern of new technology adoption: the first
phase is a flat launch, and then a steep rise during take-off (as positive feedback kicks
in) follows and reaches the saturation level. These technologies which become much
more valuable to a given adopter to the extent that others also adopt are said to be
subject to increasing returns to adoption. Many information technologies, especially in
software development, face the presence of substantially increasing returns, which
means that a wide discrepancy exists between the technology’s initial performance and
its network potential. This discrepancy sets the basis for two theoretical explanations for
the assimilation gap, which is explained later (see 3.4).

Saturation

Number of users

Take-off

Launch

Time

Figure 3. Adoption dynamics of IT products such as e-mail or Internet (Axelrod 1997)

1.7.4.1.2 Alliances for developing standards
Standards may develop in a ‘de jure manner’, where a regulatory body sets standards,
or in a ‘de facto manner’, where market forces determine the standards.
What is more, the creation of implicit or explicit alliances among (potential) rivals is
required in order to develop standards. When a company enters into a licensing
agreement with other firms in order to produce the sponsoring firm’s technology, we talk
about an implicit alliance.

Page 26 of 241

Introduction

When the technology is rapidly evolving, or there is no dominant firm, then the members
of an explicit alliance have input and control over the developing standard by spreading
the R&D costs, for example, among several companies and combining the members’
various core competencies.
1.7.4.1.3 Incentives to join standard-setting alliances
In order to decide on whether or not to join an alliance with competitors, a firm has to
rank its preferences, as an approximation to a profit maximization strategy for the
alliance-selection problem. Firstly, the alliance should be as large as possible, and
secondly, the most preferable alliance should include only a small number of rivals
(Axelrod 1997). Firms must prevent their competitors from gaining an advantage at their
expense. A firm’s desire to join an alliance is proportional to the size of alliance’s
membership. Similarly, the size of each rival in the alliance makes the desire to join the
coalition decrease linearly. This linear aggregation size assumption is a useful first
approximation, but not applicable when the standard has already gained a large
proportion of the market.

1.8 RESEARCH PROBLEM
During the late 60ies and early 70ies, a number of studies on innovation adoption and
diffusion were conducted. Various models have been proposed in the literature in order
to aid in understanding the principles behind the acceptance of innovations. An
organisational adoption decision can be made by an organisation as well as by an
individual within the organisation. The individual consumer acceptance was the main
focus in this research stream, although it can be noticed that organisational innovation
adoption has increased in importance in the pertinent marketing and management
literature over the past two decades. The key traditional frameworks that have received
widespread validation for many technological innovations are listed in Table 4.
Traditional frameworks and theories
Diffusion of Innovations (Rogers 1995)
Technology Acceptance Model (Davis et al. 1989)
Theory of Planned Behaviour (Ajzen 1985)
Organisational behaviour (Johns 1983)
Theory of Reasoned Action (Fishbein and Ajzen 1975)
Table 4. Theoretical frameworks
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The principal theoretical perspective on technology acceptance is the innovation
diffusion theory, which has been applied at both the individual and organisational levels
of analysis. Considerable progress has been made over the last decade in explaining
and predicting user acceptance of information technology. In particular, a substantial
theoretical and empirical support has accumulated in favour of the Technology
Acceptance Model (Venkatesh and Davis 2000). The original Technology Acceptance
Model has been mainly used as predictive model regarding a future technology to
implement, but also studies where the TAM served as explanatory model can be found.
The organisational behaviour literature presents several studies on the adoption and/or
diffusion of high-technology products as technology and information management has
gained in importance in the workplace (Agarwal and Prasad 1997; Fuentelsaz et al.
2003; Igbaria and Tan 1997; Mahajan and Wind 1986; Mc Dade et al. 2002;
Riemenschneider et al. 2002; Teng et al. 2002; Waarts et al. 2002). However, a new
category of industrial goods referred to as CoPS has not received much attention in the
study of innovation yet.
1.8.1 PROBLEM DEFINITION
The objective of this thesis is to examine the factors that influence the individual
acceptance/use of a new domain of innovations: complex products and systems
(CoPS). The focal area of this study is the acceptance of a complex communication
technology at the user level. As the key characteristics and core components of CoPS
have been identified in a technology called TETRA, this digital system will serve as a
candidate example of CoPS in this research. The author will examine TETRA
acceptance within user organisations because, if organisational innovations are not
incorporated in the work processes of an organisation, they are of little value.
The following motives are important for understanding the focus of this thesis and the
described research problem.
(1) Previous research has focused on the complexity of the adoption decision-making
process in situations where technological innovations are considered for adoption in
organisations. The theory of the diffusion of innovations as presented by Rogers
(Rogers 1995) focuses on presenting the process from the point in time where the
potential adopter becomes aware of the innovation until the innovation is integrated
among a group of users.
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The user acceptance focus with regard to complex technological innovations in a
mandatory environment has never been studied before to the author’s knowledge.
(2) As the reviewed acceptance studies in chapter 3.6 consider only simple products
and systems, but no complex ones, it is interesting to see whether or not these
acceptance determinant variables are capable of explaining user acceptance of this
type of complex technological artefacts. According to the investigated literature
previously examined innovations have never been as complex as the CoPS innovation
studied in this paper.
1.8.2 RESEARCH QUESTIONS
Developing research questions is a valuable defence against the confusion and
overload that is possible in the early stages of research (Punch 1998). The definition of
research questions is probably the most important step to be taken in a research study
because the form of the question can provide an important clue to the appropriate
research strategy to be used (Table 5).

Strategy
Experiment
Survey
Archival
analysis
History
Case study

Form
of
research question
how, why?
who, what, where,
how many, how
much?
who, what, where,
how many, how
much?
how, why?
how, why?

Requires control
of behavioural
events?
Yes

Focuses on
contemporary
events?
Yes

No

Yes

No

Yes / No

No
No

No
Yes

Table 5. Relevant situations for different research strategies (Yin 2003)

Based on the considerations above and the theoretical inputs provided so far, two
explicit research questions are formulated:
•

Research question 1:

What factors influence the individual acceptance decision for TETRA or, in other words,
what factors affect the individual use of TETRA?
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•

Research question 2:

Is the widely cited Technology Acceptance Model developed by Davis and the
influencing factors it includes applicable to the area of CoPS?

1.9 RESEARCH OBJECTIVES
Research can be either practice-driven or theory-driven (Zmud 1998). This study was
accomplished in collaboration with professional business associations, TETRA
manufacturers, and TETRA user organisations. What is more, the author was in a close
relationship with the TETRA industry as she was working in this business context. In
spite of this practice-driven focus, the link to the existing theory has never been
neglected. Thus, the author’s goal is to make a valuable contribution for TETRA
practitioners and at the same time be able to confirm an already existing theoretical
research model.
1.9.1 SCIENTIFIC CONTRIBUTIONS
The first major objective of this study is to contribute to the work on the organisational
adoption of innovations by studying a new domain of application: CoPS (see also 1.8.1).
In the literature on information systems, the technology acceptance model with its
strong theoretical base has proven to be the most effective model for predicting user
acceptance and user behaviour. The original instrument for measuring these
assumptions was developed and validated by Davis (1989) and used extensively by
researchers investigating a range of issues in the area of user acceptance.
Furthermore, the author’s research contributes to the TAM and TRA theories by
applying them to this new category of industrial goods, which has been neglected in the
study of innovation so far. The researcher’s interest is to find out which criteria are
important for individual acceptance of CoPS. Thus, the second objective of this paper is
to examine the theoretical appropriateness of the widely used Technology Acceptance
Model in the area of CoPS.
Since innovation diffusion theory is based mainly on voluntary adoption decisions, one
of its limitations is its incompleteness in the area of organisational adoption of
innovations in the wake of authoritarian decisions (Brown et al. 2002).
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Therefore, the third objective of this thesis is to explain individual technology
acceptance in a mandatory environment.
1.9.2 PRACTICAL CONTRIBUTIONS
The findings of this study may have important practical implications for CoPS and
particularly TETRA implementation. The study will expose criteria that impact potential
TETRA end users when accepting TETRA technology.
This may be important for the design of TETRA systems and the associated
implementation plans that will lead to the acceptance of TETRA related services.
TETRA-related companies will be able to tailor system and technology demonstrations,
marketing efforts, training programs and other implementation interventions in such a
way as to accentuate criteria that end users actually base their acceptance and use
decisions on.
Although a lot of marketing practitioners and academics perceive theoretical and
practical as being the opposite ends of a continuum, the practical relevance of this
thesis will be as important as the gain in theoretical knowledge.

Page 31 of 241

Terrestrial Trunked Radio (TETRA)

2 TERRESTRIAL TRUNKED RADIO
(TETRA)
TETRA is a digital communication system addressing a customer segment that refers to
as the Professional Mobile Radio community (Dunlop et al. 1999).

2.1 INTRODUCTION
As the underlying subject-matter in this research is TETRA - serving as CoPS
application - the author depicts in this section the development of the communication
technology. A detailed system description with its functionalities of the complex digital
communication system follows. For a better understanding of the current TETRA market
a picture of the major European TETRA networks is given.

2.2 GENERAL BACKGROUND OF PROFESSIONAL MOBILE RADIO
The professional/private mobile radio communications (PMR) systems represent the
oldest forms of mobile radio communication systems. PMR networks are generally very
simple, in terms of equipment and management, as compared against cellular systems.
The primary advantage is that they allow direct and full control of the network, as PMR
systems are specifically designed for professional applications (Tabbane 2000). The
very first infrastructures to use these kinds of networks were the public safety agencies
(e.g. police, fire, and ambulance), transport companies, and utilities. Used since the
beginning of the 20th century by specific services and organisations, PMRs have spread
into many economic and administrative spheres. Private mobile radios have always
been considered a permanent source of innovation despite the large number of
constraining regulations prevailing in most countries. These regulations along with the
lack of spectrum allocated to PMR systems are the heart of the slow progress of these
systems as compared with that of cellular radio.
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As no outstanding technical progress was witnessed until the 1970s, pressure on the
radio spectrum increased and consequently has led to the introduction of the trunking
technique.
Trunked systems allow an increase of system spectral efficiency by allowing a large
number of users to share a pool of channels and the ability to control several fleets of
independent users on the same system.
PMR networks can be operated in several ways, according to size, characteristics, and
constraints imposed on the organisations that use them. The PMR networks can be
either private (PMR) or public access (PAMR) networks. When the operator installs,
manages and controls the network in the same way as a cellular network operator, then
we speak of a public access mobile radio (PAMR) network.
The services offered are sold to the users, which are categorized into private groups. As
these user groups are mainly small or medium-sized companies, it is usually more
economic to subscribe to a public trunked system. In contrast to PAMR networks,
private networks (PMR) are used exclusively by one organisation. PMR networks have
to be carefully designed in order to be tailored and adjusted to exactly meet user
requirements. Among the large infrastructures, police, ambulance, fire and military
forces, utility and transport companies are the most notable.

2.3 TETRA HISTORY
ETSI, the European Telecommunications Standards Institute, which already laid down
the specifications for the GSM and DECT standards, was commissioned by the
European Union, as early as the beginning of the nineties, to draft a European standard
for digital professional radio. The standardization activities in ETSI started under the
project name MDTRS (Mobile Digital Trunked Radio System) (Gray 2003). In 1991 the
project name was changed to Trans-European Trunked Radio (TETRA). The meaning
of the acronym TETRA was later changed to Terrestrial Trunked Radio, as it is known
today.
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2.3.1 SCHENGEN TREATY
The Treaty of Schengen13 is the legal basis on which the mobile communications
standardization process in the emergency and security services sector is founded.
One of the terms of the Treaty aims at improving trans-border communications between
police and customs units in the Schengen area.
For this reason Schengen Telecom was founded: an organisation including
telecommunications experts from different countries within the Schengen area.
The harmonisation of frequencies and technology makes it possible to optimise
communications. Frequency harmonisation was reached through the European
harmonised frequency band 380 - 400 MHz – the band for emergency and public safety
services in Europe - which resulted in ERC Decision DEC91/01. Other frequency bands
are to be assigned for commercial TETRA applications (Hernando and Pérez-Fontan
1999).
Technological harmonisation, on the other hand, has proved to be much more
complicated. Schengen Telecom has asked ETSI to recommend a European standard
that is in line with its ‘functional requirements’. Technological harmonisation is hindered
by the fact that some regions or member states (France) in the European Union have
not opted for the TETRA standard. However, from the Schengen point of view, only an
open European standard that is not tied to a single supplier can claim to represent a
collective decision on behalf of Schengen. For the moment, only TETRA fits that
description. In line with the Amsterdam Treaty, Schengen Telecom’s activity came to an
end in mid-April 1999 and was transferred to the EU’s Police Co-operation Committee
on 1 May 1999 (Borgonjen 2000).
2.3.2 POLICE CO-OPERATION
In 1999, the importance of police co-operation became more strongly apparent because
the activities of Schengen Telecom ended per 1 May 1999. Its agenda, the so called
‘Schengen acquis’, was handed over to the Police Co-operation body. This is a result of
the Treaty of Amsterdam, which provides for a new structure of meetings.
13

The Schengen treaty is an agreement originally signed on June 14, 1985, by seven European Union
countries (Belgium, the Netherlands, Luxembourg, France, Germany, Portugal and Spain). The
agreement was signed in Schengen, a small town in Luxembourg on the border with France and
Germany. Full implementation of the Schengen treaty began in July 1995 with the removal of internal
border controls between six of seven Schengen member states.
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The term ‘acquis’ is used in European Union Law to refer to the total body of EU law
accumulated so far. The term ‘Schengen acquis’ is used to describe laws adopted
under the Schengen treaty prior to its integration into the European Union legal order by
the Treaty of Amsterdam. The Police Co-operation body studies the potential
interoperability of TETRA networks with other communications standards in order
enable police forces from different countries to co-operate.
2.3.3 TETRA MEMORANDUM OF UNDERSTANDING (MOU)
The introduction of TETRA in Europe went hand in hand with the publication of the
TETRA Memorandum of Understanding (TETRA MoU).
The TETRA MoU was established in December 1994 to create a forum that could act on
behalf of all interested parties, representing users, manufacturers, application providers,
integrators, operators, test houses and telecom agencies. The TETRA MoU Association
is a membership organisation with the objective to support and promote the TETRA
standard worldwide and to provide a forum to share and exchange information and
ideas amongst a wide variety of individuals who share a common interest in the success
of the standard. Members of the TETRA MoU may participate in the numerous working
groups (WG) within the association14 in order to support the benefits of standard-setting
alliances.
The TETRA standard was developed in three phases known as TETRA Release 1.
TETRA Release 1 standardization is almost complete and has reached a 100%
acceptance from all the European administrations involved. Elsewhere in the world, the
standard has been formally adopted in China, and contracts have been awarded
throughout Europe and in the Middle East, Asia, Australia, South America and South
Africa, although TETRA is not currently available in North America.

14

The three working groups and its major tasks are the TF, the OUA, and the SFPG.
1. Technical Forum (TF):
Manages the preparation of TETRA Interoperability Profiles
Interfaces with the Operator User Association to define the market priorities for TIP standardization
Interfaces to ETSI for standards maintenance
Oversees the TETRA Interoperability Testing and Certification Process
Provides a forum for technical knowledge exchange
2. Operator User Association (OUA):
Provides a forum for knowledge exchange between Operators and Users of TETRA systems
Prepares input to Technical Forum for establishing priorities of TIP work
3. Security and Fraud Prevention Group (SFPG)
Prepares and manages recommendations on the use of encryption in TETRA networks
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The main purpose of the TETRA standard was to define a series of open interfaces in
sufficient detail to allow independent manufacturers and suppliers to address the public
safety and commercial PMR markets. Vendors, users, network operators, regulators,
and system houses contributed to specifying the TETRA standard, which is, for this
reason, an open standard that ensures market diversity and cost efficiency as well as
vendor-independent product availability.
TETRA users can choose from a great variety of different products and applications
that, being all based on the same standard, are guaranteed to be interoperable. A
technical working group within the TETRA MoU is responsible for the interoperability.
Each TETRA Interoperability Profile (TIP) is based on ETSI TETRA standards. They
primarily constitute a clarification of the ETSI TETRA standards and may impose
limitations on the implementation of TETRA functionality as compared to the ETSI
standards.The purpose of these profiles is to achieve a market consisting of
interoperable TETRA equipment.
The results presented in the TETRA Interoperability Certificates are derived from
evaluating the information exchange between live TETRA mobile stations and live
TETRA infrastructures. IOP certification testing takes place in a multi-vendor
environment where the interaction between different brands of equipment is tested.
Recognizing the need to evolve TETRA to provide enhanced services and facilities, a
new standardization program called TETRA Release 2 has now commenced.

2.4 TETRA PRINCIPLES
2.4.1 TETRA NETWORK ELEMENTS
A TETRA network generally consists of the following network components: Radio Base
Station (RBS), Switching Controller Node (SCN, SW), Network Management System
(NMS), Mobile Stations (MS), and Dispatcher/Line Station Terminal (LST). Although the
actual configuration of network elements can differ between vendors, the principle
entities and their functions remain unchanged. Figure 4 depicts the typical components
of a TETRA network.
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Figure 4. Components of a TETRA network

The radio base station is the system element which provides radio frequency coverage
for a certain area. RBSs also constitute the link between the trunked radio system and
the end user. The switch (SCN, SW) is a central network element offering switching and
base station control capabilities; the number of RBSs controlled by a switch depends on
the size of the system. Moreover, the SCN connects to other SCNs, provides access to
both non-TETRA networks (e.g., ISDN) and other TETRA networks. The Network
Management System (NMS) provides operations, maintenance, security and subscriber
management functionality. The term TETRA Mobile Station (MS) comprises both types
of radio equipment: hand-portable and vehicle-mounted. The MS is used by personnel
in motion, i.e. handheld, vehicular, etc. (Dunlop et al. 1999). The Dispatcher or Line
Station Terminal (LST) is a central control element and allows communications between
an operator and other moving or stationary users of the network. This core function is
also referred to as fleet management.
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2.4.2 STANDARDIZED INTERFACES
The TETRA system is defined by the description of six specific interfaces with all their
functions and features in order to ensure a multi-vendor environment with the benefit of
economies of scale.
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Figure 5. TETRA interfaces
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The interfaces depicted in Figure 5 are known as the I1 radio air interface, I2 line station
interface, I3 inter-system interface, I4 terminal equipment interface, I5 network
management interface, and I6 direct mode interface (Dunlop et al. 1999).
The most important interface is the air interface (I1) between radio base station and
radio terminals (TETRA MS). The air interface uses Time Division Multiplex Access
(TDMA), where the physical 25 kHz channel is split into 4 time slots. Modulation of
digital signals is based on phase modulation (pi/4-DQPSK). Thanks to TDMA, the I1interface is capable of simultaneous transmission of voice and data. This mode of
operation is called V+D-Trunked Mode (TMO).
The line station interface (I2) and the network management interface (I5) overlap to
some extent. In general, the line station interface provides the gateway functions
towards external networks. The standard specifies interworking with ISDN networks
based on basic rate access (BRA) and primary rate access (PRA) as well as data
interfaces (e.g. X.25). It is common for trunked radio that a central dispatcher station is
connected via this I2 interface. This dispatcher controls voice and data communications
in the TETRA network and at the network boundaries.
The inter-system-interface (I3) was created to provide connectivity between different
TETRA systems from different vendors without a loss of functionality at the network
boundary. Though this interface has not been completely finalized yet, all vendors of
TETRA infrastructure already implement basic functions for voice and data interchange.
The purpose of the terminal equipment interface (I4) is to open the market for generic
mobile applications. It allows peripheral equipment such as PDAs or laptops to be
connected and ensures proper interaction with a mobile station. The mobile station then
acts as a gateway from the application to the TETRA air interface.
Since the dispatcher has to provide more and more functions for subscriber handling,
priority setting, alarm handling, etc., these functions affect system behaviour in so far as
they have to be controlled. This is the reason why I5, the network management
interface, was defined. It allows network resources to be created, modified and deleted
and information about the status of the network (alarms, performance measurements,
traffic load…) to be obtained. In most cases, network management forms a separate
subsystem of the network with clearly defined synergies with the dispatcher function.
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It has to be noted that the NMS is either managed centrally or decentrally. A decentral
NMS derives from a specific supplier’s network configuration.
In the event that mobile subscribers are out of network coverage, i.e. cannot access I1,
the subscribers can still communicate with each other in direct mode (interface I6).
Since the radio base stations provide diverse functions, the feature set of I6 is more
limited and is merely used for voice-only communication. This mode is referred to as
Direct Mode of Operation (DMO).
The remaining functional sub-entities within a particular TETRA system as well as other
internal interfaces (e.g. between switch and base station) that are not defined by the
TETRA standard are proprietary in nature.
2.4.3 FREQUENCY AND ACCESS
One major problem during the introduction of a PMR system was the shortage of
available frequency and the lack of harmonization between frequencies of different
organisations. Frequencies are a scarce resource and their usage must therefore be
given proper consideration. The demand for mobile radio frequencies is steadily
increasing. This dilemma can only be solved if the design of new radio systems allows
for an economical use of frequencies. This is why TETRA uses TDMA technology at the
air interface to support 4 independent time slot channels in only 25 kHz of occupied
channel bandwidth (Figure 6).

Figure 6. TDMA multiple access scheme (Dunlop et al. 1999)

This makes TETRA ideal for deployment in frequency bands that are used on a coexistence basis with other narrow band technologies. Figure 7 illustrates TETRA’s
advantages over other communication technologies in this respect.
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Figure 7. Frequency economics

Payload or traffic channels can be used for the transmission of both voice and data. By
splitting the carrier into four time slots, 4 virtual voice or data channels are available.
Such a timeslot with a duration of approximately 14 ms can carry up to 510 bits.
Subtracting the necessary synchronization bits yields a net bit rate of 7.2 kbit/s per time
slot. The four time slots are continuously repeated on one channel. Such repeated
packages are referred to as a ‘frame’. 18 of such frames can be combined into a
multiframe. The data transmitted by the radio base station has to allow room for the
control data. This is achieved by splitting the multiframe into 18 frames and allowing the
control data to be transmitted by every 18th frame. 60 of such multiframes in turn form a
hyperframe as shown in Figure 8.
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Figure 8. TETRA TDMA frame and multiframe structure (Hernando and Pérez-Fontan 1999; Wong
and Britland 1995)

If low and/or high performance error correction algorithms are enabled, the bit rate of
kbit/s per time slot is reduced to 4.8 and 2.4 kbit/s, respectively. Higher rates can be
achieved by grouping up to four time slots together, so that the maximum rates are
variable in the range from 4 times 2.4 = 9.6 kbit/s up to 4 times 7.2 = 28.8 kbit/s.

Figure 9. Transmission rates and error protection
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When a connection is established, both uplink (UL) and downlink (DL) channels are
assigned with the same time slot number, e.g. time slot number 2 for uplink and time
slot number 2 for downlink belong to the same communication set-up. To avoid
simultaneous transmission and reception of a mobile radio, UL and DL are
synchronized with a shift of 2 time slots.
In total, speech delay between two mobile subscribers is about 159 ms, which includes
coding, decoding from analogue to digital, the shift of timeslots and the internal
switching and routing time (Dunlop et al. 1999). Of course, these times vary dependent
on distance and reaction times.
2.4.4 TETRA SERVICES
From the beginning, TETRA has been designed as trunked radio platform that
effectively and economically supports its shared usage by several organisations, while
maintaining privacy and mutual security and providing integrated voice and data
services (Hernando and Pérez-Fontan 1999).
TETRA supports a number of telecommunication services, which are characterized as
bearer services, teleservices, and supplementary services as shown in Figure 10.

Figure 10. TETRA services
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2.4.4.1 Teleservices
A teleservice provides the complete capability for communication between users,
including the terminal functions. Teleservices supported by TETRA are clear or
encrypted speech in each of the following calls: individual, group, acknowledged group,
and broadcast calls as depicted in the following figures.
Individual call. This is a point-to-point call established between two parties. The calling
party receives acknowledgement of call progress.

TETRA MS

TETRA MS

RBS
Figure 11. Individual call

Group call. This is a point-to-multipoint call established from one user to more than one
other person. After immediate call set-up, the caller does not receive any
acknowledgement from any of the called individuals as to whether or not they are ready
to communicate.

TETRA MS

TETRA MS

RBS

TETRA MS

TETRA MS
TETRA MS

Figure 12. Group call
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Acknowledged group calls. This is the same as the group call described above,
except that a call is not established unless acknowledgment is received from a defined
number of called parties that are ready to communicate.

ACK

ACK
TETRA MS
ACK

TETRA MS

TETRA MS

RBS

TETRA MS
TETRA MS

Figure 13. Acknowledged group call

Broadcast call. This is a point-to-multipoint call from one party to more than one other
individual. With a broadcast communication, a one-way call is established immediately,
and the called parties are not permitted to respond.

TETRA MS

TETRA MS

RBS

TETRA MS

TETRA MS
TETRA MS

Figure 14. Broadcast call
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2.4.4.2 Bearer services
A bearer service permits the transmission of user-information signals between usernetwork interfaces. TETRA bearer services are designed for data transfer.
Circuit Mode Data. The circuit-mode data services are provided both in V+D-TMO and
DMO mode. The V+D system supports a multi-slot operation that aggregates channels
to increase capacity, in addition to a single channel operation. For the DMO system,
only single-slot operation is supported. The circuit-mode data bearer services provide
end-to-end circuit-switched connections over the air interface. A number of circuitswitched services are supported depending on the level of data error protection
provided. The level of data protection chosen for a connection varies according to the
nature of the transported data. When some degree of degradation is tolerated, lowprotection or even unprotected transmission may be appropriate.
Packet Mode Data. Packet mode data services are supported both by V+D and PDO
systems. The V+D system uses a TDMA scheme and the PDO system employs a
statistical multiplexing scheme at a gross rate of 36kb/s over the whole channel. These
statistical multiplexing schemes generally perform better for data-oriented applications
and this is the reason why the PDO was added to the standard.
Short Data Service (SDS). SDS is a datagram service optimized for the exchange of
predefined status messages or user-defined messages. SDS messages (individual,
group and broadcast messages) do not require an established channel of their own and
exist as part of signalling. Thus, SDS messages can be sent or received in parallel with
an ongoing speech call.
2.4.4.3 Supplementary services
The supplementary services defined in the TETRA standard modify or supplement the
basic services. In total, there are 30 supplementary services, which may be divided into
PMR type and telephony type services. 15 supplementary services are essential and
tailored for the public safety environment and may be categorized as follows (Tabbane
2000):


Call offering services (access priority, area selection, call authorized by dispatcher,
call retention and priority call)



Call intrusion services (ambience and discreet listening)



Call completion services (late entry and pre-emptive priority call)
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Multi-party services (dynamic group number assignment (DGNA))

Other supplementary services may be grouped into the following categories: call
forwarding, call identification, call restriction and charging.
2.4.5 SECURITY ASPECTS
One major motivation for investing in TETRA are the high-level security features already
implemented in the standard, which make the system uniquely suitable for public safety
and security organisations. TETRA provides several means for achieving maximum
security performance. Thus, authentication procedures can be activated at call set-up
and whenever deemed necessary, to make sure that the user/network is authorized to
connect to the others. As already mentioned above, communications can be protected
against unauthorized listening by means of encryption techniques. Cipher keys are
generated, distributed, selected and cancelled for the purpose of encrypting the
communication.
2.4.5.1 Authentication
Its aim is to verify that the identity of a user on the radio link (radio or fixed network
user) matches the identity declared by the entity itself; the procedure is activated at
registration time and can be later repeated periodically.
a) Authentication of a user
The entity being checked is the user. If the procedure fails, the user is not allowed to
establish calls. Authentication requires the computation of a response based on the
secret authentication key of that particular user (stored both in the mobile device and in
the network) and on a random seed generated in the infrastructure and sent to the
mobile. Both the mobile and the network use the same (secret) algorithms to generate
the responses, and if the response of the user equals the value obtained in the network,
the user is considered authenticated.
b) Authentication of the infrastructure
The entity being checked is the network. Users can thus verify if the network they are
trying to access is actually the one they want.
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The authentication mechanism is similar to the previous one, except that in this case the
user sends a random number to the infrastructure, which answers with its response and
a random seed. The comparison of the responses takes place in the mobile.
2.4.5.2 Air interface encryption
This service allows a secure radio link to be set up between the mobile subscribers and
the fixed network (the base station). The network for any ongoing call activates this
facility; also allows the signalling information to be protected. Encryption is activated
only when the user requesting the call registers; the degree of protection is lower than
with end-to-end encryption, since it is limited to the air interface. Air interface and endto-end encryption are independent of each other, so if both are adopted, the information
on the radio link will be encrypted twice.
The following types of ciphering keys are available for air interface encryption: static
keys, one or more fixed values downloaded to the mobile’s database and known to the
network, and a derived key, which is used for point-to-point communication. It is
calculated locally in the mobile and in the network as a result of the authentication
process. When both the user and the network are authenticated, the derived key is a
combination of the keys generated by the two authentication processes. New values for
the derived key are generated with every new authentication process.
The common key, which is used for encryption during group calls, is generated in the
network and is valid within a location area. It is distributed to each mobile in cipher
mode using the derived key valid for each single user. The network periodically changes
the common keys.
2.4.5.3 End-to-End Encryption
This service allows secure voice and data calls to be set up between mobile and fixed
users in the system (point-to-point, multipoint and broadcasting connections are
possible). Since this is an end-to-end service, confidentiality is guaranteed on any link
on which the call is routed. In this sense, it allows a higher degree of protection than air
interface encryption. For end-to-end encryption, a number of cipher keys are available
for each user with different levels of complexity. In mission-critical situations, highranking users will be allowed to use high-protection encryption for communications with
each other and with the control centre, while they will be able to use lower-level
encryption during communications with normal users.
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The encryption level can be selected via the menu on the equipment’s display.
Ciphering keys, together with other configuration parameters, will be downloaded onto
the mobile equipment by means of a serial interface at the equipment maintenance
centre.
It is also possible to change them dynamically: in this case they are generated by the
authentication centre and distributed to each user in a secure manner (e.g., using
encrypted short data messages).

2.5 CURRENT TETRA SITUATION
2.5.1 MARKET SEGMENTATION
Since the beginning of TETRA standardization in 1995, more than 190 TETRA
infrastructure projects, or - to put it differently - about 10,000 Radio Base Stations
(RBS), have been contracted all over the world. The author summarizes all the second
source information gathered regarding these TETRA networks in Appendix 9.1. All
major manufacturers of core TETRA network elements are depicted in the table below.
The components and its functionalities are briefly described in 2.4.
TETRA supplier
Cleartone Telecoms Plc.
Damm Cellular Systems A/S
Etelm
Frequentis GmbH
Motorola Ltd.
Niros Telecommunication A/S
Nokia Corporation
OTE Spa
Rohill Technologies
Rohde & Schwarz BICK Mobilfunk
GmbH (R&S)
Sepura Ltd.
Thales Communications Ltd.
Teltronic S.A.U.

TETRA network elements
MS
MS
RBS, SCN
RBS, CCC
RBS, SCN; MS, LST
RBS, SCN; MS, LST
RBS, SCN, MS, LST
RBS, SCN
RBS, SCN,

Country
United Kingdom
Denmark
France
Austria
United Kingdom
Denmark
Finland
Italy
The Netherlands
Germany

MS
MS
RBS, MS

United Kingdom
United Kingdom
Spain

Table 6. Major TETRA suppliers
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In order to illustrate the current market segmentation, the author examines all the
TETRA networks that have been acquired worldwide from 1996 until the 1st quarter of
2005. It has to be noted that only the absolute number of acquisitions, in other words,
contracted projects, and not the number of deployed networks has been taken into
consideration. Figure 15 illustrates the cumulative purchases or acquisitions of TETRA
networks.
No conclusions regarding deployment and use by acquiring organisations can be drawn
from this market segmentation.

Siemens/R&S
3%

Teltronic
5%

Nokia
21%

Etelm
8%

SEPURA/Frequentis
10%
OTE
8%

R&S
18%
Motorola
27%

Figure 15. TETRA market segmentation: % share, by number of supplier contracts, 1997 – 200515

2.5.2 EUROPEAN TETRA PROJECTS
This section provides descriptions of the major European TETRA projects. The author
has summarized sources of information like press releases, web sites of TETRA
suppliers, and conference reports on the background/status of each project in order to
provide detailed insights into the recent project situations in Europe.

15

R&S known as Rohde&Schwarz is supplier of TETRA infrastructure but also complete turnkey solutions
in cooperation with Siemens.
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•

Austria: BOS Austria Digital Radio (formerly ADONIS project)

After the cancellation of the ADONIS project (Austrian Digital Operating Network and
Integrated Services) in mid 2003, a new offer to submit a tender for the nationwide ‘BOS
Austria Digital Radio’ digital radio network followed in December 2003.
The contract was awarded to Alcatel/Motorola in spring 2004 (NTZ - Innovation der
Kommunikationstechnik,

2004).

At

the

forefront

of

the

award

proceedings,

comprehensive tests were conducted to ensure that the digital radio system could meet
the given requirements. The goal of the project is to establish a system that guarantees
successful operation in all sectors of deployment and ensures that emergency rescue
organisations can use the system free of charge if regional authorities provide locations
for setting up and operating it. Nation-wide completion of system development is
scheduled for 2009. For more information on this project, see section 1.7.1.

•

The Basque Country: Ainhoa Digital or RDRM (Mobile Radio Digital Network)

The implementation of a digital mobile radio network was planned in 6 phases, leading
to the general development of the system between 2000 and 2004. In August 2003, the
TETRA network covered 95% of the country, with a need for increased coverage in
certain critical spots. The implementation of new systems in control rooms and the rollout have already started. The current number of terminals is just over 2000; the majority
being used by the police, with a small number used by fire fighting and health service
users. When RDRM will be fully deployed, it is expected that approximately 5,500
terminals will be in use.

•

Belgium: ASTRID (All round Semi cellular Trunking Radio system with
Integrated Dispatching)

The Belgian TETRA project was initially started by the police as a network for its own
use. The contract for its deployment as a shared radio network for all emergency
services was awarded to the KNT (Kreutler, Nokia & Telindus) consortium in 1998. In
1998, the government also decided to create a limited company named ASTRID to
manage the roll-out and subsequently operate the network based on TETRA
technology. In 2003, the service was opened to non-public organisations that play a role
in public safety operations. When fully deployed, there will be approximately 37,000
radio terminals in use. The police will represent approximately 50% of the users.
Page 51 of 241

Terrestrial Trunked Radio (TETRA)

The rest will be composed of fire brigade, ambulance, customs, civil defence, national
security, and other users. Difficulties encountered in getting site building permits have
significantly impacted the original roll-out schedule, which assumed the system to be
98% operational by the end of 2004. Belgium also participated in the successful threecountry pilot program to test cross-border communications using TETRA networks,
which involved German, Dutch and Belgian emergency service personnel in the Aachen
area.

•

Finland: VIRVE (VIRanomaisradio VERKKO Authority Radio Network)

The VIRVE project began in the early 1990s with the objective of improving the
efficiency of the emergency services. It was felt that a common radio communications
system was needed for Finland’s public safety organisations. Following extensive
feasibility studies, the procurement phase was started in 1995, and contracts were
awarded in 1997. The installation of the new TETRA system began in 1998, with
currently more than 1200 base stations. The network was 99% completed in March
2003. The VIRVE project has gradually expanded to take in non-public safety user
groups who may be involved with emergency service operations at times. The number
of user terminals needed as the system develops is approximately 54,500, divided
between police, fire, health, frontier guard, military, social and health, customs and
others. The old analogue networks used by the Finnish authorities have been replaced
with VIRVE. After 2004, only the maritime MF/VHF radio network and some 160 MHz
analogue radio networks of the local fire brigades will be up and running. Customs,
defence force, frontier guard, rescue service, police and social sector workers use
VIRVE as their main and in most cases only PMR communication system, with their old
analogue networks being dissolved.

•

Germany: Digital Voice & Data Radio System for Security Organisations

A decision was taken in December 2002 to set up a nationwide standardized digital
radio network for all safety and security organisations. A number of issues concerning
the relationship between the federal and regional (Länder) authorities have been
explored in the development of plans, and a central office (ZED) composed of
representatives from the Federation and the Länder was set up to oversee the
preparations for a national network.
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A list of common minimum requirements was established in 2002, and after an
assessment of the project’s cost effectiveness, a bidding procedure was launched. The
evaluation of bids was scheduled for 2004, followed by contract negotiations and a start
of roll-out by the end of 2004. The program is subject to delay.
Once complete, the network would consist of over 3000 base stations, and
approximately 45,000 user terminals would be needed for police and other emergency
services. A pilot project including police, fire, ambulance and customs services began in
July 2001. It has shown that TETRA technology offers very high-quality voice
transmission and better coverage than analogue networks. Germany also participated in
the three-country pilot program.

•

Great Britain: Airwave O2

The O2 Airwave Service is being rolled out around England, Wales and Scotland by
mmO2, formerly known as British Telecom. The organisation leading the program for
the British police service is PITO (Police Information Technology Organisation).
Following the awarding of contract and successful piloting of the services, the national
roll-out of the Airwave TETRA infrastructure began in 2002. The half-way point for rollout of the network across England, Wales and Scotland was announced in September
2003. Roll-out is due to be completed by the middle of 2005. In September 2003, 10 UK
police forces were using the network operationally. Due to the nature of the contract, the
design, build and size of the infrastructure is a matter for the service provider O2. Each
of the 51 regional police forces and the three national policing organisations will procure
their own terminals and control rooms. When completed, base station numbers are
estimated to be around 3,500, and the number of police users will be about 125,000.

•

The Netherlands: C 2000 (Communicatie 2000)

In 1995 the Ministry of the Interior took on the responsibility for the C2000 project. A
contract was signed with TetraNed in 1999 for the roll-out of a TETRA based network.
The C2000 project has 4 major components: the construction of the infrastructure, the
pilot project in Amsterdam, the 3 country-pilot, and the national operational roll-out
program.
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It is currently expected that the roll-out of the network was completed at the end of 2004
and then operational use was planned to start in early 2005, with the exception of a few
regions. The users of the network are police, fire fighters, health services and military
police. When fully deployed to all emergency service users, approximately 70,000
terminals will be in operation. The C2000 project is closely linked with two other
projects: an Integrated Control Room Application project and a Multidisciplinary Control
Room Project.
All three projects are managed by a single project team in the Ministry of the Interior
and are bound to result in the introduction of new combined emergency control centres
for police, fire and ambulance services with a standard software support system. The
Netherlands also participated in the three-country pilot program in the Aachen area.

•

Norway: Emergency services communication project

In 1997 the Norwegian government established a project to consider one shared
national radio network for public safety services. The project report delivered in March
2001 concluded that the state continue to work on building up a national TETRA
network for emergency services. In June 2002, a Request for Information (RFI)
document was released, to which 22 companies responded. Following the reviews of
inputs and further technical evaluations, an invitation to tender (ITT) was supposed to
be released in the summer of 2004, but this has been delayed. A budget was allocated
by the government to continue the technical evaluations during 2004, and it has been
decided that the tender procedure will be technology-neutral. Users of the planned
network will include police, fire fighting, health and other services. Once complete, the
system will have approximately 37,000 users. The above-mentioned delayed tender
was relaunched in the spring of 2005. In addition to setting up a nationwide TETRA
project, the ministry also decided in January 2000 to start a TETRA pilot project in the
Trondheim area. The main objective for the pilot was to test organisational procedures.
The pilot system was tested by the police. Introduction of the TETRA service in
operational use in the two other emergency agencies proved to be a more challenging
task because they required more functionality than the police forces. The Trondheim
pilot helped to gather a lot of useful experience for the specification process.
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It was scheduled to be discontinued by the end of 2002, but as not all of its objectives
had been reached within the planned timeframe, the pilot period was extended until
June 2003.

•

Spain:

A number of individual emergency service communication projects have been deployed
in Spain. In addition to a non-TETRA technology scheme for the National Police and
Civil Guard, six other regional networks have been launched.
Five of these are TETRA networks: the AGORA network in the autonomous Community
of Catalonia, the SAMUR project in Madrid, the NAVARRA network, the CANARY
ISLANDS, and the RADIECAM pilot network in Murcia. In all these projects, the user
groups are fire brigades, forestry surveillance, health, and other public safety
organisations.

•

Sweden: Radio Communication for Efficient Command (RAKEL)

The RAKEL committee was established by the Swedish government in June 2002 to
consider the procurement and implementation of a common radio communication
system for the police and safety sector. Their report was delivered in January 2003,
recommending the establishment of a state-owned and state-financed nationwide
network. Operation and maintenance costs for the network are to be financed by the
users. The Swedish government has allocated some 250 million Euros for the project.
The award of a nationwide contract was announced in April 2004 to a consortium led by
Saab, Nokia and Swedia. Nokia will provide the complete TETRA system, Saab will
carry out the system integration, and Swedia will provide system maintenance. When
completed, the network will presumably be the geographically largest shared TETRA
public safety network yet. Users will include police, fire, ambulance, coast guard,
customs and military armed forces, amounting to a user base of between 31,000 and
48,000 once fully deployed.

After having delivered insight to the TETRA specifics the next chapter deals with the
theoretical background of organisational behaviour, adoption and acceptance of
innovations.

Page 55 of 241

Theoretical Background

3 THEORETICAL BACKGROUND OF
ORGANISATIONAL BEHAVIOUR,
ADOPTION AND ACCEPTANCE OF
INNOVATIONS
The research on the diffusion of innovations is - with over 4000 diffusion publication
since 1940 - one of the most important areas in the social sciences. No other field of
behavioural science research presents more effort by scholars in more disciplines in
more nations. (Rogers 1995).

3.1 INTRODUCTION
This chapter presents the theoretical foundations this thesis is based on: the motivation
for individual acceptance of technological innovations in the organisational context.
Three elements are inherent in this theoretical paradigm, and therefore each of the
elements is discussed in the present literature review. The first two elements,
organisational buying behaviour and organisational adoption, may be seen as the
backdrop or starting point for the topic of acceptance. After considering different models
and constructs from the reviewed literature, the author presents the concept of the
assimilation gap, which leads on to the theoretical background of acceptance studies.
The third element of this chapter gives insight into previous acceptance models and
research findings of acceptance studies. Finally, this chapter explains the conceptual
research framework and the hypotheses derived from it for later empirical assessment.

Page 56 of 241

Theoretical Background

3.2 ORGANISATIONAL BUYING BEHAVIOUR
In the business market, all formal organisations, such as business firms, governmental
agencies and institutions, purchase goods and services that are used in the production
of other products and services, which are in turn sold, rented, or supplied to others.
Buying is a basic activity for all formal organisations and a complex process in the
business-to-business environment. Organisational buying is a course of action that
takes place over time, involving several organisational members and relationships with
other firms. Organisational buying behaviour is therefore defined as the decision-making
process by which formal organisations establish the need for purchased products and
services, and identify, evaluate, and choose among alternative brands and suppliers
(Webster and Wind 1972b). Decision making is used here as the process of developing
a commitment to some course of action (Johns 1983).
The organisational buying process is divided into four stages that may be identified as
focal points of the buying activity (Hill and Hillier 1977). The first focal point of the buying
activity is the precipitation stage, where the need for the purchase is revealed. The
second stage, the product-specification stage, is followed by the supplier-selection
stage as the third focal point of the buying activity. The fourth and last major step is the
commitment stage.
3.2.1 CHARACTERISTICS OF ORGANISATIONAL BUYING BEHAVIOUR
The complexity of organisational buying behaviour becomes clearer when the main
characteristics are briefly described.
First, organisational buying decisions are made more complex by the fact that a number
of people are involved in them and different people play different roles in buying.
Therefore the marketer is aware of the needs of the various constituencies involved in
making decisions. The roles of users, influencers, deciders, buyers and gatekeepers
can be identified in most buying situations. All individuals and groups that take part in
the purchase decision-making process and share common goals and risks arising from
the decisions belong to the so-called buying centre. The buying centre is an informal,
cross-departmental decision unit in which the primary objective is the acquisition,
dissemination, and processing of relevant purchasing-related information.
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It has to be noted that the buying centre is only a conceptual one and that no
department or division is implemented in an organisation as such.
Second, technical complexity is an important characteristic of many organisational
buying situations. Möller (1993) confirms in his study that the purchasing of technically
more complex products involves more individuals, company functions, and hierarchical
levels.16
The third characteristic can be related to the above-mentioned technical complexity.
When purchasing a technically complex product, decision-making requires more
information, undergoes more detailed evaluation, and involves more uncertainty about
product performance. The perceived switching cost and the perceived uncertainty were
identified as explanatory factors for the differences in buying behaviour when comparing
the purchasing of a technically complex and a technically less complex product (Möller
1993). Thus, organisational buying decisions usually take longer to make than
consumer buying decisions (Webster and Wind 1972b). The complexity of
organisational buying behaviour reflects the many factors that influence the result of the
organisational buying decision process.
3.2.2 WEBSTER AND WIND’S (1972B) BUYING BEHAVIOUR MODEL
Organisational decision making and buying behaviour has already been analyzed by
many different researchers. The probably most famous model, the one proposed by
Frederick E. Webster and Yoram Wind (1972b), identifies sources of influence that
impact buying decisions and choice processes. It states that buying behaviour is a
function of individual characteristics, group factors, organisational factors, and
environmental factors.
3.2.2.1 Individual factors
Individual behaviour plays an important role within the organisational decision-making
process. Each person concerned with the buying process inherits a set of needs, goals,
habits, past experiences, information, and attitudes that are applied in each specific
situation. Some of these factors can be categorized as task variables. Personal values
for example may be classified as non-task variables.
16

Möller, J. (1993). Industrial buying behaviour and technical complexity: a comparative study of two
product
classes.
For
the
abstract
of
the
thesis
see
http://www2.lib.chalmers.se/cth/diss/doc/9394/MollerJan.html
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3.2.2.2 Organisational factors
Many task and non-task variables of the formal organisation may influence the decisionmaking process.
Strategic priorities, organisational structure, objectives, policies, systems of rewards,
status, authority and communication, have an effect on the purchasing process at all
stages.
3.2.2.3 Environmental factors
Task-related environmental factors result from inter-organisational relations. In contrast,
non-task-relevant

environmental

factors

include

both

the

influence

of

other

organisations and the general social-cultural-political environment. Political and legal
influences have no direct task relation.
3.2.2.4 Group factors
Group or interpersonal factors have an impact on the buying process in a formal
organisation. The persons that are involved in this process belong to the already
mentioned buying centre.
3.2.2.5 The buying centre
The buying centre concept has long been used to identify the group of persons who
collectively make a particular buying choice decision for an organisation (Robinson et al.
1967). The roles played by all the individuals involved in the industrial buying process
have been classified as deciders, influencers, buyers, users and gatekeepers. Deciders
have the ultimate authority if or what to purchase. Influencers do not necessarily have
buying authority but can influence the result of the decision through the application of
constraints. Buyers are responsible for selecting vendors and arrange the transaction.
Users are end consumers of the product or service but have little or no buying authority.
A gatekeeper may be anyone in the organisation who can control the flow of
information. Hill (1977) uses the term ‘decision making unit’ to describe the notion of the
buying centre. Several individuals may have the same role within the buying centre, and
several roles may be occupied by one individual. Understanding the distinct roles will
help one to understand the nature of the interpersonal influence in the buying decision
process.
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3.2.2.6 Adoption process of the buying centre
Rogers (1995) defines the adoption process as the process through which an individual
or other decision-making unit passes from first knowledge of an innovation, to forming
an attitude towards the innovation, to a decision to adopt or reject, to implementation of
the new idea, and to confirmation of this decision. The relationship between the
adoption stages identified by Rogers (1995) and the decision areas in the organisational
buying process are depicted in Figure 16. As the author regards the adoption process
as a preparatory step for the main topic of this thesis - individual acceptance – the
adoption step or ‘act of purchasing’ will not be given any further attention here.

adoption process stages
knowledge

buying activity stages

precipitation
decision
area

persuasion

decision

product/supplier
decision
area

implementation

confirmation

commitment
decision
area

Figure 16. Relationship of buying activity areas with stages in adoption process

3.2.3 SHETH MODEL
The Sheth model (1973b) is a structural model with process character. It is based on
three core elements:
•

Psychological decision-making determinants

•

Terms that lead to a collective decision-making

•

Mechanisms for conflict resolution
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Similar to the Webster/Wind model, the Sheth model is concerned with joint decisionmaking. It considers the differences of the buying centre members and their
expectations through various sources, such as their information sources, active search,
perceptual distortion and satisfaction with past purchases. These differences of the
members and their expectations lead to a need for conflict resolution in the decisionmaking process. One particularly important product-specific variable is the perceived
risk. This construct is a function of the buyer’s level of uncertainty and the seriousness
of the consequences associated with various decision outcomes. Decisions with a high
perceived risk have bigger and more formal buying centres as a consequence, whereas
decisions with a low perceived risk are often made by single individuals instead of
groups. This model, like the Webster/Wind model, aids in understanding the influence
factors in the complex buying process, but does not explain these situations (Backhaus
1990).
3.2.4 RESEARCH RELATED TO SHETH (1973A) AND WEBSTER AND WIND (1972A) MODELS
The most important buying decision-making models have already been mentioned
earlier. This section provides a review of the academic research conducted in the past.
Only the major results and differences to the most popular models are discussed. The
author categorizes the research results by specific themes (i.e. decision-making
process, buying centre structure, environmental influences, role perceptions) and in a
chronological order.
3.2.4.1 Decision-making process
Dempsey (1978) conducted a study dealing with the vendor selection process. Based
on the results of the study, the author identifies five evaluative criteria (vendor stability,
basic economic criteria, geographic affinity, attendant services, and assurance
mechanisms) and four categories (seller-dominated external information, buyer-oriented
external information, salesmen, and buyer-oriented internal information).
An inductive model of supplier choice processes incorporates subroutines of events,
interactions and decisions learned from studying entire industrial buying processes of
eighteen products (Vyas and Woodside 1984).
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Anderson and Chambers (1985) described a model of an organisational buying process
based on the assumption that organisational buying behaviour is essentially a form of
work behaviour.
The model emphasizes the role of reward measurement systems in motivating
purchasing process participants. A second sub-model is concerned with the process of
group interaction and consensus formation.
A framework for buyer behaviour oriented micro-segmentation of industrial customers
may be found in the literature. Four segments in a large industrial company are
identified: transaction buyers, programmed buyers, relationship buyers, and bargain
hunters. (Rangan et al. 1992).
Another empirical investigation reports on the length of time firms take in making major
purchase decisions and examines its antecedents. Findings suggest that firm size, buyclass, decision-making unit (DMU) size, information sources, and size of consideration
set all significantly affect decision-making time (Dholakia et al. 1993).
Bunn (1994) applied a combination of literature and field-based approaches to develop
four constructs that underlie buyer behaviour: procedural control, proactive focusing,
use of analysis techniques, and search for information. Measurement scales for these
constructs are created and evaluated through a survey of purchasing professionals.
Schmittlein and Peterson (1994) presented a model applying a customer base analysis
in which past purchase behaviour of customers is observed to understand the current
and likely future purchase patterns. Results indicate that customer base analysis can be
both effective in predicting purchase patterns and in generating insights into how key
customer groups differ.
A conceptual model of the relationships among buyer’s perspectives of and attitudes
toward a vendor company’s marketing mix and the moderating effects of in-supplier/outsupplier status of the seller is presented by Brown (1995). It generally validates
predictions made on the basis of attitude theory.
3.2.4.2 Buying Centre – Influence of Buying Centre members
Silk and Kalwani (1982) reported findings bearing on the reliability of measures used in
industrial market surveys to identify the structure of buying groups.
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They found a lack of consensus about purchase influence between pairs of informants
from the same organisation. They also found ratings appear to differentiate among roles
but not stages in the decision process.
The nature of interpersonal influence on the individual’s decision in organisational
buying was studied by Thomas (1982). Findings suggest that social and organisational
bases of influence of personal sources explain changes in a decision maker’s product
evaluations. According to Thomas (1984), relative importance of selected bases of
power, and their relative importance by organisational position has been indicated in
studies of the internal relationships among key participants in the buying centre.
Another study was carried out to identify the relative influence of participants and how
this changes for the purchase of different products, buy classes and procurement
decisions. Findings indicate that the relative influence of the buying centre members is
constant in different buy classes, but changes across product types and decision types
(Jackson et al. 1984).
Berkowitz (1986) addressed the issue of who the main influencers are in new product
adoption. Findings indicate that end users and technical staff are interested in product
sampling, that price was an important consideration among end users and technical
staff, and that the purchasing department exercised the final authority for ordering.
A multi-item scale to measure influence, and the process through which influences are
manifested in buying centres, was developed by Kohli and Zaltman (1988).
Significant differences between buying centre role groups were identified by Martin et al.
(1988). Findings support the suggestion that role members in a buying centre have
different perceptions of suppliers.
Kohli’s study (1989) confirmed that expert power has the greatest influence followed by
reinforcement power of the individual.
McQuiston (1989) focused on who participates in organisational purchase and decisions
and the factors that affect the interpersonal influence between participants. This author
proposed a structural equation model that suggests the purchase situation attributes of
novelty, complexity and importance are causal determinants of participation and
influence in industrial purchase decisions.
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The organisational buying system concept as an organisational framework for exploring
the patterned, repeated interactions that characterize ongoing purchasing processes
was introduced by Ronchetto et al. (1989). Results indicate that organisational actors
derive influence from the position they occupy within the buying system. Individual
influence is derived from properties of the formal and informal structure.
3.2.4.3 Buying centre structure
Spekman and Stern (1979) presented a conceptual and methodological framework for
examining organisational buying behaviour from a multi-person level of analysis. They
view structure as a central variable as it shapes the nature and degree of interpersonal
interaction within the buying group and is also a primary determinant of the buying
group’s information acquisition and processing capabilities.
A methodology for segmenting industrial markets on the basis of functional involvement
in phases of the purchasing decision process was presented by Choffray and Lilien
(1980).
Johnston and Bonoma (1981) defined and operationalised the following five interactive
dimensions of the buying centre: vertical and lateral involvement, extensiveness;
connectedness; and purchasing manager centrality.
3.2.4.4 Environmental influences on organisational buying behaviour
A taxonomy for classifying organisations and comparing their behaviour in buying
situations was developed by Grønhaug (1976). The categorization is based on
organisations that were product-dependent and product-independent and found
purchasing activities to be more structured in product-dependent than in productindependent organisations. The study also found that search behaviour, buying motives
and goals pursued were different in the two types or organisations.
Drumwright’s (1994) in-depth study of 21 buying processes concentrated on how and
why socially responsible buying becomes important in organisations. Socially
responsible buying is addressed under the general heading of non-economic buying
criteria and is observed from the perspective of concern for the environment.
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3.2.4.5 Information search
Moriarty and Spekman (1984) accomplished an empirical investigation of the sources of
information required by decision participants and discovered the importance of nonpersonal information.
The classification of industrial customers and their information source use was
described by Bunn and Clopton (1993). They concluded that purchase situations are
significantly related to a choice of an information source mix.
It’s concluded that search behaviour in high-technology markets is determined in part by
certain inherent characteristics of markets and in part by buyer’s present situation
(Weiss and Heide 1993).
3.2.4.6 Organisational climate
Robertson and Wind (1980) conducted an empirical study focused on organisational
climate to explain industrial buying behaviour.
The organisational type as a potentially important company-specific characteristic also
affects the organisational buying process. Differences in the importance associated with
purchasing-related factors exist among purchasing managers from commercial, not-forprofit and governmental organisations (Spekman 1981).
Qualls and Puto (1989) explored the benefits of using organisational climate as one of
the factors affecting decision-framing processes of industrial buyers. Experimental
findings indicated that buyers’ general orientation towards risk affects the frame and,
subsequently, the buyers’ choice. However, there were mixed results with regard to the
organisational climate factors affecting decision frame and subsequent choice.
3.2.4.7 Role perceptions
Thomas (1982) conducted an empirical study on the role perceptions of the members of
a buying centre.
Michaels et al. (1987) confirmed the role theory by examining a large sample of
purchasing professionals. The results suggest that an awareness of the nature and
influences of role stress in the buying context could be valuable to marketing
professionals.
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The role played by informal members of the buying centre has a significant effect on the
risk perceived by the organisational buyer.
3.2.4.8 Conflict resolution
A construct integrating purchasing conflict, exchange transactions and microsegmentation was suggested by Ryan and Holbrook (1982). Using 17 purchasing
decisions faced by automobile fleet administrators, nomological validity was supported
by an inverted U shaped relationship between conflict and responsibility weighted by
time.
Barclay (1991) formulated a model of organisational characteristics that influence
buying- related interdepartmental conflict and found that organisational characteristics
such as barriers to communication, the reward system, and the ambiguity of
departmental responsibilities explain a substantial portion of the variance in the
manifestations of buying-related conflict.
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3.3 ORGANISATIONAL ADOPTION
Before proceeding to the research focus of ‘individual innovation acceptance’, the
author describes a review of the marketing and organisational literature on innovation
diffusion in order to sum up the factors affecting ‘organisational innovation adoption’.
Both adopter-side and supply-side variables are taken into account (Frambach et al.
1998) in this literature review. Figure 17 depicts the factors affecting organisational
adoption.

Supplier
marketing
activities

Innovation
development

knowledge
persuasion

Perceived
innovation
characteristics
Adopter
characteristics

decision
implementation
confirmation

Information
Environmental
influences

Figure 17. Factors affecting organisational innovation adoption (Frambach et al. 1998)

3.3.1 DETERMINANTS OF ORGANISATIONAL ADOPTION
3.3.1.1 Perceived innovation characteristics
Various studies have found that the perception of innovation characteristics affects
organisational adoption decisions. The relative advantage or perceived net benefit the
innovation offers is one of the best predictors of the rate of adoption of innovations
(Frambach et al. 1998; Frambach and Schillewaert 2002; van Everdingen and Wierenga
2001). Other innovation characteristics, e.g. perceived compatibility, complexity,
observability, trialabiltity, and uncertainty, as mentioned in Rogers’ book ‘Diffusion of
innovations’ (1995) are hypothesized to influence the adoption decision.
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3.3.1.2 Adopter characteristics
Frambach and Schillewaert (2002) refer to three adopter characteristics – ‘organisation
size’, ‘organisation structure’ and ‘organisational innovativeness’ - that have an effect on
the adoption decision.
Most studies of the organisational adoption of innovations have found that large firms
are more likely than smaller firms to be early adopters because of abundant slack
resources such as money, people, and facilities (LaRose and Hoag 1996; Mc Dade et
al. 2002).
A contrasting minority argues that smaller organisations are more likely to be early
adopters than larger firms because they are more flexible and innovative, and that
additionally a large firm’s bureaucracy tends to slow down the adoption process
(Frambach and Schillewaert 2002; Mc Dade et al. 2002).Organisation structure has
been found to either facilitate or inhibit innovation adoption. A high degree of
centralization or formalization works against the initiative of adoption decisions.
However, Van Everdingen and Wierenga (2001) have also stated that a high level of
centralization or formalization is positively related to adoption. In regard of high-cost
CoPS, markets tend to be duopolistic and highly bureaucratized. Hobday (1998) states
that governments and regulators often become involved in the coordination of CoPS for
several reasons.
Organisational innovativeness or the degree to which an organisation is receptive to
new products influences its propensity to adopt new products. System openness
increases access to new information, which improves the adoption process at the
individual and at the organisational levels (Frambach et al. 1998; van Everdingen and
Wierenga 2001).
3.3.1.3 Information
Innovation adoption is largely an information processing activity. The extent to which
potential adopters of innovation have gathered information on the particular innovation
may influence the probability of adoption (Backhaus 1999). The degree to which
suppliers are involved in this information providing process will also be taken into
consideration. Rogers (1995) states that the information about an innovation may
positively influence its adoption probability.
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3.3.1.4 Environmental influences
A potential adopting organisation may derive an intrinsic benefit from the fact that other
interrelated organisations in their market environment have adopted the innovation. The
network externality concept describes the changing product value to a consumer as the
number of the users of the product changes.
Network-related effects have an impact on the adoption of technological innovations
(Belani et al. 1997; Katz and Shapiro 1986; Majumdar and Venkataraman 1998; Shy
1996). Additionally, the presence of network externalities influences both the current
users and the future adopters (Katz and Shapiro 1986; van Everdingen and Wierenga
2001).
3.3.1.5 Supplier marketing activities
Frambach (1998) states that the supplier marketing activity may considerably influence
the probability that an innovation will be adopted at the organisational level. The
supplier’s marketing strategy is aimed to increase the rate of the innovation’s adoption
and diffusion (Sultan et al. 1990). Given uncertainty in the potential adopter’s
assessment, an important factor in the adoption decision is his attitude toward risk
(Chatterjee and Eliashberg 1990). Reducing the risks perceived with adopting an
innovation may also be a marketing strategy. In cases of high-technology marketing it
may be necessary to gain market acceptance by letting the customer have the
innovation for a certain trial period. In the marketing literature a low introduction price
offered by the supplier may also be considered as risk absorption for the potential
adopter (Kotler 1991). In respect of CoPS, the uncertainty and risk perceived by the
consumer may play an important role in regard of the adoption decision.
3.3.1.6 Innovation development
Most innovations fail because they do not offer distinctive benefits to the potential
adopter. The supplier can succeed in the market place if he develops an innovation that
is unique and fulfills the specific need of the user (Waarts et al. 2002). As regards
CoPS, the uniqueness of CoPS producers is the intensity of user involvement and the
user’s own understanding of final requirements.
As already stated before, innovation adoption is of little value when the target user
group does not use or comply with the innovation.
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Before ascertaining the determinants that influence the individual acceptance of a
technology within the organisation, the organisational assimilation of innovations will be
clarified.

3.4 ORGANISATIONAL ASSIMILATION OF INNOVATIONS
Meyer and Goes (1988) define assimilation as an organisational process that is set in
motion when individual organisation members first hear of an innovation’s development,
can lead to the acquisition of the innovation, and sometimes comes to fruition in the
innovation’s full acceptance, utilization and institutionalization. The assimilation of
innovations into organisations is a process unfolding in a series of decisions to evaluate,
adopt, and implement new technologies.
For innovations in technology to have a positive impact on quality and productivity, they
must be successfully deployed. Innovation researchers have known for some time that
newly introduced technology may benefit from initial widespread acquisition (adoption),
but nevertheless still fail to be comprehensively deployed among many acquiring firms.
The two diffusion curves in an S-shape depict the diffusion pattern that results when
acquisition is used will closely mirror the pattern that results when deployment is used
Figure 18. The author emphasizes that here ‘adoption’ is a synonym for ‘acquisition’.

100%

Acquisition
Cumulative
„Adoption“
Deployment

Time

Figure 18. S-shaped diffusion curves of acquisition and deployment (Meyer and Goes 1988)
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A widening gap between the pattern of cumulative acquisition and cumulative
deployment of the technology across some populations is illustrated as the assimilation
gap in Figure 19. Assimilation gap is defined as the difference between the pattern of
cumulative acquisitions and cumulative deployments of an innovation across a
population of potential adopters (Fichmann and Kemerer 1999).

100%

Acquisition

Assimilation
Gap

Cumulative
„Adoption“

Deployment

Time

Figure 19. Assimilation gap (Fichmann and Kemerer 1999)

When a so-called assimilation gap exists, the common practice of using cumulative first
acquisitions as the basis for diffusion modelling presents a misleading representation of
the diffusion process. It may lead to incorrect judgments about the robustness of the
already observed diffusion process and the technology’s future process. Fichman and
Kemerer (1999) described this erroneous picture of the diffusion process regarding
several innovations in IT. Furthermore, two explanations for the assimilation gap are
described in the literature: strongly increasing returns to adoption and substantial
knowledge barriers impeding adoption (Fichmann and Kemerer 1999). Knowledge
barriers arise because the technological and managerial knowledge required to
successfully deploy complex technologies typically goes far beyond simple awareness
of the innovation. Other CoPS examples with respect to knowledge barriers were
CASE17 tools impeding the implementation of these tools (Senn and Wynekopp 1995).

17

Computer Aided Software Engineering, a category of software that provides a development
environment for programming teams. CASE systems offer tools to automate, manage and simplify the
development process.
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Diffusion researchers should use deployment in addition to acquisition if assimilation
gaps are likely to be present. The author found assimilation gaps studying TETRA
networks as illustrated below in Figure 20. So for example the 64 contracted TETRA
networks between 2002 and 2004 are still not fully deployed – only a third of the

Cumulative TETRA Networks

projects - and a widening assimilation gap is resulting (Appendix 9.1.).
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Figure 20. Cumulative acquisitions and deployments of TETRA networks

3.5 THEORETICAL BACKGROUND OF THE TECHNOLOGY ACCEPTANCE MODEL
A growing body of academic research is examining the factors of information technology
acceptance and utilization among users. In the innovation adoption and organisational
science literature, various models of individual acceptance varying in the terms of
innovation as well as the environment under observation may be found (see Table 7).
The Model of Technology Acceptance (TAM) seems to be the most influential and most
frequently discussed theory in predicting and explaining end user behaviour and system
use in the information system (IS) field, perhaps because of its parsimony and the
wealth of empirical support.
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TAM and its major findings form the conceptual research model of this doctoral thesis,
revealing the factors that influence user acceptance of mandated technology in a CoPS
environment. A conceptual model is a theoretical construct that represents physical,
biological or social processes, with a set of variables and a set of logical and
quantitative relationships between them.
Models in this sense are constructed to enable reasoning within an idealized logical
framework about these processes and are an important component of scientific
theories. The underlying TAM in this study is understood as a model of analysis with
explanatory power, but not as forecast or decision model for TETRA technology18.
3.5.1 THEORY OF REASONED ACTION
The Theory of Reasoned Action (TRA) proposed by Fishbein and Ajzen (1975) is a
widely studied model from social psychology that is concerned with the determinants of
consciously intended behaviours. TRA asserts that individual behaviour is determined
by behavioural intentions to perform the behaviour, and that behavioural intentions are
jointly determined by individual attitudes and subjective norms regarding a behaviour.
Attitudes (A) describe general individual feelings of favour or disfavour toward a specific
behaviour. According to the expectation-value theory, individual attitudes are defined as
function of salient beliefs and evaluation of behaviour outcomes (Shih 2004). Causal
relationships between beliefs and behaviour are linked to the attitude construct. The
well-accepted TRA model has proved successful in predicting and explaining behaviour
across a wide variety of domains.

18

Abstract or conceptual models are divided in different types of models. Models of analysis belonging to
the category of explicit models are threefold: predictive, explanatory, or decision models. The purpose of
a model is to provide an argumentative framework for applying logic that can be independently evaluated
(for example by testing) and that can be applied for reasoning in a range of situations. Models are used
throughout the natural and social sciences, psychology and the philosophy of science. The conceptual
model TAM is used here as explanatory model and not as forecast model for TETRA technology.
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Figure 21. Theory of Reasoned Action (Fishbein and Ajzen 1975)

3.5.2 TECHNOLOGY ACCEPTANCE MODEL
Davis’ (1989) TAM is an adaptation of the TRA specifically tailored for modelling user
acceptance of information technology (Figure 22). The goal of TAM is to provide an
explanation of the determinants of computer acceptance that is general, capable of
explaining user behaviour across a broad range of end-user computing technologies
and user populations, while at the same time being parsimonious and theoretically
justified (Davis et al. 1989). A key purpose of TAM is to provide a basis for tracing the
impact of external variables on internal beliefs, attitudes and intentions.
The two particular beliefs, ‘Perceived ease of use’ and ‘Perceived usefulness’ are of
prime relevance in explaining system use. Perceived ease of use (PEOU) refers to the
degree to which the prospective user expects the target system to be free of effort
(Davis 1989). In other words, PEOU reflects the extent to which an individual believes
that using the technology requires little effort. Perceived usefulness (PU) is defined as
the degree to which a person thinks that using a system will enhance his/her job
performance (Schillewaert et al. 2000). Davis (1989) defines PU as the prospective
user’s subjective probability that using a specific application system will increase his/her
job performance within an organisational context. PU is also known as the degree to
which someone believes that adopting a particular innovation will have a performance
benefit (Riemenschneider et al. 2002). As its core, TAM states that perceptions of
usefulness and ease of use influence an individual’s intention to use information
technology, which ultimately affects the actual use behaviour. According to TAM, PU is
also influenced by PEOU and external variables, other things being equal, the easier
the system is to use, the more useful it will be.
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TRA and TAM propose that external variables intervene indirectly, influencing attitude,
subjective norms, or their relative weight in the case of TRA, or influencing PEOU and
PU in the case of TAM. The attitude towards using a system (A) and the behavioural
intention (BI) are common to both models.

External
variables

Perceived
usefulness
(PU)

Attitude toward
using (A)

Perceived
ease of use
(PEOU)

Behavioral
intention
to use (BI)

Actual
System
Use

Figure 22. Original technology acceptance model (Davis 1989)

3.6 PREVIOUS TAM STUDIES
Table 7 gives an overview of the major TAM studies that have been conducted since
the introduction of Davis’ (1989) original model. All publicly available TAM research has
been reviewed; the domain of application and the differentiating variable constructs are
described by the author. The variables differing from the original TAM variables are
highlighted in bold style. The major influencing factors from the generic TAM have
already been described in chapter 3.5.2. The author discusses the key findings of the
technology acceptance research 3.6.1 which will lead to the presentation of the
conceptual research model in this study.
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Authors
Davis (1989)
Davis et al. (1989)
Adams et al. (1992)
Phillips et al. (1994)
Chau (1996)
Davis and Venkatesh (1996)
Venkatesh and Davis (1996a)
Igbaria and Tan (1997)
Morris and Dillon (1997)
Straub et al. (1997)
Eikebrokk and Sørebrø (1998)
Dishaw and Strong (1999)
Hu et al. (1999)
Karahanna and Straub (1999)
Lederer et al. (2000)
Roberts and Henderson (2000)
Schillewaert et al. (2000)
Venkatesh and Davis (2000)

Applications
PROFs, XEDIT, ChartMaster, Pendraw
WriteOne
E-mail, Voice Mail
Mining technology
MS Word/Excel
WordPerfect

Model / Constructs
PU, PEOU, Usage

PU, PEOU, A, BI, Usage
PU, PEOU, Usage
PU, PEOU, A, BI, Cultural affinity
PNTU, PLTU, PEOU, BI
PU, PEOU, BI, Usage
PU, PEOU, A, BI, Usage, Computer Self-Efficacy, Objective
Computer system
Usability, Direct Experience
Computer
Usage, User satisfaction, Individual impact
Netscape
PU, PEOU, A, BI, Usage
E-mail
PU, PEOU, Usage
Communication systems
PU, PEOU, Usage, Multiple-choice situations
PU, PEOU, A, BI, Usage, Tool experience, Tool functionality,
Maintenance support tool
Task-Technology Fit, Task characteristics
Telemedicine technology
PU, PEOU, BI, A
PU, PEOU, Social presence, Social influence, Perceived
E-mail
accessibility, Availability of user training and support
WWW
PU, PEOU, Usage
PU, Usage Computer Anxiety, Perceived fun, Computer
Computer
Satisfaction
PU, PEOU, Usage, Social influence, Sales person
SA system
characteristics, Organisational facilitators
PU, PEOU, BI, Usage, Voluntariness, Experience, Subjective
Norm, Image, Job relevance, Output quality, Result
Proprietary Computer system
demonstrability

Venkatesh and Morris (2000)

Data/Information system

Chau and Hu (2001)

Telemedicine technology

Lim (2001)

Online shopping

PU, PEOU, Subjective Norm, Gender, Experience
PU, PEOU, BI, A, Compatibility, Subjective norms, Perceived
Behavioural Control
PU, PEOU, Perceived risk, Experience, Self-efficacy, Social
influence
Page 76 of 241

Theoretical Background

Authors
Mathieson et al. (2001)
Moon and Kim (2001)
Pijpers (2001)
Chen et al. (2002)
Riemenschneider et al. (2002)
Suh and Han (2002)

Applications
Bulletin Board System
WWW
IT
Virtual stores
Web Site
Internet banking

Brown et al. (2002)

Computer banking system

van der Heijden (2003)

Websites

Hsu and Lu (2004)
Ong et al. (2004)
Shih (2004)
Amoaka-Gyampah and Salam
(2004)
van der Heijden(2004)
Ngai et al. (2005)
Yang (2005)

Online games
E-learning
Internet

Model / Constructs
PU, PEOU, A, BI, Usage, Perceived user resources
PU, PEOU, A, BI, Usage, Perceived Playfulness
PU, PEOU, A, BI, Usage
PU, PEOU, A, BI, Usage, Compatibility
PU, PEOU, A, BI, Usage, TPB constructs
PU, PEOU, A, BI, Usage, Trust
PU, PEOU, A, BI, Subjective Norm, Perceived behavioural
control, mandated usage
PU, PEOU, A, BI, Usage, Perceived attractiveness, Perceived
enjoyment
PU, PEOU, A, BI, Social influences, Flow experience
PU, PEOU, BI, Perceived credibility, Computer Self-efficacy
PU, PEOU, A, Perceived performance, Relevance

Enterprise resource planning

PU, PEOU, A, BI, Communication, Shared beliefs, Training

Hedonic Information Systems PU, PEOU, BI, Perceived enjoyment
Web Course Tools
PU, PEOU, PU, A, BI, Usage, Technical Support
M-Commerce
PU, PEOU, A, Individual characteristics

Table 7. Previous TAM studies
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3.6.1 DISCUSSION OF TAM FINDINGS
Technology acceptance research has relied upon models that incorporate attitudes,
beliefs, and behavioural intentions. The majority of research in this area has been
conducted to assess, validate and extend the TAM in an empirical setting.
3.6.1.1 Original TAM constructs
Across many empirical studies of TAM, PU has constantly been shown to be a strong
determinant of BI with standardized regression coefficients typically about 0.6
(Venkatesh and Davis 2000). The relationship between PEOU and BI has been about
0.2 (Davis et al. 1989). Shih (2004) reports that PU is the major determinant of
individual intentions to use an information system (IS), while PEOU is a secondary
determinant. Van der Heijden (2004) confirms also that in the context of utilitarian
systems – in contrast to hedonic information systems – PEOU is less central to the
prediction of intentions to use a system than PU. The basic TAM relationships (i.e. I-U,
PU-I, PEOU-I, PEOU-U) were supported with standardized regression coefficients in
both volitional and mandatory contexts (Venkatesh and Davis 2000).
3.6.1.2 Different constructs regarding the variable attitude (A)
In the original formulation of the model (Davis 1989), TAM integrates the variable
attitude (A). As various TAM studies that were conducted in the volitional environment
confirmed that the explanatory power of the model is equally good without the attitude
construct it has become quite usual to exclude A from TAM (i.e., Adams et al. 1992;
Chau 1996; Eikebrokk 1998; Ong et al. 2004; i.e., Venkatesh and Morris 2000).
In contrast, Igbaria and Tan (1997) refer to acceptance indicators as measured by the
variables ‘system usage’ and ‘user satisfaction’. These indicators reflect the interaction
of IT with the users and, as already described by the TRA, the significance of individual
attitudes toward an object plays a major role in affecting the subsequent behaviour
toward it. The relationship between user satisfaction and system usage has been
emphasized with respect to TRA and TAM. It is also noted that behaviour (i.e. usage) is
influenced by attitudes (i.e. user satisfaction). As user satisfaction refers to one’s
attitude toward a variety of factors that are related to the innovation, it is proposed that
user satisfaction affects the amount of use.
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However, it is recommended that, especially in a mandated environment, including the
attitude construct is essential because it represents the degree to which users are
satisfied with the system (Melone 1990).
3.6.1.3 Mandatory and volitional environment
In contrast to Venkatesh and Davis (2000), Brown’s (2002) research results indicate
that there are, in fact, differences in the underlying relationships of technology
acceptance models in a mandatory use situation. It is stated that the basic TAM
relationships are consistent with theory, but the weightings from prior research are
reversed, especially when the attitude construct is left out. Thus, the PEOU-BI
connection is more than three times that of the link between PU-BI and hence, PEOU is
the primary influencing factor of BI.
In contrast to the above-mentioned findings, the inclusion of the attitude construct
shows that PEOU explains about 40% of the variance in PU. The PEOU-A as well as
the PU-BI relationship are non-significant. However, the PU is a significant predictor of
A. This result demonstrates that PU is the key antecedent of attitude, while in volitional
environments PU is the key antecedent of BI. In mandatory settings, PU continues to be
important, but for a different reason: to encourage positive attitude about use. When use
is mandatory, but perceptions of usefulness are low and lead to negative attitudes, this
may have far-reaching consequences.
3.6.1.4 External/Antecedent variables
It has to be noted that external/antecedent variables as proposed in the original TAM,
such as ‘personality characteristics’ or ‘social role’, have been excluded in several
studies. This approach follows those of attitude theorists who believe that the effects of
external variables are often too unstable and tend to change over time (Chen et al.
2002).
In contrast, research efforts have been devoted to extensions of the TAM by examining
the antecedents of the belief constructs (PEOU, PU) underlying the model (i.e. Dishaw
and Strong 1999; Roberts and Henderson 2000). Karahanna and Straub (1999) argued
in favour of investigating antecedent variables and extending the TAM in a way that
improves the ability to better understand the acceptance and usage of existing and new
IT innovations.
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Thus, ‘self-efficacy’ or ‘training’ may be found as antecedent variables in some studies
(Amoaka-Gyampah and Salam 2004; Karahanna and Straub 1999; Lim 2001;
Venkatesh and Davis 1996a).
Other external variables affecting the belief constructs may be ‘system features’,
‘training’, ‘documentation’, and ‘user support’ (Chau 1996).
3.6.2 SYSTEM USAGE
System usage is a key variable in most of the theoretical frameworks in IT research
literature focusing on innovation acceptance by individual users. The self-reported
usage measures have often been used in IS research to operationalise system usage,
particularly when objective usage metrics are not available. With regard to TAM studies
predicting IT/IS acceptance, usage is often measured with the variable BI as the
systems in question are not definitely implemented. The author decided to investigate
the frequency as well as the intensity of use, as the examined TETRA technology is
already in the implementation stage. The indicator ‘applications and features used by
consumers’ is included in this study. Additionally, Igbaria and Tan (1997) cite end user
applications as good indicators of overall system usage. In terms of future system use,
Agarwal and Prasad (1997) empirically tested the influence of current WWW usage on
future use intentions, but the regression analyses revealed the fact that current usage is
not a significant predictor of future use intentions. As argued above, sustained usage is
an outcome of the individuals’ assessment of the usefulness offered by the innovation.
3.6.3 DOMAIN OF APPLICATION
The TAM model has been validated through examining various types of technologies
pertinent to individual acceptance. Due to the popularity of the Internet and other
emerging information and communications technologies, TAM has also been used to
study applications such as World Wide Web, e-commerce, online purchase intentions,
or m-Commerce (see Table 7). However, there are no studies explaining the
acceptance of a mandatory technology in the CoPS environment. The only research
that may be categorized as ‘CoPS acceptance research in mandatory environment’ is
the TAM study investigating the transition of all branches of a banking institution to a
standardized computer banking system (Brown et al. 2002).
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3.7

CONCEPTUAL RESEARCH FRAMEWORK

Figure 23 depicts the conceptual research framework showing the adoption process
stages that a potential adopter goes through before accepting a new product or service.
Rogers (1995) defines the adoption process as the process through which an individual
or other decision-making unit passes from first knowledge of an innovation, to forming
an attitude towards the innovation, to a decision to adopt or reject, to implementation of
the new idea, and to confirmation of this decision. Adoption decisions are made at the
organisational, division, work group or at the individual level. When the adoption of
innovations occurs at the individual level within the organisation, we refer to this as
intra-organisational acceptance. When the usage of an innovation by individuals is
uncertain and contingent upon a prior organisational adoption decision, it is referred to
‘contingent authority innovation decision’ or ‘forced/ mandated adoption’ (Frambach and
Schillewaert 2002). In this study, the selected mandated technology is the CoPS
application ‘TETRA’.
Further, the author gives attention to the variables that may affect the ‘implementation’
and ‘confirmation’ stage or in other words, the user acceptance factors of the mandated
technology TETRA. The reader should consider that the ‘implementation’ stage in the
process of innovation refers to the action that occurs when an individual puts an
innovation into use. ‘Using the innovation on a regular basis’, ‘continued use of the
innovation’ and ‘integration of the innovation into one’s ongoing routine’, are
characteristic of these stages (Schillewaert et al. 2000). In line with this broader view on
actual acceptance, the author defines individual acceptance as the extent to which an
individual user frequently and fully uses the company’s TETRA system and does so
throughout the work process activities for which the system is suited. Consequently, to
test its validity, the author’s research model is empirically applied to the mandated
technology system that has already been adopted at the organisational level and put
into use at the individual level (implementation/confirmation stage).
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Figure 23. Conceptual research framework, following Davis (1989) and Rogers (1995)

3.8 HYPOTHESES
As depicted in Figure 23, the conceptual research model of this thesis is based on the
original Technology Acceptance Model, which is applied to the TETRA context. In
conformance to the robust theory and findings (seeTable 7), hypotheses regarding the
core TAM relationships are formulated in order to help in answering research question
119.
3.8.1 TAM CORE RELATIONSHIPS (PU, PEOU, A, BI, U)
H1:

A TETRA user’s behavioural intention to use TETRA positively affects the
actual use of the TETRA system.

H2:

A user’s attitude toward using TETRA positively affects the behavioural
intention to use the TETRA system.

H3:

A user’s perceived usefulness of TETRA positively affects the behavioural
intention to use the TETRA system.

H4:

A TETRA user’s perceived usefulness of the TETRA system positively affects
the attitude toward using the TETRA system.

H5:

A user’s perceived ease of use of the TETRA system positively affects the
attitude toward using the TETRA system.

19

Research question 1: What factors influence the individual acceptance decision for TETRA or, in other
words, what factors affect the individual use of TETRA?
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H6:

A user’s perceived ease of use of the TETRA system positively affects the
perceived usefulness of the TETRA system.

3.8.2 EXTERNAL VARIABLES: ORGANISATIONAL FACILITATORS (OF)
Chau (1996) confirms that PU is influenced by PEOU and external factors, which could
be training, documentation and user support. The so called organisational support
promotes more favourable attitudes about a system among users and leads to a greater
success for communication systems (Igbaria and Tan 1997). In recent TAM literature,
technical support is stated to be the most important external factor affecting technology
acceptance (Ngai et al. 2005). As a result, the following two hypotheses are proposed:
H10: Organisational facilitators (training, technical support, documentation) have a
positive effect on the perceived usefulness of the TETRA system.
H12: Organisational facilitators (training, technical support, documentation) have a
positive effect on the perceived ease of use of the TETRA system

After having reviewed the (organisational) adoption and (individual) acceptance
literature the author established a conceptual research model and proposed the above
mentioned hypotheses (see also Figure 32). The next two chapters are devoted to
methodology and methodical approach, before this paper proceeds to the empirical
assessment – the qualitative pre-study and quantitative survey research.
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4 METHODOLOGICAL APPROACH
Any empirically refutable consistent proposition should be regarded as scientific
(Popper 1998).

4.1 INTRODUCTION
The sets of ideas that we use to explain the world are called theories. Hunt (1983)
defines a theory as a systematically related set of statements, including some law like
generalizations, that is empirically testable. The purpose of theory is to increase
scientific understanding through a systematized structure capable of both explaining
and predicting phenomena’. Bacharach (1989) defines theory as a statement of
relations among concepts within a set of boundary assumptions and constraints. A
theory may be viewed as a system of constructs and variables in which the constructs
are related to each other by propositions and the variables are interrelated by
hypotheses.
Hypotheses derived from propositions specify the relations among variables (Bacharach
1989). A variable may be viewed as an operational configuration derived from a
construct. Additionally, a variable must be defined in terms of its measurement in order
to be operationally specific. Thus, hypotheses are concrete and operational statements
of broad relationships and are therefore built from specific variables.
Once a hypothesis has been proposed and tested, and has proved its mettle, it may not
be dropped without a good reason. A good reason may be for example the falsification
of one of the consequences of the hypothesis. The neopositivists’ point of view is that
scientific statements should be at least observationally falsifiable. For a theory to be
falsifiable, the operationalised variables must pass the test of being a good
measurement model: validity, non-continuousness, and reliability (Bacharach 1989).
Furthermore, the major criteria upon which any theory may be evaluated are falsifiability
and utility.
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Popper (1998) states that an empirical scientific system must be capable of being
refuted by experience. Utility is reached when a theory can both explain and predict.

4.2 PHILOSOPHICAL PERSPECTIVES
All research, whether quantitative or qualitative, is based on some underlying
assumptions about what constitutes valid research and which research methods are
appropriate. For qualitative research, the basic epistemological positions to choose from
are threefold: positivist, interpretive, or critical (Orlikowski and Baroudi 1991). In the
case of quantitative research, however, the interpretive and critical positions are not
meaningful; only the positivist one is. The positivist epistemology relies on a host of
scientific methods that produce numeric and alphanumeric data. Accordingly,
epistemological assumptions for both quantitative and qualitative research can be
represented as shown in Figure 24.

Figure 24. Epistemological assumptions for qualitative and quantitative research (Myers 1997)

4.2.1 POSITIVIST RESEARCH
Positivists generally assume that reality is objectively given and can be described by
measurable properties which are independent of the researcher and his or her
instruments. Positivist studies generally attempt to test theory, in an attempt to increase
the predictive understanding of phenomena. In line with Orlikowski and Baroudi (1991)
IS research is classified as positivist if there is evidence of formal propositions,
quantifiable measures of variables, hypothesis testing, and the drawing of inferences
about a phenomenon from the sample to a stated population.
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4.2.1.1 Critical rationalism
The most famous modern philosophical theory of science is that of Sir Karl Popper. At
the heart of positivism is Popper's ‘Falsification Principle’, which states that theories can
never be shown to be correct (Popper 1998). Formulating hypotheses, confronting them
with reality, and applying Popper’s demarcation criterion are the key steps of the
scientific approach here (Popper 1998).
This demarcation of science from the myths of non-science also assumes that building
a theory based on observation, otherwise known as induction, does not make it
scientific. Science, according to positivism, is about solving problems. It is not about
fitting theory to observations. Central to understanding this principle is the recognition
that there is no such thing as pure observation. Every observation is based on some
pre-existing theory or understanding. Furthermore, it is almost always possible to
choose and select data that will support almost any theory if the researcher just looks
for confirming examples. Accordingly, scientific theory, in the positivist view, is about
trying to falsify the predictions of the theory. In theory, it is enough, therefore, for one
observation that contradicts the prediction of a theory to falsify it and render it incorrect.
Furthermore, even after being tested, a scientific theory is never verified because it can
never be shown to be true, as some future observation may yet contradict it.
Accordingly, a scientific theory is, at most, extensively corroborated, which makes it
accepted until proven otherwise. Of course, in reality, measurement is never perfect and
is always based on theory. Hence, positivism differentiates between falsification as a
principle, where one negating observation is all that is needed to disprove a theory, and
its application in the real world through methodology, where it is recognized that
observations may themselves be erroneous and hence usually more than one
observation is needed to falsify a theory.
The viewpoint of the author is that positivism should be regarded as one of the tools in
the arsenal of a researcher. Arguably, recognizing science as a problem-solving
endeavour, positivism itself would probably endorse this position.
4.2.2 INTERPRETIVE RESEARCH
Interpretive researchers start out with the assumption that access to reality is possible
only through social constructions such as language, consciousness and shared
meanings.
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The philosophical base of interpretive research is hermeneutics and phenomenology
(Boland 1985). Interpretive studies generally attempt to understand phenomena through
the meanings that people assign to them and interpretive methods of research in IS are
aimed at producing an understanding of the context of the information system, and the
process whereby the information system influences and is influenced by the context
(Walsham 1993).
Interpretive research does not predefine dependent and independent variables, but
focuses on the full complexity of human sense making as the situation emerges (Kaplan
and Maxwell 1994).
4.2.3 CRITICAL RESEARCH
Critical researchers assume that social reality is historically constituted and that it is
produced and reproduced by people. Although people can consciously act to change
their social and economic circumstances, critical researchers recognize that their ability
to do so is constrained by various forms of social, cultural and political domination. The
main task of critical research is seen as being one of social critique, whereby the
restrictive and alienating conditions of the status quo are brought to light. Critical
research focuses on the oppositions, conflicts and contradictions in contemporary
society.

In line with above mentioned philsophical perspectives, the underlying epistemology
which guides this thesis’ qualitative approach is positivist research. Critical rationalism is
the methodological framework of the quantitative study underlying this thesis.
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5 METHODICAL APPROACH
Researchers often are in need of innovative approaches to gather initial data, especially
when little information on a specific topic of interest is known (Nassar-McMillan and
Borders 2002).

5.1 INTRODUCTION
According to Tornatzky and Fleischer (1990), the use of all types of research strategies
and data sources, with due attention to the limitations of each, is recommended
especially when complexity and messiness of innovation phenomena is given. Tomczak
(1992) confirms that German-speaking marketing research – mainstream marketing
research - combines the deductive-nomological explanation model with the methods
and techniques of empirical market and social research.
5.1.1 DEDUCTIVE-NOMOLOGICAL EXPLANATION
Deductive reasoning is used to create theories and testable hypotheses for empirical
research. In a paper published in 1948, Carl Hempel and Paul Oppenheim argue that a
form of argument they call deductive-nomological explanations can be used to link
universal laws to statements that predict or explain.
A deductive-nomological explanation starts with explanans sentences, which are
sentences that can explain what needs to be explained. The two types of explanans leading on to the explanandum sentence - are general laws and conditions (Fasching
1989). The so called Hempel-Oppenheim model is illustrated in Figure 25.
L1, L2 ... Ln
C1, C2 ...Cn

General laws
Conditions

E

Explanans

Explanandum

Figure 25. Hempel-Oppenheim Model (Raffée 1995)
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5.1.2 DEDUCTIVE AND INDUCTIVE REASONING
Research methods may be classified in various ways; however one of the most
common distinctions is between qualitative and quantitative research methods.

5.1.2.1 Quantitative research methods
Quantitative research methods were originally developed in the natural sciences to
study natural phenomena. Examples of well-accepted quantitative methods in the social
sciences include survey methods, laboratory experiments, formal methods (e.g.
econometrics) and numerical methods such as mathematical modelling. The
quantitative research tradition is based on deductive reasoning. A postulate is set a
priori, and data is gathered to test the validity of the hypothesis. The method includes
data collection and organisation into quantifiable variables, the use of statistics as
proxies for population parameters, and deliberate control for outside influences.

5.1.2.2 Qualitative research methods
Qualitative research methods were developed in the social sciences to enable
researchers to study social and cultural phenomena. Examples of qualitative methods
are action research, case study research, and ethnography. Qualitative data sources
include

observation

and

participant

observation

(fieldwork),

interviews

and

questionnaires, documents and texts, and the researcher’s impressions and reactions.
Qualitative research is based on induction. Data is collected and examined, and
theories are built on the evidence extrapolated from that data. In opposite to
‘mainstream marketing research’, ‘outlaw- marketing research’ is mainly linked to
empirical induction. Tomczak (1992) confirms that the Harvard approach based on

qualitative methods is widely accepted in practice.
5.1.3 TRIANGULATION APPROACH
Although most researchers do either quantitative or qualitative research work, some
researchers have suggested combining the two research methods in one study, (Gable
1994). Qualitative and quantitative methods used in conjunction may provide
complementary data sets, which together give a more complete picture than can be
obtained using either method on its own. Blending qualitative and quantitative methods
of research can produce a final product that can highlight the significant contributions of
both (Nau 1995).
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In particular for marketing research in the field of industrial goods, the combination of
quantitative and qualitative methods is taken into consideration in order to achieve
practical relevance and meet scientific objectives.
Closely tied to the argument for integrating qualitative and quantitative approaches are
the reasons for legitimately combining them. Two reasons for this are prevalent in the
literature. The first is to achieve cross-validation or triangulation – combining two or
more theories or sources of data to study a phenomen in order to gain a more complete
understanding of it. The second is to achieve complementary results by using the
strengths of one method to enhance the other (Sale et al. 2002). Given to the
importance of triangulation as stressed by researchers in the field of diffusion of
innovation, the author focused on the combination of qualitative and quantitative data
collection methods. Triangulation, a concept introduced by Webb (1966) and then
applied to qualitative inquiry by Denzin (1978), captures the notion of the importance of
looking at a phenomenon from a variety of vantage points. Data collection triangulation
refers to the collection of information from multiple sources, but aimed at corroborating
the same fact or phenomenon (Yin 2003). A number of different sources and different
methods have been used for the purposes of this thesis (triangulation of data sources,
triangulation of methods). It has to be noted that no triangulation of researchers has
been applied here.
The interpretation of triangulation can ‘lean’ in the positivist direction where the focus is
on finding confirming evidence from multiple sources, or ‘lean’ in the constructivists’
direction where the focus is on the complexity of multiple views. Regardless of where it
‘leans,’ triangulation has become an important ingredient in the establishment of
trustworthiness (validity) of qualitative inquiry.

5.2 RESEARCH METHODS APPLIED IN THIS THESIS
Quantitative research begins with the postulates in the researcher’s mind. The
researcher’s pre-conceptions may cause her or him to overlook significant variables
within the phenomenon. Deduction as an argument or theory starting with premises and
leading to a conclusion is applied in this paper. In the field of industrial marketing - the
field covered by this thesis – the application of quantitative research methods may not
be entirely satisfying (Backhaus 1999). Qualitative research is able to overcome this
quantitative difficulty by starting the research process with the persons interviewed.
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Through data collection and inductive reasoning, it is possible to develop testable
hypotheses that were previously overlooked by traditional quantitative methods.
Qualitative studies provide an alternative approach to performing complex research and
help augment the existing research about technology acceptance of CoPS (Langlett
2003). Consequently, exploratory research is necessary to get an idea as to what extent
the variables mentioned in the research model are also applicable to a CoPS
innovation. Creswell (1998) confirms the choice of a qualitative study when the topic
needs to be explored. This means that variables cannot be easily identified, theories are
not available to explain the behaviour of participants, and theories need to be
developed. The author believes that qualitative research shares good company with the
most rigorous quantitative research, and it should not be viewed as a substitute for a
‘statistical’ study.
As stated in chapter 1.8.2, the overall aim of this thesis is to find out the motivators
leading to individual acceptance of TETRA technology. Figure 26 illustrates the field of
inquiry that was approached in a step-by-step manner and through different means of
data collections methods. A qualitative approach was applied in the preliminary phases.
The subsequent use of a quantitative method did not leave any room for interpretation
as pre-defined response options were incorporated in the questionnaire. The motivation
for performing the survey was to test and verify the revised research model through a
large sample.

Step 1
Observation of
field of inquiry &
Literature
research

Step 2
Qualitative
research:
Semi -structured
interviews

Step 3
Quantitative
research:
Testing the revised TAM

Figure 26. Research methods used in this thesis

5.2.1 STEP ONE AND TWO: COLLECTION OF QUALITATIVE DATA
The first step ‘Observation of field of inquiry’ was the least structured process.
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In the initial phases of the study, knowledge of the field of inquiry was obtained through
direct observation of the TETRA market, by participating in interest group meetings and
by attending various TETRA conferences in Europe20.
In anthropology and sociology it is a common practice to distinguish between primary
and secondary sources of data within the qualitative data collection process. Generally
speaking, primary sources are those data which are unpublished and which the
researcher has gathered from the people or organisation directly. Secondary sources
refer to any material (books, articles etc.) which has already been published. The study
of archival data was based on primary as well as secondary data sources accessible to
the public, such as the Internet, and internal working documents. The state of the field
of inquiry was defined in parallel, as a result of a thorough review of the organisational
behaviour and innovation literature.
Based on the insights gained from practical experiences, an interview guideline was
developed. In June 2003, a qualitative study was conducted with international TETRA
experts at the Annual General Meeting of the TETRA forum in Brussels. By conducting
semi-structured interviews with 24 representatives of the TETRA market (including
suppliers, users, consultants), the author wanted to investigate whether the variables in
the research model – as depicted in Figure 27 – are applicable to the empirical
quantitative study and whether variables should be adjusted in the model. The
interviews were semi-structured in order to get a multi-faceted view of the field of
inquiry. The semi-structured interview leaves room for unstructured data both in the
form of speech, atmosphere and other rich sources of information (Henriksen 2002). All
responders had additional remarks and comments that did not fit into the interview
guideline. Two users reported their experiences from an implemented TETRA system in
detail. This insight into supplementary conditions suggests that the interviews are
sources of qualitative data.

20

The author used to work for a TETRA supplier in the Marketing & Sales division. She also used to be
the supplier’s representative in the European TETRA Forum (MoU) and the German TETRA interest
group (PM e.V.).
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5.2.2 STEP THREE: QUANTITATIVE DATA COLLECTION
The gathering of quantitative data is usually related to survey research. The survey
research involves gathering information for scientific purposes from a sample of the

population using standardized instruments of protocols (Henriksen 2002).
Although Kerlinger and Howard (2000) have reported a number of disadvantages
related to the survey research, the author decided to perform a quantitative TETRA
survey in order to get a more comprehensive and broader view of the factors that
determine the acceptance of users. Thus, the final step of the research study was a
survey performed among typical TETRA user organisations in European countries and
South Africa. A more detailed description of the applied research methods is given in
chapter 6 ‘Qualitative Study‘ and chapter 7 ‘Quantitative Research‘.
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6 QUALITATIVE STUDY
Qualitative studies provide an alternative approach to performing complex research and
help augment the existing research about technology acceptance of complex products
and systems (Langlett 2003).

6.1 INTRODUCTION
As already mentioned in chapter 3, previous research on innovation has concentrated
primarily on the organisational adoption and/or individual acceptance of technological
innovations. However, this research investigates TETRA, a candidate CoPS example
that has received little attention in adoption and acceptance research so far. As a first
step in the data collection process, personal interviews with TETRA experts were held
throughout the Annual General Meeting (AGM) of the TETRA MoU in June 2003 in
order to gain a deeper understanding of the factors determining TETRA acceptance by
individual end users. The results of the interviews helped in adapting the research
model and preparing the questions used in the subsequent survey research. The results
of the qualitative pre-study in 6.5 provide a preliminary answer to the thesis’ research
question 221.

6.2 COLLECTION OF QUALITATIVE DATA
Figure 27 depicts the underlying research model for the qualitative study. The purpose
of this qualitative data gathering was to evaluate whether the original TAM variables are
applicable to the subsequent quantitative field study or have to be modified and/or
extended for the TETRA technology environment.

21

Research question 2: Is the widely cited Technology Acceptance Model developed by Davis and the
influencing factors it includes applicable to the area of CoPS?
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knowledge
persuasion
Perceived
usefulness
(PU)

decision
Attitude toward
using (A)

Perceived
ease of use
(PEOU)

Behavioral
intention
to use (BI)

TETRA
acceptance
TETRA
confirmation

Figure 27. Research model

On 1 and 2 June 2003, twenty-four of the forty MoU member attending the AGM 2003
were interviewed. The author – at that time also a MoU member representing a TETRA
supplier – also attended this annual AGM in Brussels, Belgium. This qualitative
research involved semi-structured personal interviews with international TETRA
experts. On the first day of the AGM, the MoU secretary explained the scientific purpose
of the qualitative study and distributed an introduction letter22 and the interview
guideline23 to all TETRA experts in advance of the planned interviews. Here are the six
main questions discussed during the interviews:

•

Which factors, features, or functionalities of a TETRA system enhance your
job performance?

•

Which characteristics of a TETRA terminal make its use free of effort?

•

Please state two good things about TETRA technology and two bad or
unhelpful things.

•

What do you think are the main (dis)advantages of a TETRA terminal?

•

Which tasks or workflows do you perform with TETRA technology?

•

Would you be interested in evaluating and testing TETRA acceptance in your
organisation?

The theoretical motivation for the first four questions was driven by the influencing
acceptance determinants defined by Davis (1989). The relevance of these questions
should be seen as a starting point for evaluating the original TAM variables in the
TETRA context. The next two questions were related to the quantitative study and
focused on TETRA projects that were interesting for an empirical survey.
22

See Appendix 9.2 for the introduction letter
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The author conducted the interviews either during coffee breaks or after MoU meetings.
Most of the experts followed the interview guideline24. The responders knew the
interviewer from prior MoU meetings and TETRA-related business conferences (i.e.
TETRA World Congress) and all were informed that the author’s PhD project was
carried out for scientific purposes only. The MoU members were also aware that the
author’s employer did not sponsor the thesis. The responders remained anonymous in
the reporting of findings.

6.3 SOURCES OF BIAS IN THE INTERVIEWS
Independent of the method of data collection used, there are a number of sources of
bias that have to be considered. During personal interviews some of these systematic
distortions of data are related to the relationship and interaction between the interviewer
and the interviewee, while others are related to personal and institutional factors which
influence the responder. Some of the bias-producing situations mentioned below and in
the literature may be regarded as important in this qualitative study (Henriksen 2002):

•

The responder misunderstands the questions formulated by the interviewer

•

The responder has a defensive attitude

•

The responder gives the answer that he/she expects the interviewer wants

In order to clarify the author’s interpretation of the situation, the author will give a few
comments on the three biases listed above. A possibility of reducing biases linked to
misunderstandings is the application of a semi-structured interview guideline which
informs the responders in advance of the issues that will be discussed and leaves room
for informal talk during the interview. The author sometimes observed the second
source of bias, the defensive attitude of the responder. The end users and consultants
were generally eager to make fruitful contributions to the research study while the
manufacturer/supplier group saw the interviewer in a competitor’s position. Those who
feared to give confidential information to the author did not participate in the interview.
The third source of bias is maybe the most serious one in this particular case. The
researcher was not looked upon as being independent, since the participants had
experienced her interaction with the MoU members.
23

See Appendix 9.3 for the interview guideline
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As described before, the author’s doctoral thesis project was introduced to the
participants by the MoU secretary. However, some responders were not quite sure
about the position of the researcher and therefore these interviewees were hesitant
about voicing their opinions in strong terms. The comments on the biases above are
neither guarantees against biases nor do they guarantee the validity of data, but these
reflections guided the author during the process of collecting and describing data.

6.4 MODES OF ANALYSIS
Although there are many different modes of analysis, such as hermeneutics, or
grounded theory, to gather, analyze and interpret qualitative data, the approach used
here was semiotics.
6.4.1 SEMIOTICS
Like hermeneutics, semiotics can be treated as both an underlying philosophy and a
specific mode of analysis. The four dimensions of semiotics are depicted in the Figure
28 (Morris 1988).

Figure 28. Four dimensions of semiotics

24

See Appendix 9.3 for the interview guideline
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The following discussion is about using semiotics as a mode of analysis. Semiotics is
primarily concerned with the meaning and the use of signs and symbols in language.
The essential idea is that words and signs can be assigned to primary conceptual
categories, and these categories represent important aspects of the theory to be tested.
The importance of an idea is revealed in the frequency with which it appears in the text.
One form of semiotics is ‘content analysis.’ Krippendorf (1980) defines content analysis

as a research technique for making replicable and valid references from data to their
contexts. The researcher searches for structures and patterned regularities in the text
and makes inferences on the basis of these regularities. Another form of semiotics is
‘conversation analysis.’ In conversation analysis, it is assumed that the meanings are
shaped in the context of the exchange (Wynn 1979). The researcher immerses
himself/herself in the situation to reveal the background of practices. A third form of
semiotics is ‘discourse analysis.’ Discourse analysis builds on both content analysis and
conversation analysis but focuses on ‘language games.’ A language game refers to a
well-defined unit of interaction consisting of a sequence of verbal moves in which turns
of phrases, the use of metaphor and allegory all play an important part.
The author analyzed the qualitative data with the help of the software program QSR
NUD*IST (Release V 4.0). Mind Manager Business Edition (Release V 5.0) was used
for the presentation of the results, as the graphical presentation of the qualitative results
it provides is better than that of the evaluation tool QSR NUD*IST.

6.5 RESULTS OF QUALITATIVE STUDY
6.5.1 PROFILE OF PARTICPATING EXPERTS
As reported before, twenty-four TETRA experts were interviewed. Respondents from a
wide variety of organisation types within the TETRA community participated (Figure 29).
Most of the interviewees were end users, as the group of users and operators may be
counted as one group representing 33%. The advantage of having 25% end users
among the respondents is that the answers of active users reflect their real-life
experiences with TETRA use. Users came from the public safety services sector,
transport companies, and the utility sector.
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The category of network operators - responsible for the development, provision and
maintenance of TETRA services and for operating the corresponding networks – was
represented by 8% in the qualitative study. The second largest group in the study was
the category of consultants with 30%. 25% of the respondents were technology
manufacturers producing the core elements in a TETRA network. It has to be noted that
the suppliers – with a 4% share – differ from system manufacturers as TETRA suppliers
do not develop or produce their own systems. Interviewees belonging to the category of
TETRA interest group (8%) originate from a manufacturer/supplier or even user
organisation, but promote the technology while working for an interest group like the
TETRA MoU. The figure below illustrates the organizational profile of the respondents
from the qualitative interviews.

Interest Group
8%

Operator
8%

Manufacturer
25%

Supplier
4%
User
25%

Consultant
30%

Figure 29. Organizational profile of respondents in percentage
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The respondents come predominantly from corporate management and from
technical/engineering

departments.

3

persons

are

active

in

operations

and

administration management, and another 3 interviewees fall into the sales and
marketing group. For further details, see the function chart in Figure 30.

N/A; 3

Sales / Marketing; 3

Technical
/Engineering
Management; 7

Corporate
Management; 8
Operations /
Administration
Management; 3

Figure 30. Functional profile of respondents in absolute numbers
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6.5.2 ANALYZED FACTORS INFLUENCING TETRA ACCEPTANCE
The author analyzed all expert interviews. Table 8 summarizes the factor categories.
According to Davis’ (1989) TAM model, the factors ‘perceived usefulness’ and
‘perceived ease of use’ are confirmed. Additionally, the factors social influence and

perceived system interoperability have been identified in the interviews with the
TETRA experts.

Table 8. Analyzed factors influencing TETRA acceptance

6.5.2.1 Perceived usefulness (PU)
The influencing determinant PU incorporates the sub-categories hardware and software
characteristics, system complexity, customization, environmental influence, and quality.
Table 9 points out that PU is treated as a multi-dimensional construct with subcategories including HW-/SW availability, costs, or cooperation. With regard to the
occurrence of PU items in the analyzed interviews, the author counts 176 PU
nominations.
Statements

on

‘feature

functionalities’

belonging

to

the

category

‘software

characteristics’ are the major driver within the PU construct. It is interesting that
consultants (and not users) underline the feature functionalities (20 statements).
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As regards environmental influences, users and operators stated that the sub-category
‘duration of the standardization process’ is an important determinant for system
acceptance. Manufacturers consider their competitors (‘number of technology
suppliers’) and the ‘specific customization requirements’ as a vital influence.
The author notes that the ‘cost’ issue is predominantly relevant for the ‘consultant’
organisation type (42%), as is the health topic (100%).
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Table 9. PU and its multi-dimensional constructs
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6.5.2.2 Perceived ease of use (PEOU)
The influencing determinant PEOU incorporates mainly the ‘hardware/equipment
characteristics’ of the TETRA terminal and the ‘workflow benefits’ (see Table 10).
Nominations having to do with ‘physical layout’ are counted 28 times among all
interviewed persons. ‘Battery life’, ‘alarm button’ and ‘robustness’ have been regularly
stated as regards the physical layout of the TETRA terminal. 70% of users and
operators make reference to the workflow benefits: Voice clarity is high in noisy

environment or very effective in noisy environment are examples of user statements.

Table 10. PEOU and its constructs

6.5.2.3 Perceived system interoperability (PSI)
According to Rogers (1995), perceived compatibility is categorized as one of the
innovation characteristics that influence the acceptance decision. An innovation can be
compatible with socio-cultural values and beliefs, with previously introduced ideas, or
with client needs for the innovation (Rogers 1995). In terms of CoPS, component and
interface compatibility with future technologies or standards is an important criterion as
they are made up of many customized sub-systems and components with a high level
of system hierarchisation (Davies and Brady 1998; Hobday 1998).
35 statements categorized in ‘HW compatibility / interoperability’ may be counted
among all interviewees. A manufacturer states that interoperable means that the

network can be shared among organisations.
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The terms ‘Multivendor market’ or ’Multivendor supply’ is evidently often mentioned in
this category. The ‘compatibility/interoperability’ issue seems important to the
manufacturers (42%), while for users and operators, its importance is significantly lower
(25%).
39 statements on interoperability are given regarding software features. ‘Open

standard’, ‘TIP certification’, ‘IOP procedures’ are statements commonly made by all
experts.

Here,

too,

the

manufacturers

attach

more

importance

to

‘feature

standardization’ than other interviewees (39%). As mentioned above, the users and
operators classify this issue as slightly less important (31%).

6.5.2.4 Social influence (SI)
The acceptance of an innovation by an individual’s peers, i.e. superiors, colleagues, and
customers, may signal its importance and advantages and motivate the individual to
imitate (Frambach and Schillewaert 2002). The study confirmed that social factors have
an impact on user acceptance behaviour: 14 statements on ‘social influence’ were
identified. Social influence as the third influencing factor consists of ‘top management’,
‘peer usage’ and ‘customer references/competitive pressure’. Users and operators
believe more in management influence (67%) than the consultant or interest group. 9
nominations on the subject of customer references were identified, mainly from
manufacturers. The ‘customer references/competitive pressure’ construct is stressed by
the following two manufacturer’s statements: Due to competition from proprietary

TETRAPOL technology France is a major market for public safety and has not adopted
TETRA and Technology is taking up in other regions of the world. ‘Top management’
and ‘peer usage’ is counted with 3 and 2 statements respectively. The following is a
user’s opinion on the ‘top management’ influence just mentioned: Encryption makes it

possible for the user to have an open conversation with his supervisors. The author
would like to point out that both constructs, ‘customer references’ and ‘peer usage,’
have also been confirmed by Yvonne van Everdingen when discussing the conceptual
research model at Erasmus University in Rotterdam, Netherlands25.
25

The author had the opportunity to meet two contemporary researchers whose research work can be
positioned in the field of organisational behaviour theory. In the Netherlands, exceptionally successful
discussions with Ruud Frambach, head of the Department of Marketing at the faculty of Economics and
Business Administration, Vrije Universiteit Amsterdam, and Yvonne van Everdingen from the Department
of Marketing Management at the Rotterdam School of Management (RSM) were experienced.
29
DI Robert Gregorich, TETRA project manager at Frequentis, shared his expertise in the development of
questionnaires and gave valuable advice.
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In order to get an overview of all determinants analyzed from the interviews, see Table 11.

Table 11. Factors influencing TETRA acceptance
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Figure 31 illustrates all the factors that determine TETRA acceptance, taking account of item nomination frequency. The most

frequently named items are ‘feature standardization/interoperability (39 times), ‘compatibility/interoperability’ (35 times) and

‘physical layout’ (28 times).

45

39
35

30
28

25

20

15
17

10
12

5
12
12
12
12
11
11
10
10
10

influencing factors

10
10
9
9
8
6
5
5
4
3

0
2
1

Figure 31. Influencing factors represented by absolute number of statements
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6.5.3 CLUSTERED ANSWERS OF ALL RESPONDENTS
In order to give a complete illustration of the qualitative pre-study, all the answers
derived from the interviews are listed in the Appendix 9.4. All notes the author made
during the interviews with experts in Brussels are included. Please note that the
answers have only been categorized in clusters, but not changed by the author. In the
following a few, significant statements are highlighted.

6.5.3.1 Good things about TETRA technology
[R7. TETRA user, Technical/Engineering Management: Large networks are in operation
and successfully implemented and core features and services are available with IOP
certifications]
[R9. TETRA consultant: TETRA introduces the possibility for user organisations to bring
new

operational

and

business

benefits

into

their

business.

Others

secure

communication with various levels of encryption]
[R10. TETRA operator, Technical/Engineering Management: TETRA is as technology
up to its tasks with the security features and the fast access. It is the perfect
communication means for the PSS market. Open standard, joint cooperation of different
manufacturers to complete the standard and to meet the requirements of the users]
[R19. TETRA consultant, Technical/Engineering Management: Common ETSI standard
(interoperability with other TETRA manufacturers), Equipment costs are continually
reducing and the TETRA standard is becoming more affordable/cost effective,
especially in comparison with rival technologies such as APCO 25 and Tetrapol]

6.5.3.2 Bad things about TETRA technology
[R1. TETRA consultant, Corporate Management: Slow Roll Out of functionality,
especially data. Not available to North American users due to IPR]
[R7. TETRA user, Technical/Engineering Management: Only 2 manufacturers
considered as leaders in TETRA and possess more than 85% of market share. The
market did not pick-up as expected (slow), hence, other TETRA products are limited or
do not exist (DMO/Gateway)]
[R8. TETRA operator: small market, slow development of standards, implementation,
TIP/IOP manufactures trying to block each other instead of trying to progress]
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[R13. TETRA manufacturer, Sales/Marketing: Not yet universally adapted, unfortunately
due to ‘competition’ from proprietary TETRAPOL technology. France being major
market for Public Safety and it has not adapted TETRA. Thus causing Germany not to
standardize TETRA as the nationwide Public Safety standard and interoperability
solution]
[R16. TETRA consultant, Corporate Management: Lack of available functionality, slow
implementation due to complex technology]
[R17. TETRA supplier, Operations/Administration Management: Implementation of the
technology is not mature enough, complexity and cost of implementing features means
that very few infrastructures support all the essential features]

6.5.3.3 Advantages of a TETRA terminal
[R1. TETRA consultant, Corporate Management: High Functionality, Small Size (second
generation)]
[R10. TETRA operator, Technical/Engineering Management: different vendors provide
solutions for each users needs]
[R13. TETRA manufacturer, Sales/Marketing: Small size, wide variety of user driven
functionality, multiple sources of products in a true multi-vendor market drives product
innovation and competitive pricing]

6.5.3.4 Disadvantages of a TETRA terminal
[R1. TETRA consultant, Corporate Management: Limited connectivity to peripherals,
especially data]
[R7. TETRA user, Technical/Engineering Management: only one vendor that produces
intrinsically safe units for gas & chemicals industries]
[R13. TETRA manufacturer, Sales/Marketing: Lower sales volume causes continual
pressure from users to compare with cellular pricing and shorten product renewal
cycles]
[R16. TETRA consultant, Corporate Management: Health perceptions by some users
due to exposure]
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[R17. TETRA supplier, Operations/Administration Management: There is a limited
choice of intrinsically safe terminals and end-to-end encryption. Very few applications
available, PEI implementations differ between suppliers.
Difficult to understand real capabilities of a terminal (there is still too much sales hype)
and not all terminals (or infrastructures) are available in all TETRA frequencies]

6.5.3.5 Factors, features, or functionalities of a TETRA system enhancing the job
performance
[R7. TETRA user, Technical/Engineering Management: We are currently a potential
TETRA user organisation. The major factors that we expect TETRA-system can add
value to our Oil & Gas operations is the establishment of a single mobile radio platform
capable of integrating all users to provide voice and data services. It also opens up the
platform for many applications now and in the future that will extend the life expectancy
of the installed based. The open standard, security and spectrum efficiency make it the
best choice of technology for many mission critical users]
[R23. TETRA consultant, Technical/Engineering Management: Ease of use for the end
user. Most users catch up with TETRA pretty quickly - similarities to GSM. Fall-back and
DMO (quick to make communication work in new areas)]

6.5.3.6 Characteristics of a TETRA terminal making the use free of effort
[R4. TETRA user, Corporate Management: Small and light, Long battery life (at least 1
shift), Alarm-button, GPS built-in, Good speaker and microphone and loud enough for
disaster situations, Easy-to-use car adaptor for portables in cars]
[R7. TETRA user, Technical/Engineering Management: These are mostly based on
GSM sets in terms of operations. This makes it very user friendly. Also, voice clarity with
surrounding noise makes it very effective in noisy environment]

6.5.3.7 Tasks or workflows performed with TETRA technology
[R4. TETRA user, Corporate Management: Public safety communication within police,
fire, ambulances, and military police, Joint operations in disasters]
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[R23. TETRA consultant, Technical/Engineering Management: Communications for
logistics operations within the army. My claim is that organisations that are really
dependent on a group radio communication system (i.e. fire brigades) have to make
their organisation structure and procedures so that they fit to the technical limitations
that the old analogue PMR systems had. Therefore, ideally they have to re-structure
and make new procedures to gain the full benefit]
6.5.4 CONCLUSIONS OF QUALITATIVE STUDY

6.5.4.1 Confirmation of PU and PEOU
The qualitative pre-study shows that the major results are in line with the overall TAM
findings across several studies in the information systems area (Table 7). The results
reinforced the role of perceived usefulness as the fundamental driver for TETRA
technology acceptance; 176 statements on PU have been registered in 24 interviews.
Similar to previous findings, perceived ease of use is an important, yet secondary driver
of acceptance: 59 PEOU announcements in total.

6.5.4.2 Integration of SI factors in research model
Although many theorists have suggested that the acceptance behaviour does not occur
in a vacuum, the original TAM does not include social influence processes as
determinants for acceptance behaviour (Schillewaert et al. 2000). In contrast, LeonardBarton and Deschamps (1988) suggest social persuasion from peers or advice of peers
as factors influencing acceptance. Furthermore, several research studies have shown
the supervisor’s crucial role in acceptance behaviour (Fishbein and Ajzen 1975;
Karahanna and Straub 1999). Additionally, Zmud (1984) finds that managerial influence
is stronger for technical than administrative innovations. In a complex technology
setting, the author believes that it is important to disentangle the potential effect of
different sources of social influence. Thus, the social influences may stem from the
organisation (i.e. usage and encouragement of supervisors and peers) as well as from
the outside market (i.e. competitor’s pressure/customer references). Market and
environmental factors, such as the degree of competition, are seen as driving forces for
innovation adoption (Gatignon and Robertson 1989).
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In this research work competitive pressure relates to the extent to which the focal
TETRA user perceives that competitive user organisations actively accept TETRA
technology in their work task approach (Schillewaert et al. 2000).
As the qualitative pre-study revealed three SI factors (competitive pressure resulting
from customer references, supervisor influence from top management, and peer usage)
in 14 statements, the author proposes the following hypotheses additionally to those
derived from the literature review (compare hypotheses in 3.8):

H7:

Supervisor influence has a positive effect on behavioural intention to use the
TETRA system throughout the work process.

H8:

There is positive direct relationship between peer usage and behavioural
intention to use the TETRA system.

H9:

Competitive pressure has a positive effect on behavioural intention to use the
TETRA system.

6.5.4.3 Integration of PSI factor in research model
The qualitative study confirmed the importance of perceived compatibility with the
installed hardware, software, or other operating systems in the TETRA environment (74
statements). Figure 31 depicts the items most frequently stated in the personal
interviews of the qualitative study: ‘feature standardization/interoperability’ and
‘compatibility/interoperability’ (meaning software and hardware compatibility). The
author classifies the term ‘Perceived System Interoperability’ in Rogers’ (1995) category
perceived compatibility – being an antecedent of PU and PEOU - and therefore
formulates the following hypotheses:

H11: Perceived system interoperability positively affects the perceived usefulness of
the TETRA system.

H13: Perceived system interoperability positively affects the perceived ease of use of
the TETRA system.
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With the advent and adoption of complex IT systems it is clear that there is an
increasing need for studies that examine and probably extend the TAM in a CoPS
setting. The results from the qualitative pre-study show that the TAM had to be
extended in this research work. The revised research model illustrated in Figure 32
incorporating the SI and PSI variables is empirically tested in various TETRA settings in
this study.
After having modified the research model and consequently proposed new
relationships, the author carried out the quantitative survey. The individual steps of the
quantitative research are described in the next chapter.
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H10-11
Organizational
Facilitators (OF),
Perceived system
interoperability
(PSI)
H12-13

Perceived
usefulness
(PU)

H3
H4

H6
Perceived
ease of use
(PEOU)

Attitude toward
using (A)

H2

H5

Behavioral
intention
to use (BI)

H1

Actual
system
use (U)

H7 –H9
Social Influence (SI)
Supervisor influence
Peer usage
Competitive pressure

Figure 32. Revised research model with hypotheses
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7 QUANTITATIVE RESEARCH
Gathering of data is usually related to survey research. Survey research involves
gathering information for scientific purposes from a sample of population using
standardized instruments or protocols (Kraemer and Dutton 1991).

7.1 INTRODUCTION
In order to get a more comprehensive and broader view of the factors that determine
acceptance of CoPS the author decided to carry out a survey of the TETRA market.
After having conducted a qualitative study, the author developed additional hypotheses
in order to test them empirically in a quantitative survey (Figure 32). Based on the
verification or falsification of the suggested hypotheses, it is possible to identify
important determinants influencing TETRA acceptance by users. This chapter not only
describes the path towards empirical assessment, including development of the
questionnaire and operationalisation of the variables, but also presents the detailed
statistical analysis. Based on the relationships proposed in the research model, the
(statistical) results are summarized in the final sub-section of this chapter.

7.2 DEVELOPMENT OF THE QUESTIONNAIRE
During the design and planning phase of a study, a researcher can take steps to ensure
that the question-answer process proceeds as smoothly as possible, thereby avoiding
errors and improving data quality. A well-designed questionnaire is the first step in
preventing errors. A good questionnaire reduces both respondent and interviewer
errors. For the quantitative study, the author developed a questionnaire in order to
collect the necessary data. The content of this questionnaire is based on theoretical
considerations suggested in the TAM literature as well as on the results of the
qualitative pre-study.
Due to the practical approach of the research topic, the author involved practitioners in
the development of the questionnaire29.
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Both, the results of the qualitative study and the discussions with the project managers,
improved the questionnaire in terms of wording and technical expressions that may be
different in each organisation and each country. The questionnaire consisted of fortynine questions. For a full presentation of the questionnaire see Appendix 9.6. Based on
existing TAM models (Table 7), questions were formulated with respect to the
‘perceptions of ease of use’ and ‘usefulness’ of the TETRA system. Moreover,
questions involving the external variable ‘organisational facilitators’ were added, too.
Questions about the ‘attitudes’ towards TETRA technology, the ‘behavioural intention’ to
use the system as well as the ‘current system use’ were likewise included. Based on the
insights gained in the qualitative study, measures for the ‘social influences’ and
‘perceived system interoperability’ towards acceptance behaviour were added. In order
to better develop insights regarding the variety of TETRA user organisations, and the
perceived advantages and disadvantages of different TETRA terminals, questions
considering these issues were incorporated. Most questions were close-type questions.
The questions relating to opinion/perceptual matters were presented on 5-point Likerttype scales. Definitions of major technology-related terms, e.g., TETRA, terminal,
command and control centre, were included in the cover letter to ensure that the
responders had a common understanding of the phenomena under investigation.
The questionnaire was pre-tested, before the final questionnaire was mailed to the user
organisations in the sampling frame. As a first test, the questionnaire was examined by
a technical engineer of a TETRA supplier. Then, based on his comments, a new version
was pre-tested by the project managers of each user organisation in the sampling
frame30. Consequent discussions led to several adjustments of the visual appearance of
the questionnaire as well as to some rewording of technology–oriented terms.
The questionnaire was developed in English, and the final English version was
translated into the German language by native speakers. Except for Norway, all
respondents received the questionnaire in their own language, in other words, in
English or German. After discussions with the local project managers in Oslo, the
Norwegian respondents were assumed to understand the English version without any
problem.

30

The author discussed the design and content of the questionnaire with William Harris, communications
manager at Jersey Airport (Isle of Jersey), and Walter Velik, project manager at KELAG (Austria).
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7.3 MEASUREMENTS
7.3.1 VARIABLES
The variables included in the revised research model, which in the proposed
hypotheses were assumed to influence technology acceptance, were measured on the
basis of previous TAM research as well as of the results of the qualitative study. Table
12 provides an overview of the variables used in this study: the first column indicates
the corresponding hypothesis, the second and third columns show the variables, while
the last column contains the variables’ hypothesized relationships.

Hypothesis
H1
H2
H3
H4
H5
H6
H7
H8
H9
H 10
H 11
H 12
H 13

Independent Variables
Behavioural intention
Attitude
Perceived usefulness
Perceived usefulness
Perceived ease of use
Perceived ease of use
Supervisor influence
Peer group usage
Competitive pressure
Organisational facilitators
Perceived system interoperability
Organisational facilitators
Perceived system interoperability

Dependent Variables
Actual system use
Behavioural intention
Behavioural intention
Attitude
Attitude
Perceived usefulness
Behavioural intention
Behavioural intention
Behavioural intention
Perceived usefulness
Perceived usefulness
Perceived ease of use
Perceived ease of use

Relationship
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive
positive

Table 12. Relationships between hypothesized variables

As, according to Popper, a theory should be falsifiable, the operationalised variables
must be coherent (Popper 1998).

7.3.1.1 Definition and operationalisation of variables
The theoretical constructs will be operationalised using validated items from prior
relevant research. The adopted items were validated, and wording changes were made
to tailor the instrument for the purposes of this study. Specifically, items measuring
perceived ease of use and perceived usefulness were adapted from Davis (1989) and
modified for the TETRA context. Similarly, the items for attitude and behavioural
intention were adapted from Davis (1989) and Taylor and Todd (1995).
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The items for measuring social influence were based on the literature on subjective
norms (managerial or peer influence) and on perceived critical mass (perception of
critical competitors) and discussed in terms of content and meaningfulness with Yvonne
van Everdingen at the Erasmus University in Rotterdam in early 2004 (Brown et al.
2002; Hsu and Lu 2003; Leonard-Barton and Deschamps 1988) . Perceived system
interoperability was the item most frequently named in the author’s qualitative pre-study
and therefore is incorporated in the revised technology acceptance model as one of the
external variables. The items for quantifying the perceived organisational facilitators
were based on the literature on training and information systems (Venkatesh and Davis
1996b). These 4 items were also discussed with the communication managers of the
TETRA projects for relevance, wording and meaningfulness in the TETRA context.
Actual system usage was measured through 8 items adapted to those used by Davis
(1993). As pointed out in the literature, such self-reported measures are reasonable
indicators of relative system use. The items measuring actual system use were
discussed thoroughly with the author’s contact persons from the various TETRA
projects. Moreover, these items were selected so as to measure both the frequency and
intensity of TETRA system use.
All items are based on a 5- point Likert-type scale, with the end points being ‘strongly
agree’ and ‘extremely disagree’ or ‘very often’ and ‘not at all’. Evidence for
measurement validity for both quantitative and qualitative research is demonstrated
through construct, criterion, and construct validity.

Table 13 summarizes all the scales and items used in this TAM, which was revised on
the basis of previous research and the results of the author’s qualitative pre-study.
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Variables
Perceived usefulness

Code
PU

Perceived ease of use

PEOU

Attitude toward using a
system

A

Feelings of favourableness or unfavourableness
towards using the TETRA system

Behavioural intention to
use system

BI

The strength of the user’s intentions to use the
TETRA system for operational procedures

Social influence

SI

The degree to which social influences affect the
user’s BI to use the TETRA system

Perceived system
interoperability
Perceived organisational
facilitators
Actual system use

PSI

The degree to which the user perceives the TETRA
system to be interoperable
The degree to which organisational influences
facilitate the PU/PEOU of the TETRA system
The amount of usage over a fixed unit of time: selfreported use per shift

OF
U

Definition
The degree to which a user believes that using the
TETRA system will enhance performance
The degree to which a user believes that using the
TETRA system will be free of cognitive effort

Source of construct
PU 8-item scale (adapted by author from
Davis 1989)
PEOU 7-item scale (adapted by author from
Davis 1989; adapted by author from Moore
and Benbasat 1991)
A 5-item scale (adapted by author from Davis
1989; adapted by author from Taylor and Todd
1995)
BI 2-item scale (adapted by author from Davis
1989; adapted by author from Taylor and Todd
1995)
SI 8-item scale measuring the subjective
norms and competitive pressure on BI.
(adapted by author from Brown et al. 2002;
adapted by author from Leonard-Barton and
Deschamps 1988 and discussed with Prof. van
Everdingen)
PSI 1-item scale adapted from author’s
qualitative pre-study
OF 3-item scale (adapted by author from
Venkatesh and Davis 1996b)
U 8-item scale measuring the frequency and
intensity of system use and the extent to which
users use the various TETRA services. The 8item scale is based on the results of the
qualitative pre-study. Self-reported use
measures for relative system usage (Davis
1993).

Table 13. Variable Summary
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7.4 SAMPLING FRAME
7.4.1 WHICH COUNTRIES / ORGANISATIONS AND WHY?
The project status and size of the TETRA networks and the variety of the TETRA user
organisations under consideration implies that this study has to be conducted at an
international level in order to gain insights into the acceptance behaviour of the different
end user groups. Because of the limited budget and time frame for this doctoral thesis, it
was not possible to include all TETRA networks in the sampling frame. Therefore, the
author had to make a selection among the available TETRA networks: projects from the
following countries were included in the sample: Austria, Isle of Jersey, Norway, and
Republic of South Africa (see Table 14. Sampling frame).

Country

Type of user organisation

Austria
State of Jersey
Norway
Norway
Republic of South Africa

Utility
Public safety services (PSS)
Government
Military
Government/PSS

Size
(in BTS)31
32
5
25
8
47

Operation
since
2002
1999
1998
2002
2002

Table 14. Sampling frame

The author contacted the TETRA representatives from the selected organisations by
means of a detailed e-mail message explaining the research project, value and goals.
One of the selection criteria for incorporating these four countries were that of all the
pre-selected countries these four countries provided diversity in terms of end user
profile, network size, project status and geographical location (appropriateness for
participation). Moreover, these countries were the ones most interested in participating
in the quantitative survey (willingness for cooperation)32. Other selection criteria for
incorporating these five projects are given below in the individual description of each of
these TETRA networks.

31

BTS is the (Radio) Base Station, a core element of a TETRA network.
It has to be noted that the public safety services from the TETRA network in Belgium (ASTRID, supplier
Motorola) and from Finland (ASTRID, supplier NOKIA) as well as a public transport organization in
Thailand (Metro Bangkok, supplier Rohde&Schwarz/Siemens) did finally not participate in the quantitative
study although they had confirmed their participation before.
32

Page 120 of 241

Quantitative Study

• TETRA network 1: KELAG AG, Austria
The Austrian utility organisation owns and operates a TETRA network with about 300
end users. In May 2002, the network went in operation with 32 base stations, 5 dispatch
workstations, 200 mobile radios and 115 handsets (including 1st and 2nd generation
handhelds). The system implements the following TETRA services: individual call,
group call, PABX call, SDS and DMO.

•

TETRA network 2: Isle of Jersey, State of Jersey

The island's police, fire and ambulance services currently have analogue radio systems
(VHF) using frequencies in the 146/154MHz bands. Each organisation owns and
operates an essentially identical, yet separate system, installed between 1989 and
1992. These provide more than 95% hand portable radio coverage on the island, its
territorial waters and outlying reefs and are the yardstick against which the TETRA
system's operational performance is being measured. The benchmark VHF system has
been in service since 1989 and its service area is very well understood. The TETRA
base stations were deliberately co-sited to enable direct comparisons to be carried out.
The staff of the Department of Electronics has been evaluating the system, alongside
their analogue system, for the past year and have been greatly satisfied with its
performance. The Jersey TETRA network covers the largest Channel Island with 5 base
stations. The security services of the State of Jersey (police, fire brigade, ambulance,
defence, aviation, public services, navy and Jersey airport) are the TETRA end user
organisations.

•

TETRA network 3: Traffic Authority Oslo, Norway

The Traffic Authority (Trafikketaten) for the municipality of Oslo manages all public
parking spaces in Norway’s capital. The Traffic Authority is one of the user
organisations within the TETRA network that was taken into operation in January 1998
with about 25 base stations. About 90 employees use the TETRA voice services to
support their daily work process when supervising the parking zones. It has to be noted
that this user group used to communicate with analogue radios until the TETRA network
was fully implemented.
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•

TETRA network 4: City of Cape Town, South Africa

City of Cape Town Public Safety’s digital radio system is the first of its kind to be
implemented in Africa. The City of Cape Town’s TETRA system enables the 5,047
users to service the more than 3.1 million inhabitants in Cape Town and its
surroundings. The system covers an area of more than 4 419 square kilometres. The
official handover of the system, which incorporates 47 base stations and 36 dispatching
centres, to the City of Cape Town took place in February 2002. The TETRA system
enables the City of Cape Town’s various public safety and municipal agencies to
communicate with one another on a single integrated system.

•

TETRA network 5: Norwegian Defence Logistics Organisation (NDLO-CIS),
Norway

The Norwegian Defence Logistics Organisation operates 2 small TETRA networks
comprising approximately 150 end users. These networks support the operational work
flow within military organisations in Norway. Additionally, one network was used in
temporary operations in Iraq and Afghanistan. For the time being, a network
incorporating 4 mobile base stations, 1 dispatch workstation, 20 mobile radios and 100
2nd generation handsets operates in Kosovo. The following TETRA services are
generally implemented: individual call, group call, PABX call, direct mode, SDS and
Automatic Vehicle Location System (AVL).
All in all, we can say that all five TETRA networks include end users that already
worked with complex communication systems before the implementation of TETRA
technology. Furthermore, this geographical mix includes countries belonging to the
European Union and Schengen community as well as Non-European countries (South
African network in Cape Town). Moreover, the sampling frame comprises end user
organisations from the public as well as the private sectors.
7.4.2 SAMPLING TECHNIQUE
Judgmental sampling is one of four non-random sampling techniques used in
quantitative research. With judgemental sampling, the researcher makes a judgment
about what constitutes a representative sample (Oakshott 1998).
One of the characteristics of judgmental sampling is that population elements are
purposively selected.
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The sample elements for this study were chosen based on personal judgment and
willingness of participation in order to get a total sample capturing organisations that
already systematically use the TETRA technology for daily business operations or
organisations that have already implemented a TETRA network. All the selected TETRA
networks are used by the common TETRA users groups and are significant in the
TETRA market, with extensive experience in multiple communication technologies. With
regard to the number of questionnaires, 295 were completed.

7.5 DATA COLLECTION METHODS
The data collection for the field study took place between December 2004 and March
2005. A number of steps were taken to ensure that the questionnaires were adequately
distributed and to improve the response rate of end users. First, the author contacted
the end user organisations’ project managers from the sampling frame by e-mail or
phone in order to explain the scientific purpose of the TETRA survey. It has to be noted
that the project managers of the TETRA network in Jersey and Austria already
supported the development of the questionnaire, thus they were only informed briefly
about the survey procedure. Next, the questionnaire including a cover letter was sent to
all project managers by e-mail. The cover letter, which explained the nature and content
of this research project, was the first page of the questionnaire. The project managers
decided individually about how they would distribute the questionnaire: in Jersey and in
Cape Town, the questionnaires were printed out and distributed to various user
organisations by mail, while in Austria and Norway the questionnaires were handed out
personally to the end users. About one month after the distribution of the
questionnaires, reminders including a copy of the questionnaire were sent to the nonrespondents. As a final step in collecting the data for the quantitative survey, the
completed questionnaires were returned to the author’s home address in Austria.
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7.6 QUANTITATIVE RESEARCH RESULTS
7.6.1 DESCRIPTIVE ANALYSIS
Descriptive analysis provides a very useful initial examination of the gathered data even
when the ultimate concern of the investigator is inferential in nature (i.e. hypothesis
testing, empirical assessment of theoretical research model). Diamantopoulos and
Schlegelmilch (2000) summarize the purpose of descriptive analysis in the following
points:

•

Provision of preliminary insights as to the nature of the responses obtained,
as reflected in the distribution of values for each variable of interest

•

Detection of errors in the coding process

•

Presentation of the data in a professional manner through the use of tables
and graphs

•

Early opportunity to check whether the distributional assumptions of
consequent statistical tests are likely to be satisfied

The starting point in descriptive analysis is the construction of a frequency distribution
for each variable of interest.

7.6.1.1 Respondent’s demographics
A demographic or demographic profile is a term used in marketing and broadcasting to
describe a demographic grouping or a market segment. Demographics comprise
selected characteristics of a population for purposes of social studies. The demographic
variables used in this study are:

•

Country/TETRA project

•

Age

•

Type of terminal

•

Name of terminal manufacturer

•

Type of user organisation

A description in terms of the above-mentioned demographic variables follows in this
section.
Table 15 shows that most of the returned questionnaires came from the TETRA project
in Austria (32.9%), followed by the Jersey TETRA network (29.2%).
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The two projects in Norway can be divided in the TETRA project in Oslo used by
governmental users (Oslo G) and the two military networks (Oslo M). The Norwegian
governmental users represent 5.1% and the military users 25.1% of respondents.
The governmental users of the South African network Cape Town represent 7.8%. Due
to the relevant information found in the questionnaires from Cape Town and Oslo G, the
author decided to include these data sets in the subsequent analysis despite low
response rates.
Country

Valid

Austria
Cape Town
Jersey
Oslo G
Oslo M
Total

Frequency
97
23
86
15
74
295

Percent
32,9
7,8
29,2
5,1
25,1
100,0

Valid
Percent
32,9
7,8
29,2
5,1
25,1
100,0

Cumulative
Percent
32,9
40,7
69,8
74,9
100,0

Table 15. Frequency table of evaluated TETRA networks33

Table 16 illustrates the different age groups. More than two thirds of the participants are
between 30 – 49 years old. 16.9% of the participants are between 20-29 years, 13.9%
between 50 – 59 years old, and two participating persons are over 60.
Age

Valid

20-29 years
30-39 years
40-49 years
50-59 years
over 60 years
Total

Frequency
50
96
106
41
2
295

Percent
16,9
32,5
35,9
13,9
,7
100,0

Valid
Percent
16,9
32,5
35,9
13,9
,7
100,0

Cumulative
Percent
16,9
49,5
85,4
99,3
100,0

Table 16. Frequency table of respondents’ age34

33
34

SPSS Command: Statistics-Summarize-Frequencies-Variable: Country
SPSS Command: Statistics-Summarize-Frequencies-Variable: Age
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Table 17 shows the three different terminal types used in the five evaluated TETRA
projects. It can be seen that multiple nominations were possible as TETRA users
typically have different terminal types in use depending to their work environment.

Group $T_TYPE TETRA Terminal type
(Value tabulated = 1)

Dichotomy label

Name

Terminal Handheld
Terminal Mobile Radio
Terminal Dispatcher

HANDHELD
MOBILE
DISPATCH
Total responses

0 missing cases;

Count
229
140
26
------395

Pct of Pct of
Responses Cases
58,0
35,4
6,6
----100,0

77,6
47,5
8,8
----133,9

295 valid cases

Table 17. Frequency table of TETRA terminal types35

Table 18 gives a graphical overview of the companies manufacturing the TETRA
terminals used in the participating projects. It can be concluded that handhelds and
mobile radios come mainly from Sepura (62.7%) and Motorola (35.9%). The category
“Other manufacturer” was only chosen by 4 dispatcher terminal users.

35

SPSS Command: Statistics-Multiple Response-Frequencies-Multiple Response Set: TETRA Terminal
Type
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TETRA Terminal Manufacturer

1,4%

35,9%

62,7%

Sepura

Motorola

Other manufacturer

Table 18. Frequency table of TETRA terminal manufacturers36

Table 19 shows the different types of TETRA user organisations. The major part of the
respondents belongs to the utility organisation (33.9%). The Public Safety Services –
including police (16.3%), fire brigade (4.1%), and ambulance (6.4%) – represent a total
of 26.8%. One forth of the respondents is military users (25.1%). The category ‘other
government users’ represents 14.2%.
User Organisation

Valid

Fire brigade
Police
Ambulance
Other government user
Utility
Military
Total

Frequency
12
48
19
42
100
74
295

Percent
4,1
16,3
6,4
14,2
33,9
25,1
100,0

Valid
Percent
4,1
16,3
6,4
14,2
33,9
25,1
100,0

Cumulative
Percent
4,1
20,3
26,8
41,0
74,9
100,0

Table 19. Frequency table of user organisation37

As can be seen from the tables of frequency below, all variables are indicated with the
Mean, Median, Minimum, Maximum, Standard Deviation, and Valid/Missing values.
36

SPSS Command: Statistics-Summarize-Frequencies-Variable: Terminal Manufacturer, Visualization in
Microsoft Office Excel 2003
37
SPSS Command: Statistics-Summarize-Frequencies-Variable: User organisation
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It has to be noted that the author included 3 items that measure the future intention to
use (FI) specific TETRA features such as video applications. The incorporation of the
questions with regard to FI items was especially requested by the project manager the
author developed the questionnaire with. The ‘FI3 Ability of video image transmission’
item was not included in the German -version questionnaire as this technology feature
did not apply to the Austrian TETRA project. Therefore, the value for missing is high. In
the table below the author highlights the mean values (also called arithmetic mean) of
the item ‘U3 Use of terminal’ (1.84) and the item ‘U6 Use SDS or status message’
(4.22). These mean values may indicate a general high-frequency use of TETRA
technology, but not a very intense use in data transmission.

Page 128 of 241

Quantitative Study

Table 20. Comprehensive observation of the descriptive analysis for data gathered38

Table 21. Comprehensive observation of the descriptive analysis for data gathered (cont.)
38

SPSS Command: Statistics-Summarize-Frequencies-Statistics: Mean, Median, Std. Deviation, Minimum, Maximum-Variables: compare the rows in the
table
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7.7 EXAMINATION OF THE RESEARCH MODEL
7.7.1 CORRELATION ANALYSIS
As reported in Table 13, many of the constructs in this study have been adapted to the
specific TETRA context and thus measured by a large number of items. If multiple
measures are taken, it is likely that those individual items show significant correlations
among themselves. A correlation analysis was performed to examine linkages between
independent variables in the research model as well as their direction (positive and
negative relationships) and strength of interrelations. Spearman’s and Kendall’s rank
order correlation coefficient is an appropriate measure of association in this case. The
sign (+ or -) indicates the direction of the relationship. The value may range from -1 to
+1, with values close to zero indicating little or no association between the variables
concerned, and +1 indicating a perfect positive relationship in contrast to -1 showing a
perfect negative or reverse relationship (Hair et al. 1995). According to Bühl and Zöfel
(1995), the correlation coefficient r is interpreted as follows:

Correlation coefficients r
< 0,20
0.21 – 0.50
0.51 – 0.70
0.71 – 0.90
> 0.90

Interpretation of correlation
Very low
Low
Medium
High
Very High

Table 22. Categorization of power of statistical correlations

The author presents an extract of the correlation analysis in the table below as the total
visualization of 41 items in a correlation analysis is not possible here. The cells with a
grey background in this table show that correlations exist between some items
belonging to different constructs, but only with very low correlation coefficients (< 0.20).
Thus, satisfactory independence of input variables is already indicated. It can be said
summarily that the items explaining one and the same construct do correlate
significantly with each other.
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For example, it can be seen that the construct ‘PU - Perceived Usefulness’ is explained
by the items PU1, PU2, PU3, PU4, PU5, PU6, PU7, and PU8 and that these eight items
correlate significantly with one another. The results of the correlation analysis suggest
that it is possible to compress and reduce the multiple items which measure one
construct to factors. This procedure, the so-called factor analysis, is the next step in the
examination of the research model. It has to be noted that some significant correlations
exist between independent variable items (i.e. PEOU1-PU8 0.661, PU8 – PSI 0.625)
but this has no influence for subsequent analysis. Additionally it can be stated that the
item PU8 is not further considered in the factor analysis.
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39

Table 23. Graphical extract of correlation analysis

39

SPSS Command: Statistics-Correlate-Bivariate-Variables: compare graphical table
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7.7.2 FACTOR ANALYSIS
Factor analysis addresses the problem of analyzing the structure of the correlations
among a large number of variables (i.e. test items) by defining a set of common
underlying dimensions known as factors. First, the researcher identifies separate
dimensions of the structure and then determines the extent to which a variable is
explained by each factor. This is then followed by the primary uses of factor analysis summarization and data reduction (Hair et al. 1995). The interdependence technique
described supports the formation of factors in order to maximise their explanation of the
entire variable set, not to predict a dependent variable. In order to find a way to
condense the information contained in the 41 items used in this study, the author
creates a new, smaller set of factors with a minimum loss of information.

7.7.2.1 Factor analysis of independent variables
In order to decide on the number of factors to extract, the author applied both the
eigenvalue and the scree test criterion. The first and most commonly used technique
determines the variables contributing a value of 1 to the total eigenvalue. Thus, only the
factors having eigenvalues greater than 1 are considered significant. The scree test is
used to identify the optimum number of factors that can be extracted before the amount
of unique variance begins to dominate the common variance structure (Backhaus et al.
1994; Hair et al. 1995).
Figure 33 plots the factors extracted from all independent variables used in this study.
Starting with the first factor, the plot slopes steeply downward initially and then slowly
becomes an approximately horizontal line. The cut-off point at which the curve first
begins to straighten out is considered to indicate the maximum number of factors to
extract. Here, the first 14 factors would qualify. As a general rule, the scree test results
include at least one or sometimes two or three factors more to consider for inclusion
than does the eigenvalue criterion.
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Figure 33. Scree plot of independent variables40

According to the eigenvalues criterion, the exact number of factors is eleven (compare
grey cells in Table 24). The first factor explains 25.2% of the total variance, the second
factor 10.4 %, the third 9.1 %, the fourth 5.5 % etc. As a next step, the factors have to
be interpreted, for which purpose a tool called factor rotation is used. The rotated
component factor matrix summarizes statistically single items to form one factor, as can
be seen in Table 25.

40

SPSS Command: Statistics-Data Reduction-Factor-Descriptives: Initial solution- Extraction: Principal
components, Eigenvalues over 1, Unrotated factor solution, Scree plot - Rotation: Varimax, Rotated
solution – Options: Exclude cases listwise, Sorted by size- Variables: PU1- PU8, PEOU1 – PEOU7,
ATT1- ATT5, BI1, BI2, SI1 – SI8, OF1, OF2, OF3, U1- U8
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Total Variance Explained

Component
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

Total
10,335
4,303
3,769
2,267
1,768
1,395
1,253
1,144
1,071
1,057
1,040
,888
,836
,756
,683
,610
,561
,552
,516
,484
,468
,416
,394
,388
,365
,350
,310
,305
,298
,273
,265
,251
,242
,220
,204
,195
,185
,162
,155
,143
,123

Initial Eigenvalues
% of
Cumulative
Variance
%
25,208
25,208
10,494
35,702
9,193
44,895
5,528
50,423
4,312
54,735
3,402
58,137
3,056
61,193
2,791
63,984
2,612
66,596
2,578
69,174
2,537
71,711
2,166
73,877
2,038
75,915
1,845
77,760
1,665
79,425
1,488
80,913
1,368
82,281
1,347
83,628
1,257
84,885
1,180
86,065
1,141
87,207
1,015
88,221
,961
89,183
,947
90,129
,891
91,021
,853
91,874
,756
92,630
,744
93,374
,727
94,101
,666
94,767
,646
95,413
,613
96,026
,589
96,615
,536
97,151
,498
97,649
,475
98,124
,452
98,576
,396
98,972
,378
99,350
,349
99,700
,300
100,000

Extraction Sums of Squared Loadings
% of
Cumulative
Variance
%
Total
10,335
25,208
25,208
4,303
10,494
35,702
3,769
9,193
44,895
2,267
5,528
50,423
1,768
4,312
54,735
1,395
3,402
58,137
1,253
3,056
61,193
1,144
2,791
63,984
1,071
2,612
66,596
1,057
2,578
69,174
1,040
2,537
71,711

Rotation Sums of Squared Loadings
% of
Cumulative
Variance
%
Total
4,733
11,545
11,545
3,203
7,813
19,358
3,153
7,691
27,049
2,881
7,026
34,075
2,696
6,576
40,651
2,433
5,934
46,585
2,414
5,887
52,472
2,282
5,565
58,037
2,245
5,476
63,512
1,693
4,130
67,643
1,668
4,069
71,711

Extraction Method: Principal Component Analysis.

Table 24. Starting statistics41

41

SPSS Command: Statistics-Data Reduction-Factor-Descriptives: Initial solution- Extraction: Principal
components, Eigenvalues over 1, Unrotated factor solution, Scree plot - Rotation: Varimax, Rotated
solution – Options: Exclude cases listwise, Sorted by size- Variables: PU1- PU8, PEOU1 – PEOU7,
ATT1- ATT5, BI1, BI2, SI1 – SI8, OF1, OF2, OF3, U1- U8
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Rotated Component Matrixa

1
PU2Safer
PU3Helpful
ATT3Other
communication systems
U3Use terminal
U1Appropriate to work
PU5Various Services
ATT4Reliable information
SI5Colleagues use
SI6Colleagues rely
PEOU7Terminal interface
PU7Reliable
PEOU2Without advice
BI2Frequency of voice and
data
U4Use PABX call
U8Use complementary
terminals
SI4Colleagues do
BI1Frequency of use
U2Use capabilites
SI8Competitors use
system
SI7Competitors
equipment
PU8Speech Quality
SI2Superior support
SI3Superior system
importance
SI1Superior encourage
OF1Training department
OF3Training efficiency
OF2Training practice
PEOU3Handheld
PEOU6Terminal use
PEOU1Terminal design
PU4GSM
PU6Coverage
ATT2Like
ATT5Change from
analogue
PU1Simple
PEOU5Data enquiry
results
ATT1Good idea
PEOU4Data services
U6Use SDS or status
message
U5Use call to dispatcher
U7Use DMO

,806
,777

2
-5,43E-02
-4,00E-02

3
-,105
-,107

,757

-8,54E-02

,711
,615
,487
,478
9,688E-02
6,562E-02
-,299
-4,56E-03
,280

,306
,200
-,201
4,812E-02
,800
,771
,534
,467
-,377

7,418E-02

-,139

-,277

,109

Component
6
7,154E-02
5,435E-02

4
-1,26E-02
9,232E-02

5
7,691E-02
-8,48E-02

7
-1,58E-02
,102

8

9
-2,00E-02
,149

10
,263
,107

11
-1,60E-02
,101

9,646E-02

,112

-7,22E-02

,118

,197

-1,63E-02
,101
6,194E-02
-2,69E-02
-6,93E-02
-9,28E-02
-7,62E-02
,361
-,182

1,763E-02
,208
,246
,151
-,260
3,581E-02
-,377
-,403
,317

-,264
-8,78E-02
-,141
-,215
,242
,219
,253
,274
-4,14E-02

8,013E-02
,245
2,390E-03
,173
-7,45E-02
2,063E-02
-6,99E-02
-4,59E-02
,252

-,196
-4,55E-03
,448
,360
-9,83E-02
-7,51E-02
-,144
,162
,314

,149

,124

-,118

-9,26E-02

-7,05E-02
-2,98E-02
,141
,339
-3,98E-02
,110
,209
,130
,134

-2,26E-02
2,202E-02
,108
,312
-5,71E-02
4,926E-02
,264
7,716E-02
,218

-,181
,366
1,767E-02
-2,15E-02
-5,10E-02
-5,62E-02
-4,20E-03
,228
-,209

,150
-7,40E-02
,142
-7,14E-03
3,819E-02
2,332E-02
-3,83E-02
-8,65E-03
,246

,777

,170

,111

9,193E-02

,104

,103

,143

,198

-4,50E-02

,712

-5,52E-03

,200

-9,71E-02

5,888E-02

2,549E-02

-8,41E-02

-,235

8,422E-02

,179
8,941E-02

-6,46E-02

3,127E-02

,694

-,204

-5,71E-02

,111

-,269

3,402E-03

,115

-4,09E-02

-,305

3,747E-02
,182
,385

-,375
8,548E-02
-,369

,621
,607
,402

6,220E-02
,208
-,130

,169
,182
-5,57E-02

6,812E-02
-9,35E-02
,258

,206
,186
,267

-7,87E-02
3,559E-02
4,272E-02

4,976E-02
9,554E-04
3,138E-02

-5,13E-02
,442
,286

-2,94E-02
5,074E-02
-8,22E-02

5,163E-02

-,167

,134

,772

-7,59E-02

,157

,123

,209

9,583E-02

7,586E-02

,151

,339

-,136

1,460E-02

,637

-,197

,265

,193

9,317E-02

,237

,227

-1,74E-02

,448
-,143

-6,01E-02
,278

-,195
8,428E-03

,470
-9,09E-02

-,244
,808

,177
3,760E-03

,262
-,112

,190
3,933E-02

,143
5,117E-02

,205
7,021E-03

-,147
-7,77E-02

-,106

9,828E-02

,239

-,148

,801

-3,36E-02

-3,73E-02

-5,97E-02

-1,77E-02

2,670E-03

,117

-,145
7,565E-02
,155
,304
4,530E-02
,141
,283
,120
3,756E-02
,415

,269
-3,30E-02
-1,24E-02
-,157
-,121
-9,66E-02
-,206
-4,88E-02
,400
,122

,292
,118
-9,43E-02
9,039E-02
,133
,151
,114
5,599E-02
2,953E-02
,164

-7,66E-02
-3,24E-02
,285
,253
,213
-,226
,427
,106
-1,13E-02
,199

,693
6,196E-02
4,684E-03
-6,60E-02
-7,94E-02
-,162
-,264
8,538E-02
-1,68E-02
-,120

,114
,852
,786
,546
9,181E-02
,238
,182
7,769E-02
-3,41E-02
2,568E-02

-8,50E-02
-2,07E-02
,136
,159
,795
,452
,438
-9,75E-02
,382
,166

4,884E-02
6,332E-02
7,135E-02
-8,76E-02
-5,01E-02
,290
3,103E-02
,851
,549
,532

2,309E-02
1,262E-02
2,681E-02
,203
,126
,434
,292
,102
-,139
,238

-8,73E-02
8,062E-02
2,976E-03
,228
-2,72E-03
,101
,133
-6,04E-02
,342
,262

-,263
2,776E-02
2,023E-02
,162
1,872E-02
,171
2,549E-02
6,540E-02
-2,54E-03
-7,82E-02

,298

,221

3,526E-02

,290

-,253

,299

,160

,451

,205

,110

1,808E-02

,231

,228

-,231

4,798E-02

,136

-9,58E-02

5,055E-03

,445

,295

9,919E-02

,358

1,589E-02

,141

,102

9,587E-02

5,266E-03

9,039E-02

3,743E-04

7,249E-02

,807

-1,79E-02

,123

,226
,298

-,105
-,175

2,618E-02
6,113E-02

,130
,422

,183
-,165

-1,08E-02
1,732E-02

,262
,229

,112
,123

,563
,483

,151
,253

-1,68E-02
6,287E-02

,202

-,113

1,094E-02

,203

-6,84E-02

,289

-2,18E-02

,135

,206

,670

8,612E-02

-2,31E-02
3,404E-02

,103
-,393

-,139
,113

3,450E-03
,242

-9,02E-02
-2,57E-02

5,113E-02
,217

-1,39E-02
,236

5,367E-02
3,706E-02

6,328E-02
,199

-5,87E-03
,108

,881
,539

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
a. Rotation converged in 12 iterations.

Table 25. Rotated component matrix42

Table 25 shows eleven extracted factors combining the 41 items in the following factor
structure:

•

Factor 1: PU2, PU3, ATT3, U3, U1, PU5, ATT4

•

Factor 2: SI5, SI6, PEOU7, PU7, PEOU2, BI2, U4

•

Factor 3: U8, SI4, BI1, U2, SI8

42

Compare Table 24. Starting statistics
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•

Factor 4: SI7, PU8

•

Factor 5: SI2, SI3, SI1

•

Factor 6: OF1, OF2, OF3

•

Factor 7: PEOU3, PEOU6, PEOU1

•

Factor 8: PU4, PU6, ATT2, ATT5, PU1

•

Factor 9: PEOU5, ATT1, PEOU4, U6

•

Factor 10: U5

•

Factor 11: U7

In order to examine the research model’s hypotheses, the single items explaining one
construct/variable are combined according to the theoretical assumptions made in the
revised research model (Figure 32) and not as it can be seen from the rotated
component matrix above. The focus is on internal consistency in terms of good
Cronbach’s alpha values, as these indicators of reliability are useful in research
involving questionnaire data (Cronbach 1951). Previous TAM studies suggest that all
measurement scales should show high reliability using Cronbach’s alpha coefficients
(Venkatesh and Davis 2000). This analysis is not a statistical test like a t-test or U-test.
Thus Cronbach’s alpha is a measure of reliability that ranges from 0 to 1, with values of

0,60 to 0.70 deemed the lower limit of acceptability (Hair et al. 1995). The author’s
objective is to combine the items in meaningful factors with theoretical relevance in
order to subsequently perform a clear analysis of the research model.

7.7.2.2 Factor analysis of the eight items measuring perceived usefulness
Table 26 shows the initial statistics of the factor analysis of the variable ‘PU - Perceived
Usefulness’. Two factors can be extracted as their eigenvalues are greater than 1.
Factor one explains 41.1% of the total variance and factor two 17.8%. In order to test
the hypotheses in a comprehensible procedure and subsequently improve the
explanatory power of the research model, the ‘PU’ variable items are combined into one
single factor as depicted in the component matrix (Table 26). It has to be noted that the
Cronbach alpha value increased from 0.70 to 0.74 when the item ‘PU7 Reliable’ was
removed.
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Total Variance Explained

Component
1
2
3
4
5
6
7

Initial Eigenvalues
% of
Cumulative
Total
Variance
%
2,879
41,124
41,124
1,249
17,841
58,965
,787
11,239
70,204
,679
9,694
79,899
,604
8,622
88,521
,481
6,869
95,390
,323
4,610
100,000

Extraction Sums of Squared Loadings
% of
Cumulative
Total
Variance
%
2,879
41,124
41,124

Extraction Method: Principal Component Analysis.

Table 26. Factor analysis - aggregation of variable ‘Perceived usefulness’- Initial statistics43

Component Matrix a

PU3Helpful
PU2Safer
PU8Speech Quality
PU5Various Services
PU1Simple
PU4GSM
PU6Coverage

Component
1
,790
,744
,728
,653
,571
,479
,435

Extraction Method: Principal Component Analysis.
a. 1 components extracted.

Table 27. Factor analysis – aggregation of variable ‘Perceived usefulness’ – Component matrix44

7.7.2.3 Factor analysis of the seven items measuring perceived ease of use
Figure 34 shows how many factors can be generated from the variable items ‘PEOU Perceived Ease of Use’. The scree plot portrays the extraction of 1 factor as can be
from the fact that the eigenvalues are greater than 1. This factor explains 47% of the
total variance (Table 28).

43

SPSS Command: Statistics-Data Reduction-Factor-Descriptives: Initial solution- Extraction: Principal
components, Eigenvalues over 1, Unrotated factor solution, Scree plot - Rotation: Varimax, Rotated
solution – Options: Exclude cases listwise, Sorted by size- Variables: PU1, PU2, PU3, PU4, PU5, PU6,
PU8
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The preliminary reliability analysis revealed an increase of the Cronbach alpha value
from 0.59 to 0.77 when the item ‘PEOU7 Terminal Interface’ was removed.

Scree Plot
3,0

2,5

2,0

1,5

Eigenvalue

1,0

,5

0,0
1

2

3

4

5

6

Component Number

Figure 34. Scree plot of variable ‘Perceived Ease of Use – PEOU’

Total Variance Explained

Component
1
2
3
4
5
6

Initial Eigenvalues
% of
Cumulative
Variance
%
Total
2,825
47,080
47,080
,907
15,111
62,191
,696
11,599
73,790
,664
11,069
84,859
,534
8,899
93,758
,375
6,242
100,000

Extraction Sums of Squared Loadings
% of
Cumulative
Variance
%
Total
2,825
47,080
47,080

Extraction Method: Principal Component Analysis.

Table 28. Factor analysis - aggregation of variable ‘Perceived Ease of Use’- Initial statistics45

44
45

See SPSS Command Table 26
SPSS Command compare factor analysis of other variables
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Component Matrix a

PEOU1Terminal design
PEOU4Data services
PEOU6Terminal use
PEOU2Without advice
PEOU3Handheld
PEOU5Data enquiry
results

Component
1
,809
,763
,675
,644
,635
,561

Extraction Method: Principal Component Analysis.
a. 1 components extracted.

Table 29. Factor analysis – aggregation of variable ‘Perceived Ease of Use’ – Component matrix46

7.7.2.4 Factor analysis of the three items measuring organisational facilitators
The aggregation of the variable items measuring the influence of ‘OF – Organisational
facilitators’ is shown in Table 30. One factor was extracted that explains 67% of the total
variance. The reliability of the 3 OF items are confirmed with a Cronbach alpha value of
0.75.
Total Variance Explained

Component
1
2
3

Initial Eigenvalues
% of
Cumulative
Total
Variance
%
2,015
67,181
67,181
,532
17,718
84,898
,453
15,102
100,000

Extraction Sums of Squared Loadings
% of
Cumulative
Total
Variance
%
2,015
67,181
67,181

Extraction Method: Principal Component Analysis.

Table 30. Factor analysis - aggregation of variable ‘Organisational facilitators’- Initial statistics
Component Matrixa

OF3Training efficiency
OF1Training department
OF2Training practice

Component
1
,836
,824
,799

Extraction Method: Principal Component Analysis.
a. 1 components extracted.

Table 31. Factor analysis – aggregation of variable ‘Organisational facilitators’ – Component
matrix47

46

SPSS Command compare Factor analysis of other variables
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7.7.2.5 Factor analysis of the five items measuring attitude
The 5-item scale measuring the variable ‘A – Attitude toward using’ has been adapted
by the author from preceding TAM studies (Davis et al. 1989; Taylor and Todd 1995).
The internal consistency in terms of good Cronbach alpha values is illustrated in Table
32. As the Cronbach value could have increased only marginally if the item ‘ATT1 –
Idea’ was deleted, all five items were considered in the subsequent factor analysis. The
extracted factor explains 56.3% of the total variance (compare the tables in the
Appendix 9.7.1 Factor Analysis).

R E L I A B I L I T Y

A N A L Y S I S

-

S C A L E

(A L P H A)

Item-total Statistics

ATT1IDEA
ATT2LIKE
ATT3OCOM
ATT4RINF
ATT5ANAL

Scale
Mean
if Item
Deleted

Scale
Variance
if Item
Deleted

10,5719
10,5228
10,2737
10,2246
10,6175

6,7246
5,5391
5,3333
4,9846
5,6666

Corrected
ItemTotal
Correlation

Alpha
if Item
Deleted

,4228
,6748
,5512
,6827
,6155

,8064
,7359
,7781
,7293
,7535

Reliability Coefficients
N of Cases =
Alpha =

285,0

N of Items =

5

,8010

Table 32. Reliability Analysis of five items measuring the variable ‘A – Attitude’48

7.7.2.6 Factor analysis of the two items measuring behavioural intention
The two-item scale for the variable ‘BI – Behavioural intention to use’ has been adjusted
to the TETRA context only in terms of wording. The Cronbach alpha value of 0.75
clearly meets the assumptions, as can be seen in Table 33 below. The aggregation of
the two BI items into one factor is depicted in Appendix 9.7.2. The factor for BI explains
81% of the total variance.

47

SPSS Command compare Factor analysis of other variables
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R E L I A B I L I T Y

A N A L Y S I S

-

S C A L E

(A L P H A)

Item-total Statistics

BI1FREQU
BI2VDFRE

Scale
Mean
if Item
Deleted

Scale
Variance
if Item
Deleted

2,4212
2,2397

,4646
,2928

Corrected
ItemTotal
Correlation

Alpha
if Item
Deleted

,6197
,6197

.
.

Reliability Coefficients
N of Cases =
Alpha =

292,0

N of Items =

2

,7528

Table 33. Reliability Analysis of ‘BI – Behavioural intention to use’49

7.7.2.7 Factor analysis of the eight items measuring social influence
The variable ‘SI – Social influence’ is divided into three sub-variables measuring
managerial influence also called supervisor influence (SI SUP), peer group power (SI
COLL), and influence by the competitors in the TETRA market (SI COMP). The internal
consistency of the three sub-variables explaining ‘Social Influence’ shows a very high
Cronbach alpha level in Table 34. It has to be noted that the item SI 4 has been deleted
to achieve an Alpha value of 0.76 with the factor SI COLL. After the data reduction,
three factors were aggregated. The factor SI SUP, which combines the variables SI1,
SI2, and SI3, shows more than 75.3%, the factor SI COLL (SI5, SI6) 81%, and SI
COMP (SI7, SI8) 80.5% of total variance regarding the calculation of the initial
eigenvalues (compare Table 34). Details of the factor analysis are shown in Appendix
9.7.3.

Factor
SI: Supervisor influence (SI SUP)
SI: Peer group influence (SI COLL)
SI: Competitive pressure (SI COMP)

Variables
combined
SI1, SI2, SI3
SI5, SI6
SI7, SI8

Cronbach’s
Alpha
0,83
0,7650
0,76

Table 34. Factor analysis on the factor ‘Social influence – SI’ including Cronbach Alpha values
48

SPSS Command: Statistics-Scale-Reliability Analysis-Statistics:Scale if item deleted-Items: ATT1,
ATT2, ATT3, ATT4, ATT5
49
SPSS Command: Statistics-Scale-Reliability Analysis-Statistics:Scale if item deleted-Items: BI1, BI2
50
SI4 item is deleted as no internal consistency with SI5 und SI6 exists
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7.7.2.8 Factor analysis of the eight items measuring actual system use
Among eight variables used in the research model, only one variable, the ‘U – Actual
system use’, shows poor reliability coefficients. Cronbach’s alpha of all 8 items
measuring the frequency and intensity of actual system use is 0.37. The author decided
to aggregate the items U1, U2, and U6 into one factor as first, the Cronbach alpha value
measures 0.59 for these three items, and second, the analysis shows significant
correlated variable items (Table 35). Additionally, the proposed hypothesis (H1: BI-> U)
can be tested in a comprehensible way regarding the aggregated items U1, U2 and U6.
It has to be noted that the factor analysis including all eight U-items did not show
theoretical appropriateness. Thus the extracted factor for ‘U – Actual system use’ –
combining three variable items explains 57.7% of the total variance as exposed in the
factor analysis (Table 36 and Table 37).
Correlations

Spearman's rho

U1Appropriate to work

U2Use capabilites

U6Use SDS or status
message

Correlation Coefficient
Sig. (2-tailed)
N
Correlation Coefficient
Sig. (2-tailed)
N
Correlation Coefficient
Sig. (2-tailed)
N

U1Appropriate
U2Use
to work
capabilites
1,000
,360**
,
,000
295
295
,360**
1,000
,000
,
295
295
,347**
,344**
,000
,000
290
290

U6Use
SDS or
status
message
,347**
,000
290
,344**
,000
290
1,000
,
290

**. Correlation is significant at the .01 level (2-tailed).

Table 35. Correlation analysis of variable ‘U- Actual system use’51

51

Actual system use combines the variable items U1, U2 and U6
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Communalities
U1Appropriate to work
U2Use capabilites
U6Use SDS or status
message

Initial
1,000
1,000

Extraction
,621
,567

1,000

,543

Extraction Method: Principal Component Analysis.
Total Variance Explained

Component
1
2
3

Initial Eigenvalues
% of
Cumulative
Total
Variance
%
1,731
57,715
57,715
,679
22,642
80,357
,589
19,643
100,000

Extraction Sums of Squared Loadings
% of
Cumulative
Total
Variance
%
1,731
57,715
57,715

Extraction Method: Principal Component Analysis.

Table 36. Factor analysis - aggregation of variable ‘U- Actual system use’- Initial statistics52
Component Matrixa

U1Appropriate to work
U2Use capabilites
U6Use SDS or status
message

Component
1
,788
,753
,737

Extraction Method: Principal Component Analysis.
a. 1 components extracted.

Table 37. Factor analysis – aggregation of variable ‘U- Actual system use’ – Component matrix53

The table below lists all the factors extracted from the revised research model in the first
column and the corresponding aggregated variables in the second column. In order to
provide a complete overview of reliability and factor analysis, the percentage values of
total variances and Cronbach alphas have been added.

52
53

SPSS Command compare Table 26
SPSS Command compare Table 26
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Factor
Perceived
Usefulness (PU)
Perceived Ease of
Use (PEOU)
Organisational
facilitators (OF)
Attitude (ATT)
Behavioural Intention
(BI)
Social influence:
Superior (SI SUP)
Social influence:
Colleague (SI COLL)
Social influence:
Competitive pressure
(SI COMP)
Actual System Use
(U)

Variables combined

Cronbach’s
Alpha

PU1, PU2, PU3, PU4, PU5,
PU6, PU8
PEOU1, PEOU2, PEOU3,
PEOU4, PEOU5, PEOU6

0,7454

OF1, OF2, OF3

0,75

ATT1, ATT2, ATT3, ATT4,
ATT5

0.80

BI1, BI2

0.75

SI1, SI2, SI3

0.83

SI5, SI6

0.7656

SI7, SI8

0.76

U1, U2, U6

0.5957

0,7755

Table 38. Aggregation of variables into factors 58

Figure 35 graphically summarizes the internal consistency of the variables representing
the Cronbach alpha values of every factor in the revised research model. The
relationships or proposed hypotheses are indicated as well.

54

Cronbach’s Alpha of factor ‘Perceived Usefulness (PU)’ increases from 0.70 to 0.74 if PU7 is deleted
Cronbach’s Alpha of factor ‘Perceived Ease of Use (PEOU)’ increases from 0.59 to 0.77 if PEOU7 is
deleted
56
SI4 item is deleted as no internal consistency with SI5 und SI6 exists
57
Cronbach’s Alpha of factor ‘Actual System Use (U)’ reaches best value when only U1, U2, and U6 are
combined
58
SPSS Command: Statistics-Scale-Reliability Analysis-Statistics: Descriptives for Scale if item deletedVariables: compares variables in the second column of Table 38
55
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a = 0,75

H10-11

Factor: Organizational
Facilitators (F_OF),
Perceived system
interoperability
(PSI)
H12-13

a = 0,74

Factor: Perceived
usefulness
(F_PU)

H3
a = 0,75

H4

H6
Factor: Perceived H5
ease of use
(F_PEOU)

Factor: Attitude
(F_ATT)

H2

Factor: Behavioral
intention
to use (F_BI)

H1

Factor: Actual
system
use (F_USE)

a = 0,80

H7 –H9

a = 0,77

Factor: Social Influence (SI)
Supervisor influence (F_SI SUP)
Peer usage (F_SI COLL)
Competitive pressure (F_SI COMP)

a = 0,83
a = 0,76
a = 0,76

Figure 35. Cronbach alphas and factor extraction graphically displayed in revised research model

7.7.3 ANALYSES OF NORMALITY
As the author performed multiple regression analysis to check the research model, the
final step in examining the data involved testing the assumptions in multivariate
analyses: normality and its correspondence to the normal distribution. The simplest

diagnostic test for normality is a visual check of the histogram that compares the
observed data values with a distribution approximating the normal distribution (Hair et
al. 1995). A more reliable method is the normal probability plot, where the normal
distribution takes the shape of a straight diagonal line, and the plotted data values are
compared with the diagonal. When the observed data distribution largely follows the
diagonal, the distribution is normal. Beside the distribution’s shape, the kurtosis and
skewness of the distribution may also be considered for testing the assumptions of
multivariate analysis. Kurtosis is a measure of the heaviness of the tails in a distribution
(also called “peakedness” or “flatness” of the distribution) relative to the normal
distribution. Skewness is another common pattern indicating a positively or negatively
skewed distribution. The statistic z values for skewness and kurtosis are offered as part
of the basic descriptive statistics by the statistical program SPSS V8.0 used in this
study. In addition, the specific statistical test (Kolmogorov-Smirnov-Test) calculating the
level of significance for the differences from a normal distribution was also carried out to
ascertain the normal distribution of a given variable (Bühl and Zöfel 1995).
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7.7.3.1 Examination of the normal distribution of the variable ‘PU –Perceived
Usefulness’
The analysis of the factor PU As is used as an example of a normal distribution check in
the following. The histogram in Figure 36 compares the observed data values with a
distribution approximating the normal distribution. Table 39 indicates a skewness value
of 0.233 (differs from zero). The Kolmogorov-Smirnov test shows that there is no
significant divergence from the null hypothesis, assuming that the data follow a normal
distribution (compare value 0.155 in Table 40). The comparison of the plotted data
value of the variable PU factor in the Q-Q diagram with the diagonal indicates an exact
normality distribution. Here, the deviation from normal distribution is not significant. The
trend adjusted Q-Q diagram (Figure 38) depicts the deviation between the observed
and the expected values in dependency of the observed values. As in the Q-Q diagram
explained above, here, too, the plotted values should follow the line indicating exact
normal distribution. The plotted data values not displayed on the straight line that goes
through the zero point, which is also referred to as the zero-line, are the discrepancies.

Histogram
Factor PU - Perceived Usefulness
50

40

30

Frequency

20

Std. Dev = 1,00

10

Mean = 0,00
N = 290,00

0

00
3,

50
2,

00
2,
50
1,

00
1,

0
,5

00
0,

0
-,5
0
,0
-1
0
,5
-1
0
,0
-2

Regression Standardized Residuals

Figure 36. Histogram of factor ‘PU –Perceived Usefulness59

59

SPSS Command: Statistics-Summarize-Frequencies-Statistics: Distribution:Skewness, Kurtosis –
Charts: Histogramm – Variable: F_PU
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Statistics
factor score for PU without PU7
N
Valid
Missing
Skewness
Std. Error of Skewness
Kurtosis
Std. Error of Kurtosis

290
5
,233
,143
-,524
,285

Table 39. Normal distribution check: Kurtosis and Skewness values60
One-Sample Kolmogorov-Smirnov Test

N
Normal Parameters a,b
Most Extreme
Differences

Mean
Std. Deviation
Absolute
Positive
Negative

Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)

factor
score for
PU
290
5,081E-09
1,0000000
,066
,066
-,051
1,131
,155

a. Test distribution is Normal.
b. Calculated from data.

Table 40. K-S Test of factor ‘PU –Perceived Usefulness’61

60

SPSS Command: Statistics-Summarize-Frequencies-Statistics: Distribution:Skewness, Kurtosis –
Charts: Histogramm – Variable: F_PU
61
SPSS Command: Statistics-Nonparametric Test-One Sample K-S:– Variable: F_PU
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Normal Q-Q Plot of factor score for PU
3

2

Expected Normal Value

1

0

-1

-2

-3
-3

-2

-1

0

1

2

3

4

Observed Value

Figure 37. Normal distribution plot of factor ‘PU –Perceived Usefulness’62

Detrended Normal Q-Q Plot of factor score for PU
1,0
,8
,6

Deviation from Normal

,4
,2
0,0
-,2
-,4
-3

-2

-1

0

1

2

3

4

Observed Value

Figure 38. Trend-adjusted normal distribution plot of factor ‘PU –Perceived Usefulness’63

7.7.3.2 Examination of normal distribution of the other dependent variables
In the research model used in this study, all the variables except the ‘real’ independent
variables (OF, PSI, and SI) may be seen as twofold as they are both dependent and
independent constructs at the same time.

62
63

SPSS Command: Graphs-Q-Q …- Variable: F_PU
SPSS Command: Graphs-Q-Q …- Variable: F_PU
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For example, the independent variable PU is assumed to influence the dependent
variable ATT, but when you look at BI, then ATT turns into the independent variable. For
this reason, it is necessary to also examine the normal distribution of these variables.
Below, the author provides an overview of various calculations (Table 41 and Table 42),
graphical analyses (Figure 40), and normal probability plots (Figure 39) to summarize
the normal distribution assessment of the variables PEOU, ATT, BI, and U. The
skewness values of the examined variables differ from the value zero. Although the
skewness for the PEOU factor shows only little difference from zero, the KolmogorovSmirnov test (0.68) shows evidence of normal distribution. As regards the variable ‘ATT
–Attitude to use’, the plotted data values of the factor ATT closely follow the diagonal
line (Figure 39). The diagnostic test for normality with a visual check of the histogram
was performed additionally for the factor variable ‘U – Actual system use’ (Figure 40).
Since the tested variables all showed normality, the most fundamental assumption in
multivariate analysis is confirmed and the subsequent multiple linear regression
analysis can be performed in the next step.
Statistics

N
Skewness
Std. Error of Skewness
Kurtosis
Std. Error of Kurtosis

Valid
Missing

factor score
for PEOU
289
6
,036
,143
-,205
,286

factor score
for ATT
285
10
,237
,144
-,362
,288

factor score
for BI
292
3
1,038
,143
1,658
,284

factor score
for U
290
5
-,587
,143
,084
,285

Table 41. Kurtosis and skewness of the distribution of the variables PEOU, ATT, BI and U64

64

SPSS Command: Statistics-Summarize-Frequencies-Statistics: Distribution: Skewness, Kurtosis –
Charts: Histogram – Variable: F_PEOU, F_ATT, F_BI, F_U
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One-Sample Kolmogorov-Smirnov Test

N
Normal Parameters a,b
Most Extreme
Differences

factor
score for
PEOU
289
5,267E-09
1,0000000
,077
,077
-,061
1,301
,068

Mean
Std. Deviation
Absolute
Positive
Negative

Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)
a. Test distribution is Normal.
b. Calculated from data.

Table 42. K-S Test of factor ‘PEOU –Perceived Ease of Use’65

Normal Q-Q Plot of factor score for ATT
3

2

Expected Normal Value

1

0

-1

-2

-3
-3

-2

-1

0

1

2

3

4

Observed Value

Figure 39. Q-Q diagram of factor ‘ATT – Attitude toward using’66

65
66

SPSS Command: Statistics-Nonparametric Test-One Sample K-S:– Variable: F_PEOU
SPSS Command: Graphs-Q-Q …- Variable: F_ATT
Page 151 of 241

Quantitative Study

Histogram
Factor U - Actual system use
80

60

Frequency

40

20

Std. Dev = 1,00
Mean = 0,00
N = 290,00

0
-2,50

-1,50

-2,00

-,50

-1,00

,50
0,00

1,50
1,00

2,50
2,00

3,00

factor score for U

Figure 40. Histogram of factor ‘U –Actual system use67

7.7.4 MULTIVARIATE ANALYSIS: MULTIPLE LINEAR REGRESSION
A multiple regression analysis was performed with the purpose of examining the
research model and its proposed hypotheses. This statistical dependence technique is
used to analyze the relationship between a single dependent (criterion) variable and
several independent (predictor) variables as we may find in the underlying research
model (Hair et al. 1995). Multiple regression refers to a regression model in which the

fitted value of the response variable Y is a function of the values of one or more
predictor (X) variables (Bühl and Zöfel 1995; Diamantopoulos and Schlegelmilch 2000).
The most common form of multiple regression is multiple linear regression, a linear
regression model with more than one X variable. In general, multiple regression
procedures will estimate a linear equation of the following form:
Y = b0 + b1*X1 + b2*X2 + ... + bn*Xn
The regression coefficients (or B coefficients) represent the independent contributions
of each independent variable to the prediction of the dependent variable. For example,
in the model above the value b1 is the regression coefficient for the variable X1. The B
coefficients represent the amount of change in the dependent variable for a one-unit
change in the independent variable.
67

SPSS Command: Statistics-Summarize-Frequencies-Statistics: Distribution:Skewness, Kurtosis –
Charts: Histogram – Variable: F_U
Page 152 of 241

Quantitative Study

In the regression equation, the value b0 refers to the intercept or constant term. In the
case of complete absence of the independent variable, the intercept represents a
predictive value but this a rare situation.
The objective of the multiple linear regression is to estimate the coefficients of the
regression equation. The author focuses on the explanatory power of the regression
equation: the higher the value of R², the better the prediction of the dependent variable.

The coefficient of determination (R²) is the measure of the proportion of the variance of
the dependent variable about its mean that is explained by the predictor (Hair et al.
1995). Moreover, the Durbin-Watson test was performed in order to test autocorrelation.
This is a test for first-order serial correlation in the residuals of a time series regression.
The threshold values of the Durbin-Watson statistic were considered in this study in
order to ensure that there is no serial correlation (Backhaus et al. 1994).

7.7.4.1 Independent variables PSI, OF, PEOU influencing dependent variable PU
The graphical illustration below shows which relationships/hypotheses are examined in
the next step by means of the multiple linear regression analysis.

H11-12
Factor: Organizational
Facilitators (F_OF),
Perceived system
interoperability
(PSI)

Factor: Perceived
usefulness
(F_PU)
H6
Factor: Perceived
ease of use
(F_PEOU)

Figure 41. Relationships examined (H6, H11, H12)

As can be seen in Table 43, the potential influencing factors explain 42% of the
variance in ‘Perceived Usefulness’. The Durbin-Watson test results in a value 1.623,
which means that no autocorrelation exists.
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Model Summaryc

Model
1
2

R
,591a
,645b

R
Square
,349
,416

Std. Error
of the
Estimate
,8127177
,7715444

Adjusted R
Square
,347
,411

R Square
Change
,349
,066

Change Statistics
F
df1
df2
Change
149,691
1
279
31,572
1
278

Sig. F
Change
,000
,000

Durbin-Watson
1,623

a. Predictors: (Constant), PSIStandardized devices
b. Predictors: (Constant), PSIStandardized devices, factor score for PEOU
c. Dependent Variable: factor score for PU

Table 43. Examination of variables PSI, OF, and PEOU influencing variable PU – model summary68

The ANOVA table confirms the share of the variance that is explained by the regression
equation, as can be seen in Table 44. The value of R² is the ratio of the sum of the
squares regression to the total sum of squares, as shown in the following equation:
117.667/ (117.667+165.488) =0.4155
ANOVAc
Model
1

2

Regression
Residual
Total
Regression
Residual
Total

Sum of
Squares
98,872
184,282
283,155
117,667
165,488
283,155

df
1
279
280
2
278
280

Mean
Square
98,872
,661
58,833
,595

F
149,691

Sig.
,000a

98,833

,000b

a. Predictors: (Constant), PSIStandardized devices
b. Predictors: (Constant), PSIStandardized devices, factor score for PEOU
c. Dependent Variable: factor score for PU

Table 44. Examination of variables PSI, OF, and PEOU influencing variable PU – ANOVA69

Table 45 shows the regression coefficients, also known as beta coefficients. The beta
coefficients allow the researcher to directly compare the relative effect of each
independent variable on the dependent variable (Hair et al. 1995). The regression
equation in the underlying case is:
Factor for PU= - 0.913 + 0.383 * PSI + 0.338 * Factor for PEOU

68

SPSS Command: Statistics-Regression-Linear: Method-Stepwise: Estimates, Model Fit, DurbinWatson- Dependent Variable: F_PU, Independent: PSI, F_OF, F_PEOU
69
SPSS Command: Statistics-Regression-Linear: Method-Stepwise: Estimates, Model Fit, DurbinWatson- Dependent Variable: F_PU, Independent: PSI, F_OF, F_PEOU
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Coefficientsa

Model
1
2

(Constant)
PSIStandardized devices
(Constant)
PSIStandardized devices
factor score for PEOU

Unstandardized
Coefficients
B
Std. Error
-1,450
,128
,607
,050
-,913
,154
,383
,062
,338
,060

Standardized
Coefficients
Beta
,591
,373
,337

t
-11,357
12,235
-5,909
6,209
5,619

Sig.
,000
,000
,000
,000
,000

a. Dependent Variable: factor score for PU

Table 45. Regression analysis – coefficients

The subsequent table illustrates the values that were categorized as ‘excluded
variables’ after the multiple linear regression analysis. It has to be noted that model 2
includes the variables PSI (B = 0.38) and PEOU (B=0.34), but the factor variable ‘OF –
Organisational facilitators’ is deleted as predictor.
Excluded Variablesc

Model
1
2

factor score for OF
factor score for PEOU
factor score for OF

Beta In
,078a
,337a
,011b

t
1,414
5,619
,199

Sig.
,158
,000
,843

Partial
Correlation
,085
,319
,012

Collinearity
Statistics
Tolerance
,770
,583
,729

a. Predictors in the Model: (Constant), PSIStandardized devices
b. Predictors in the Model: (Constant), PSIStandardized devices, factor score for PEOU
c. Dependent Variable: factor score for PU

Table 46. Regression analysis – excluded variables
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7.7.4.2 Independent variables PSI and OF influencing dependent variable PEOU
In the following the influence of the external variables (Organisational Facilitators,
Perceived System Interoperability) on the perceived ease of use is tested (Figure 42).
Factor: Organizational
Facilitators (F_OF),
Perceived system
interoperability
(PSI)

Factor: Perceived
ease of use
(F_PEOU)

H13-14
Figure 42. Relationships examined (H13, H14)

The results of the following regression examination show a coefficient of determination
of .448 and a Durbin-Watson value of 1.522, which disconfirms the existence of a
systematic connection between the residuals of neighbouring cases. The B-coefficients
are quite divergent from each other as the value for the variable F_OF is 0.196 and the
one for PSI 0.566.
Model Summaryc

Model
1
2

R
R Square
,647a
,418
,669b
,448

Adjusted R
Square
,416
,444

Std. Error
of the
Estimate
,7617189
,7430832

Change Statistics
R Square
Change
,418
,030

F Change
204,070
15,423

df1
1
1

df2
284
283

Sig. F
Change
,000
,000

Durbin-Watson
1,522

a. Predictors: (Constant), PSIStandardized devices
b. Predictors: (Constant), PSIStandardized devices, factor score for OF
c. Dependent Variable: factor score for PEOU

ANOVAc
Model
1

2

Regression
Residual
Total
Regression
Residual
Total

Sum of
Squares
118,405
164,781
283,186
126,921
156,265
283,186

df
1
284
285
2
283
285

Mean
Square
118,405
,580
63,460
,552

F
204,070

Sig.
,000a

114,929

,000b

a. Predictors: (Constant), PSIStandardized devices
b. Predictors: (Constant), PSIStandardized devices, factor score for OF
c. Dependent Variable: factor score for PEOU
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Coefficientsa

Model
1
2

(Constant)
PSIStandardized devices
(Constant)
PSIStandardized devices
factor score for OF

Unstandardized
Coefficients
B
Std. Error
-1,587
,119
,663
,046
-1,356
,130
,566
,052
,196
,050

Standardized
Coefficients
Beta
,647
,552
,198

t
-13,298
14,285
-10,392
10,973
3,927

Sig.
,000
,000
,000
,000
,000

a. Dependent Variable: factor score for PEOU

Table 47. Regression analysis of connection between PSI and F_OF toward F_PEOU

7.7.4.3 Independent variable BI influencing dependent variable U
The predictor ‘BI –Behavioural intention’ influencing ‘U –Actual system usage’ shows a
low coefficient of determination (R² = .189) in the regression analysis. Moreover, the
Durbin-Watson value according to Backhaus (1994) is within the fuzzy interval in terms
of autocorrelation. This outcome and the subsequent analysis depicted in 7.7.4.4
resulted in the decision to remove the variable BI from the model.
Model Summary

Model
1

R
,434a

R Square
,189

Adjusted R
Square
,186

b

Std. Error
of the
Estimate
,9065505

Durbin-Watson
1,345

a. Predictors: (Constant), factor score for BI
b. Dependent Variable: factor score for U

Table 48. Relationship examined (H1)

7.7.4.4 Independent variables PU, ATT, SI influencing dependent variable BI
The revised research model proposes the following hypotheses as depicted in Figure
43. Due to the results of the regression analysis (R²= .252; Durbin-Watson= 1.4), the
author decided to exclude the factor ‘BI – Behavioural intention’ from the research
model. The results of the regression analysis in Appendix 9.8.2 show that the factor PU
is removed when the relationships towards BI is tested.
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The above-mentioned beta-coefficient of F_PU also confirms subsequent deletion of BI
from the TAM model.

H3

Factor: Perceived
usefulness
(F_PU)

H2

Factor: Attitude
(F_ATT)

Factor: Behavioral
intention
to use (F_BI)

H7 –H9
Factor: Social Influence (SI)
Supervisor influence (F_SI SUP)
Peer usage (F_SI COLL)
Competitive pressure (F_SI COMP)

Figure 43. Relationships examined (H2, H3, H7, H8, H9)

7.7.4.5 Newly examined relationships: Independent variables PU, PEOU, SI
influencing dependent variable ATT
As stated before, the BI variable was deleted from the proposed model and therefore
‘new’ relationships were established and further tested, as can be seen in the figure
below.
Factor: Perceived
usefulness
(F_PU)

Factor: Perceived
ease of use
(F_PEOU)

H4

Factor: Attitude
(F_ATT)

H5

H new
Factor: Social Influence (SI)
Supervisor influence (F_SI SUP)
Peer usage (F_SI COLL)
Competitive pressure (F_SI COMP)
Figure 44. Relationships examined (H4, H5, Hnew)
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The variables F_PU, F_PEOU, F_SI SUP, F_SI COLL, F_SI COMP are incorporated in
model 3 in the regression analysis. With 63.3% of the total variance the value of R² is
the best R² value found in this study. The revealed B-coefficients are in the range of
values (F_PEOU = 0.327, F_PU = 0.469, F_SI COLL = 0.122, F_SI COMP = 0.144) that
have been published in previous TAM studies.
So, for example, the B-coefficient of the variable F-PEOU in this study is lower as
compared to the B-coefficient of F_PU. It has to be noted that the influencing variable
‘SI – Supervisor influence’ was deleted from model 3. In order to give a complete
overview, the author has analyzed the influence of F_PU and F_PEOU – without
considering the SI variables – on the dependent variable F_ATT. The analysis confirms
the later integration of the SI factor, as the results of the multiple regression analysis
(without SI) show a lower R² (Appendix 9.8.1.).

Model Summarye

Model
1
2
3
4

R
R Square
,730a
,532
,783b
,613
,788c
,621
,795d
,633

Adjusted R
Square
,531
,610
,617
,627

Std. Error
of the
Estimate
,6908138
,6296449
,6239328
,6157562

Change Statistics
R Square
Change
,532
,081
,008
,011

F Change
305,218
55,601
5,911
8,111

df1
1
1
1
1

df2
268
267
266
265

Sig. F
Change
,000
,000
,016
,005

Durbin-Watson

1,751

a. Predictors: (Constant), factor score for PU
b. Predictors: (Constant), factor score for PU, factor score for PEOU
c. Predictors: (Constant), factor score for PU, factor score for PEOU, factor score for SI Colleague
d. Predictors: (Constant), factor score for PU, factor score for PEOU, factor score for SI Colleague, factor score for SI Competitive pressure
e. Dependent Variable: factor score for ATT
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ANOVAe
Mo del
1

2

3

4

Regre ssion
Resid ual
Tota l
Regre ssion
Resid ual
Tota l
Regre ssion
Resid ual
Tota l
Regre ssion
Resid ual
Tota l

Sum of
Squa res
145,65 7
127,89 6
273,55 3
167,70 0
105,85 3
273,55 3
170,00 2
103,55 2
273,55 3
173,07 7
100,47 6
273,55 3

Mean
Square
1 45,657
,47 7

df
1
2 68
2 69
2
2 67
2 69
3
2 66
2 69
4
2 65
2 69

F
305,218

Sig.
,000a

8 3,850
,39 6

211,501

,000b

5 6,667
,38 9

145,565

,000c

4 3,269
,37 9

114,120

,000d

a. Predictors: (Co nstant), factor s core fo r PU
b. Predictors: (Co nstant), factor s core fo r PU, facto r score for PEOU
c. Pred icto rs: (Co nstant), factor s core for PU, fa ctor score for PEOU, facto r sco re for
SI Col leagu e
d. Predictors: (Co nstant), factor s core fo r PU, facto r score for PEOU, facto r sco re for
SI Col le ague , factor score for SI Competi tive p res sure
e. De pend ent Variab le : factor score for ATT

Coefficients a

Model
1
2

3

4

(Constant)
factor score for PU
(Constant)
factor score for PU
factor score for PEOU
(Constant)
factor score for PU
factor score for PEOU
factor score for SI
Colleague
(Constant)
factor score for PU
factor score for PEOU
factor score for SI
Colleague
factor score for SI
Competitive pressure

Unstandardized
Coefficients
B
Std. Error
2,280E-02
,042
,733
,042
2,887E-02
,038
,532
,047
,349
,047
2,703E-02
,038
,504
,048
,394
,050

Standardized
Coefficients
Beta

,502
,392

,542
17,470
,753
11,372
7,457
,712
10,560
7,889

Sig.
,588
,000
,452
,000
,000
,477
,000
,000

,730
,530
,347

t

9,776E-02

,040

,099

2,431

,016

2,591E-02
,469
,327

,037
,049
,055

,467
,326

,691
9,624
5,991

,490
,000
,000

,122

,041

,123

3,007

,003

,144

,051

,145

2,848

,005

a. Dependent Variable: factor score for ATT

Table 49. Results of regression analysis (F_PEOU, F_PU. SI influencing F_ATT)
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As the variable F_BI was deleted from the research model, the subsequent relationship
(F_BI toward F_U) is not given any further consideration.

7.7.4.6 Newly examined relationships: Independent variables PU and ATT
influencing dependent variable U
Both the independent variables that influence the ‘U- Actual system use’ were analyzed
by means of the dependent technique already used earlier (Figure 45).
Factor: Perceived
usefulness
(F_PU)
Factor: Attitude
(F_ATT)

H new

Factor: Actual
system
use (F_USE)

H new

Figure 45. Relationships examined (Hnew)

The results in Table 50 show an R² of .336 of the total variance, no autocorrelation, as
the Durbin-Watson-Test does not show a conspicuous number, and the following Bcoefficients values: 0.273 for F_ATT and 0.360 for F_PU.
Model Summaryc

Model
1
2

R
R Square
,550a
,302
,580b
,336

Adjusted R
Square
,300
,332

Std. Error
of the
Estimate
,8506079
,8311448

Change Statistics
R Square
Change
,302
,034

F Change
118,824
13,983

df1
1
1

df2
274
273

Sig. F
Change
,000
,000

Durbin-Watson
1,457

a. Predictors: (Constant), factor score for PU
b. Predictors: (Constant), factor score for PU , factor score for ATT
c. Dependent Variable: factor score for U
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ANOVAc
Model
1

2

Regression
Residual
Total
Regression
Residual
Total

Sum of
Squares
85,973
198,248
284,221
95,633
188,589
284,221

df
1
274
275
2
273
275

Mean
Square
85,973
,724

F
118,824

Sig.
,000a

69,218

,000b

47,816
,691

a. Predictors: (Constant), factor score for PU
b. Predictors: (Constant), factor score for PU, factor score for ATT
c. Dependent Variable: factor score for U

Coefficientsa

Model
1
2

(Constant)
factor score for PU
(Constant)
factor score for PU
factor score for ATT

Unstandardized
Coefficients
B
Std. Error
-4,21E-03
,051
,560
,051
-9,34E-03
,050
,360
,073
,273
,073

Standardi
zed
Coefficien
ts
Beta
,550
,354
,269

t
-,082
10,901
-,187
4,918
3,739

Sig.
,935
,000
,852
,000
,000

a. Dependent Variable: factor score for U

Table 50. Results of regression analysis (F_PU, F_ATT influencing F_U)

7.7.5 TESTING AND DISCUSSION OF HYPOTHESES
After reviewing the organisational adoption and diffusion literature in chapter 2, the
author established a conceptual research framework, which is illustrated in Figure 23.
Considering the traditional Technology Acceptance Model of Davis (1989) as the basis
for this thesis, the model had to be adapted to the specific CoPS or TETRA context in
order to investigate the factors influencing TETRA technology acceptance. A qualitative
pre-study was conducted with twenty-four TETRA experts, with the TAM being
extended as a consequence. After having revised the ‘first’ research model, the author
proposed 13 hypotheses which were then empirically examined in a quantitative survey.
To test the proposed paths, the following steps were performed with the help of the
statistics software SPSS 8.0:
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•

Examination of data (frequencies, means, median, standard deviation)

•

Extraction of factors and combining of variable items (factor analysis)

•

Internal item consistency test (reliability analysis)

•

Check of mode of distribution regarding the dependent variables (histograms,
Kolmogorov-Smirnov test)

•

Check of multicollinearity between the independent variables (correlation
analysis)

•

Multiple linear regression analysis

The following section presents the results of the tested hypotheses. The significance
level of all statistical testing in this study was ascertained with small values between
0.05 and 0.01 in order to minimize the possibility of making a type 1 error. Based on the
pre-selected alpha level, the test results show a 95% reliability, which leads to the
rejection of the null hypothesis and acceptance of the alternative hypothesis that
population means are not equal (Hair et al. 1995). Moreover, research results from
either the most up-to-date TAM studies or related research models (i.e. user
acceptance of mandated technology (Brown et al. 2002)) are compared with the recent
findings of the present study.

7.7.5.1 Testing all hypotheses incorporating the variable BI (H1, H2, H3, H7, H8,
H9)
As the author had decided to examine the original Technology Acceptance Model of
Davis (1989), the variable ‘Behavioural Intention’ was also incorporated in this study. In
the most recent TAM studies, the variable BI measured user acceptance or, in other
words, system use, as the examined IT systems were not in use or implementation yet
(Bruner and Kumar 2005; Garrity et al. 2005; Saadé and Bahli 2005).
As this was not the case with the examined TETRA systems, user acceptance was
assessed with the help of the variable ‘U – Actual system usage’ in this thesis in order
to measure the frequency and intensity of system use.
After two BI-items had been combined into one factor in 7.7.2.6, the multiple regression
analysis examined the relationships between the predictors ‘Social influence’,
‘Perceived usefulness’, ‘Attitude’ and ‘Behavioural intention’ and the connection from
the independent variable BI toward ‘Actual System use’. Both coefficients of
determination (R² = 0.252 and R² = 0.189) fell below the limit of acceptability, as can be
seen in 7.7.4.3 and 7.7.4.4.
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Moreover, the results of subsequent tests that did not include the BI variable provide
statistically more significant end results.
Additionally, the correlation coefficients do not validate a high correlation as the values
are all below 0.50, as illustrated in Table 52 (Bühl and Zöfel 1995). All five TETRA
systems participating in the quantitative survey had been using the technology already
for at least 1 year. This may be the reason why the BI does not play a significant role in
the research model. As a consequence, the above-mentioned hypotheses are not
confirmed in this study.
The BI variable was no longer used in the testing of further hypotheses, as this has
already been done in previous TAM studies (compare Eikebrokk 1998; Karahanna and
Straub 1999; Lim 2001; Straub et al. 1997). The extended TAM examined by Ngai et al.
(2005) shows some similarities in terms of variable constructs to the research model in
this thesis, as the BI variable was also removed from that model. Additionally, the user
acceptance study of mandated technology (Brown et al. 2002) confirms the nonsignificant relationship between ATT and BI. A theoretical implication that can be drawn
is to include ‘behavioural intention’ as a dependent variable in the Technology
Acceptance Model only when the examined system is not in use yet.

7.7.5.2 Testing hypothesis 4: ‘Perceived Usefulness’ influencing the ‘Attitude
toward using the TETRA system’
The multiple regression analysis revealed that the predictor ‘PU - Perceived Usefulness’
– a factor combining seven items – has the highest beta-coefficient value (Beta = 0.47)
among the relationships towards the dependent variable ‘ATT - Attitude’. The
hypothesized path is also supported by the high correlation of the examined variables
(Beta = 0.728 at a p-value <0.01). Prior research has found that in workplace contexts,
usefulness is typically the primary driver of ATT.
A recent TAM study (Beta = 0.75) confirms the author’s findings regarding the positive
direct effect of PU on ATT (Ngai et al. 2005). As in the qualitative pre-study, the variable
‘Perceived Usefulness’ was stressed especially in terms of system features (compare
6.5.2.1), the author presents a few examples of statements from interviewed users and
consultants to highlight the importance of PU:
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The flexibility for the user as he does not need to know which channel to select. Voiceprotection (encryption) makes it possible for the user to have an open conversation with
his supervisors.
Speech quality and transmission capabilities.
Large networks are in operation and successfully implemented and core features and
services are available with IOP certifications.
The security features (mutual authentication, AI encryption, end-end encryption etc).
Fall-back mode on the base stations, DMO-gateway, DMO-repeater, or in other words,
the features that can help you make quick coverage in new areas.
Considering the reported statistical results above as well as the interview results, H4 is
supported. The second predictor of ATT is ‘Perceived Ease of Use’ and shows a lower
beta-value than PU. Consequently, a managerial implication is that system
manufacturers and providers should pay attention to the features the potential user
group requires according to their specific organisational environments and workflows.
Table 51 depicts the frequencies in terms of actual use of the ‘Short Data Services
(SDS)/status messaging’ feature measured for all the examined user organisations in
the quantitative survey. It confirms that the military and ambulance user groups are both
using this data feature frequently, in contrast to the fire fighters who are not benefiting
from the data transmission feature at all. 65% of the utility group and 83% of other
governmental users confirm that they are not using the SDS/status messaging feature
at all. In contrast to all the above- mentioned user groups not benefiting from the data
transmission possibilities for the time being, 60% of the utility users intend to apply the
SDS features in the future.

Count

User
Organisation

Total

Fire brigade
Police
Ambulance
Other government user
Utility
Military

Use of TETRA feature: SDS / status message
Very often
Often
Moderate
Rarely
Not at all
12
1
1
4
40
7
4
1
7
2
2
1
2
34
2
5
27
64
10
26
31
7
10
18
34
64
164

Total
12
46
19
41
98
74
290

Table 51. Cross tabulation: User Organisation * Actual use of TETRA feature SDS/status message
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More than 57% of the utility users state a great future need for the TETRA telephone
feature registering ‘missed calls’, but about 53% disagree on the future need for GPS
functionality.
For more details regarding the frequency and intensity of the actual TETRA system
features as well as the users’ future intentions see the frequency tables in Appendix 9.9.
The author underlines the importance of the ‘perceived usefulness’ of the TETRA
system – even when the system is mandatory – it plays a significant role in terms of
user attitude.

7.7.5.3 Testing hypothesis 5: ‘Perceived Ease of Use’ influencing the ‘Attitude
toward using the TETRA system’
Although the beta-coefficient of the independent variable ‘PEOU – Perceived Ease of
Use’ is lower (0.327) compared to the PU-predictor, the significance of this path is still
confirmed. Contradictory results may be found in recent TAM literature in terms of the
direct effect of PEOU on ATT. Shih (2004), for example, emphasizes the positive effect
of perceived ease of use on Internet utilization, and Ngai et al. (2005) on web course
tools. Incongruous research results derive from a TAM study on the implementation of
an enterprise resource planning (ERP) system as well as from a WWW acceptance
study where the PEOU was not confirmed as a significant determinant (Agarwal and
Prasad 1998; Amoaka-Gyampah and Salam 2004). The TAM examining a standardized
computer banking system in a mandatory use environment disconfirms a significant
relationship between PEOU and ATT (Brown et al. 2002). Although the attitude towards
the mandatory TETRA system in this underlying case is determined by the PU variable,
hypothesis 5 is supported by this thesis – given the correlation coefficient of 0.643 on a
0.01 level of significance and the beta-coefficient (0.327).

7.7.5.4 Testing hypothesis 6: ‘Perceived Ease of Use’ influencing ‘Perceived
Usefulness’
In contrast to Brown’s results (2002), where ease of use significantly determines
‘Perceived Usefulness’ (ß = 0,63), the beta-coefficient in this study is notably lower at
0.338. The variable ‘PEOU - Perceived Ease of Use’ was measured with a 7-item scale
in the survey and further 6 items have been combined to form one single factor with a
Cronbach alpha value of 0.77.
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The examples of interviewees’ statements are given below in order to provide a better
insight into the meaning of ‘Perceived Ease of Use’ within the TETRA context:

All the necessary services (group talk, 1-1 talk, PSTN talk, SDS and PDP) in the same
terminal.
Simplicity, it operates like a cellular with an alarm-button.
Ease of use for the end user. Most users catch up with TETRA pretty quickly similarities to GSM. Fall-back and DMO permit communication to work fast in new
areas.
Easy and self-explaining menus and functions.
Recent TAM studies, where IT-systems were examined in volitional environments,
confirm the positive effects of PEOU on PU with beta-coefficients of 0.37 (Ngai et al.
2005) and 0.28 (Saadé and Bahli 2005). The calculated beta-value in this study – which
assessed a mandatory technology - is within the range of the figures cited above. Thus,
the PEOU has a positive effect on PU in this TETRA study, which confirms H6.

7.7.5.5 Testing hypothesis 10/11: ‘Organisational facilitators’ and ‘Perceived
system interoperability’ as external variables influencing ‘Perceived
Usefulness’
Two external variables were examined in respect of the variable ‘Perceived Usefulness’
of the TETRA system. The multiple regression analysis explains a percentage of
variance of 42% considering the determinants PSI, OF and PEOU, while PSI has the
strongest impact with a beta-coefficient of 0.383 and PEOU is the secondary driver. The
predictor ‘OF – Organisational facilitators’ was operationalised with one component
combining 3 items in the factor analysis, but subsequently this variable was deleted in
the multiple regression analysis. The ‘PSI – Perceived system interoperability’ has been
very much stressed in the qualitative pre-study and therefore the author extended the
previous research model.
Some examples of interview statements are given here to emphasize the importance of
this external variable:

Common ETSI standard and interoperability with other TETRA manufacturers make
equipment costs continually reducing and the TETRA standard is becoming more
affordable/cost effective, especially in comparison with rival technologies such as APCO
25 and Tetrapol.
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Not yet universally adapted, unfortunately due to ‘competition’ from proprietary
TETRAPOL technology. France being major market for Public Safety has not adapted
TETRA. This causes that Germany does not take standardized TETRA as the
nationwide Public Safety standard and interoperable solution.
At present not all TETRA equipment manufacturers' equipment is compatible despite
the common ETSI standard, especially in terms of switches. This obviously defeats the
apparent advantages over rival technology systems i.e. APCO 25 and Tetrapol.
Interoperability of TETRA should be a prerequisite before equipment is released to the
market.
We expect that the TETRA-system can add value to our Oil & Gas operations with the
establishment of a single mobile radio platform capable of integrating all users to
provide voice and data services. It also opens up the platform for many applications
now and in the future that will extend the life expectancy of the installed base. The open
standard, security and spectrum efficiency make it the best choice of technology for
many mission critical users.
Public safety communication within police, fire, ambulances, and military police for joint
operations in disasters.
Considering the correlation coefficient of 0.584 on a 0.01 level of significance as well as
the beta-value of 0.383, hypothesis 11 is fully supported. A theoretical implication that
can be drawn is that this specific external variable plays a considerably important role in
the CoPS context. The complex products and systems usually incorporate customized
sub-systems, components and a high level of system hierarchisation, for which reason
component and interface compatibility is required (Hobday 1998).
The OF variable – which incorporates the issues technical support, training and user
documentation – does not show any influence in this study. Thus, hypothesis 10 is not
supported. The author concludes that the OF variable has no determining impact on PU
when the system is already in the implementation phase.
But as the OF factor affects the Perceived Ease of Use as is explained below, the
managerial implication may be that TETRA system training should not only focus on
technical details, but also on the usefulness of the system as this indirectly influences
the positive attitude towards TETRA technology and its acceptance.
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7.7.5.6 Testing hypotheses 12/13: ‘Organisational facilitators’ and ‘Perceived
system interoperability’ as external variables influencing ‘Perceived Ease
of Use’
In summarizing the multiple regression analysis, the predictors PSI and OF explain 45%
(R²= 0.448) of the total variance and present the following beta-coefficients: 0.566 and
0.196. Among the two external variables influencing ease of use, the determinant PSI is
the primary driver (see also the correlation coefficient of 0.650 in Table 52). This once
again underlines the importance of system interoperability.
With regard to training and technical support, it may be concluded that these kinds of
‘Organisational facilitators’ may act as supporting mechanisms for ease of use even
when the technology is already in the implementation or confirmation stage. Thus, both
hypotheses are supported in the TAM context. Additionally, the TAM literature states
that supporting mechanisms such as trainings programs and materials should provide a
holistic view of the IT systems and not only explain the technical system characteristics
and functionalities, which may increase the perceived ease of use because in the
mandatory context the formation of initial attitudes is driven by the perceptions of
usefulness to a lesser degree by ease of use as it can be observed in this study (Brown
et al. 2002).

7.7.5.7 Testing new hypotheses: ‘Social Influence’ influencing the ‘Attitude
toward using the TETRA system’
After analyzing the qualitative interviews, the author included the predictor ‘SI – Social
Influence’ in the research model. The SI variable was measured with an 8-item scale in
the questionnaire considering supervisor (SI SUP), peer group (SI COLL) influence and
market pressure (SI COMP). In the multiple regression analysis all analyzed predictors
towards ATT explain 63% of the total variance. Apart from the strongest drivers - PU
followed by PEOU – the peer group (ß = 0.122) and competition (ß = 0.144) show a
positive effect. An interesting result in this context is that the managerial support was
not revealed as an influencing factor, as it was reported by Brown (2002). Additionally it
has to be noted that the supervisor influence on the ATT variable shows a negative
correlation coefficient.
The influencing effect of competitive pressure may be related to the peer group effect,
as in the TETRA context several different user organisations within a TETRA system
may be seen as competitors and peers at the same time.
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So, for example, the divergent user groups examined from the State of Jersey (fire
fighters, ambulance, police, etc.) may belong to different organisations, but still all use
one common TETRA system. In the case of critical mission operation, they are forced to
work together as one ‘peer group’. Considering the newly defined hypotheses, the
affects of SI COLL and SI COMP are positively confirmed, while the supervisor
influence on ATT is not supported. The suggestion in managerial terms that can be
given here is to support the formation of user groups and best practice sharing, as this
may engender a positive attitude towards the technology and its use.

7.7.5.8 Testing new hypotheses: ‘Perceived Usefulness’ and ‘Attitude toward
using the TETRA system’ influencing ‘Actual system use’
As the BI variable was removed, the ‘new’ relationships between PU and ATT towards
the ‘U – Actual system use’ had to be examined. Among all coefficients of determination
in this study, the R² value is the lowest with 0.336 (Table 50). The beta-coefficients
(0.360 ; 0.273) are shown in the model summary in Table 50. Ngai et al. (2005) report
an R² value of .12 and disconfirm the relationship between ATT and U (ß = 0.06).
Recent TAM studies which measure system use with the BI construct as the technology
is not in use yet report R squared values of 0.26 (Saadé and Bahli 2005), 0.44 (Ong et
al. 2004), 0.47 (Shih 2004) and 0.58 (Hu et al. 2005). The statistical results from the
multiple regression analysis confirm the estimated paths of the newly established
hypotheses.

7.7.5.9 Summary of hypothesis testing
All the hypothesized paths from the revised research model as well as the new
hypotheses that were added during the statistical data analysis are shown in Table 52.
The confirmed relationships are hallmarked ‘grey’ in the table below. In addition, the
revised research model is illustrated, including the coefficients of determination and the
corresponding beta-values calculated in the various multiple regression analyses
(Figure 46).
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Predictor →
Dependent
Variable

H1
H2
H3
H4
H5
H6
H7
H8
H9
H 10
H 11
H 12
H 13
Hnew
Hnew
Hnew
Hnew
Hnew

BI → U
ATT→ BI
PU → BI
PU → ATT
PEOU → ATT
PEOU → PU
SI SUP → BI
SI COLL → BI
SI COMP→ BI
OF → PU
PSI → PU
OF → PEOU
PSI → PEOU
SI SUP → ATT
SI COLL → ATT
SI COMP → ATT
PU → U
ATT → U

Correlation

Beta70

t-value

Sig.

Corr.
Coeff.71

#72
#
#
,469
,327
,338
#
#
#
#
,383
,196
,566
#
,122
,144
,360
,273

#
#
#
9,624
5,991
5,619
#
#
#
#
6,209
3,927
10,973
#
3,007
2,848
4,918
3,739

#
#
#
,000
,000
,000
#
#
#
#
,000
,000
,000
#
,000
,000
000
000

,434**
,289**
,194**
,728**
,643**
,580**
,211**
-,091
,342**
,343**
,584**
,462**
,650**
-,193**
,002
,544**
,546**
,520**

Sig.
,000
,000
,001
,000
,000
,000
,000
,121
,000
,000
,000
,000
,000
,001
,977
,000
,000
,000

Relationship
confirmed

Hypotheses

Multiple Regression

No
No
No
Yes
Yes
Yes
No
No
No
No
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes

Table 52. Summary of analyses conducted for hypotheses testing

70

Unstandardised beta coefficient analysed in multiple regression analysis
Pearson correlation coefficient between predictor and dependent variable. ** means that correlation is
significant at the 0.01 level (2-tailed).
72
# means that this path is not relevant any more as the BI variable is removed from the research model
71
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R² = 0,34
,34

R² = 0,42
,42
Perceived
system
interoperability

,38

Perceived
usefulness

,36
,47
Attitude

,57
,34
Organizational
Facilitators

,20

Actual
system
use

,27

,33

Perceived
ease of use
,14

,12

R² = ,63
0,63

R² = ,45
0,45
Competitive
pressure

Peer usage

Figure 46. Presentation of results within the revised research model73

7.7.6 ANSWERS TO RESEARCH QUESTIONS
The answers to both research questions raised in chapter 1.8.2 are briefly summarized
below. Based on the qualitative as well as quantitative research findings in this study, it
can be confirmed that the original Technology Acceptance Model - which has already
been tested with various applications since its inception – is applicable in the CoPS
context. Nevertheless it must be added that an extension of the model is imperative
when applying it to such a specific context. In addition to Davis’ (1989) core constructs
PEOU, PU and ATT, the author places an emphasis on the variables ‘Perceived system
interoperability’, ‘Organisational facilitators’, Peer group usage’ and ‘Competitive
pressure/Customer references’ as further influencing factors of the acceptance of
TETRA technology by the users.

73

It has to be noted that the factor ‘BI – Behavioural Intention’ was removed from the revised research
model.
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8 FINAL CONCLUSIONS

8.1 SUMMARY OF KEY FINDINGS
Based on the current paradigm for technology acceptance of information systems, this
doctoral thesis investigated the influence of perceptions of system interoperability,
organisational facilitators, perceptions of the usefulness and/or ease of use of the
system, the attitude towards this CoPS system, and the perception of social influence
on user acceptance.
The results of both the qualitative and quantitative studies confirm the applicability of the
original Technology Acceptance Model to the specific CoPS context, a TETRA system.
Davis’ (Davis 1989) core constructs – perceived usefulness, perceived ease of use,
attitude towards the system – were confirmed in the quantitative field study. As argued
in the literature, attitude should continue to be used in subsequent research (van der
Heijden 2003). The non-significant influence of behavioural intention, which led to the
elimination of the variable, may be attributed to the implementation/use status of the
examined TETRA systems. The extension of the TAM was also validated by its
highlighting of the strength of the chosen external variables (organisational facilitators,
perceived system interoperability) and the addition of several social influences to the
empirical assessment.

8.2 SCIENTIFIC CONTRIBUTION
As opposed to preceding studies on technology acceptance, this study examined a
specific case of complex products and systems, which has so far been a neglected area
in diffusion literature. This thesis is one of the first studies known to the author that
applies the original TAM to a domain other than the common TAM applications such as
e-mail or other simple software systems. The results of this study indicate that the
widely approved TAM offers researchers a theoretically grounded model that can be
used to predict the degree of system acceptance as measured by self-reported system
use.
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Most of the previous TAM studies tested the acceptability of information systems that
had not been deployed yet.
This paper examined five existing TETRA systems which are actually deployed and in
use. Here, the TAM findings are interesting because the model offers researchers
relatively simple means of predicting system acceptability, regardless of whether or not
the system is in actual use. According to the author’s opinion, the TAM approach seems
to be a system evaluation tool that is applicable throughout the whole system lifecycle.
Lederer et al. (2000) have insisted on the further development of different factors or
variables to better explain information systems use. The conventional TAM item
constructs have been adapted and extended in line with the results of the qualitative
pre-study. For example, the variable perceived usefulness was measured with four
traditional TAM items, four further CoPS items - an eight item scale in total. The breadth
and depth of the item constructs confirm the valuable contribution of the qualitative
interviews with TETRA experts. One factor determining TETRA acceptance – perceived
system interoperability – can be attributed to the CoPS characteristics described by
Davies (1998): due to the level of system hierarchisation, component and interface
compatibility with future technologies or standards is an important criterion. The underresearched area of CoPS provides an important insight regarding the variable
‘operationalisation’, as the item constructs and determined variables in this study may
be further examined in future CoPS studies.
With respect to the published CoPS literature (Belleval 2002; Davies and Brady 1998;
Flowers and 2000; Goldenberg et al. 2001; Hobday 1998; Hobday and Rush 1999;
Lemley 1992; Paoli and Prencipe 1999), it can be said that this field of research is still
under-researched. While other CoPS studies primarily focus on the organisational
perspective, this thesis investigated CoPS acceptance by individuals.
Another theoretical contribution of this study is its application in a mandatory
environment. The only prior TAM study known to the author examining user acceptance
in a non-volitional context is the article of Brown et al. (2002). In line with his research
results, the author confirms that the perception of usefulness is the key antecedent of
attitude, in contrast to volitional settings where perceived usefulness is the primary
driver of behavioural intention (Davis 1989).
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According to the research findings of the user acceptance of a standardized computer
banking system, the TETRA study also reveals a non-significant relationship between
attitude and behavioural intention (Brown et al. 2002).
Two relationships in this thesis show dissimilar results when compared to the abovementioned TAM publication: perceived ease of use showed a stronger significance
towards attitude, but a far weaker influence towards perceived usefulness. This piece of
research thus provides further insights into user acceptance of mandated technologies.

8.3 MANAGERIAL IMPLICATIONS
For practitioners, this research provides an extensive survey examining the acceptability
of various TETRA systems used by different user organisations in different geographical
locations. The data resulting from this thesis suggest that a TETRA system’s usefulness
is the key to user acceptance. Although user friendliness (ease of use) and technical
support and training (organisational facilitators) are important supporting mechanisms
for acceptance, the primary concern should be on how TETRA communication
technology enhances performance and effectiveness in day-to-day operation. As
reported in (7.7.5.2 Testing hypothesis 4: ‘Perceived Usefulness’ influencing the
‘Attitude toward using the TETRA system’) the perceptions of the system’s usefulness –
especially the usefulness of various system features/functionalities – depend on the
user group organisations and their workflows. Technology extends our capabilities, but

organizing to do things together is still a human capability (Lipnack and Stamps 1997).
The author emphasises the importance of a step-by-step task analysis with the end user
organisations in order to ensure that the TETRA system addresses the key aspects of
the user’s job and/or is designed to support it.
The direct relationship found to exist between organisational facilitators such as training,
user documentation/manuals and perceived usefulness indicates that the user
organisation’s implementation efforts are valuable to the end user. On the basis of the
research results, the author recommends user training to be designed in a holistic way.
Training with respect to features, functionalities and technical system details only
improve the perceptions of usability. It is thus necessary to highlight the technology’s
benefits for the user during training in order to engender perceptions of the system’s
usefulness, as it is usefulness that determines a positive attitude towards the
technology.
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Brown (2002) argues that training programs need to go beyond instructions on which
‘button to push’. The author would like to stress that users need to know why they are
pushing a particular button, how using a system feature will change the way they
perform their jobs, and how using a certain functionality or application will impact other
people’s job performance. Thus, in a mandatory context, the organisation must make an
effort to engender positive attitudes toward the technology and its use. In order to
influence the formation of initial attitudes the organization should positively support the
perception of usefulness. Examples of such supporting mechanisms may include
training, formal announcements, managerial support, or the formation of user groups.
As a result of scientific discussions with research fellows at the Erasmus University
Rotterdam, the determinant ‘social influence’ was included in the research model. The
fact that this was the right decision was confirmed already during the expert interviews.
Relationships between peer group influence as well as competitive pressure by other
user organisations (customer references) and attitude towards the TETRA system were
confirmed in the quantitative study. The examined digital communication system
supports various workflows within the user’s own organisation, but also in cooperation
with ‘competitive organisations’, such as when fire fighters communicate with other
public safety users during disaster operations. Therefore, peer influence is an important
criterion that should be supported by the management of the organisation. This is all the
more relevant as this study reveals that the influence of supervisors regarding the
acceptability of the mandated TETRA system is not significant. Moreover, the
correlation coefficient between the influence of superiors and attitude towards TETRA
depicts a low, negative relationship. Practitioners should pay attention to the fact that
the consequences of negative attitudes are potentially profound in a mandatory
situation. Such negative effects may include misinterpretations about the system’s
benefits, sabotage, or employee separation from the organisation. Although Melone
(1990) clearly states that it is possible to have an effective information system without
positive attitudes or users’ satisfaction in a mandated context, the author considers the
acceptance of TETRA successful only when the system is fully deployed and/or fully
used in terms of features, functionalities and applications. Thus TETRA system
vendors, TETRA application designers and standardization bodies should guarantee
continuous development of the technology.
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The user organisations should ensure that the system is accepted and used correctly by
the intended target users in order to realize productivity gains.

8.4 LIMITATIONS AND RECOMMENDATIONS FOR FUTURE RESEARCH
Theories which are relatively unbounded have a higher level of generalizability than
those bounded in both space and time.
But if a theory is to be properly tested or used, the author’s assumptions that form the
limitations of the theory must be understood (Bacharach 1989).
This doctoral thesis examined the Technology Acceptance Model by applying the widely
proven model to a new domain within the diffusion literature. Even after an in-depth
review of the adoption and diffusion literature, a qualitative pre-study and an empirical
assessment of the research model in quantitative terms, this study shows some
limitations which are described in the section below. In addition, the author gives some
directions for future research.

•

Research design

One of the limitations of this study concerns the sampling frame. A major problem of the
non-random sampling method used is that the selected TETRA networks are not
necessarily representative of the whole TETRA community, a problem that could have
been avoided by using a probability sample. However, the random sampling technique
is inappropriate for this study, since only 40% of the TETRA projects in Europe and
Africa have so far put the TETRA technology into operation (implementation/usage
stage) (compare Appendix 9.1). Taking a probability sample would entail the risk of
having a too small percentage of various user organisations using the technology
steadily among the respondents leading to problems in comparing user organisations
with non-user organisations. However, given the characteristics of the purposefully
chosen networks, the results are certainly of analytical value.
This study has some restrictions in regard of the dynamics of factors affecting
innovation acceptance. The literature proposes driving factors in the acceptance of
innovations that will change over time as the diffusion process continues (Waarts et al.
2002). Thus, the second limitation of this study is the particular time of empirical
assessment.
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Firstly, the author examined already implemented TETRA systems and measured their
acceptance by the actual usage. Secondly, the implication of the dynamics is not
addressed here as no longitudinal field study was performed. A possible future research
path could be the examination of the extended research model with respect to a
random-sampling technique. When applying such a sampling method, actual TETRA
users as well as non-TETRA users would be included in the sampling frame. With
respect to the dynamics of influencing factors, the author suggests several points of
time for measuring the TETRA acceptance, i.e. a so-called longitudinal study.
An interesting temporal aspect for further TAM testing could be the time before system
implementation (tender phase), the time of trial system use (trial phase) and before/after
the introduction of new software functionalities or hardware devices (continuous usage
phase).

•

CoPS research domain

The respondents of the quantitative survey were end users having different TETRA
terminals in daily use. 58% of the respondents were used to communicating with
handheld radios, 35% with mobile radios (vehicle mounted radios), while 7% worked
with command and control centre devices. As the acceptability of the CoPS system was
measured by the actual use of the terminal, the system’s functionalities and features, it
has to taken into consideration that individual acceptance is influenced to some extent
by the terminal type the end user works with. The author confirms the valuableness of
the item-scale used to measure the frequency and intensity of TETRA use, but also
doubts whether it is fully applicable to other examples of CoPS. Therefore a limitation of
this study may be the generalizability of the research results regarding other CoPSs.
The assessment of TAM with other candidate CoPSs either in the volitional or
mandatory environment would be a possible future research path.

•

Theoretical model

This research study based on the original TAM measuring user acceptance may be
classified as belonging to the individual level. The variables incorporated later –
perceived system interoperability, organisational facilitators, and social influences – may
be categorized as belonging to the organisational level.
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The ‘behavioural intention’ variable was removed after data analysis revealed its nonsignificant influence. Most IS researchers who reduced or extended the variables in the
model maintained the TAM by definition. In line with this approach, the author would
liket to indicate that the revised research model includes influencing factors derived
from different levels, theoretically still defined as version of the TAM and not as a new
theoretical model.

•

Variable operationalisation

As already mentioned above, the self-reported use data in this study may constitute
another restriction as the use reported by the individuals may not be equal to the real
use measured by the network management system. Nevertheless, the widely used selfreported measurement method for system use was relied upon for the purposes of this
study. The author suggests a comparison to be made between the use self-reported by
a TETRA end user and the use data that may be registered in the TETRA network
management system. With respect to measuring both the frequency and intensity of
system use, the multiple operationalised items were difficult to combine into factors in
order to evaluate the frequency and intensity of use in the TETRA system. Therefore
the items should be discussed with experts in the field in order to guarantee that the
variables are well operationalized.
The application of TAM in the TETRA context required an adaptation of the traditional
item constructs in order to accurately operationalise the variables. As the perceptions of
the system’s and technology’s usefulness are important drivers for TETRA acceptance,
the author suggests to apply the task-technology-oriented view to the TAM (Goodhue
and Thompson 1995). The above-mentioned ‘task-technology-fit factors’ or – more
recently described as ‘task-support satisfaction’ variables – should be paid attention to
in future research paths (Garrity et al. 2005).

•

Quantitative data collection method and analysis

The data collection activity for this study was time-consuming because the author could
not influence the data collection directly as it was carried out by the TETRA project
managers of each examined system.
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The decision for a random sampling technique could lead to an online-survey technique
in a future research approach provided end users have access to Internet and e-mail
systems.
Data analysis as performed with the support of the SPSS 8.0 statistics software may be
seen as another limitation. Recent research models applying the technology acceptance
model use structural equation modelling (SEM) with the help of statistical software tools
called AMOS, EQS, LISREL or M+ for data analysis. This suggested modelling analysis
allows researchers a comprehensive means of assessing and modifying theoretical
models on a substantive basis, thus offering a great potential for furthering theory
development and testing (Amoaka-Gyampah and Salam 2004; Ngai et al. 2005).

8.5 FINAL NOTE
About seven years after the first ideas for TETRA standardization appeared in 1995,
this doctoral thesis was started from a practitioner’s point of view. Today, TETRA
release 1 standardisation is almost complete and has reached 100% acceptance from
all involved European governments. Although the TETRA technology is fully available,
complete acceptance or, in other words, intense use has not been observed within the
examined projects. Previous technology acceptance studies found that the perception of
the usefulness of a system is the primary driver for the attitude towards system use. As
long as end users do not take advantage of the benefits of the technology in their dayto-day work, the organisation may not experience any productivity gains on account of
the acquired TETRA system. Influencing factors, such as social influences or system
interoperability, as revealed by the study are significant supporting mechanisms that
determine the positive attitude of end users towards the system. For this reason, these
determinants have to be actively supported by TETRA practitioners.
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9 APPENDIX

9.1 TETRA PROJECTS
The following table lists all the TETRA networks known to the author, together with the
following information:








Project name
Year of contract award (acquisition)
Type of user group (Public safety services (PSS), Utilities, Airport, Public
Transport, Authority, and Military)
Country
Name of supplier
Number of radio base stations.

It has to be noted that the information gathered is derived from press releases,
reference lists, etc. mainly published on the Internet (compare References and
Information on the WWW in 10.1). Here, the author emphasizes the importance of the
project status of a TETRA project as it may be in a status of ‘contract award/acquisition’,
or ‘in operation/deployment’ (compare Organisational assimilation of innovations in 3.4).
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9.2 INTRODUCTION LETTER – QUALITATIVE STUDY, BRUSSELS 2003

PhD Research Project

Dear MoU Member!
I would like to take the opportunity of conducting a qualitative interview with you - as a
TETRA expert - for my PhD research project.
The topic of my dissertation is ‘Technology Acceptance of Complex Products and Systems
Applied to TETRA’. The primary objective of this interview is to find out the relevant factors
and determinants that influence TETRA acceptance by the user.
For this reason I am asking you today to sacrifice a few minutes of your time during the
AGM 2003 in Brussels and thus make a valuable contribution to my research project.
If you want to receive a copy of the results of my doctoral thesis, send an e-mail to
h9416736@wu-wien.ac.at. Please note that the answers will be treated anonymously and
will only be used for scientific purposes.
Thank you in advance for your co-operation !

Yours sincerely
Christina Hainbuchner
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9.3 INTERVIEW GUIDELINE – QUALITATIVE STUDY, BRUSSELS 2003
•

Which of the following best describes your organisation and what is your
function?
Organisation:
TETRA manufacturer
TETRA supplier
TETRA operator
TETRA user organisation
Regulator
Consultant
TETRA forum / TETRA interest group

Function:
Corporate Management
Operations/Administration Management
Technical /Engineering Management
Sales / Marketing
Others – please specify:

•

Which factors, features, or functionalities of a TETRA system enhance your
job performance?

•

Which characteristics of a TETRA terminal make the use free of effort?

•

Which tasks or workflows do you perform with TETRA technology?

•

Would you be interested in evaluating and testing the TETRA acceptance in
your organisation?

•

Please state 2 good things about TETRA technology and 2 bad or unhelpful
things?

•

What do you think are the main advantages / disadvantages of a TETRA
terminal?
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9.4 INTERVIEW ANSWERS– QUALITATIVE STUDY, BRUSSELS 2003
• Good things about TETRA technology
[R1. TETRA consultant, Corporate Management: Multi Vendor Supply, Broad
Functionality, Group working, Person to Person Telephony, Short Data Service, Status
Data, Circuit Data, Packet Data, Direct Mode]
[R2. TETRA interest group: Group communication in a cellular network structure,
Security, Priority functions]
[R3. TETRA interest group, Corporate Management: Multivendor supply, High
functionality]
[R5.TETRA manufacturer, Technical/Engineering Management: Interoperable (Network
can be shared among organisations), Voice + Data]
[R6. TETRA manufacturer, Sales/Marketing: Multi vendor standard, Competition under
manufacturers]
[R7. TETRA user, Technical/Engineering Management: Large networks are in operation
and successfully implemented and core features and services are available with IOP
certifications]
[R8. TETRA operator: features and quality of service]
[R9. TETRA consultant: TETRA introduces the possibility for user organisations to bring
new operational and business benefits into their business. Others secure
communication with various levels of encryption]
[R10. TETRA operator, Technical/Engineering Management: TETRA is as technology
up to its tasks with the security features and the fast access. It is the perfect
communication means for the PSS market. Open standard, joint cooperation of different
manufacturers to complete the standard and to meet the requirements of the users]
[R11. TETRA manufacturer, Sales/Marketing: TETRA is the sole real digital standard in
the PMR market. Effective effort from ETSI and manufactures to update continuously
the technology]
[R12. TETRA manufacturer, Corporate Management: multi vendor, standard]
[R13. TETRA manufacturer, Sales/Marketing: Common frequency band for Public
Safety in Europe. Technology is taking up in other regions of the world. Multiple sources
of all elements like terminals, infrastructure and peripherals / applications]
[R14.Consultant, Corporate Management: International Standard (ETSI), feature and
facility-rich]
[R15. TETRA user, Corporate Management: Open standard and multi vendor ship]
[R16. TETRA consultant, Corporate Management: multi vendor and competing
procurements lower prices]
[R17. TETRA supplier, Operations/Administration Management: Open (ETSI) standard,
Breadth & depth of features supported by the technology]
[R18. TETRA consultant, Technical/Engineering Management: Powerful PMR
functionality, Multivendor]
[R19. TETRA consultant, Technical/Engineering Management: Common ETSI standard
(interoperability with other TETRA manufacturers), Equipment costs are continually
reducing and the TETRA standard is becoming more affordable/cost effective,
especially in comparison with rival technologies such as APCO 25 and Tetrapol]
[R20. TETRA user, Technical/Engineering Management: The flexibility for the user
since he does not need to know which channel to use. Voice-protection (encryption)
which makes it possible for the user to have an open conversation with his supervisors]
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[R21. TETRA user, Operations/Administration Management: Speech quality and
transmission capabilities]
[R22. TETRA manufacturer, Corporate Management: Perfectly designed for mission
critical communication users. Open protocol and multi terminal vendors as well as
infrastructure vendors in the market]
[R23. TETRA consultant, Technical/Engineering Management: The security features
(mutual authentication, AI encryption, end-end encryption etc). Fall-back mode on the
base stations, DMO-gateway, DMO-repeater, or in other words, the features that can
help you make quick coverage in new areas]
[R24. TETRA user, Operations/Administration Management: Encryption. Switching oneto-one and group calls]

• Bad things about TETRA technology
[R1. TETRA consultant, Corporate Management: Slow Roll Out of functionality,
especially data. Not available to North American users due to IPR]
[R2. TETRA interest group: Easy to jam, lack of products with all standardized
functions]
[R3. TETRA interest group, Corporate Management: Delay due to multivendor supply
and high functionality (IOP feature release), slow availability of features (V + D
simultaneous)]
[R5.TETRA manufacturer, Technical/Engineering Management: Too expensive,
Dominated by two major players]
[R6. TETRA manufacturer, Sales/Marketing: Complex IOP procedures, Standard
incomplete e.g. dispatch interface, interface between Base station and Switch]
[R7. TETRA user, Technical/Engineering Management: Only 2 manufacturers
considered as leaders in TETRA and possess more than 85% of market share. The
market did not pick-up as expected (slow), hence, other TETRA products are limited or
do not exist (DMO/Gateway)]
[R8. TETRA operator: small market, slow development of standards, implementation,
TIP/IOP manufactures trying to block each other instead of trying to progress]
[R9. TETRA consultant: Encourages potential users to set unrealistic levels of
expectation in terms of what can be delivered now (over-hyped). Perception needs
managing. It opens up so many areas of possibility that communicating messages
defending and information is very difficult]
[R10. TETRA operator, Technical/Engineering Management: to complete the standard
takes lots of time and to implement all the written functionalities. Low data rate even for
small applications]
[R11. TETRA manufacturer, Sales/Marketing: difficult on the standardization of all the
features. Delay on development of the performances is announced by the market]
[R12. TETRA manufacturer, Corporate Management: relative high entry cost and lack of
government support]
[R13. TETRA manufacturer, Sales/Marketing: Not yet universally adapted, unfortunately
due to ‘competition’ from proprietary TETRAPOL technology. France being major
market for Public Safety and it has not adapted TETRA. Thus causing Germany not to
standardize TETRA as the nationwide Public Safety standard and interoperability
solution]
[R14. TETRA consultant, Corporate Management: Not as well developed and
interoperable as marketing sometimes suggests]
[R15. TETRA user, Corporate Management: price, low data capacity]

Page 186 of 241

Appendix

[R16. TETRA consultant, Corporate Management: Lack of available functionality, slow
implementation due to complex technology]
[R17. TETRA supplier, Operations/Administration Management: Implementation of the
technology is not mature enough, complexity and cost of implementing features means
that very few infrastructures support all the essential features]
[R18. TETRA consultant, Technical/Engineering Management: Some of the functionality
promised many years ago is still not here (e.g. simultaneous voice and data). TETRA is
perceived as relatively expensive]
[R19. TETRA consultant, Technical/Engineering Management: At present not all TETRA
equipment manufacturers' equipment is compatible despite the common ETSI standard,
especially in terms of switches. This obviously defeats the apparent advantages over
rival technology systems i.e. APCO 25 and Tetrapol. Interoperability of TETRA should
be a prerequisite before equipment is released to the market]
[R20. TETRA user, Technical/Engineering Management: The digital narrow-band
technology has ‘digital holes’ caused by multi-path. The technology has too many
possibilities to develop ‘specialities’ under the standard, giving proprietary solutions as
result]
[R21. TETRA user, Operations/Administration Management: Costs and no pager for
alarming availability]
[R22. TETRA manufacturer, Corporate Management: TIP certification does not give any
value assurance to the customers due to the fact that this is only a test between similar
brands of terminals and not multi brands of terminals on a network. TETRA is basically
designed only for relatively high density communication requirements (4-slot TDMA). As
mission critical users have a large coverage area but typical low density use there
should be a solution for large area systems in remote areas]
[R23. TETRA consultant, Technical/Engineering Management: No support for
over/underlay cells (often called umbrella support in GSM). And no terminals with an
adaptive equalizer (RX class E in ETS 300-392-2)]
[R24. TETRA user, Operations/Administration Management: Not direct on air, waiting
time due to the digital signal like with a satellite phone]

• Advantages of a TETRA terminal
[R1. TETRA consultant, Corporate Management: High Functionality, Small Size (second
generation)]
[R2. TETRA interest group: small, functionality]
[R3. TETRA interest group, Corporate Management: functionality in small size,
Telephone and PMR features in one unit, Data capability]
[R5.TETRA manufacturer, Technical/Engineering Management: DMO, PEI interface]
[R6. TETRA manufacturer, Sales/Marketing: Robust with good voice, noise separation
due to vocoder]
[R7. TETRA User, Technical/Engineering Management: Open standard with DMO, user
friendly, voice clarity is high in noisy environment, small in size, DGNA]
[R9. TETRA consultant: multi functional, voice and data terminal + services, MUI similar
to cellular devices, long battery life, new battery technology, easier / lighter to carry]
[R10. TETRA operator, Technical/Engineering Management: different vendors provide
solutions for each users needs]
[R11. TETRA manufacturer, Sales/Marketing: multi vendor market]
[R12. TETRA manufacturer, Corporate Management: Combined Walkie Talkie
/SMS/Data terminal]
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[R13. TETRA manufacturer, Sales/Marketing: Small size, wide variety of user driven
functionality, multiple sources of products in a true multi-vendor market drives product
innovation and competitive pricing]
[R14. TETRA consultant, Corporate Management: Many useful features and facilities, it
works in Direct Mode - no other system does]
[R15. TETRA user, Corporate Management: No practical experience]
[R16. TETRA consultant, Corporate Management: size and relative costs to U.S.
market, factor 3:1]
[R17. TETRA supplier, Operations/Administration Management: Choice of terminals there are at least 8 suppliers]
[R18. TETRA consultant, Technical/Engineering Management: Ruggedized terminals
and availability of direct mode]
[R20. TETRA user, Technical/Engineering Management: Automatic channel selection
when moving in areas with coverage from several base stations]
[R21. TETRA user, Operations/Administration Management: Communication within all
emergency and public safety organisations. No interception possible]
[R22. TETRA manufacturer, Corporate Management: Encryption up to end-to-end
integration]
[R23. TETRA consultant, Technical/Engineering Management: All the necessary
services (group talk, 1-1 talk, PSTN talk, SDS and PDP) in the same terminal]
[R24. TETRA user, Operations/Administration Management: Simplicity, operates like a
cellular, alarm-button]

• Disadvantages of a TETRA terminal
[R1. TETRA consultant, Corporate Management: Limited connectivity to peripherals,
especially data]
[R2. TETRA interest group: Not robust enough, battery-life]
[R3. TETRA interest group, Corporate Management: Weight compared to GSM]
[R5.TETRA manufacturer, Technical/Engineering Management: Customization too
complex and complicated, SW-update not possible in the field]
[R6. TETRA manufacturer, Sales/Marketing: MMC often complicated and differs from
supplier to supplier, Sepura has e.g. three different modes: PMR, Telephone and PABX]
[R7. TETRA user, Technical/Engineering Management: only one vendor that produces
intrinsically safe units for gas & chemicals industries]
[R8. TETRA operator: battery life (also when not used for some time)]
[R9. TETRA consultant: too many features and too complicated. It cannot replace a
GSM phone for full personal/business communications]
[R10. TETRA operator, Technical/Engineering Management: the disadvantages tend to
disappear with the coming of the 2nd generation terminals.1st generation terminals
were big, heavy, short battery time. Thus, this is all gone with 2nd generation terminals]
[R11. TETRA manufacturer, Sales/Marketing: difficulty on real standardisation]
[R13. TETRA manufacturer, Sales/Marketing: Lower sales volume causes continual
pressure from users to compare with cellular pricing and shorten product renewal
cycles]
[R14. TETRA consultant, Corporate Management: Not many networks deployed yet
compared to GSM]
[R15. TETRA user, Corporate Management: No practical experience]
[R16. TETRA consultant, Corporate Management: Health perceptions by some users
due to exposure]
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[R17. TETRA supplier, Operations/Administration Management: There is a limited
choice of intrinsically safe terminals and end-to-end encryption. Very few applications
available, PEI implementations differ between suppliers. Difficult to understand real
capabilities of a terminal (there is still too much sales hype) and not all terminals (or
infrastructures) are available in all TETRA frequencies}
[R18. TETRA consultant, Technical/Engineering Management: Still not as small/light as
GSM, battery life shorter than GSM, multi-slot data likely to fry the terminal]
[R20. TETRA user, Technical/Engineering Management: The radio is silent if the signal
is too poor (too much BER) to decode the TETRA speech (the radios should have
comfort-noise to ‘inform’ the user that he is in a ‘bad’ position and that he should try to
move a bit]
[R21. TETRA user, Operations/Administration Management: Complete substitution of
existing technique]
[R22. TETRA manufacturer, Corporate Management: Too few terminals are available
and suitable for mission critical users which is the main market]
[R23. TETRA consultant, Technical/Engineering Management: So far (with a few
exceptions) too big terminals. Also as mentioned before- too short battery lifetime. The
introduction of PDP (or rather data in general) has taken too long time. In 1996/97 one
of the selling points was the ability to use packet data up to 28,8kbit/s (that was at least
on paper more than GSM could offer), and even today we have not seen it. The speed
today, is slow compared with GPRS]
[R24. TETRA user, Operations/Administration Management: the waiting time due to the
digital signal]

•

Factors, features, or functionalities of a TETRA system enhancing the job
performance
[R4. TETRA user, Corporate Management: Data functionalities, End-to-end encryption,
Good speech quality, Alarm-button, Good coverage, Flexible fleet maps, DMO, Air-toground for helicopter etc.]
[R7. TETRA user, Technical/Engineering Management: We are currently a potential
TETRA user organisation. The major factors that we expect TETRA-system can add
value to our Oil & Gas operations is the establishment of a single mobile radio platform
capable of integrating all users to provide voice and data services. It also opens up the
platform for many applications now and in the future that will extend the life expectancy
of the installed based. The open standard, security and spectrum efficiency make it the
best choice of technology for many mission critical users]
[R15. TETRA user, Corporate Management: I do not have practical experience so far]
[R23. TETRA consultant, Technical/Engineering Management: Ease of use for the end
user. Most users catch up with TETRA pretty quickly - similarities to GSM. Fall-back and
DMO (quick to make communication work in new areas)]
[R24. TETRA user, Operations/Administration Management: The encryption, both
person-to-person and group calls. You can call the terminal from local and from the cityexchange (PABX)]
• Characteristics of a TETRA terminal making the use free of effort
[R4. TETRA user, Corporate Management: Small and light, Long battery life (at least 1
shift), Alarm-button, GPS built-in, Good speaker and microphone and loud enough for
disaster situations, Easy-to-use car adaptor for portables in cars]
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[R7. TETRA user, Technical/Engineering Management: These are mostly based on
GSM sets in terms of operations. This makes it very user friendly. Also, voice clarity with
surrounding noise makes it very effective in noisy environment]
[R19. TETRA consultant, Technical/Engineering Management: Press-to-talk,
interoperability, group call, data transmission, direct mode]
[R23. TETRA consultant, Technical/Engineering Management: Battery life-time. Easy
and self-explaining menus and functions]
[R24. TETRA user, Operations/Administration Management: Simplicity and durability]
1.1.1.7
Tasks or workflows performed with TETRA technology
[R4. TETRA user, Corporate Management: Public safety communication within police,
fire, ambulances, and military police, Joint operations in disasters]
[R7. TETRA user, Technical/Engineering Management: I participate in TETRA MoU to
keep updated on TETRA technology and influence some decisions in favour of our
company. Research the market and generate internal reports on the systems, features
and products available off-the-shelf and in operations. Present technical papers to
promote TETRA products in the required frequency band and area type of our unique
operations (Oil & Gas)]
[R23. TETRA consultant, Technical/Engineering Management: Communications for
logistics operations within the army. My claim is that organisations that are really
dependent on a group radio communication system (i.e. fire brigades) have to make
their organisation structure and procedures so that they fit to the technical limitations
that the old analogue PMR systems had. Therefore, ideally they have to re-structure
and make new procedures to gain the full benefit]
[R24. TETRA user, Operations/Administration Management: Voice transmission]
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9.5 QUANTITATIVE SURVEY: CODING SCHEME
Table 53 provides an overview of the measures used for the quantitative survey and the corresponding questions.

Variable

Variable
name
(code)

Variable
label

Text

Value label

Perceived
usefulness

pu1simpl

PU1 Simple

The TETRA system makes my day-to-day work
simpler.

Perceived
usefulness

pu2safer

PU2 Safer

The TETRA system makes my current work processes
safer.

Perceived
usefulness

pu3helpf

PU3 Helpful

The TETRA system is helpful in my day-to-day work.

Perceived
usefulness

pu4gsm

PU4 GSM

TETRA applications are superior in terms of service
performance compared to GSM ones.

Perceived
usefulness

pu5servi

Using various TETRA services (private call, group call,
Direct mode) is valuable to me.

Perceived
usefulness

pu6cover

PU5
Various
Services
PU6
Coverage

Perceived
usefulness

pu7relia

PU7
Reliable

Even in exceptional situations like power breakdown,
TETRA is a reliable system.

Perceived
usefulness

pu8speec

TETRA terminals provide a good speech quality.

Perceived ease
of use

peou1des

PU8
Speech
quality
PEOU1
Terminal
Design

1=Strongly
agree/5=Strongly
disagree
1=Strongly
agree/5=Strongly
disagree
1=Strongly
agree/5=Strongly
disagree
1=Strongly
agree/5=Strongly
disagree
1=Strongly
agree/5=Strongly
disagree
1=Strongly
agree/5=Strongly
disagree
1=Strongly
agree/5=Strongly
disagree
1=Strongly
agree/5=Strongly
disagree
1=Strongly
agree/5=Strongly
disagree

In my working area the radio coverage is satisfactory.

The design of the TETRA terminal is appropriate
(material, size, weight) to be used in the field of public
safety related operations.
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Perceived ease
of use

peou2adv

Perceived ease
of use

peou3han

Perceived ease
of use

peou4dat

Perceived ease
of use

peou5enq

Perceived ease
of use

peou6use

Perceived ease
of use

peou7int

Perceived
system
interoperability
Perceived
organisational
facilitators
Perceived
organisational
facilitators
Perceived
organisational
facilitators
Attitude toward
using a system

psi
of1depar
of2pract

PEOU2
Without
Advice
PEOU3
Handheld

TETRA terminals can be used without additional advice
(i.e. training, technical support).

PEOU4
Data
services
PEOU5
Data
enquiry
results
PEOU6
Terminal
use
PEOU7
Terminal
interface
PSI
Standardize
d devices
OF1Trainin
g
department
OF2Trainin
g Practice

The possibility of using data services (e.g. status
messaging, data enquiries for vehicle registration)
makes the TETRA system particularly attractive to me.
I do not have to wait too long for the results of any data
transmission or enquiry.

of3effic

OF3Trainin
g efficiency

att1idea

ATT1Good
idea

I prefer using the handheld rather than the vehicle
mounted mobile.

I can use the terminal just the way I need to.
The interface of my terminal is easily understood.
With the possibility of integrating standardized devices
(PDA, laptop etc.) the whole system has great potential.
My department has extensively trained me in the use of
the TETRA system.
My department provided me with complete instructions
(i.e. documentation, user manuals) and practice in
using the TETRA system.
I am receiving the training I need to be able to use the
TETRA system effectively.
Using trunking technology is a good idea.

1=Strongly
agree/5=Strongly
disagree
1=Strongly
agree/5=Strongly
disagree
1=Strongly
agree/5=Strongly
disagree
1=Strongly
agree/5=Strongly
disagree
1=Strongly
agree/5=Strongly
disagree
1=Strongly
agree/5=Strongly
disagree
1=Strongly
agree/5=Strongly
disagree
1=Strongly
agree/5=Strongly
disagree
1=Strongly
agree/5=Strongly
disagree
1=Strongly
agree/5=Strongly
disagree
1=Strongly
agree/5=Strongly
disagree
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Attitude toward
using a system

att2like

ATT2Like

I really like digital TETRA technology.

Attitude toward
using a system

att3ocom

Attitude toward
using a system

att4rinf

Attitude toward
using a system

att5anal

Using similar features and functionalities of other
communication systems (mobile phone, analogue radio,
radio-pagers etc.) would take more time.
I do not have to ask for repeats as the information I
receive (i.e. in a status message) from the TETRA
system is reliable.
It was easy for me to change from the analogue system
to the digital TETRA system.

Behavioural
intention to use
system
Behavioural
intention to use
system
Social
influence

bi1frequ

ATT3Other
communicat
ion systems
ATT4Reliab
le
information
ATT5Chang
e from
analogue
BI1Frequen
cy of use

Due to the required operational procedures I intend to
use the TETRA system more frequently.

BI2Frequen
cy of voice
and data
SI1Superior
encourage

Due to the required operational procedures I intend to
increase my use of voice (i.e. PABX call) and data
transmission (i.e. SDS) in as many cases as possible.
I am continuously encouraged by my immediate
superior to use the TETRA terminal in my job.

Social
influence

si2susup

SI2Superior
support

My immediate superior explicitly supports my use of the
TETRA system.

Social
influence

si3suimp

My immediate superior repeatedly refers to the
importance of using the TETRA services during my job.

Social
influence

si4coldo

SI3Superior
system
importance
SI4Colleagu
es do

Social
influence

si5colus

SI5Colleagu The majority of the operational colleagues in my
es use
department use the TETRA system.

Social
influence

si6colre

SI6Colleagu A lot of my colleagues rely on the TETRA system.
es rely

bi2vdfre
si1supen

Generally speaking I would do what my colleagues
think I should do.

1=Strongly
agree/5=Strongly
disagree
1=Strongly
agree/5=Strongly
disagree
1=Strongly
agree/5=Strongly
disagree
1=Strongly
agree/5=Strongly
disagree
1=Strongly
agree/5=Strongly
disagree
1=Strongly
agree/5=Strongly
disagree
1=Strongly
agree/5=Strongly
disagree
1=Strongly
agree/5=Strongly
disagree
1=Strongly
agree/5=Strongly
disagree
1=Strongly
agree/5=Strongly
disagree
1=Strongly
agree/5=Strongly
disagree
1=Strongly
agree/5=Strongly
disagree
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Social
influence

si7comeq

Social
influence

si8comus

Actual system
use

u1approp

Actual system
use

u2capabi

U2Use
capabilities

I fully use the capabilities of the TETRA system.

Actual system
use
Actual system
use
Actual system
use

u3termin

How often do you use your TETRA terminal every shift?

Actual system
use

u6messag

Actual system
use
Actual system
use

u7DMO

U3Use
terminal
U4Use
PABX call
U5Use call
to
dispatcher
U6Use SDS
or status
message
U7Use
DMO
U8Use
complement
ary
terminals

Future intention
to system use74

fi1data

u4pabx
u5dispat

u8comple

SI7Competi
tors
equipment
SI8Competi
tors use
system
U1approp

FI1Intention
use data

Our public safety services are equipped with up-to-date
TETRA technology.
If other public safety organisations (e.g. police) use the
TETRA system then I will do as well.
I use the current TETRA system whenever appropriate
to do my work.

How often do make a PABX call every shift?
How often do make a call to the dispatcher every shift?

1=Strongly
agree/5=Strongly
disagree
1=Strongly
agree/5=Strongly
disagree
1=Strongly
agree/5=Strongly
disagree
1=Strongly
agree/5=Strongly
disagree
1=Veryoften/5=Not at
all
1=Veryoften/5=Not at
all
1=Veryoften/5=Not at
all

How often do you send a SDS or status message every
shift?

1=Veryoften/5=Not at
all

How often do you use Direct Mode Operation?

1=Veryoften/5=Not at
all
1=Veryoften/5=Not at
all

How often do you use complementary terminals (i.e.
data terminals, mobile phone or fixed network) every
shift?
Due to the required operational procedures I intend to
increase my use of data services (i.e. status messages
and SDS) for work in the future.

1=Strongly
agree/5=Strongly
disagree

74

The items FI1-FI5 for measuring ‘FI - future intention to system use’ is ONLY included in the questionnaire as this was especially requested by the project
managers of the examined TETRA networks. These items will not be considered for TAM testing.
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1=Strongly
agree/5=Strongly
disagree

FI2Intention
use data
application
like
database
enquiry or
video
images*
FI3Ability of
video
images
FI4Missed
call feature

Due to the required operational procedures I intend to
use the database enquiry facility in the future for my
work.
*In the German version survey this question was
added:
Due to the required operational procedures I intend to
use the data applications, i.e. transmission of video
images, in the future for my work.
The ability to transmit and receive video images with a
portable terminal would help me in my work.

fi5gps77

FI4Ability of
GPS

I miss a GPS receiver incorporated in my
handheld/mobile radio.

Age

age

Age

How old are you?

Terminal
equipment
Terminal
equipment

handheld

Which type of terminal do you use?

0=No, 1=Yes

Which type of terminal do you use?

0=No, 1=Yes

Terminal
equipment

dispatch

Terminal
Handheld
Terminal
Mobile
Radio
Terminal
Dispatcher

Which type of terminal do you use?

0=No, 1=Yes

Future intention
to system use

fi2dappl

Future intention
to system use

fi3video75

Future intention
to system use

f4missed76

Future intention
to system use

mobile

I miss the telephone feature ‘Display of missed calls’ in
our TETRA system.

1=Strongly
agree/5=Strongly
disagree
1=Strongly
agree/5=Strongly
disagree
1=Strongly
agree/5=Strongly
disagree
1=20-29 years, 2=3039 years, 3=40-49
years, 4=50-59 years,
5=over 60 years

75

The item ‘ability of video image transmission’ incorporated in the variable ‘future intention to system use’ is NOT used in the German version questionnaire
as it was not applicable to the TETRA project in Austria. It will not be considered for TAM testing.
76
The item ‘missed call feature’ incorporated in the variable ‘future intention to system use’ is ONLY used in the German version questionnaire. It will not be
considered for TAM testing.
77
The item ‘ability of GPS’ incorporated in the variable ‘future intention to system use’ is ONLY used in the German version questionnaire. It will not be
considered for TAM testing.
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Terminal
manufacturer

sepura

Terminal
manufacturer

nokia

Terminal
manufacturer

motorola

Terminal
manufacturer

clearton

Terminal
manufacturer

infomatr

Terminal
manufacturer

frequent

Terminal
manufacturer

otherman

User
organisation

userorga

Terminal
Manufactur
er Sepura
Terminal
Manufactur
er Nokia
Terminal
Manufactur
er Motorola
Terminal
Manufactur
er
Cleartone
Terminal
Manufactur
er
Infomatrix
Terminal
Manufactur
er
Frequentis
Terminal
Manufactur
er Other
User
Organisatio
n

My terminal is from the following manufacturer…?

0=No, 1=Yes

My terminal is from the following manufacturer…?

0=No, 1=Yes

My terminal is from the following manufacturer…?

0=No, 1=Yes

My terminal is from the following manufacturer…?

0=No, 1=Yes

My terminal is from the following manufacturer…?

0=No, 1=Yes

My terminal is from the following manufacturer…?

0=No, 1=Yes

My terminal is from the following manufacturer…?

0=No, 1=Yes

I am a TETRA user from the following organisation …?

1=Fire brigade,
2=Police,
3=Ambulance, 4=Other
government user,
5=Utility, 6=Other

Table 53. Measures of the variables and corresponding questions of the quantitative survey
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9.6 QUANTITATIVE SURVEY: TETRA ACCEPTANCE IN USER ORGANISATIONS
Purpose of survey:
This survey is executed within the scope of a PhD thesis that will be composed at the Vienna University of
Economics and Business Administration, Austria. The topic of the dissertation is ‘TETRA acceptance in
user organisations’.
Thank you in advance for your valuable contribution by completing the questionnaire. Of course all
responses are used for scientific purposes only and will be treated strictly anonymously and you and your
company will not be identified in any way.
Instructions to complete the questionnaire:
The questionnaire consists of 12 parts. Please complete the questionnaire by marking your chosen
answer with an ‘X’ as you can see in the following examples.
Example 1.

Please indicate to what extent you agree or disagree with the following statements:
Strongly agree
Agree Neutral Disagree
This tool-kit makes my work easier.

Strongly
disagree

X

Example 2.
How often ...
Very often
... do you use a screw-driver in your job?

Often

Moderate

Rarely
X

Not at all

Explanation:
The term ‘terminal’ refers to a communication device used to access the TETRA system. The terminal
may be a handheld, a vehicle mounted mobile radio, fixed mobile or a dispatcher.
Glossary:
DMO...

Direct Mode Operation is the facility for TETRA terminals to communicate directly with each other
without using TETRA infrastructure.
GPS... Global Positioning System is a system for determining position on the Earth's surface by
comparing radio signals from several satellites.
GSM... Global System for Mobile Communications is a standard for digital cellular communications
adopted by over 200 countries worldwide. The GSM standard is currently used in the 900 MHz
and 1800 MHz bands.
PABX... Private Automatic Branch Exchange is a telephone exchange operated within an organisation,
used for switching calls between internal lines and between internal and PSTN (=Public switched
telephone network) lines.
SDS... Short Data Service is used for transmission of status or short data messages.
TETRA... TErrestrial Trunked Radio is the European Standard for Professional mobile radio.
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1.

Please indicate to what extent you agree or disagree with the following statements:
Strongly
agree

Agree

Neutral

Disagree

Strongly
disagree

Disagree

Strongly
disagree

a) The TETRA system makes my day-to-day work simpler.
b) The TETRA system makes my current work processes
safer.
c) The TETRA system is helpful in my day-to-day work.
d) TETRA applications are superior in terms of service
performance compared to GSM ones.
e) Using various TETRA services (private call, group call,
Direct mode) is valuable to me.
f)

In my working area the radio coverage is satisfactory.

g) Even in exceptional situations like power breakdown,
TETRA is a reliable system.
h) TETRA terminals* provide a good speech quality.
* A terminal may be a handheld, mobile or dispatcher that are you used in the TETRA system.
2.

Please indicate to what extent you agree or disagree with the following statements:
Strongly
agree

Agree

Neutral

a) The design of the TETRA terminal is appropriate (material,
size, weight) to be used in the field of public safety related
operations.
b) TETRA terminals can be used without additional advice
(i.e. training, technical support).
c) I prefer using the handheld rather than the vehicle
mounted mobile.
d) The possibility of using data services (e.g. status
messaging, data enquiries for vehicle registration) makes
the TETRA system particularly attractive to me.
e) I do not have to wait too long for the results of any data
transmission or enquiry.
f)

I can use the terminal just the way I need to.

g) The interface of my terminal is easily understood.
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3.

Please indicate to what extent you agree or disagree with the following statements:
Strongly
agree

Agree

Neutral

Disagree

Strongly
disagree

Disagree

Strongly
disagree

Disagree

Strongly
disagree

a) With the possibility of integrating standardized devices
(PDA, laptop etc.) the whole system has great potential.
b) My department has extensively trained me in the use of
the TETRA system.
c) My department provided me with complete instructions
(i.e. documentation, user manuals) and practice in using
the TETRA system.
d) I am receiving the training I need to be able to use the
TETRA system effectively.
4.

Please indicate to what extent you agree or disagree with the following statements:
Strongly
agree

Agree

Neutral

a) Using trunking technology is a good idea.
b) I really like digital TETRA technology.
c) Using similar features and functionalities of other
communication systems (mobile phone, analogue radio,
radio-pagers etc.) would take more time.
d) I do not have to ask for repeats as the information I
receive (i.e. in a status message) from the TETRA system
is reliable.
e) It was easy for me to change from the analogue system to
the digital TETRA system.
5.

Please indicate to what extent you agree or disagree with the following statements:
Strongly
agree

Agree

Neutral

a) Due to the required operational procedures I intend to use
the TETRA system more frequently.
b) Due to the required operational procedures I intend to
increase my use of voice (i.e. PABX call) and data
transmission (i.e. SDS) in as many cases as possible.
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6.

Please indicate to what extent you agree or disagree with the following statements:
Strongly
agree

Agree

Neutral

Disagree

Strongly
disagree

Disagree

Strongly
disagree

Rarely

Not at all

a) I am continuously encouraged by my immediate superior
to use the TETRA terminal in my job.
b) My immediate superior explicitly supports my use of the
TETRA system.
c) My immediate superior repeatedly refers to the importance
of using the TETRA services during my job.
d) Generally speaking I would do what my colleagues think I
should do.
e) The majority of the operational colleagues in my
department use the TETRA system.
f) A lot of my colleagues rely on the TETRA system.
g) Our public safety services are equipped with up-to-date
TETRA technology.
h) If other public safety organisations (e.g. police) use the
TETRA system then I will do as well.
7.

Please indicate to what extent you agree or disagree with the following statements:
Strongly
agree

Agree

Neutral

Very
often

Often

Moderate

a) I use the current TETRA system whenever appropriate to
do my work.
b) I fully use the capabilities of the TETRA system.
8.

How often …

a) … do you use your TETRA terminal every shift?
b) … do make a PABX call every shift?
c)

… do make a call to the dispatcher every shift?

d) … do you send a SDS or status message every shift?
e) … do you use Direct Mode Operation?
f)

do you use complementary terminals (i.e. data terminals,
mobile phone or fixed network) every shift?
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9.

Please indicate to what extent you agree or disagree with the following statements:
Strongly
agree

Agree

Neutral

Disagree

Strongly
disagree

a) Due to the required operational procedures I intend to
increase my use of data services (i.e. status messages
and SDS) for work in the future.
b) Due to the required operational procedures I intend to use
the database enquiry facility in the future for my work.
c) The ability to transmit and receive video images with a
portable terminal would help me in my work.
10.

Age
20-29 years

30-39 years

40-49 years

50-59 years

>60
years

How old are you?
11.

Terminal?
(multiples nominations possible)
Handheld

Mobile Radio

Dispatcher

Which type of terminal do you use?
12.

Terminal manufacturer?
(multiple nominations possible)
Sepura

Nokia

Motorola

Fire brigade

Police

Ambulance

Cleartone

Infomatrix

Other

My terminal is from the following
manufacturer…
13.

User organisation?
Other government Utility
user

I’m a TETRA user from the following
organisation…
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9.7 FACTOR ANALYSIS
9.7.1 VARIABLE ‘A – ATTITUDE’
Communalities
ATT1Good idea
ATT2Like
ATT3Other
communication systems
ATT4Reliable information
ATT5Change from
analogue

Initial
1,000
1,000

Extraction
,347
,676

1,000

,508

1,000

,674

1,000

,610

Extraction Method: Principal Component Analysis.

Total Variance Explained

Component
1
2
3
4
5

Initial Eigenvalues
% of
Cumulative
Variance
%
Total
2,815
56,296
56,296
,752
15,045
71,341
,656
13,129
84,471
,421
8,418
92,888
,356
7,112
100,000

Extraction Sums of Squared Loadings
% of
Cumulative
Variance
%
Total
2,815
56,296
56,296

Extraction Method: Principal Component Analysis.

Component Matrixa

ATT2Like
ATT4Reliable information
ATT5Change from
analogue
ATT3Other
communication systems
ATT1Good idea

Component
1
,822
,821
,781
,713
,589

Extraction Method: Principal Component Analysis.
a. 1 components extracted.

Table 54. Factor analysis of variable ATT
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9.7.2 VARIABLE ‘BI – BEHAVIOURAL INTENTION’

Communalities
BI1Frequency of use
BI2Frequency of voice and
data

Initial
1,000

Extraction
,810

1,000

,810

Extraction Method: Principal Component Analysis.

Total Variance Explained

Component
1
2

Initial Eigenvalues
% of
Cumulative
Variance
%
Total
1,620
80,984
80,984
,380
19,016
100,000

Extraction Sums of Squared Loadings
% of
Cumulative
Variance
%
Total
1,620
80,984
80,984

Extraction Method: Principal Component Analysis.

Component Matrix a
Component
1
BI2Frequency of voice and
data
BI1Frequency of use

,900
,900

Extraction Method: Principal Component Analysis.
a. 1 components extracted.

Table 55. Factor analysis of variable BI

9.7.3 VARIABLE ‘SI – SOCIAL INFLUENCE ’(SI SUP, SI COLL, SI COMP)

9.7.3.1 SI : Supervisor Influence (SI SUP)

Communalities
SI1Superior encourage
SI2Superior support
SI3Superior system
importance

Initial
1,000
1,000

Extraction
,762
,772

1,000

,724

Extraction Method: Principal Component Analysis.
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Total Variance Explained

Component
1
2
3

Initial Eigenvalues
% of
Cumulative
Variance
%
Total
2,259
75,296
75,296
,407
13,554
88,850
,334
11,150
100,000

Extraction Sums of Squared Loadings
% of
Cumulative
Variance
%
Total
2,259
75,296
75,296

Extraction Method: Principal Component Analysis.

Component Matrixa

SI2Superior support
SI1Superior encourage
SI3Superior system
importance

Component
1
,879
,873
,851

Extraction Method: Principal Component Analysis.
a. 1 components extracted.

Table 56. Factor analysis of variable SI SUP

9.7.3.2 SI : Peer group Influence (SI COLL)

Communalities
SI5Colleagues use
SI6Colleagues rely

Initial
1,000
1,000

Extraction
,810
,810

Extraction Method: Principal Component Analysis.
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Total Variance Explained

Component
1
2

Initial Eigenvalues
% of
Cumulative
Variance
%
Total
1,620
81,014
81,014
,380
18,986
100,000

Extraction Sums of Squared Loadings
% of
Cumulative
Variance
%
Total
1,620
81,014
81,014

Extraction Method: Principal Component Analysis.

Component Matrixa

SI6Colleagues rely
SI5Colleagues use

Component
1
,900
,900

Extraction Method: Principal Component Analysis.
a. 1 components extracted.

Table 57. Factor analysis of variable SI COLL
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9.7.3.3 SI : Competitive pressure influence (SI COMP)
Communalities
Initial
SI7Competitors
equipment
SI8Competitors use
system

Extraction

1,000

,805

1,000

,805

Extraction Method: Principal Component Analysis.
Total Variance Explained

Component
1
2

Initial Eigenvalues
% of
Cumulative
Total
Variance
%
1,609
80,450
80,450
,391
19,550
100,000

Extraction Sums of Squared Loadings
% of
Cumulative
Total
Variance
%
1,609
80,450
80,450

Extraction Method: Principal Component Analysis.
Component Matrixa
Component
1
SI8Competitors use
system
SI7Competitors
equipment

,897
,897

Extraction Method: Principal Component Analysis.
a. 1 components extracted.

Table 58. Factor analysis of variable SI COMP
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9.8 REGRESSION ANALYSIS
9.8.1 INDEPENDENT VARIABLES PU AND PEOU INFLUENCING DEPENDENT VARIABLE ATT
Model Summaryc

Model
1
2

R
,727a
,779b

R Square
,529
,607

Change Statistics

Std. Error
of the
Estimate
,6873587
,6286177

Adjusted R
Square
,527
,604

R Square
Change
,529
,079

F Change
308,428
54,796

df1
1
1

Sig. F
Change
,000
,000

df2
275
274

Durbin-Watson
1,682

a. Predictors: (Constant), factor score for PU
b. Predictors: (Constant), factor score for PU , factor score for PEOU
c. Dependent Variable: factor score for ATT

ANOVAc
Model
1

2

Regression
Residual
Total
Regression
Residual
Total

Sum of
Squares
145,720
129,927
275,647
167,373
108,274
275,647

df
1
275
276
2
274
276

Mean
Square
145,720
,472
83,687
,395

F
308,428

Sig.
,000a

211,779

,000b

a. Predictors: (Constant), factor score for PU
b. Predictors: (Constant), factor score for PU , factor score for PEOU
c. Dependent Variable: factor score for ATT

Coefficientsa

Model
1
2

(Constant)
factor score for PU
(Constant)
factor score for PU
factor score for PEOU

Unstandardized
Coefficients
B
Std. Error
2,653E-02
,041
,731
,042
3,332E-02
,038
,531
,047
,345
,047

Standardized
Coefficients
Beta
,727
,528
,344

t
,642
17,562
,882
11,368
7,402

Sig.
,521
,000
,379
,000
,000

a. Dependent Variable: factor score for ATT
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Excluded Variablesb

Model
1

factor score for PEOU

Beta In
,344a

t
7,402

Sig.
,000

Partial
Correlation
,408

Collinearity
Statistics
Tolerance
,665

a. Predictors in the Model: (Constant), factor score for PU without PU7
b. Dependent Variable: factor score for ATT all items

Table 59. Results of regression analysis (PU, PEOU influencing ATT)

9.8.2 INDEPENDENT VARIABLES PU, ATT, SI INFLUENCING DEPENDENT VARIABLE BI
Model Summarye

Model
1
2
3
4

R
R Square
,333a
,111
,460b
,211
,480c
,230
,502d
,252

Adjusted R
Square
,107
,206
,222
,241

Std. Error
of the
Estimate
,9499255
,8961918
,8870830
,8760858

Change Statistics
R Square
Change
,111
,101
,019
,022

F Change
33,487
34,224
6,532
7,745

df1
1
1
1
1

df2
269
268
267
266

Sig. F
Change
,000
,000
,011
,006

Durbin-Watson

1,410

a. Predictors: (Constant), factor score for SI Competitive pressure
b. Predictors: (Constant), factor score for SI Competitive pressure , factor score for SI Superior
c. Predictors: (Constant), factor score for SI Competitive pressure, factor score for SI Superior , factor score for ATT
d. Predictors: (Constant), factor score for SI Competitive pressure, factor score for SI Superior , factor score for ATT , factor score
for SI Colleague
e. Dependent Variable: factor score for BI
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ANOVAe
Model
1

2

3

4

Regression
Residual
Total
Regression
Residual
Total
Regression
Residual
Total
Regression
Residual
Total

Sum of
Squares
30,218
242,734
272,952
57,705
215,247
272,952
62,845
210,107
272,952
68,790
204,162
272,952

df
1
269
270
2
268
270
3
267
270
4
266
270

Mean
Square
30,218
,902

F
33,487

Sig.
,000a

28,853
,803

35,924

,000b

20,948
,787

26,621

,000c

17,198
,768

22,406

,000d

a. Predictors: (Constant), factor score for SI Competitive pressure
b. Predictors: (Constant), factor score for SI Competitive pressure, factor score for SI
Superior
c. Predictors: (Constant), factor score for SI Competitive pressure, factor score for SI
Superior , factor score for ATT
d. Predictors: (Constant), factor score for SI Competitive pressure, factor score for SI
Superior , factor score for ATT, factor score for SI Colleague
e. Dependent Variable: factor score for BI
Coefficientsa
Unstandardized
Coefficients
Model
1
2

3

4

(Constant)
factor score for SI Competitive pressure
(Constant)
factor score for SI Competitive pressure
factor score for SI Superior
(Constant)
factor score for SI Competitive pressure
factor score for SI Superior
factor score for ATT
(Constant)
factor score for SI Competitive pressure
factor score for SI Superior
factor score for ATT
factor score for SI Colleague

B
-2,02E-02
,330
-2,95E-02
,427
,330
-3,24E-02
,339
,338
,165
-3,11E-02
,283
,397
,207
-,167

Std. Error
,058
,057
,054
,056
,056
,054
,065
,056
,064
,053
,068
,059
,065
,060

Standardized
Coefficients
Beta
,333
,431
,332
,342
,340
,165
,285
,399
,207
-,169

t
-,350
5,787
-,542
7,587
5,850
-,601
5,177
6,043
2,556
-,585
4,175
6,709
3,165
-2,783

Sig.
,726
,000
,588
,000
,000
,548
,000
,000
,011
,559
,000
,000
,002
,006

a. Dependent Variable: factor score for BI
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Excluded Variablese

Model
1

2

3

4

factor score for ATT
factor score for SI
Superior
factor score for SI
Colleague
factor score for PU
factor score for ATT
factor score for SI
Colleague
factor score for PU
factor score for SI
Colleague
factor score for PU
factor score for PU

Beta In
,143a
,332
,002

a
a

-,006a
,165b
-,124

b

,044b
-,169

c

-,094c
-,060d

t
2,090

Sig.
,038

Partial
Correlation
,127

Collinearity
Statistics
Tolerance
,695

5,850

,000

,337

,913

,036

,971

,002

,910

-,083
2,556

,934
,011

-,005
,155

,750
,693

-2,069

,039

-,126

,807

,690

,491

,042

,737

-2,783

,006

-,168

,763

-1,167
-,743

,244
,458

-,071
-,046

,446
,435

a. Predictors in the Model: (Constant), factor score for SI Competitive pressure
b. Predictors in the Model: (Constant), factor score for SI Competitive pressure, factor score for SI
Superior
c. Predictors in the Model: (Constant), factor score for SI Competitive pressure, factor score for SI
Superior, factor score for ATT
d. Predictors in the Model: (Constant), factor score for SI Competitive pressure , factor score for SI
Superior, factor score for ATT , factor score for SI Colleague
e. Dependent Variable: factor score for BI

Table 60. Results of regression analysis (PU, ATT, SI influencing BI)
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9.9 FREQUENCY AND CROSS TABLES
9.9.1 FREQUENCIES OF THE ACTUAL USE OF DIFFERENT TETRA FEATURES

Use of TETRA feature: PABX call

Valid

Missing
Total

Very often
Often
Moderate
Rarely
Not at all
Total
0

Frequency
11
86
61
75
58
291
4
295

Percent
3,7
29,2
20,7
25,4
19,7
98,6
1,4
100,0

Valid
Percent
3,8
29,6
21,0
25,8
19,9
100,0

Cumulative
Percent
3,8
33,3
54,3
80,1
100,0

Use of TETRA feature: Call to dispatcher

Valid

Missing
Total

Very often
Often
Moderate
Rarely
Not at all
Total
0

Frequency
68
40
69
74
38
289
6
295

Percent
23,1
13,6
23,4
25,1
12,9
98,0
2,0
100,0

Valid
Percent
23,5
13,8
23,9
25,6
13,1
100,0

Cumulative
Percent
23,5
37,4
61,2
86,9
100,0

Use of TETRA feature 'SDS / status message'

Valid

Missing
Total

Very often
Often
Moderate
Rarely
Not at all
Total
0

Frequency
10
18
34
64
164
290
5
295

Percent
3,4
6,1
11,5
21,7
55,6
98,3
1,7
100,0

Valid
Percent
3,4
6,2
11,7
22,1
56,6
100,0

Cumulative
Percent
3,4
9,7
21,4
43,4
100,0
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Use of TETRA feature: DMO

Valid

Missing
Total

Very often
Often
Moderate
Rarely
Not at all
Total
0

Frequency
29
26
53
107
75
290
5
295

Percent
9,8
8,8
18,0
36,3
25,4
98,3
1,7
100,0

Valid
Percent
10,0
9,0
18,3
36,9
25,9
100,0

Cumulative
Percent
10,0
19,0
37,2
74,1
100,0

Table 61. Frequency tables of intensity of TETRA services use

9.9.2 FREQUENCIES OF THE FUTURE INTENTION TO USE TETRA FEATURES
Future Intention to Use: data transmission

Valid

Missing
Total

Strongly Agree
Agree
Neutral
Disagree
Strongly Disagree
Total
0

Frequency
29
111
99
33
22
294
1
295

Percent
9,8
37,6
33,6
11,2
7,5
99,7
,3
100,0

Valid
Percent
9,9
37,8
33,7
11,2
7,5
100,0

Cumulative
Percent
9,9
47,6
81,3
92,5
100,0

Future Intention to Use: data application like database enquiry or video images

Valid

Missing
Total

Strongly Agree
Agree
Neutral
Disagree
Strongly Disagree
Total
0

Frequency
3
74
101
75
39
292
3
295

Percent
1,0
25,1
34,2
25,4
13,2
99,0
1,0
100,0

Valid
Percent
1,0
25,3
34,6
25,7
13,4
100,0

Cumulative
Percent
1,0
26,4
61,0
86,6
100,0

Table 62. Frequency tables of future intention to use data transmission and data applications
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9.9.3 FUTURE TETRA FEATURES REQUIRED BY UTILITY USERS
Future TETRA feature requirement: Missed calls

Valid

Missing
Total

Agree
Neutral
Disagree
Total
0

Frequency
56
15
26
97
198
295

Percent
19,0
5,1
8,8
32,9
67,1
100,0

Valid
Percent
57,7
15,5
26,8
100,0

Cumulative
Percent
57,7
73,2
100,0

Future TETRA feature requirement: GPS ability

Valid

Missing
Total

Agree
Neutral
Disagree
Strongly Disagree
Total
0

Frequency
9
34
51
2
96
199
295

Percent
3,1
11,5
17,3
,7
32,5
67,5
100,0

Valid
Percent
9,4
35,4
53,1
2,1
100,0

Cumulative
Percent
9,4
44,8
97,9
100,0

Table 63. Frequency tables of future TETRA features required by utility users

Page 213 of 241

Appendix

9.9.4 CROSS TABULATION OF THE FUTURE INTENTION TO USE DATA FEATURES BY USER
ORGANISATIONS

Crosstabulation: User Organisation * Future intention to use data features
Future Intention to use data transmission
Strongly
Agree
User
Organisation

Fire brigade

Police

Ambulance

Other government user

Utility

Military

Total

Count
% within User Organisation
% of Total
Count
% within User Organisation
% of Total
Count
% within User Organisation
% of Total
Count
% within User Organisation
% of Total
Count
% within User Organisation
% of Total
Count
% within User Organisation
% of Total
Count
% within User Organisation
% of Total

1
5,3%
,3%
3
7,1%
1,0%

25
33,8%
8,5%
29
9,9%
9,9%

Agree
2
16,7%
,7%
4
8,5%
1,4%
1
5,3%
,3%
6
14,3%
2,0%
60
60,0%
20,4%
38
51,4%
12,9%
111
37,8%
37,8%

Neutral
4
33,3%
1,4%
29
61,7%
9,9%
13
68,4%
4,4%
7
16,7%
2,4%
35
35,0%
11,9%
11
14,9%
3,7%
99
33,7%
33,7%

Disagree
4
33,3%
1,4%
10
21,3%
3,4%
4
21,1%
1,4%
10
23,8%
3,4%
5
5,0%
1,7%

33
11,2%
11,2%

Strongly
Disagree
2
16,7%
,7%
4
8,5%
1,4%

16
38,1%
5,4%

22
7,5%
7,5%

Total
12
100,0%
4,1%
47
100,0%
16,0%
19
100,0%
6,5%
42
100,0%
14,3%
100
100,0%
34,0%
74
100,0%
25,2%
294
100,0%
100,0%

Table 64. Cross table of future intention to use data features by each user group
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Curriculum Vitae
Personal Data
Name: Christina Maria Hainbuchner
Date of birth: 16th March 1976
Marital status: Single
Nationality: Austrian

Educational Background
03/02 – 10/05

Vienna University of Economics and B.A., Vienna
Doctoral studies in Marketing
Technology acceptance of complex products
and system. The case of TETRA
Graduated 12/05, Dr. rer.soc.oec.

10/94 – 10/99

Leopold Franzens University Innsbruck, Austria
Degree in International Economics and Business
Studies
Majors:
-

Service and Tourism Management
Strategic Management

Master’s Thesis in collaboration with ALPVENTURE:
Further education of MNEs in the service
industry and its consequences for outdoor
training
Graduated 10/99, Mag.rer.soc.oec.
09/97 – 05/98

Ecole Supérieure de Commerce Brest, France
1 year Business Administration
Majors:
-

09/86 – 06/94

International Management
Strategic Management and Leadership

Bundesrealgymnasium in St. Johann in Tirol
Final Leaving School Certificate
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Professional Experience
10/04 to present

Head of Competence Center CRM and
Communication at Siemens Austria, Siemens
Industrial Manufacturing Engineering and Applications
(SIMEA)
• CRM & implementation of SAP CRM
• Market entry strategy
• Sales support with analysis tools
• Internal & external communication
• Responsibility for 2 employees

02/04 – 10/04

Marketing/PR-Manager at Siemens Austria, Siemens
Industrial Manufacturing Engineering and Applications
(SIMEA)

02/04

Lecture “International Marketing Strategy”,
University Växjö, Sweden

04/00 – 01/04

Marketing Manager at Siemens Austria, TETRA
Center of Competence
• Develop Marketing Department within
TETRA Center of Competence
• Responsibility for Market research:
secondary data research, competitor and
SWOT-analysis in Professional Mobile Radio
(PMR) technology
• Coordinate internal/external PR and
communication activities
• Responsible for content and layout of
brochures/flyers and website
• Organize fairs and congresses
• Organize international customer events
• Create Business Development strategies in
collaboration with Product Line Managers
based on market research studies

11/99 – 04/00

Market Research-Assistant at Polygone, St. Nazaire,
France
• Market position studies for E. Leclerc

09/98

Supervisor at ALPVENTURE, Kirchberg in Tirol
• Motivation and Teambuilding-seminars

05/98 – 08/98

Market Research-Assistant at A. George & Associés,
Nantes, France
• Market position study
• Feasibility study
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Languages
German – mother tongue
07/90
07/99 – 09/99

English – fluent
4 weeks language course in Torquay, UK
4 weeks travelling through Australia

06/91
09/97 – 05/98

French - fluent
3 weeks in hight school in Val de Reuil, France
1 year at B.A. School in Brest, France
Dutch – fluent in speech

11/03

Spanish – basic knowledge
3 weeks in Ecuador

Further Qualifications
Excellent skills with MS-Office tools
• MS Office (Word, Excel, PowerPoint),
Adobe Photo Shop, Mind Manager, Internet
Good skills in statistical data analysis, SPSS

Hobbies
Skiing
Scuba Diving (PADI license)
Mountain-biking
Inline Skating
International cooking
Traveling

Vienna, 27.10.2005
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10.1 REFERENCES AND INFORMATION ON THE WWW
www.airwaveservice.co.uk
www.astrid.be
www.c2000.nl
www.etsi.org
www.3countrypilot.com
www.projekt-digitalfunk.at
www.sou.gov.se.rakel
www.tetra.dep.no
www.trafikketaten.no
www.tetramou.com
www.virve.com
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