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Abstract

Many years of research on innovation has proved that innovation is the linchpin for the
survival and growth of organisations. Moreover, scholars have spotted the importance
of innovation in the construction industry. This research was an investigation into the
management of innovation for the facilitation of the design and maintenance of a
favourable environment in order to increase the potential of organisations to innovate.
Supported by the notion of equifinality in open systems where an end state can be
reached by many potential means, actions that facilitate innovation need to be
organisation specific. Towards this end and being in line with the Schumpeterian
perspective, this text emphasises the importance of increasing organisations’ potential
to innovate. A generic holistic model of innovation and a generic system for depicting
innovation practice in organisations, both developed applying grounded theory
techniques, are initially introduced. Then, they are combined together to illustrate a
generic mechanism of innovation. This generic mechanism of innovation was applied
using a survey within the specific context of the construction industry in the UK. The
generic mechanism of innovation was systematised within a software program
developed, named InnoAct. InnoAct can be used as a tool, which can be customised
according to individual organisational characteristics, for evaluating and monitoring the
innovation potential of organisations and for providing alternative scenarios which can
facilitate the decision making process towards increasing the potential to innovate.
Finally, a procedure using Program Logic Modelling was developed for facilitating the
systematic evaluation of organisational performance towards innovation. The proposed
procedure can be used to provide trainers and researchers with a new perspective in the
study of innovation management and alert managers and policy makers of their need to
take appropriate actions to increase performance towards innovation and, in effect,

increase economic growth.
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"An innovation is rarely the product of a solitary genius, beavering away in splendid

isolation; rather, it is invariably the culmination of a collaborative endeavour.”

H.-J. Lamberti, Deutsche Bank AG
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The purpose of this chapter is to introduce the key aspects of this research (research
problem, aim, objectives, research scope and limitations) and outline the features and
the structure of the thesis.

Specifically this chapter:

1.1

Presents the background to the thesis outlining the importance of the
construction sector and the calls for change that makes innovation be of
significant importance;

Describes the evolution of research on innovation management and highlights
what has been the focus of research in the area of innovation management until
recently;

Presents the grand theories that provide the theoretical basis of the research;
Demonstrates the research problem identified in the area of innovation
management whose solution this work sought to address;

Specifies the aim and objectives of this research providing a useful basis upon
which the entire thesis can be evaluated;

Presents the scope of this research highlighting the boundaries of the research in
terms of industry sector, time and economic setting;

Outlines the research limitations and the shortcomings providing the context of
the models developed:;

Describes the structure of the thesis summarising the organisation of the
contents and the relationship between the different chapters; and

Summarises what this chapter has achieved and how it leads to the next chapter.

Background

The construction industry is considered as the lynchpin of development in achieving

wealth and quality of life in every economy. There is a relationship between a firm's

profitability or future success and its ability to innovate within the construction

industry. Therefore, construction organizations need to improve their competitive
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advantage and respond to changing technology and thus they can only survive and

proliferate through innovation, (Brennan and Dooley, 2004).

Design and construction markets currently face many drivers for increased project
performance, including new materials of construction, new facility designs involving
greater complexity and requiring increased quality, shorter schedules, and decreased
investment.  The internal dynamics of construction organizations, the external
environment in which they operate and the strategic resources that they have, must be
such, that they can respond to change by adapting their orientation to reflect, and be
able to respond in a demanding and most competitive environment (Steele and Murray,
2000).

This research presents a new and holistic approach for managing innovation. This
holistic approach attempts to move from partially capturing innovation to encapsulating
its multidimensionality. It takes into account the fact that innovation can be distributed
across many actors, has socioeconomic and political influences, and is affected by
practices in each organisational discipline Organisations need to address all of those
challenges holistically using an integrative approach and by developing their ability to
reflect on the calls for change by increasing their potential towards innovation. The
management of innovation is the ‘vehicle’ for creating competitive advantage and

increasing performance that can lead to proliferation and growth.

Organisations are called upon to refocus and adjust in a process of continuous
improvement and transformation and to use their internal capabilities and resources to
change. Given that the overall performance of construction industry is interdependent
of a variety of factors and innovation adoption rates depends on the internal, external
environment and strategic resources, this research contributes in the area of construction
industry offering new theoretical and practical insights for facilitating innovation
adoption and improvement in performance. Innovation can be the key for an
organisation to respond to those challenges and successfully exploit new ideas,

implement new practices and new procedures and turn them into economic benefit.
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1.2 The evolution of research in innovation management

Management of innovation has evolved over time and an understanding of innovation
models can be achieved through examining the evolutionary stages of research in this
area. Interest in innovation research can be seen to have started in the 1950s when new
industries emerged and industrial activity expanded (Niosi 1999 and Rothwell 1994).
This new technologically intensive era of research, known as the “technology push”
period was dominated by focusing on Research and Development (R&D) and the
continuous production of new products for the market, while paying little attention to
the market’s real needs (Tidd 2006). Conceptual models in innovation research during
this period have depicted innovation as technologically driven (technology push
models). These models limited innovation management to the organisations' ability to
invest in R&D activities, which could lead to radical changes and disregard incremental
changes.

In the mid 1960s, the market revealed the need to approach innovation differently and
reallocated the interest from the creation of new products to identifying the market
‘need’. Increased competition in the market's environment changed the focus from
increasing productivity to strategic marketing. This so-called “marketing pull” period
was characterised by marketing pull models that focussed on market driven R&D
activity and led to incremental changes in products or processes to meet customer
requirements (Tidd 2006).

In the early 1970s, constrained resources enforced minimisation of cost (Rothwell 1994)
and a radically different way of managing the innovation process was introduced (Niosi
1999 and Rothwell 1994). This so-called “coupling elements” period focused on the
interaction of R&D and marketing strategies so as to yield more commercially
successful results. This research period showed that innovation could be better
managed by increasing competency on many elements and activities, paying attention to
the interaction of the different elements and the feedback loops between them (Rothwell
1994). However, the multidimensional approaches to innovation management tended to

consider organisations as independent entities and did not account for the interactions
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with the external environment and its financial stability that could directly influence the
innovation potential of organisations as recently seen after the 2008 global economic

crisis.

In the early 1980s until the early 1990s, innovation research was characterised by an
increased focus on strategic alliances and networking activity between companies
(Rothwell 1994). Performance and market share were related to the speed in
development. The Japanese ‘Just in Time’ model introduced the concept of parallel
development and integration of activities and it was seen as enabling a more rapid and
efficient innovation process. However, this goal-oriented model has been considered to
be restrictive because it minimises the importance of managing unexpected changes,

which could also include other opportunities for exploitation.

The current generation of innovation research is identified to have started in the early
1990s and is dominated by focusing on the elements identified within the previous
generations such as strategic networking, time-based strategies, better integration of
product design and manufacturing, organisational flexibility and adaptability (Rothwell
1994). Attention now is also given to the linkages with the globalised market
environment and the world economy, and how they directly affect innovation within
organisations. In this period, some conceptual models of innovation management
depict innovation as new product development only — they disregard the linkages with
the process of innovation and are therefore considered to only be partial models. Other
models associate innovation competences with capabilities of human resources in R&D
teams only, thereby, reducing the capacity of organisations to benefit from all

employees’ creativity (Tidd 2006).

The exploration of the evolution of research in innovation management and its key
outputs, as discussed above, led to the identification of the grand theories that are
relevant to innovation management. The grand theories provided better understanding
in the wider topic of innovation and contributed in the identification of the theoretical

construct of this research.
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1.3 The grand theories and the theoretical construct

In order to depict the theoretical construct to this research the grand theories that are
relevant to the field of managing innovation were identified. Those grand theories were

the systems theory, the diffusion theory and the strategic resources theory.

1.3.1 The systems theory

The systems theory approach has dominated the management and organisational
theories, as opposed to the traditional approach which concentrated on task and
structure, and the human relations theory approach which concentrated on people
(Jackson, 2000). The ‘holism’ of the systems approach provided insights into
organisations examining them as ‘wholes’ and not looking at different disciplines in
isolation (Jackson, 2000). In systems theory, a system can represent a situation by

describing the following basic characteristics: elements and relationships.

Elements are the representation of the phenomena that the observer agrees that exist in
order to describe the system and gain insight. An element can be denoting behaviour in
the way that a characteristic of that behaviour in terms of quality or property can
change. A relationship exists between two elements if the behaviour of its
characteristics are either influenced or controlled by others. Any characteristic ascribed
to an element or a relationship is termed attribute of that element (e.g. colour, texture,
size) or that relationship (e.g. intensity, speed). The attribute changes of the elements
and their relationships are of prime interest. Feedback on the influence that an element
has on other elements through a series of relationships is the effect of the initial
influence that feeds back to itself (Flood and Carson, 1993). It is obvious that it is
almost impossible to change an element of a system without creating chained changes

in other elements that interface or interact with the first element.

The system of an organisation is also examined in relation to its environment, which
contingency theorists argue has direct influence and interdependence (Jackson, 1991).

There are two types of systems; closed and open systems. In closed systems, the
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boundaries of the system are defined in a theoretical construct in an absolute manner
such as the relationships of elements in the system while elements outside the system do
not exist. In open systems, conversely, exchanges of e.g. materials, information, and or
energy occur across boundaries. In a business organisation system, an organisation
always interacts and exchanges information with the environment in which it operates

and therefore business organisations are better represented as open systems.

According to systems theory, organisations form a complex system of interrelated
processes meaning that if in an organisational context a business process changes it
creates a challenge for changing other business processes to facilitate the first change.
Innovation as an improvement process needs a lot of other changes in other business
processes and elements to facilitate its improvement (Jackson, 2000). Furthermore,
incremental improvements occurring during the innovation process need to be diffused
throughout the organisation system and challenge other possible elements that interact
with the initial incremental improvement within the internal environment of the

organisation as well as the external environment.

1.3.2 The diffusion theory

The term ‘diffusion’ refers to the phenomenon of the spread in space or acceptance in a
human environment, over time, of some specific item or pattern (Gomulka, 1990). The
term ‘diffusion’ is used in physics to describe the spread of matter, in anthropology to
describe the spread of an idea or a pattern of culture, in sociology to describe the spread
of a practise, and in economics to describe the spread of a product or a method. All of
these different areas of study use the notion of diffusion to identify factors that can
influence (facilitate or resist) the process of spread, discover the precise relations
between these factors and the rate of spread within a given environment (Gomulka,
1990).

The diffusion of innovations theory defines diffusion as the process by which an
innovation is communicated through channels over time among members of a social

system (Rogers, 2003). In an organisational context, the diffusion of innovations theory
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suggests that there are contextual factors that affect the diffusion of innovations
(Rogers, 2003; Askarany, 2005; Askarany and Smith, 2008). Those factors include:
‘characteristics of innovations’ e.g. relative advantage, complexity, compatibility,
observability and trialibility of innovation/s, ‘characteristics of adopters’ e.g.
organisational size, organisational structure, organisational culture, organisational
strategy, and other influential factors related to particular country or environment e.g.
the level of development of a country, the local regulations and policies, communication
channels, infrastructure provision (Askarany and Smith, 2008).

Facilitation, acceleration and sustainability of the innovation diffusion process is a
necessity for organisations to be able to survive within the fast changing environments
and respond to the continuous call for change (Hivner, Hopkins and Hopkins, 2003). In
order to capture the diffusion process and the factors that can impact the acceleration of
diffusion of any incremental improvements in the open system of an organisation, it is
necessary to gain understanding on whether organisations are making the most out of

what is impacting the innovation process.

1.3.3 The resource based theory

The resource based theory views organisations as a combination of resources and
capabilities based on what the organisation has (Lagnevik, 2003). Resources are
defined as: ‘all assets, capabilities, organisational processes, firm attributes,
information, knowledge, etc. controlled by the firm that enable the firm to conceive of
and implement strategies that improve its efficiency and effectiveness’ (Daft, 1983).
The Resource Based View (RBV) contributions to organisational performance have
been relevant to various different fields of study including human resource management
(attraction, development, motivation, and retention of people) (Wright, Dunford and
Snell, 2001), economics and finance (performance, innovation activity),
entrepreneurship (understanding market opportunities, coordination of resources),

marketing and internationalisation of business (Barney et al., 2001).
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1.4 Research Problem

As shown in Section 1.2 the exploration of the evolution of research in innovation
management and innovation models reveals the tendency to approach the management
of innovation in a limited way, as a result of partially encapsulating important factors
(Tidd 2006). However, the review of the grand theories as seen in Section 1.3 reveals
that organisations are complex systems of interrelated disciplines and processes and
innovation is an improvement process that needs to be facilitated, through diffusion
processes and the use of resources, and by changes in other business processes
(Askarany & Smith 2008). In the context of the 'holism' of the systems approach,
organisations as ‘wholes’ need to manage innovation by focusing on all of the different
disciplines examined in relation to their environments, which have direct influence and
interdependence (Jackson 1991). The grand systems theory, diffusion theory, and
resource based theory constitute the theoretical background of the research and raise the
importance of key issues in studying the management of innovation. A holistic
approach towards conceptualising innovation provides the opportunity to understand

and manage innovation more effectively within specific contexts.

The fragmented nature of the construction industry, as demonstrated in detail in Chapter
two, and the large number of actors involved in the delivery of a project reduces the
opportunities for changes as they may have implications on the processes of other
industry actors. However, a wide range of factors that affect the development of
products, processes and services in the construction industry can impact the changing
process, and construction organisations need to respond to those changes if they are to
survive and grow. Chapter two also demonstrates that there are continuous and urgent
calls for change in the construction industry. Construction organisations have to deal
with an ever changing environment where globalisation forces, the world market
economy, climate change and new technologies are continuously changing the rules,
calling for immediate realigning of capabilities and resources to meet rapid changes.
Furthermore, it is now generally recognised, within the construction industry, that there
is a relationship between an organisation’s efficiency and growth and its ability to

innovate (Manseau and Shields, 2005).
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Managing innovation in the construction industry has been one of the main research
interests in recent years and an important issue addressed by many researchers. Gann
and Salter (Gann and Salter, 2000) have explored the management of innovation in
project based service enhanced forms of enterprise and demonstrate that the ability to
bring cultural changes while maintaining engineering and technical expertise is the blue
print for competing in international markets. Langford and Male (Langford and Male,
2001) recognised innovation as a source of competitive advantage in construction that
can be brought from: innovation in materials that rests outside of the contractor’s
control; in the production process; in the ‘organisation’ of production that is related
with the level and type of subcontracting; in financial management; and in codes and
standards that can achieve technology transfer. Langford and Male (Langford and
Male, 2001) classified innovation in construction into four categories: technological
innovation, organisational innovation, product innovation and process innovation.
Manseau and Seaden (Manseau and Seaden, 2001) offered an international analysis on
the instruments that the governments are using to promote innovation in construction.
Jones and Saad (Jones and Saad, 2003) suggested that innovation in the construction
sector remains impeded due to the limited response to factors such as: awareness of the
need to change; responsiveness to internal and external change; linkages within and
between organisations; strategic holistic and systematic approach; culture conducive to
learning and innovation; and commitment. Egbu (Egbu, 2004) explored the importance
of knowledge management and intellectual capital in organisations and introduced a
holistic approach involving many factors towards achieving effective knowledge
management. Miozzo and Dewick (Miozzo and Dewick, 2004a) explored the
relationship between the organisational networks and innovation in construction and
suggested that performance in construction industry depend upon inter-organisation
cooperation. Inter-organisation cooperation according to Miozzo and Dewick (Miozzo
and Dewick, 2004a) includes the relationship of contractors with subcontractors or
suppliers of materials, the government, universities, architects, engineers, clients and
international collaborations. Manseau and Shields (Manseau and Shields, 2005) studied
the role governments and state organisations play, as clients, in supporting construction

innovation. They elaborated on the importance of construction sector to the economy
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and also on the relationships of the actors involved in the construction process. Taylor
and Levitt (Taylor and Levitt, 2005) also studied systemic innovation in terms of inter-
organisational networks and demonstrate how networks adopting systemic innovation
that exhibit strong relational stability, network-level interests, fluid boundaries, and the
existence of an agent for network level changes perform comparatively better than other

networks.

In spite of the large amount of research in the area of innovation management during
the past fifty years, there is much less knowledge about why and how innovation occurs
than what it leads to. Although it is well established that innovation is an organisational
phenomenon and include a wide variety of factors playing an important role towards
innovation, a holistic approach in addressing the totality of the factor does not exist.
Furthermore, the general understanding of why innovation can emerge from all those
factors, how it operates at the organisational level environment and how it is integrated
into other systems/environments remains fragmentary. Moreover, particularly in the
construction sector, the vast majority of research contributes to understanding
innovation in the sector level and the project level to the detriment, of the construction
organisation as being the unit of analysis (Reichstein, Salter and Gann, 2008). Further
conceptual and applied research is needed in this area (Fagerberg, Mowery and Nelson,
2005).

The discussion above illustrated the research problem providing the background to this
research. The aim and objectives of this research are presented in the following

sections.
1.5 Research aim and objectives
Arising from the evolution of research, the grand theories principles and the research

problem as demonstrated in the sections 1.2, 1.3 and 1.4 above, this research was

undertaken with the following aim and the objectives.
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1.5.1 Research Aim

The aim of this research was to investigate the management of innovation for

facilitating the design and maintenance of a favourable environment in order to increase

the potential of organisations to innovate.

1.5.2 Research objectives

In order to be able to accomplish the aim of the research, the following research

objectives were pursued:

Objective 1:
Objective 2:

Objective 3:

Objective 4:
Objective 5:
Objective 6:

Objective 7:

To develop a generic holistic model of innovation;

To develop a generic system for depicting innovation practice and
describe the generic mechanism of innovation for the construction
industry in the UK,

To apply the generic mechanism of innovation to the specific context of
the construction industry in the UK for exploring innovation practice
and describing the specific mechanism of innovation for the UK
construction industry;

To model the generic mechanism of innovation;

To systematise the generic mechanism of innovation;

To develop a generic systematic procedure for facilitating the
management of innovation; and

To evaluate the proposed systematic procedure.

The objectives of the study were achieved through a complex iterative process that

involved:

e Literature Review

e Primary data collection through a questionnaire survey

e Statistical data analysis using the Statistical Package for Social Scientists (SPSS)

e Interpretation of the analysis results;
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e Mathematical modelling;
e Computer programming using Microsoft Visual Basic for applications; and

e Program logic modelling.

1.6 Scope of the research

The scope of the research in this thesis can be described under four headings: industry
sector, time, economic setting and specification of the approach in managing

innovation.
1.6.1 Industry Sector

The construction sector is formed from many different disciplines and as such, many
different actors that play a distinguished role in the construction process. The different
actors that can be involved in the construction process can be: architects, building
contractors, builders, building materials suppliers, chartered surveyors, civil engineering
consultancies, mechanical/electrical contractors, property developers, interior designers.
This research is designed to address all actors since innovation is viewed as an essential

element in all disciplines and activities are often integrated and complementary.
1.6.2 Time

The time of the study was set in June 2006 when the primary data collection was
undertaken. That period was characterised by an intense construction activity in the UK
which commenced with the International Olympic Committee awarding the 2012
Olympic Games to London on the 6™ July 2005. The total budget for the construction
of the Olympic venues was £7 billion and the construction activity was accelerated at
that time. The research was undertaken at a specific time point and is therefore cross
sectional. As a cross section study the responses to the survey questionnaire are related
to the specific economic conditions and the general economic activity of the

construction sector at that time.
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1.6.3 Economic Setting

The economic setting of this research is the UK economy. UK is a developed country
with a GDP growth rate 2.8% (2009/2010). The choice of the country was based on the
ease of access to information and in order to keep the cost of collecting the primary data

within manageable limits.

1.6.4 Specification of the approach in managing innovation

Management is defined as the ‘process of designing and maintaining an environment in
which individuals, working together in groups efficiently accomplish selected aims’
(Koontz and Weihrich, 2007, p.5). As such, management involves planning,
organising, staffing, leading and controlling functions (Koontz and Weihrich, 2007).
The approach of this research in managing innovation is in terms of designing the right
environment by increasing the possibilities for innovation to emerge. This research
focuses on facilitating the planning, the organisation, the staffing, and the leading

functions of managing innovation.

Management is also concerned with productivity that implies efficiency and
effectiveness (Koontz and Weihrich, 2007). This research focuses on increasing
efficiency and effectiveness of organisations towards innovation with the overall aim to
increase growth. The scope of this work is in line with the Schumpeterian perspective
of producing innovations that create monopolistic advantages over competitors resulting
in profits for organisations (Mueller and Cubbin, 1990). This text continues its
emphasis on the importance of innovations towards maximising organisations’ potential

for increasing growth.

1.7 Research Limitations

Innovation as a process can be seen as a dimension of a socio-technical system. As
such, socio-technical systems as described by Sommerville (Sommerville, 2004)

include one or more technical systems and also include knowledge of how the systems
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should be used to achieve some broader goal. Socio-technical systems usually have
some defined operational processes, include the operators (people) as inherent parts of
the system and are governed by organisational policies and rules but at the same time
they can be affected by external constraints such as national laws and regulatory
policies (Sommerville, 2004). According to Sommerville (Sommerville, 2004) the
characteristics of socio-technical systems, are that they are non deterministic by means
that when there is specific input it is not always certain that it will produce the same
output. The extent to which the system supports the organisational goals does not only
depend on the system itself. As such, the extent to which the organisation system
supports innovation does not only depend on the organisation system itself. Socio-
technical systems have emergent properties, which are properties of the system as
whole and not properties of a part of a system.

The non deterministic behaviour of a socio-technical system means that the system
behaviour depends on the system operators that are the people who do not always react
in the same way. Furthermore, interaction of the system divisions may create new
relationships that can change its emergent behaviour. Innovation, as an organisational
goal is supported by the system divisions and the extent to which it is supported also
depend on the stability of those goals, the relationships and conflicts between the
organisational goals and how people interpret these goals. New management may

reinterpret the innovation goal which can then lead to a “failure’.

The emergent properties that innovation can bring to the organisation depend highly on
the complex relationships of the organisation’s divisions and thus they can only be
evaluated when those divisions are integrated and functioning. The organisation
divisions are interdependent and failure in one division can be propagated into the
system and affect the operation of other divisions. It is often difficult to predict how an
organisation’s division failure propagates and the consequences that it may have to the
other divisions. The overall socio-technical system reliability also depends upon the
probabilities of the technical systems to fail and how long the repair can take and the
probability of the operator to make an error. The entire above are closely linked. A

failure in one of the divisions can have a spurious effect on the outputs of the
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organisations independently of the input sometimes. The management of innovation is
thus dependent on the organisation’s divisions, on the people who run the organisation
and how they operate together while performance on innovation is hard to assess and
can only be measured when the system is operational.

1.8 Structure of the thesis

The structure of the thesis aims at maintaining the story line created by the position that
there is need in using a holistic approach to address why and how innovation occurs.
This can be achieved by identifying the mechanism of innovation in the construction
industry using as the unit of analysis construction organisations in the UK. Such
improvement can be brought about using the proposed procedure. The structure of the

thesis is presented in the paragraph below.

A general introduction of the research project as well as the research problem, the aim
and the objectives of this research is presented in Chapter 1 entitled “Introduction”. In
Chapter 2, entitled “Innovation in the Construction Industry” the nature of the
construction industry is explored, the concept of innovation in the construction industry
is presented, and the major reforms and drivers for innovation are demonstrated. In
Chapter 3, entitled “Research Philosophy and methods” the research design and
methodology adopted is explained. In Chapter 4, entitled “A generic holistic model of
innovation™, the first objective of the research that refers to the development of a
generic holistic model of innovation is addressed. Chapter 5, entitled “A generic
system for depicting innovation practice”, addresses the second objective of the
research that refers to the development of a generic system for identifying innovation
practises in the construction industry in the UK. In Chapter 6, entitled “Exploring
Practices of Innovation in the Construction Industry in the UK”, the practices adopted
by the construction industry are explored. Chapter 7 entitled “Modelling the
mechanism of innovation” addresses the fourth objective of the research that refers to
the development of a mathematical model and describes the integration of the factors
identified to affect innovation and the innovation practices. Chapter 8, entitled

“Systematising the management of innovation”, addresses the fifth objective of the
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research that refers to the development of a computer application that can operationalise
the mathematical model. Chapter 9, entitled “The Program Logic Model”, addresses
the sixth objective of the research that refers to the development of a generic proposed
procedure for facilitating the management of innovation in the construction industry.
Chapter 10 entitled “Evaluation and Implementation of the Program Logic Model”
addresses the seventh objective of the research that refers to the testing and the
assessment of the potential usefulness of the PLM. Finally, Chapter 11 entitled
“Conclusion and recommendations” demonstrates the contribution of the research to

knowledge and identifies the issues that require further work.

1.9 Summary

This chapter has described the lack of a holistic approach in the area of managing
innovation and highlighted the need to identify how and why innovation occurs in the
construction industry. It has also described the boundaries within which this research
was undertaken and identified the context of the contents of this thesis. This chapter
has provided the outline of the entire thesis and highlighted the relationship between the

different chapters.

This chapter has also demonstrated the research problem that is established on the grand
theories that provide the theoretical construct and the way innovation management has
been addresses until recently by other scholars. The next chapter explores innovation in
the construction industry providing more details on the nature of the construction
industry, the concept of innovation and the major reforms and drivers for innovation

within the industry.



CHAPTER 2: INNOVATION IN THE CONSTRUCTION

INDUSTRY
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The construction industry is a major driver of activity in an economy and as such is
considered a crucial industry for achieving wealth and quality of life. In parallel, during
recent decades innovation has been identified by many nations as an important factor
for economic growth and wealth creation (Crosthwaite, 2000, p. 138; Murray and
Langford, 2003; Manseau and Shields, 2005; Research and Markets, 2010). This
chapter:
e Discusses the nature of the construction industry under the headings: types of
products, nature of delivery, product life cycle and projects actors;
e Explores the concept of innovation and its scope in the construction industry;
and

o Identifies the major reforms and innovation drivers for the construction industry.

2.1 The nature of the construction industry

The construction industry includes various actors (e.g. clients, materials and
components suppliers and contractors), and offers a wide range of products and services
(e.g. house-buildings, commercial properties, infrastructure, industrial structure and/or
general subcontracting materials or services). The construction industry is mainly
comprised by many small organisations and a high labour intensity. It is highly
dependent on public regulations and public investments and is thus used as an indicator
for macroeconomic trends, restricted in periods of economic expansion and stimulated
especially in periods of recession (Research and Markets, 2010). It has been described

by various authors under the following dimensions:

type of products;

nature of delivery;

product life cycle; and

project actors.
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2.1.1 Types of products

The construction process can be traced back throughout the history of humanity, when
the construction of shelters to protect humans from the natural environment was the
ultimate need. In ancient Greece public buildings, civil works, great temples and
private houses reveal even today the building processes and specifications used then. A
constant demand for the evolution of structural and design standards so as to increase
the comfort within all kinds of structural systems has led to a radical change in
construction practices in recent times. Human needs for high quality standards of
living, use of technologically advanced materials and processes, and information and
communication technologies (ICT) have changed the types of products needed to be
more in alignment with cultural and population characteristics (size, growth, density,

distribution, age, gender and ethnicity) (Ashworth, 2006).

The types of products in the UK construction industry can be segmented into four main
sectors: house building (private and public residential buildings), infrastructure (rail,
highways, airports, etc.), industrial construction (energy factories, agriculture,
manufacturing, etc.) and commercial construction (hospitals, education, hotels,
department stores, offices etc.). The largest sector in the UK construction industry is
the commercial construction sector (the repair and maintenance sector is not included)

and is followed by the house-building sector (Research and Markets, 2009).

All types of structures are forced into continuous reformation due to changes relating to
demand and human wellbeing. Today’s construction industry calls for structures that
are designed to meet the different client requirements, policy regulations, and
environmental concerns and at the same time host a wide range of invented facilities
like: heating, ventilation and cooling systems; fire and security; and elevation systems
which have gradually become a necessity (Manseau and Shields, 2005). These

necessities have enforced the construction process to continuously change and innovate.
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2.1.2 Nature of delivery

The construction industry is characterised by high complexity with interconnected
systems and a small change to an element within the system may lead to large changes
to other elements of the same system or to other integrated systems (Ball, 1988; Gann &
Salter, 2000; Slaughter, 1998). As such, construction can be viewed as a complex
systems industry and construction projects can be seen as complex systems that are high
cost and are formed by many interconnected and often customised parts including
control units, sub-systems, and components, designed in a hierarchical manner and for
specific customers (Hobday, 2000). In complex systems industries, changes within the
production process or to the materials used by an organisation have to be implemented
in a project and not just within the organisation that brings about the change (Manseau
and Shields, 2005).

Moreover, each project is unique, and each construction site has different ground and
climate characteristics. Even similar designs have to address these different site
conditions thus making each project unique. Manseau & Seaden (2001) particularly
stress that although there have been many positive initiatives towards industrializing the
process of construction though prefabrication, modularisation standardisation and other
manufacturing-type production techniques, due to the variable site requirements, the
durability of the product, and the impact on the surrounding community, the
construction industry remains unique and significantly different in its characteristics

from other industrial sectors.

The complexity and the project based nature of each project increase the difficulty to
apply knowledge gained to projects constructed elsewhere. The nature of work in the
construction sector implies that firms have to manage ‘networks’ of highly ‘complex
interfaces’ that influences the opportunity for changes to be applied widely elsewhere
(Gann and Salter, 2000).
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2.1.3 Product life cycle

Construction firms focus on types of projects that are driven by local or regional
demand for infrastructure, commercial buildings and private houses. Once installed,
some Complex Product Systems (CoPS) i.e.: intelligent buildings and computer
integrated manufacturing systems; further evolve as users expand, optimise, adopt, and

operate the system (Gann as cited in Hobday, 2000).

After the long lasting duration of a project expires, facilities are often renovated and
modernised rather than demolished and built new as is often the practice with other
kinds of products in other industries such as manufacturing (Manseau and Seaden,
2001). New facilities are required in order to use old buildings, although those were not

included during the initial design phase.

Novel approaches for converting the use of buildings have to be explored and necessary
repairs have to be applied to improve and sustain the structures. Sustainability in
current design techniques is the expression of the need to facilitate those future born
requirements that emerge over the years, increasing at the same time the complexity of

the design phase and the cost of construction.

2.1.4 Project actors

The construction industry as a complex systems industry is comprised of supply
network actors, project-based firms, and users; institutional and regulatory actors; and

technical support infrastructure actors as illustrated in Figure 2.1 below.

The supply network actors in the construction industry (Manseau and Seaden, 2001,
p.3) includes:
e Building materials suppliers who provide the basic materials for construction
such as lumber, cement and bricks.
e Machinery manufacturers who provide the heavy equipment used in

construction such as cranes, graders and bulldozers.
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e Building product component manufacturers who provide the subsystems
(complex products) such as air quality systems, elevators, heating systems,

windows and cladding.

Project-based firms in the construction industry (Marceau et al., 1999; Carassus, 2004)
include:

e On-site service providers involved in new construction, refurbishment and repair
works (Carassus, 2004). They include sub-assemblers (specialty trades and
installers) who bring together components and materials to create such sub-
systems; and developers and facility assemblers (or general contractors) who co-
ordinate the overall assembly.

e Client services providers which include facilities/building operators and
management who manage property services and maintenance; facilitators and
providers of knowledge/information such as scientists, architects, designers,
engineers, evaluators, information services, professional associations, education
and training providers; and providers of complementary goods and services
such as transportation, distribution, cleaning, demolition and disposal (Manseau
and Seaden, 2001, p. 3).

Clients are the beneficiaries of the projects and the ultimate end users. The different
end users are indicating the details of a project. Each project then needs to be uniquely
specified by its developers. As such, all projects are demand driven and therefore
difficult to be standardised.

Institutional and regulatory actors who provide the general framework conditions which
includes financial and business institutions, government agencies and business/trade

general labour regulations and standards.

The technical support infrastructure the educational and R&D institutions, the
professional associations and the government agencies that provide the necessary
technical R&D and communication support for the construction industry (Manseau and
Seaden, 2001, p. 3).
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Regulatory and Institutional Framework
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Figure 2.1  Actors in the building and construction project based system, as in Gann
and Salter (2000).

A construction project can be viewed as a focusing device which enables different
actors to cooperate and agree to the fine details of a complex system’s development and
production. The project is the driving instrument for realising the market’s needs, for

coordinating decisions across firms, for enabling buyer involvement, and for matching
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technical and financial resources through time. The project serves as a communication
platform for architectural, design and construction knowledge by integrating the
distinctive resources, know-how, and skills of the collaborators (Hobday, 2000). To
face these challenges construction firms are led to organise their business activities
leading to project-based structures. Project based firms in the construction industry
may carry out huge projects where they do not have large span of control as there are
many actors involved and may either be in the position of the contractor or the
subcontractor. Clients also play a key role in construction innovation since projects are
delivered according to their specific requirements and needs, which vary widely, and
may address, among others, demand for new materials, novel designs and sustainability
criteria. The complicated system and the key actors of the construction sector,
described above, implies that innovation in construction may occur in a wide variety of
economic and productive arenas through combining technical expertise from other

organisations (Gann and Salter, 2000).

The discussion above shows that the construction industry is highly fragmented. The
nature of the construction process allows firms which are mainly small in size to control
only small sectors of the construction process and depend highly on the network and the
cooperation developed among the members of the network. Divisions and the different
actors that struggle for advantage demonstrate that novel approaches need to be adopted

for managing more effectively the delivery of projects.

2.2 The concept of innovation

The nature of the construction industry as described in the previous section reveals that
the industry is complex and highly fragmented, project-based, and is characterized by
short term partnering between organisations which are not necessarily located in the
same region and acting at varying levels of project maturity. Based on those
characteristics it is not surprising that the industry is also known for its conservative
culture with a relatively high resistance to change (Research and Markets, 2010).
However, new technologies and materials that promise to increase efficiency within a

wide spectrum of an organisation’s activities and manufacturing processes emerge, and
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construction organisations are called to adopt them and innovate in order not to be left
behind.

Innovation in the construction industry can be understood by exploring: general
definitions of innovation, the organisational context of innovation and the scope of

innovation within the construction industry.

2.2.1 General definitions of innovation

Schumpeter (Schumpeter, 1934) was one of the first to state that, economic
development which resulted from continuous structural and economic change was the
outcome of innovation as a driving force. Schumpeter conceptualized innovation as ‘a
continuous struggle between entrepreneurs who are advocating novel solutions and the
social inertia’ (as cited in Fagerberg, 2003, p. 6). Schumpeter focused on innovation as
developing and implementing a new idea (Van de Ven et al., 1999). Schumpeter’s later
studies emphasized the importance of co-operative entrepreneurship in achieving

rewarding innovations (Fagerberg, 2003).

In the Innovation Report (DTI, 2003) of the Department of Trade and Industry,
innovation is defined as the successful exploitation of new ideas which may be entirely
new to the market or involve the application of existing ideas that are new to the
innovating organisation or often a combination of both. This definition suggests that
innovation involves the creation of new designs, concepts and ways of doing things,
their commercial exploitation, and subsequent diffusion through the rest of the economy

and society.

The Australian National Training Authority (ANTA, 2002) captures the essence of
innovation from an overall perspective defining innovation as a new idea or a new use

of an old idea which adds value for the end user.
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2.2.2 Organisation context of innovation

‘Innovativeness’ is the term to describe a measure of the degree of ‘newness’ of an
innovation. ‘Highly innovative’ products are seen as having a high degree of newness
and ‘low innovative’ products are seen as having low degree of newness (Garcia and
Calantone, 2002, p.112). The degree of newness depends on whose perspective this
newness is being viewed from and what is new. Although the majority of research
takes a firm’s perspective toward newness, other research looks at new to the world
(Song, Montoya-Weiss, as cited in Garcia and Calantone, 2002), new to the adopting
unit (Ettlie, Rubenstein as cited in Garcia and Calantone, 2002), new to the industry
(Colarelli as cited in Garcia and Calantone, 2002), new to the market (Meyers &
Tucker; Kleinschmidt & Cooper as cited in Garcia and Calantone, 2002), and new to the
consumer (Atuahene-Gima as cited in Garcia and Calantone, 2002). In the work of
Damanpour and Gopalakrishnan (Damanpour and Gopalakrishnan, 1998) the term
‘innovativeness’ is referred to ‘the rate of adoption i.e. the number of innovations the
organisation adopts within a given period’. Building on the previous work of defining
innovativeness, an organisation’s perspective of innovativeness can be conceived as a

measure of increasing its innovation mentality.

On a broader level, the Organisation for Economic Cooperation and Development
categorizes innovation in the Oslo Manual on the basis of international research across a
number of industries (Anderson and Manseu, 1999). That research has revealed that
innovation across sectors does not occur at the same rate or speed. Sectoral analysis of
innovation provides a rich source of information in determining factors contributing to
innovation and success of some organisations compared to others. Heterogeneity of
innovations is not only realized in different organisations but also in different divisions
of the organisations (Brown, 2000). Therefore the analysis of the contextual factors
within specific industries may result in different factors playing a key role to innovation
(Brown and Maylor, 2005). However, sometimes it seems that organisations across
sectors may adopt good innovation practices occurring in different sectors in order to

innovate fast and successfully (Brown and Maylor, 2005).
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Other research of Schumpeter, Lundvall and Nelson (as cited in Fagerberg, 2003) used
the spatial approach to analyze innovation on the basis of systems approach and
interdependencies within countries or regions. The systems perspective of analyzing
innovation includes the interactions of the involved actors of the system and the nature
of complementary components where the absence of one results in the slowdown of the

growth of the whole system.

Some literature describes innovation as: ‘new products’, ‘new processes, ‘new sources
of supply’, ‘exploitation of new markets’ and ‘new ways to organiSe business’
(Anderson and Manseu, 1999; Fagerberg, 2003). Innovation is also described in other
literature as ‘incremental’ or ‘radical’ changes. Incremental innovations most often
appear as small changes in the already developed products or systems. It is the
exploitation of further knowledge of the already existing knowledge base having a low
breadth impact (Koberg, Detienne and Heppard, 2003; Manseau and Shields, 2005).
Radical innovations ‘is a completely new concept’ (Manseau and Shields, 2005) and
creates a new market with new competitors, new firms and new customers. According
to Garcia and Calantone (Garcia and Calantone, 2002) radical innovations often address

a demand not previously recognised by consumers.

In a wider context, innovation does not occur in isolation from products or processes or
services but is the simultaneous ongoing improvement of all levels of the organisation’s
ability to innovate (Pisano, 1997; Brown and Maylor, 2005). Innovation can occur as
incremental or radical changes, can involve many actors and is influenced by the
different environmental setting (e.g. country or sector) in which it emerges. It is
therefore necessary that organisations organise, reorganise, and, if necessary, entirely

readjust, transform and reinvent themselves in order for innovation to occur.

2.2.3 Scope of innovation in the construction industry

The scope of innovation in the construction industry has also been researched by
various authors (Tatum, 1987; Toole, 1998; Seaden and Manseau, 2001). In Seaden &
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Manseau (Seaden and Manseau, 2001, p. 186), construction industry literature sources
show a variety of definitions for innovation:

e ‘Application of technology that is new to an organisation and that significantly
improves the design and construction of a living space by decreasing installed
cost, increasing installed performance, and/or improving the business process’
(Toole, 1998);

e ‘The successful exploitation of new ideas, where ideas are new to a particular
enterprise, and are more than just technology related — new ideas can relate to
process, market or management’(Construction Research and Innovation Strategy
Panel, 1997);

e ‘Apply innovative design, methods or materials to improve productivity’ (Civil
Engineering Research Foundation (Civil Engineering Research Foundation,
1993);

¢ ‘Anything new that is actually used’ (Slaughter, 1993); and

e ‘First use of a technology within a construction firm” (Tatum, 1987).

Different concepts of innovation are understood by different actors involved in the
construction of projects and the definitions are widely debated. Slaughter (Slaughter,
1998) conceptualizes innovation in the construction industry as the actual use of a
nontrivial change and improvement in a process, product, or system that is novel to the
institution developing the change. The focus of this research is based on the definition
by Slaughter who captures innovation in an overall context addressing where
innovations can occur i.e. in processes, products and systems and underlines the novel

change that has to be performed in the organisation in order to improve.

Innovation in the construction industry can take many forms. Slaughter (Slaughter,
1998) characterizes innovation according to whether it is ‘incremental’ (small, and
based on existing experience and knowledge), ‘radical’ (a breakthrough in science or
technology), ‘modular’ (a change in concept within a component only), ‘architectural’
(a change in links to other components or systems), or ‘system’ (multiple, integrated

innovations).
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In the construction sector most construction innovations occur in the production of
materials and manufacturing of components where R&D was performed for developing
those innovations (Manseau and Shields, 2005). Such innovations are easier to
disseminate to contractors since they don’t need readjusting other sections of the work.
However innovation of managerial and organisational methods are also important
(Manseau and Shields, 2005).

The increasing and complex demand of future construction projects will drive a
fragmentation of the design and construction industry into two main types of
organisations: those that are innovative and able to adapt and change, and those that
remain traditional. Strong current drivers clearly indicate this trend. Increased
understanding and application of the knowledge relating to the innovation process can
provide an essential distinctive competence for the innovative organisations (Sexton and
Barrett, 2003).

2.3 Major reforms and innovation drivers in the UK construction

industry

The importance of innovation in the UK construction industry can be traced from the
calls for new methods, practices, etc. These calls can be clearly seen from published

construction reports and initiatives or macro level environment forces.

2.3.1 Construction reports and initiatives

A review on the reports that have been published since World War 11 is revealing that
construction industry has been continuously encouraged to change and improve its

performance. The most important reports and their drivers are presented in Table 2.1.

Table 2.1 Important Reports 1944-2002

Report Theme Driver

Simon 1944 Placing of public Constructors want less bureaucratic




Chapter 2: Innovation in the construction industry 56

contracts

Phillips 1949 Organisation and
efficiency of the

building industry

Emmerson 1962 Greater integration of
the design and the

construction process

Banwell 1964 Management of the

building process

What is wrong on  Industrial relations on
site? (Tavistrock  Large sites

1965 and 1966,

Large industrial

sites 1970)

Wood 1975 Placing of public
contracts via package

deals

Faster Building for  Productivity in building
Industry, NEDO factories and
1983 warehouses

tendering in Government contracts.

Escape from competitive tendering.

Public clients seek better
performance from the industry
through improvements in labour
productivity and the management of

the construction process.

Constructors want a continuous
stream of work less dependent on
open tenders and incomplete design

information.

Constructors look to Government to
regulate the planning of contracts.

Public contracts negotiable.

Clients want better control of projects

and industrial relations in particular.

Constructors want more negotiated
work and final contracts. Architects

alarmed.

Property developers (clients) want

US construction times for UK.
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Faster Building for
Commerce, NEDO
1988

Latham 1994

Technology
Foresight 1995

Egan 1998

Egan 2002

Productivity in
commercial

construction

Relationships between
the parties to the

construction process

Return to an industry
planning model not

seen since 1960s

Performance and
productivity of the
industry
Accelerating increase

in performance

Property developers (clients) want
faster construction times for office
blocks.

Both clients and constructors gain:
clients through better performance,
constructors through better cash

management.

Political, social and technical
alignment of a changed agenda set by
Government. Prepares the ground for

Egan.

Clients want and get greater authority

over the constructors.

Clients want leadership and
integrated teams.

Source: Table adapted from Murray and Langford (2003).

Although all the reports have indicated the need for change, important issues such as
procurement, relationships and performance were recurring themes indicating that little
change has been achieved. The analysis that follows focuses on the reports published
after 1990s, when a very deep economic recession had already started in 1989 and the
interaction of the construction industry with the general economic conditions came into

focus.

In 1994, the report Constructing the Team, by Sir Michael Latham (Latham and Great
Britain Department of the Environment, 1994) was published. The report focused on

the issue of achieving the client’s satisfaction, raising the importance of cooperation and
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teamwork, and reviewing procurement and contractual arrangements. The key
recommendations made in the Latham report focused on:

e the benefits of partnering arrangement between the contractor and the client on
the basis of reducing disputes and hostility by acting as a team;

e resolving delayed payment disputes of contractors and subcontractors by
motivating clients to use trust funds;

¢ the settlement of disputes by arbitration to remove the costs of litigation;

e the development of a central public sector registry of qualified contractors and
consultants where clients could search tenders only from this list in the context
of encouraging long term relationships and partnering; and

e the use of standard tender documents, contracts and simple forms of minor

works documentation.

Significant change in legislation that prompted major amendments to standard form
construction contracts was the outcome of the Latham report. Namely, the Housing
Grants, Construction and Regeneration Act 1996 came into effect. Redesign of the Act
and changes concerning late payments and dispute resolution came into effect in 1998
(Murray and Langford, 2003). Partnering became more popular especially for large and
more complex projects as a means of reducing the greater risks and the possible

disputes. Overall, the report encouraged a cultural change in the industry.

In 1995, the Technology Foresight report, Progress through Partnership, was
published. The report focused on the need to recognise the importance of the UK
research and its link to national wealth. The need to align the Government initiatives,
the industry and academia was in the focus and the six key challenges identified were
(Murray and Langford, 2003):

e to reduce cost, add value, and sharpen international practice;

e to consider more the environmental and social consequences;

e to strengthen technological capability;

e to improve education and training;

e to upgrade existing buildings and infrastructure; and

e to re-engineer basic business processes.
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The report stressed the importance of increasing funding for research into innovation
and recognised that innovation is the dominant force for change, survival and growth.
The report proved to be influential as research gained more importance and became an
instrument of policy. Research was forwarded to the needs of the industry in increasing

efficiency and improving management techniques (Murray and Langford, 2003).

The next major reflection to the need for change was improving the quality and
performance of the UK construction industry articulated in Sir John Egan’s report
(Egan, 1998), Rethinking Construction. The report stressed the need for a change in
style, culture and processes focusing on key drivers of committed leadership, on the
customer, on the integration of process and the team around the project, and on a quality
driven agenda. The report led to initiatives for achieving the ambitions of modern
construction industry and proposed annual targets of improvement. The report key
recommendations were:

« constructing excellence to establish new thresholds of performance based on
cross industry networking and collaboration - introduction of independent and
objective assessments of performance indicators for measuring project and
organisational performance;

« lean construction/off-site focusing on a sustained programme for improvement
and for the production and delivery of components such as off site prefabrication
requiring new relationships between these supply chain members and new ways
of working - typically, this involves CAD, standardised products, computer
modelling of erection/installation of components, off-site fabrication, use of sub-
assemblies, JIT delivery in 'bundles' by plot or floor etc;

e supply chain management focusing on long term relationships and improvement
throughout the supply chain introducing the culture of partnering; and

o project collaboration systems that can allow for real time exchange of
information, drawings, specifications, time scales and budgets, and are used to
increase the data flow, reduces errors, and ‘as-built’ records are stored

electronically.
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The Egan report proposed annual targets for increasing performance in the processes of
construction. Those targets were: to reduce capital costs by 10%; reduce construction
time by 10%; reduce defects by 20%; increase predictability of project costs and time
estimate by 10%; increase productivity by 10%; and increase turnover and profits by 10
% (Egan, 1998). Clearly, the Egan report has been the more cited report in
construction, and influenced the ability of the organisations to predict significant
savings and improve quality. However, it was concluded that the rate of take-up the
Egan report recommendations for the construction organisations should have been more
rapid (Murray and Langford, 2003).

After the Latham and Egan reports the report published by the National Audit Office
‘Modernizing construction’ (NAO, 2001) concluded the impact and benefits gained
from changes initiated by the earlier reports. The report stressed the important
influence that procurement regulation has towards implementing new initiatives and
recommended that procurement rules (the most economically advantageous tender

wins) should not be hindering changes in construction.

In 2002 the Accelerating change report was published, after the Strategic Forum for
Construction chaired by Sir John Egan (Strategic Forum for Construction, 2002). The
report provided key measures to accelerate change in the construction industry. The
forum determination was to respond to the decline of the construction industry’s ability
to retain a skilful workforce and increase education courses in construction related
applications (Strategic Forum for Construction, 2002). Key recommendations of the
report addressed client leadership, integrated teams, health and safety and people issues.
More specifically the report focused on:
e clients, who should have the ability to acquire independent advice on projects
and should be supported by the industry and the government on that;
e team working, integration of activities by different actors in the industry and
long term supply chains, that require the active participation of the clients;
¢ the industry actors competences, that should be available to clients in order to

keep them aware of the services expected,;
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e health and safety performance, that should be of major importance throughout
the project phases, and cases of fatal accidents should be published;

e new project actors, that should be able to participate in integrated teams;

e training on collaboration and supply team integration, that should be made
available to SME’s;

e pay and conditions of work, that should draw the attention of employers in
employing the best people in the industry; and

e taking initiatives on sustainability issues in all areas of construction (processes,
component materials, etc.).

The impact of the Accelerating Change report to the construction industry was the

greater use of integrated teams and supply chains (House of Commons, 2008).

Another important document, which referred to the wider UK business sector, was the
Innovation White Paper, published in 2008 by the Department for Innovation,
Universities and Skills. The paper set out the aim of making Britain ‘the best country in
the world to run an innovative business or public service’ (Department of Innovation
Universities & Skills, 2008). The paper focused on the changing face of innovation,
which was initially regarded as a simple process of investment in fundamental research
leading to commercialisation by farsighted management in the industry. However
today, it is recognised that users are increasingly innovating independently or in
collaboration with businesses or public services, thus creating new sources of
innovation. The paper also focused on the recognition that the government should
create the conditions for innovation by ensuring macroeconomic stability, open
competitive markets and support businesses in order to facilitate them to innovate. The
paper further stressed the need for strategies for unlocking the human potential towards
innovation and drive regeneration, and recognised spatial properties of innovation in the
UK. All the above should be fostered following the recognition that innovation is an
international endeavour as businesses are internationalising their R&D supply chains

and customer bases.

The review on the reports show that the sector recognises the need to change and

modernise, and although changes in the construction process occur slowly, the reports
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created a range of initiatives, as described in the following paragraph, related to the
organisation, the client leadership, the procurement and management of projects,
integration of the supply chain and the industry, teamwork and cooperation, design and
sustainability, and health and safety (Langford and Murray, 2003).

After Sir Michael Latham report (Latham and Great Britain Department of the
Environment, 1994), certain initiatives were launched to act complementary to the
changes the construction industry was forced into. In 1995, the Construction Industry
Board (CIB) was established to deliver Latham’s agenda. The Construction Best
Practice program was created to introduce the required knowledge and skills needed to
implement changes. In 1997, the Design-Build-Foundation launched, aimed at
representing the whole construction industry supply chain by bringing together clients,
designers, consultants, contractors, and manufacturers. The Building Down the Barriers
initiative launched by the Construction Minister in 1997, developed an integrated
approach for the supply chain and introduced procurement method called Prime
Contracting (Preece, Moodley and Smith, 2003). The recommendation of the Egan
report for creating a group of dynamic people inspired by the need for change in the
construction industry so called in the report ‘Movement for Change’ was followed by
the formation of the Movement for Innovation (M4l) in 1998. In 2001, the
Construction Clients’ Charter was launched to define the expected minimum standards
in procurement methods and promote cultural change on issues of client leadership,
team integration, partnerships, life quality and respect for people. The necessity of the
active role of the clients and their performance in facilitating the construction processes
are evaluated in order to initiate corrective actions. In 2002 the Government established
the Strategic Forum for Construction which role is to measure and monitor progress in
key areas of focus (client leadership, procurement, integration of the supply chain and
the industry, teamwork and cooperation, design and sustainability, and health and
safety) resulting from the earlier published reports and accelerate change. In 2003,
Constructing Excellence was formed to drive the changing agenda and improve the

construction industry’s performance.
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The need for change is revealed by the vigorous activities and initiatives launched to
drive change. Although, as stated in Jones and Saad (Jones and Saad, 2003), the
industry is so fragmented that the issues of Egan and Latham reports still remain a
challenge. A concluding outcome from all the reports and initiatives is that internal
industry-level reformation has been continuously encouraged for more than fifty years
now. However, such a reformation can be facilitated by increasing the industry’s ability
to change and to reflect upon the need for the greater integration of the construction
process, greater investment in IT, more investment in Research and Development
(R&D), and increased staff development within a wider environment in which the
construction industry operates. This external environment can enable or hinder the

changing process, and can be influenced by the performance of the overall economy.

Reports and initiatives were important drivers for change but not the only ones. Factors
at the macro level are driving construction towards increased performance and

innovation.

2.3.2 Macro level environment forces

The macro level environment forces calling for innovation can be demonstrated from
the globalisation and the opening of the markets, the continuous increase of CO,

emissions and climate change and the 2008 credit crunch.

2.3.2.1 Globalisation

Construction markets around the world are being liberalised and deregulated and this
brings opportunities for expanding operations. Firms can locate all or part of the
production process or service wherever the economic advantage is greatest. Large
international contractors are seeking both growth in operations and geographical
diversification (Manseau and Shields, 2005).

UK-based firms also face competition from firms in countries with relatively low labour

costs and where education and skill levels are high. For example, hourly labour costs in
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South Korea are just over half the labour costs in UK, but the proportion of graduates in
the working age population is almost identical (DTI, 2003). UK-based businesses find
it increasingly difficult to compete on low costs alone in labour intensive industries
exposed to international competition. Therefore the challenge for businesses is to

compete on the basis of unique value and innovation (DTI, 2003).

Development of information and communication technologies along with the
development of trade agreements (NAFTA, APEC, European Union, etc.) have also
opened up new markets, and faster global communications mean that consumers learn
about new ideas and products faster than ever before (Manseau and Shields, 2005). In
times of the emergence of new markets and new marketing channels, there are
additional pressures on managers and executive boards to generate returns in order to
keep investors’ interest. Furthermore, many more firms are now being forced to make
the transition from operating in niche markets to environments of wider competition
and, amongst other implications for the firm of such a change, there are those of the

innovation process (Brown and Maylor, 2005).

Coherency in policies and regulations is far more a necessity, revealed especially after
the global downturn of 2007/08 where the EU governments confronted the huge
challenge of managing the immediate effects of falling demand and constrained credit,
while also equipping the European economy for recovery (Department for Business
Innovation & Skills, 2009). Coherency in EU competition rules by national competition
authorities, and coherent regulations for markets, consumers and employees are also
required to improve the underlying capacity of economy and innovation within the EU

and also at a global level.

The global environment in which organisations operate bring powers that are forcing
construction organisations to seek ways to improve their performance, analyse their
strengths and weaknesses and explore new, innovative ways for making profits and
surviving the global arena. Those new challenges are followed by the current need to

reflect to the calls for greener construction in order to reduce CO, emissions.
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2.3.2.2 Climate Change

Major changes occur in the construction industry driven by the climate conditions.
Demand is shifting towards more functional buildings (with greater concern for user
satisfaction and environmental friendly facilities), more sophisticated equipment for
sustainable buildings such as intelligent devices for better control of energy efficiency
or indoor environment, improved working/living conditions and more respect for

environmental constraints (Manseau and Seaden, 2001).

Science and technology are providing new opportunities for construction to compete
based upon exploiting knowledge, skills and creativity to produce technologies,
materials and services that are more valuable. Materials industries are being
transformed, producing totally new environmentally friendly materials. The speed of
changing technology and the extent to which new products and services and new clients
can change market conditions indicates that the challenge to innovate is urgent and

continuous.

Furthermore, the challenge of climate change and rising energy costs calls for a
comprehensive response towards sustainable development and the reduction of CO,
emissions. The construction sector is among the major exploiters of natural resources.
Its significant contribution to the current unsustainable development of the global
economy (Spence and Mulligan, 1995) urges it towards the need for immediate action
and alignment with the Kyoto protocol (United Nations, 1998) for reducing CO;
emissions and the Lisbon Agenda (Official Journal of the European Union, 2007) for
sustainable growth. The UK government’s commitment to sustainable growth
(Department for Environment Food and Rural Affairs, 2008) introduced a new era of
procurement rules, new materials, sustainable methods of transportation, energy

efficient building structures powered with alternative sources of energy.

The construction industry has to deal with more strict rules and regulations with the
involvement of government and regional authorities. The continuous update of the

regulations and building specifications such as the Housing Act (Office for Public
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Sector Information, 2004), the Energy Performance of Building Regulations (Office for
Public Sector Information, 2007), and the Climate Change Act (Office for Public Sector
Information, 2008) requires firms to be instant-ready to adapt and integrate the new
regulations which lately often originate from environmental protection and
sustainability.  In addition, the recycling of building wastes are becoming an
impediment to the process of construction, and new regulations and energy assessments
forced by governments also increase complexity, time and cost of construction
(Manseau and Shields, 2005).

Climate change calls for change in the traditional ways of construction and introduces
new ways, new materials and new processes to achieve greater sustainability. A
transition to a more green economy is foreseen at all levels and the construction

industry is driven to respond to those challenges.

Globalisation and the climate changes that call for continuous change and innovations
are not the only drivers in the macro level environment. The global economy can
seriously affect the prosperity of the construction industry as it is very closely

interrelated to the funding of the public sector.

2.3.2.3 Credit Crunch

The UK construction industry is currently facing many serious challenges. The 2008
credit crunch started in the US sub-prime mortgage market triggered a catastrophic
crash in the US banking sector, which in turn created problems in UK financial markets.
Some UK banks now have a significant degree of government control and credit is very
difficult to obtain, for either domestic or business purposes (Research and Markets,
2009). In the construction industry market review it is noted that in the house building
sector, although the government is planning to build more homes, buyers are lacking the
ability to afford mortgages, which remain expensive despite the falling of prices in
homes. Cost effective house building is not bringing the desired results in terms of the

affordability of mortgages.
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Commercial construction is also facing a downturn due to the banking problems and the
reduced spending of consumers. The building materials sector, is also facing a
downturn because of the reduction in construction activity (Research and Markets,
2009). However, significant investments in energy and communications in the transport
and airports sectors, is the area that the UK is focused on making investment in the
decades ahead. Based on the New Innovation Procurement Plans requested by the
government to be published by all departments in 2009 (HM Governement, 2009), the
construction industry should prepare to face new challenges that could transform the
orientation of delivering projects. Construction project portfolios are pushed to change
and now privately financed concession projects are often bundled as multi-projects as
they are more financially attractive (Aritua, Smith and Bower, 2009) The industry
needs to be more re-oriented to the range of project delivery and seek skilled personnel
for big infrastructure projects such as airports, transport and energy efficient projects.
Construction companies need to be able to respond to the requirements of new public
procurement rules. This process of the transformation of the market is urging for

organisational and process innovations in the construction industry.

It is argued that the global economy that emerges from this downturn is hiding both
significant challenges for Europe and considerable opportunities. New trends in
technology, the need to move to a low carbon and resource-efficient economy and the
continuing rapid development of the emerging economies will challenge European
industries and production patterns. These new challenges however, offers valuable
opportunities for Europe’s innovative businesses and their skilled workforces

(Department for Business Innovation & Skills, 2009).

The economic downturn brought structural changes in the global economies that are
radically transforming the world in which business and people compete. The UK
government policy for reforming the economy after the economic downturn is to invest
in infrastructure. This leads the industry towards preparation to be able to respond to
the challenge of changing the ‘product’ from house building, to huge and massive

construction projects such as airports, transport and energy efficient projects. This
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reforming of the final delivery of the ‘product’ requires a reform in practices and

processes that used to be made in different ways.

24 Summary

This chapter has described the nature of the construction industry, identifying the types
of products the industry delivers, the nature of the delivery, the products life cycle and
the actors involved in the delivery of a construction project. The above revealed the
special characteristics of the construction industry. The general concept of innovation
has been analysed offering general definitions of innovation, the context of innovation
at the organisational level and the scope of innovation in the construction industry. A
review of the reports and the initiatives generated, as well as the macro-level
environment challenges, revealed the call for major reforms and innovations in the
construction industry. The above shows that the industry challenges that foster
innovation are driven by the evolution in science and technology, the evolution in
governance and regulation, the increasing need to demonstrate ‘value’ and control cost,
the changing customers expectations, the increasing demand for customisation, the
increased competition at a global environment, the need to commit to sustainability, and
the global economic environment. These challenges that drive innovation inform the
research problem of this research as described in Chapter 1.

The next chapter, Chapter 3, presents the philosophical context of this research and
demonstrates the research methods used in order to address each one of the objectives

of this research as described in Chapter 1.
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The purpose of this chapter is to review the philosophical approaches to research and
link them with the context of this research. It also aims to explain the methodologies

adopted to address each research objective.

Specifically this chapter:

e reviews the research philosophical approaches and demonstrates the
philosophical context of this research;

e describes the development of the conceptual model; and

e discusses the considerations of the research methods employed in order to

address each research objective described in section 1.5.2.

3.1 Philosophical approaches to research

Philosophical perspectives of research begin with the so called ‘standard view’ of
science, known as positivism, which is used to describe natural phenomena and is linked
to quantitative research. The aim of positivism is to explain phenomena in a strict
manner by creating fundamental laws that describe and explain the cause and effect of
the observed phenomena. Positivism study the sequence of occurrence of the
phenomena and looks for constant relationships between events in order to predict
(Robson, 2002; Payne and Payne, 2004). Positivism in management research is
regarded as applying scientific research methods and deriving laws to explain social
phenomena (Riley, 2000). Positivism has been criticised in social research thus:
observations of reality cannot be entirely objective as human subjectivity in the process

of research plays an important role (Muijs, 2004).

Positivism was followed by post-positivism.  Post-positivism recognised the above
criticism of positivism that the phenomena studied and the findings derived are
influenced by the people doing the research and the political and cultural environmental
conditions. However objectivity is still crucial in post-positivism but with a recognition

of the impact of possible biases (Robson, 2002). In the post-positivism approach,
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reality can be explained probabilistically and not universally because of the limitations

revealed by subjectivity.

Subjectivity is linked to qualitative research, whose findings rely on the researcher’s
instruments and observations. In this manner the truth observed can only be relative
and never absolute (Muijs, 2004). The notion of relativism leads to constructivism. In
constructivism, the reality can be constructed through interaction and the findings
include multiple context approaches. Constructivism is again criticised due to the
limitations on what can be known about reality, which leads to doubts about absolute
relativism approaches and calls for the exercise of caution about its scientific

credibility.

A framework that satisfies the approaches of both post-positivists and the
constructivists is experiential realism. Experiential realism admits that what is
measured is influenced by the researcher’s perceptions. However, it claims that
subjectivity can be limited because of the interaction of the researcher with the world
which eventually formulates the views for research. The most important dimension of
realism which differentiates it from positivism is the assumption that reality exists
independently from our awareness of it. Contrary to positivism, realism is not
supporting claims about the derivation of fundamental, universal laws but derives
theories to contribute to the knowledge of the world relating to the time being studied
and the current cultural characteristics. The outcome therefore is subject to

reinterpretation if further knowledge supports it (Robson, 2002).

Philosophical approaches to research provide an overview of the philosophical context
of this study. Realism in social research assumes that social structures pre-exist and are
transformed by action. Action in realism is meaningful and intentional - at the same
time it limits the possible ways that action can derive desirable results. In this
perspective organisations can be transformed by fostering appropriate actions or

employing practices that can lead to innovation.
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The philosophical context adopted for this research is experiential realism as this study
seeks to contribute to the knowledge by encapsulating factors identified in the literature
capturing current practices within different contexts and using a holistic approach to
contribute to the area of innovation management. However, it is recognised that
observations are related to the specific time and to the environmental characteristics of
when the study is conducted. As such, the outcome can be revisited in case the study is

conducted in different circumstances.

The following section explains the development of the conceptual model of this
research providing the basis for addressing the first objective of the research which is to

provide a holistic model of innovation in the construction industry.

3.2 The conceptual model

The conceptual model was derived from the knowledge gap and the grand theories
explored, which provided the theoretical background to this research, as seen in Chapter
1. It was also developed standing on the principles of experiential realism as shown in
the section above. The conceptual model was developed to help with the clarification
of concepts for realising the aim and for delivering the objectives of this research
(Babbie, 2007).

In order to illustrate the principles of the realist explanation (see Section 3.1) the
example of gunpowder is often used. Gunpowder blows when flame is applied but only
if the conditions are right. It would not blow for example if the gunpowder is dump, or
in the absence of oxygen, or if heat is not applied for adequate time. The realist
approach in simple terms is described thus: ‘the outcome (explosion) of an action
(applying the flame) follows from the mechanisms (the chemical composition of the
gunpowder, meaning the properties of the mixture) acting in particular contexts (the
particular conditions that the reaction takes place)’ (Robson, 2002, p. 31). The
approach is illustrated in Figure 3.1. The figure is based on the representation of the
realists’ explanation proposed by Robson (Robson, 2002) and adapted for the concept

of innovation employed in this research.
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Factor1, Condition 1 Outcome: Level
Factor2, Condition? of mmovation

Figure 3.1  The concept of innovation in a relativist’s context

On the basis of the realist approach, innovation can be seen as resulting from a
mechanism that is powered by factors playing a key role in innovation and the particular
conditions that pertain to each factor, acting into a specific context (Gkiourka,
Tutesigensi and Moodley, 2009). The mechanism is composed of all of the factors that
facilitate innovation and the particular conditions that apply to each factor explaining
the causality of innovation. Conditions reflect the current practices of the organisation
with respect to each factor or the specific features of contextually-dependent factors.
The context involves the different environmental settings (e.g. country or sector) within
which different innovation levels can be observed. The composition of different factors
and the variability of the respective conditions explain why more than one mechanism
can create a causal change on the outcome. The realist approach looks for possible
mechanisms at the different levels of the complex social system (micro, macro,
organisational). In different contexts, it is expected that the allowing or hindering of
innovation mechanisms could not be applied universally. Innovation is likely to occur
differently in organisations where change is already an attained capability, rather than in
organisations that are more reluctant to it. The way forward is then to explain how and

for whom it works best, and under what circumstances.
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Realising what the factors and the relevant conditions are that have an effect on
innovation can increase the understanding on how innovation can emerge and be
managed. This understanding can be used to manipulate the mechanism and optimise
the outcome by applying changes to the factors and/or conditions depending on the

context.

3.3 Arreview on the research methods employed

The discussion on the principles of research philosophy and the development of the
conceptual model led to the research strategies developed for acquiring new knowledge
in order to achieve the aim of this research. This section provides an overview on the
methods of inquiry and discusses the research methods and strategies employed in this

research.

Social science is about knowing what is, in the world, and why (Babbie, 2007). Social
research aims to find patterns of regularity in social life. ‘Social research can be applied
in educational settings, environmental settings, health settings, business settings and so
forth’ (Bickman and Rog, 1997, p.iv). This research is business research - studying
business organisations - and because an organisation’s attributes are derived from the
actions of people and groups of people (society), the research employs methods applied

in social research.

Methods of inquiry are addressed in the context of building theory and building from
theory. Scientists, in their pursuit of explanations for natural phenomena, form ideas
into hypotheses about the qualities or behaviour of a phenomenon. The hypothesis is
then tested to establish the support or refusal of the initial idea following verification or
falsification methods. The terms ‘deduction’ and ‘induction’ play an important role in
understanding theory construction’ (Riley, 2000, p.12). The main expression of
positivism is the hypothetico - deductive method (Riley, 2000). According to Riley,
deduction is the process that begins with the theory and continues by forming a
hypothesis to explain a phenomenon. This hypothesis is then tested using data

collection and analysis methods to derive conclusions on whether or not to support the
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hypothesis. Induction is the process of exploring and analysing an observation that
leads to the construction of theory which would systematically link with the observation

in a meaningful manner (Riley, 2000).

The major methods of inquiry developed and employed in social research can be
categorised as quantitative, qualitative and mixed methods approaches. Quantitative
research carries the notion of post-positivistic thinking and explain the phenomena by
collecting numerical data and by using mathematical methods (statistics) for analysis
(Muijs, 2004). Qualitative research carries the notion of constructivism, collecting
usually non-numerical data and subjecting it to non-statistical processes of analysis. A
mixed method of research implies that the research strategy used for collecting the
information is a mixture of both qualitative and quantitative research approaches.
However, there is a debate on the status of the distinction between qualitative and
quantitative research. The debate is based on the fact that in practice the distinction
between qualitative and quantitative is not absolute (Gilbert, 2008). For instance, it is
often the case that in qualitative research the quantification of data after a coding
process is required. The same can be observed in quantitative research for instance,
employing surveys where qualitative data is collected using open questions (Gilbert,
2008). Despite the debate on the distinction between qualitative and quantitative
research there is little evidence to suggest that the distinction is abating (Bryman and
Bell, 2007). Thus, the distinction between qualitative and quantitative research was
used to classify different methods of research but along with the following admissions
(Bryman and Bell, 2007):

e Quantitative research can be designed as a research strategy that emphasises
quantification on collection and analysis of the data; emphasises a deductive
approach to testing theories based on the positivism approach and embodies a
view of social reality as an external, objective reality.

e Qualitative research can be designed as a research strategy that emphasises
words rather than quantification in the collection of data and analysis;
emphasises an inductive approach where importance is given to the generation

of theories using the individualistic approach to interpret the world and
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embodies a view of social reality as an emergent property of an individual’s

creation similar to the experiential realism approach.

As such, it can be said that strategies of inquiry that emphasise quantitative techniques

include experiments and surveys:

e ‘experiments include random assignments of subjects to treatment conditions as
well as non randomized designs which are known as quasi experiments’
(Creswell, 2003, p. 14) - experiments in social research are imitating
experiments of natural science in that they are conducted in ‘controlled
conditions to demonstrate a known truth or examine the validity of hypothesis’
(Muijs, 2004, p.13) - experiments are usually conducted in laboratories where
environmental influences are eliminated and predictor variables are manipulated,
and

e surveys include longitudinal or cross-sectional studies using instruments
administered by mail, face to face, telephone or the internet - the intention of
surveys is to generalise the results from the sample of the population (Babbie as
cited in Creswell, 2003) using quantitative or numerical descriptions about the
attributes of research questions by employing statistical analysis.

It can also be said that strategies of inquiry that emphasise qualitative techniques
include: ethnographies, grounded theory, case studies, phenomenological research and
narrative research (Creswell, 2003):

e ethnographies aim to study the nature of cultural groups for long periods of time
by selecting data from observations - the context of the research is subject to
evolution depending upon the lived realities encountered during the research
(Creswell, 2003) - practices for collecting empirical data in ethnography
includes observation and interviewing (Travers, 2001);

e grounded theory aims to derive a theoretical approach of processes - it studies
action or interactions based on observations- it uses intensive interviewing or

textual analysis - data collection is a multistage process and follows the coding
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and analysing of observational data and the refining of information - this process
involves comparing the data with categories that emerge and maximising
similarities and differences from information (Creswell, 2003);

e case studies examine individuals, processes or events by collecting information
using multiple methods for a limited time period - phenomena in case studies are
examined in context and are studied intensively and in detail (Ritchie, 2006);

e phenomenological research aims to study the phenomena by understanding the
living experiences of participants in the study - a few subjects are studied for
long periods of time to develop meaningful relationships — the researcher’s
experience should be isolated to study only the experiences of the participants —
data collection includes interviewing and participants observation (Creswell,
2003); and

e narrative research aims to study individual lives in the context of selecting
information by telling stories about the participant’s life, the story is then
reproduced by the researcher into a narrative chronology - the story is reviewed,
combining views from both the researcher and the participant in a collaborative
narrative way (Creswell, 2003).

Both quantitative and qualitative methods of inquiry have strengths and weaknesses. In
typical terms qualitative observation examines the presence or absence of an event,
while quantitative methods observes the presence or absence of an event by measuring
the extent to which it is present (Kirk & Miller as cited in Tashakkori and Teddlie,
2003). Qualitative data provides greater in-depth detail about the subject investigated
because qualitative techniques in business and organisation research (e.g. observations
or interviews) involve physical interaction with the participant creating a higher level of
understanding of the subject. However it is argued that personal interaction may
introduce bias in the respondent’s answers (Sapsford, 2007). Furthermore, the
knowledge on the history and norms of an organisation provides insight into the context
of the observations which are interpreting the specific actions. However, there are also
methodological disadvantages of qualitative approaches. In qualitative approaches
there is a danger of not recording some of the behaviours of participants due to the

information processing limitations of the observer (Tashakkori and Teddlie, 2003).
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Although there may be explicit information on the recording data techniques it is not
obvious for other researchers to identify the nature of the derivation of interpretations
(Tashakkori and Teddlie, 2003). Moreover, there is a limitation on the explanation of
qualitative data as it cannot always be used for statistical inference techniques.
Although qualitative techniques provide a more in-depth insight of the subject of

investigation there are limitations to the generalisation of the findings.

Quantitative research is widely used in management and business research in order to
describe the strength and the relationships of the variables relating to an organisation.
Quantitative approaches can be considered to allow more for employing inferential
statistics (which include correlations, regression analysis etc.) and can be used to
compare results with other studies in the same field. Quantitative data can be subjected
to probability tests by examining whether an incident occurs by chance, and allows for
deriving cumulative results based on standardised statistical indexes (Tashakkori and
Teddlie, 2003). Quantitative answers can be used to derive a mathematical model for
evaluating the framework and allows generalisation as it can involve a large number of
participants (Muijs, 2004). However, there are certain disadvantages in quantitative
approaches. Correlations may provide only limited insight on the causality of events
investigated. In addition, experimental designs in laboratories control the
environmental characteristics to such an extent that the outcome deviates substantially
from the reality losing the perspective of realism. Overall quantitative approaches and
the data collection techniques employed (surveys, interviews, laboratory experiments),
although they allow for increased level of analysis and explanation through statistical
inference they are often criticised for falsely representing the phenomena studied
(Tashakkori and Teddlie, 2003).

Mixed methods are commonly used by some researchers in interrelated multi project
programs for an overall research problem (Tashakkori and Teddlie, 2003). Other
researchers include multiple approaches of data collection for triangulation purposes in
order to minimise the limitations of each research strategy (Creswell, 2003). Mixed
methods approaches allow for a more comprehensive design as it limits the constraints

of a single design. However mixed methods is criticised for introducing thin
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supplements to an overall design and thus attention should be drawn to carefully
describe the methods and techniques of all the information and interpretations
(Tashakkori and Teddlie, 2003). Studies in the service sector innovation management
tend to use both qualitative and quantitative research (Oke, 2007).

It is recognised that both quantitative and qualitative approaches are used by social
researchers (Muijs, 2004). All methods have strengths and weaknesses. However, the
discussion above forms the reason for applying a mixed method approach for the
purpose of this study. A mixed methods approach is employed in this research in order
to ensure greater reliance on the information exploited by limiting the constraints of
applying a single method approach. Qualitative research is used to facilitate the
quantitative research (Bryman and Bell, 2007). The in-depth knowledge in the area of
managing innovation is acquired using grounded theory techniques. This knowledge is
then used to inform the design of survey questions. Cycles between inductive and
deductive methods are employed allowing for both the expansion and the refinement of
the theory (Tashakkori and Teddlie, 2003). According to Tashakkori and Teddlie
‘cycling emphasizes the dynamic characteristic of social systems central to social-

physiological theory’ (Tashakkori and Teddlie, 2003, p. 561).

The research methods employed to address each objective of this research in order to

accomplish the research aim are analysed in the following sections.

3.3.1 Developing a generic holistic model of innovation

In order to address the first objective of this research which was the development of a
generic holistic model of innovation, an in-depth knowledge in the area of managing
innovation was required. This knowledge of gathering the existing theory in order to
refine it for developing a more advanced theory of a holistic model for managing
innovation was acquired by employing grounded theory techniques. An alternative to
employing grounded theory techniques for acquiring in-depth knowledge in the area of
managing innovation would be to employ case studies of organisations analysing their

methods of managing innovation.  However, this approach would limit the
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generalisation of the results as the findings would rely very much on the specific
characteristics of the organisations being studied. This would oppose the overall
purposes of this research that is to describe the mechanism of innovation using a holistic
approach as the holism could be case study specific.

The notion of grounded theory refers to theoretical explanations of the social world that
are the product of empirical data (Gilbert, 2008). However, often grounded theory has
been used, and criticised for it, in the verification of existing theory using deductive and
quantitative methodologies. Glaser and Strauss have outlined a series of procedures to
carry out inductive and theory generating research (Glaser and Strauss, 1967). This
section describes the grounded theory techniques used and discusses the elaborations on

Glaser and Strauss’ model.

One of the most influential features of the grounded theory approach is based on the
methodological framework of deriving categories from data in social research (Bryant
and Charmaz, 2007). An important aspect in this process is letting the categories
emerge from research material rather than concentrating effort on preconceived
concepts and terms, which poses the danger of forcing the exception of important
theoretical knowledge (Bryant and Charmaz, 2007). The technique of grounded theory
employed was textual analysis (Charmaz, 2007) of the relevant literature. Textual
analysis includes elicited texts and extant texts. Elicited texts involve production of
data to respond to the researcher’s request by engaging research participants. Extant
texts involve data that the researcher could not have affected their production. These
include public records, government reports, organisational documents, mass media,
literature, correspondence (Charmaz, 2007). The approach of extant text analysis was
used in order to avoid general interests or motivation for studying the issue of managing

innovation within a specific theoretical framework (Gilbert, 2008).

Initially, an examination of the extant texts identified in the literature relating to
innovation, innovation theories, organisational innovation practices and the construction
industry as a preliminary source of data, was conducted in a relatively open and non

prescriptive way. The texts in the literature were used as objects of analytic scrutiny
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and not as evidence (Charmaz, 2007). This preliminary exploration of the data revealed
that other researchers” work related to innovation can be classified in three key areas:

e research of innovation focused into the internal environment of organisations
(Pavitt, 1976; Porter, 1985; Senge, 1991; Gilbert and Birnbaum-More, 1996;
Manseau and Seaden, 2001; Kash and Rycroft, 2002; Landry, Amara and
Lamari, 2002; Rahman and Kumaraswamy, 2002; Kash, Auger and Li, 2004;
Krause, 2004; Lau and Ngo, 2004; Lemon and Sahota, 2004; Miozzo and
Dewick, 2004a; Sexton and Barrett, 2004; Aragon-Correa, Garcia-Morales and
Cordon-Pozo, 2005; Storey and Salaman, 2005; Hartmann, 2006; Oshagbemi
and Ocholi, 2006; Dainty, Green and Bagilhole, 2007; Jong and Hartog, 2007;
Carneiro, 2008; Toor and Ofori, 2008);

e research of innovation related to the external environment in which
organisations operate (Garavan, 1997; Tang, 1998; Marceau et al., 1999; Gann
and Salter, 2000; Manseau and Seaden, 2001; Seaden and Manseau, 2001;
Sanghoon, 2002; Trott, 2002; Fagerberg, Mowery and Nelson, 2005); and

e research on strategic resources that facilitate innovation to occur (Cohen and
Levinthal, 1990; Manu, 1996; Tang, 1998; Hendriks and Vriens, 1999; Levy,
2000; Manseau and Seaden, 2001; Seaden and Manseau, 2001; Yankov and
Kleiner, 2001; Carrillo and Anumba, 2002; Trott, 2002; Kotler, 2003; Vinding,
2006).

The identification of these three areas shifted the process of the preliminary
examination of the literature to the deliberate investigation of emerging theoretical

concepts or possibilities (Glaser and Strauss, 1967).

Coding was used to create the ‘bones’ of the analysis, which integrated with the
theoretical constructs to form the ‘skeleton’ of the research (Charmaz, 2007). Coding
included naming segments of data in the extant texts followed by focusing on the most
significant and frequent concepts of innovation, so as to sort and synthesise them into
theoretical categories emerging from the data. Although Glaser and Strauss suggest that
there should be coding of every single line of data, codes emerged as a result of an
ongoing and flexible synthesis of research data and the unit of analysis was paragraphs

of journal articles and books relating to the theme of innovation, innovation
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management, innovation theories and construction industry (Gilbert, 2008). During the
coding process, each paragraph was given a code that referred to a certain variable.
During the preliminary literature search, codes were detailed, specific and numerous but
during the process of analysis of the extant texts, the initial codes were combined into
larger more generalised categories whose properties provided the base for the
theoretical explanation of the data. Through the process of constantly comparing each
new instance within a category with all previous instances, it was revealed that there
were texts describing the same variable (e.g. culture of organisations) within different
perspectives. The ongoing writing of memos about the properties of the categories that
emerged helped in understanding the haunches for each category and in splitting the
initial category-variable into subcategories comprising of factors representing
dimensions of the same category (i.e. factors such as technology, leadership, ownership,
collaborations represented the category ‘culture in organisations’) as shown in Figure
3.2. The analysis of the literature has reached a point of saturation meaning that the
research on the different instances within a category stopped at the point where the
instances that were revealed started to repeat and further extant texts examined did not

contribute with any new information or revealing categories.

Culture

T

Technology Leadership Ownership Collaborations

Figure 3.2  Hierarchical structure of subcategories

Another challenge was to ensure the grounding of the categories applying theoretical
sensitivity by linking relevant data with empirical evidence in the light of theoretical
terms. Theoretical sensitivity as a prerequisite to the category building has been
explained by Strauss and Glasier, who developed two different methodological tools for
clarifying the concept of theoretical sensitivity in grounded theory research (Bryant and
Charmaz, 2007). Berney Glasier in his explanation of theoretical sensitivity introduced

the terms ‘theoretical codes’, ‘theoretical coding’ and ‘coding families’ to describe a
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process where analysts have a wide variety of theoretical concepts to develop the
categories for the emerging theory. Strauss introduced the notion of developing of an
axis or a skeleton of the most important categories as the so called ‘paradigm model’
based on human action and interaction rooted in a pragmatist social theory which could
provide the key areas for further categorisation. However, both methods are criticised
for their reflection on the original intention of grounded theory. Bryant and Charmaz,
(Bryant and Charmaz, 2007) argue that Glasier’s explanation is subject to the
researcher’s approach on theoretical sensitivity, entailing the researcher’s ability to
grasp empirical phenomena in theoretical terms. This competence demands a broad
background in sociological theory and extended training. Strauss and Corbin paradigm
iIs a more straightforward concept in terms of the construction of a theoretical
framework for the development of empirically grounded theories in an explicit manner
(Bryant and Charmaz, 2007, p. 203).

The theoretical notions, definitions and categories from the grand theories such as
systems theory (Askarany and Smith, 2008), resource based theory (Kristandl and
Bontis, 2007) and diffusion theory (Rogers, 2003; Askarany, 2005; Askarany and
Smith, 2008) provided the theoretical concepts that constituted the basis for
comparison. The grand theories were used to sensitise and compare the emerging
categories with the identification of theoretical related phenomena in the field. Those
heuristic categories formed the theoretical axis to which empirical information in the
research area was added. Therefore, the development of the categories for innovation
management-related areas and the propositions with growing empirical content from
innovation practices in the construction industry was supported by the heuristic

concepts from the grand theories.

The grounded theory approach increased the theoretical understanding of the factors
playing a key role within the studied area and informed the development of the next
steps of the research process. The next step was to develop a system in order to identify
the condition of each factor identified, as explained in the conceptual model in section
3.2.
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3.3.2 Developing a generic system for depicting innovation practice

The conceptual model developed in Section 3.2 describes the mechanism of innovation
as being empowered by the composition of the factors that facilitate the innovation
process and the condition of each factor in reflecting the current practices or the specific
features of the organisation within a context. The combination of the factors and the
identification of the practices employed or the specific features referred as ‘the
condition of the factors’ can be used to determine the performance of the organisation

towards innovation.

In social research the combination of answers with several indicators or factors each of
which being a scale, is used to measure attitude. In not just social science but also
physics, attitude, as a theoretical construct, is difficult to be measured and therefore its
existence and properties must be inferred indirectly (Gilbert, 2008). However, it is
argued that an underlying attitude is not solely determined by the verbal or non verbal
behaviour but it can be the result of relationships with other factors that can have an
influence effect of the final behaviour. The verbal or non verbal statement is the
behavioural component of an attitude (Gilbert, 2008). Other components of an attitude
can be the cognitive (i.e. thinking mentally, organising); and the affective (i.e.
emotional and feeling) (Whyte, 2000).

Linking the components of attitude to an organisation’s attitude it can be said that the
behavioural component of the organisation’s attitude can help to realise what the
organisation does well or what the organisation does poorly regarding innovation. This
can be achieved by determining the current condition of the factors playing a key role to
innovation or, in other words, depicting the current practices that are employed towards
innovation. As such, the behavioural component can be used to explain how innovation
occurs in some organisation and not in others. The cognitive component of
organisational behaviour can be realised by measuring the extent to which each factor is
considered by organisations to be contributing to innovation. This, in effect, can be
used to explain why innovation occurs as it can be said that innovation is more likely to

occur in organisations where factors that are playing a key role to innovation are valued.
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Finally, the affective component could also be studied by examining the feelings of
managers, directors and employees towards innovation. Although, the affective
component was outside the focus of this research, it can be said that the behavioural and
the cognitive components can indirectly represent the psychology of the organisations

towards innovation by eliciting their tactical actions.

It is helpful and often essential to have multiple indicators or factors relevant to the
concept that is measured. In this sense, the categories that emerged from the grounded
theory technique and the factors describing different dimensions of each category were
used as the construct to identify the organisation’s behavioural and cognitive
components of attitude. Based on the above, the strategy developed to address the
second objective of the research which was to develop a generic system that can
identify the condition of each factor playing a key role in innovation reflecting the
behavioural component of organisations, was addressed using attitude scale methods as

described below.

There are many methods for constructing attitude scales. The most common ones are:
paired comparisons, the rank order method, direct magnitude estimation, and rating
scales (Jupp, 2006). Every scaling procedure has two components — stimuli and a
response method. The paired comparison method uses a pair for stimuli and a response
dimension is defined. Respondents are asked to indicate which stimulus in each pair is
higher or lower in the dimension of interest. The rank order method offers multiple
stimuli. The respondents are asked to place the stimuli in order along the defined
dimension. Direct magnitude estimation asks respondents to provide a score on a
dimension for each stimulus. Rating scales asks respondents to select one response
choice from several that are in order along a dimension. Each choice is defined by an

anchor point that describes its position in the dimension being measured (Jupp, 2006).

In order to project the position of an organisation along a dimension and identify the
anchor point that best describes the condition of the organisation, for each factor,
relative to other conditions (representing different anchor points), the logic of the rating

scales was used. A scale was constructed for each factor. Each scale had as stimuli
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each factor and respondents were asked to select one response along the dimension that
best described each factor. The measurement embodied an assessment of the practices
employed by the organisation for each factor. The scales for each factor had two
extreme anchor points and intermediary points that demonstrated progression of the
underlying dimension. The left anchor point represented the absence of the underlying
dimension and the right anchor point represented a maximum position in terms of the

underlying dimension.

Defining the construct of the scale carefully and completely was a vital step in the
process of constructing the scales. This process was a conceptual/theoretical task of
describing the nature of the construct for each factor. A definition for each factor was
written, in order to describe what is intended to be measured. Definitions of each of the
factors identified are provided in Chapter 4. Anchor points and intermediary points
were informed from the grounded theory stage and during extensive literature research,
based on qualitative information identified in the literature. The findings of the
literature research were then operationalised on a scale denoting progression from the
left anchor point to the right anchor point. The response categories were exhaustive,
covering all possibilities by making fairly broad suggestions that satisfy the objectives
of this project. One extreme denotes a low likelihood of being innovative and the other
extreme denotes a high likelihood of being innovative. The scales constructed were
used to assign scores to the organisation according to the underlying dimension based
on the organisation’s position on the scale. (Herein after, the scales constructed to
identify the condition of the organisation for each factor will be called in future

reference ‘Part B’ of the questionnaire) (See questionnaire in Appendix A).

Taking as an example the different dimensions of the category ‘culture’ represented by
the factors: ‘technology’, ‘leadership’, ‘ownership’ and ‘collaborations’ as illustrated in
Figure 3.2 above, the response categories identified for each factor are illustrated in

Figure 3.3.
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Technology Leadership Ownership Collaborations
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Figure 3.3  Response categories of factors

In the examples shown in Figure 3.3 the underlying dimensions for constructing the
scales and identify the condition for each factor were: for the factor ‘technology’ the
underlying dimension is ‘newness’; for the factor ‘leadership style’ the dimension is
‘freedom’; for the factor ‘ownership’ the underlying dimension is ‘capacity to overcome
bureaucracies and flexibility to work with others’; for the factor ‘collaboration’ the
underlying dimension is ‘geographical dispersion’. The underlying dimension of each

scale constructed for each factor is analysed in Chapter 5.

The scales constructed for each factor were used to develop a survey instrument for
identifying the behavioural component of organisational attitude towards innovation

and depict the current practices employed within the construction industry. The content
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validity of the constructs that were developed is addressed in the following section,
within the overall examination of content validity of the survey instrument developed.
The practices employed by the construction organisations represent the condition of
each factor, as referred within the explanation of the conceptual model, and was

captured during the survey employed.

3.3.3 Exploring innovation practice in the construction industry in the UK

The initial application of the grounded theory techniques and the development of a
system that could identify the condition of each factor playing a key role to innovation
provided the basis for determining innovation practice in the construction industry. The
strategy adopted to address the third objective of the research and to determine the
innovation practice in the construction industry in the UK was a survey using a postal

administered questionnaire.

3.3.3.1 Research design

As suggested in section 3.3 there are different types of survey. Both interviews and
questionnaires have strengths and weaknesses. Interviews are good for measuring
attitudes and most other content of interest and they allow for follow up questions by
the interviewer to provide more in-depth information. They have moderately high
measurement validity, they can be used in probability samples and they often have high
response rates. However, interviews are expensive and time consuming. Moreover, the
reactive effects of presenting desirable information may insert biases as anonymity
cannot be ensured and needs validation (Sapsford, 2007). Questionnaires are good for
measuring attitudes and are often inexpensive compared to interviews. They can be
administered in probability samples and they can have a quick turnaround. They can
ensure anonymity of the respondents and can have high measurement validity for well
constructed questionnaires. However, some of the disadvantages are that questionnaires
should be kept short, and the people filling out questionnaires may not recall certain
information due to lacking self awareness (Tashakkori and Teddlie, 2003).

Furthermore, in questionnaires, there is no explanation of the meaning of the question
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and therefore careful treatment should be given on the design of brief and clear
questions. Response rates in postal surveys may be low and data analysis may be time
consuming for open-ended questions. Measurement of questionnaires also needs
validation (Tashakkori and Teddlie, 2003).

A survey method using postal questionnaires was opted for, for the purpose of allowing
a large probabilistic sample that could be used for generalised purposes and to allow for
the interpretation of the mechanism of innovation in different contexts. The
questionnaire was developed through the following stages: determining the questions to
be asked, constructing the response scales and deciding on the overall layout of the

questionnaire.

The extensive literature review that was undertaken was coupled with the grounded
theory techniques that were employed to address the first objective of the research and
helped to identify all the factors that play a key role in innovation (see chapter 4).
Then, the system developed for indentifying the condition of these factors, involved
constructing ranking scales as explained in Section 3.3.2 and presented in Chapter 5.
This system that involves the rating of potential practices that can be employed by
organisations according to the degree they favour innovation, was designed to help the
identification of the behavioural component of the organisation’s attitude towards
innovation. The importance that was attributed to each factor by the professionals in
the industry was also important to understand the cognitive component of the
organisations’ attitude towards innovation. At this stage, a key link was established
between the research aim and the individual questions via the research issues. The
processes of defining the appropriate questions to derive answers that contribute to the
accomplishment of the specific objective and as such the research overall aim are

illustrated in the ‘Question Focus’ in the Figure 3.4 below.
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Question Focus:

To what extent
the ‘factor’
Issue: How to quantify contributes to
the perception of propagation of
professionals regarding innovation?:
the contribution of each
factor to innovation i) Not at all
(cognitive component of ii) Little
Research Objective 3: organisational attitude) iii) Moderate
Explore Innovation Iv) Very Much
Practice in the v) Great
construction industry
Question Focus
Issue: How to quantify What type of

the conditions that
pertain, or else, the
practices employed by
organisations regarding
the factors identified

factor ‘e.g.
technology’ you
are using?:

: i) Ancient
(behavioural component ii) Established

of organisational attitude) iii) Modern
iv) New
v) Emerging

Figure 3.4  The process of determining the appropriate questions

The above process generated the focus on a two measure approach. The first measure
was to identify to what extent each factor identified, contribute to propagation of
innovation according to professionals in the industry representing the cognitive
component of the organisation’s attitude towards innovation. The second measure was
to identify the condition of each factor describing the current practices employed
representing the behavioural component of the organisation’s attitude towards
innovation. These two types of questions were used to depict the innovation
mechanism. The first measure was recorded using a five point Likert scale (0-4) with
‘Not at all’ coded as ‘0’ and proceeding gradually to ‘Little’ coded as ‘1°, ‘Moderate’
coded as ‘2°, “Very’ coded as ‘3’ and ‘Great’ coded as ‘4’. The second measure was
recorded using the system developed to identify the condition of each factor (see Table
3.1).
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The questions of the instrument were designed to be brief and clear in order to achieve
maximum understanding of their meaning for all the respondents. The questions and
the answer choices were attractively and neatly presented. The questions were
standardised by using only two types of questions for the two measures approach. The

two types of questions are shown in Table 3.1.

Table 3.1 Types of questions in the research instrument

Organisational attitude components Question

1. Cognitive component (reflects the 1. To what extent does the ‘factor’
value attributed to each factor showing contribute to propagation of innovation?
whether it is considered important to the

innovation process)

2. Behaviour component (reflects the 2. Which of the following best describes

condition of each factor) the ‘factor’ in your organisation?

All questions were closed type except for two open type questions used to identify the
proportions of revenue and expenditure associated with innovation. Closed type
questions were preferred because they lend themselves easily to summarising replies
and producing a picture of the population. Closed questions describing the population
were also included to allow the comparison of the different categories of respondents
based on their characteristics in terms of area of operations and type of organisation (see

questionnaire in Appendix A).

3.3.3.2 Questionnaire validity and reliability

There are two major measures for evaluating measurements: validity and reliability
(Zikmund, 2003).

Validity refers to whether the instrument gives accurate measures of what it is supposed
to measure (Gomn, 2008). The basic approaches to evaluate the validity are to test for:

content validity, construct validity and criterion validity.
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Content validity refers to the subjective agreement among professionals that a scale of
an instrument logically appears to reflect accurately what it is supposed to measure
(Zikmund, 2003). Content validity is dealing with the content of the questions in the
questionnaire. Content validity was ensured through a three stage process. The first
stage included an extensive search on the literature and the concepts of innovation,
innovation terminology, and innovation practices using grounded theory techniques.
The grounded theory approach developed understanding on the related disciplines for
identifying the categories and the factors describing the different dimensions of the
categories. The factors included in the research were based on the theoretical
framework of the resource based theory, diffusion theory, and systems theory that lent
the heuristic categories to compare the findings from the grounded theory techniques
employed. The second stage included the analysis of the extant texts. The analysis
stopped when a point of saturation was reached indicating that the categories and
factors revealed within these categories started to repeat and further extant texts
examined did not contribute with any new information or categories. Finally, the third
stage included the examination of the questionnaire by an expert. The expert was a
member of the university staff who had prior experience on surveys and commented on
the content, wording of questions, and the overall layout. The key consideration was
whether the factors used to describe the mechanism were the right factors; and if the
conditions of the factors identified and the scale constructs developed for both the
behavioural and the cognitive component of determining the attitude of the organisation
were the right ones. Useful comments by the expert contributed to the development of
the final wording and the overall layout of the questionnaire.

Construct validity ‘refers to the ability of a measure to confirm a network of related
hypotheses generated from a theory based on the concepts’ (Zikmund, 2003, p. 303).
There are no specific tests for testing construct validity but in effect, all tests during the
statistical analysis of the data imply that the empirical evidence generated by the
measures behave the way it is supposed to, in patterns of intercorrelations with other

variables. Construct validity could be best demonstrated by the accumulation of
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correlations from many different studies using the same instrument although that was

not possible in this research as the instrument has never been applied before.

Criterion validity refers to the ‘ability of a measure to correlate with other measures of
the same construct’ (Zikmund, 2003, p. 302). Although a strong proof of criterion
validity would be to conduct statistical tests of co-variation and correlation measuring
the extent of agreement between the results of using this instrument and the results of
using another instrument, this was not possible due to the lack of a similar instrument.
However, in such cases a weaker proof of criterion validity can be the judging of the
results against expert opinion. The results were audited by a member of the research

community and there was agreement that criterion validity was satisfied (Gomn, 2008).

Reliability refers to ‘the degree to which measures are free from error and therefore
yield consistent results’ (Zikmund, 2003, p. 300). The basic approach to evaluate the
reliability of a multiple-item measure is to check for internal consistency of the
constructs in the questionnaire. Internal consistency is tested by using the statistical test
for calculating Cronbach’s alpha (Gomn, 2008). Cronbach’s alpha was calculated to
check the consistency of the constructs measured and the results are demonstrated in
Chapter 6. Generally internal consistency was achieved as the Cronbach’s a for the first
type of measurement was above the 0.7 threshold (Gomn, 2008).

3.3.3.3 Measurement level

The level of measurement of the factors refers to how the different responses or
attributes relate to one another. There are three levels of measurement: interval (or

continuous), ordinal and nominal (or categorical or qualitative) (de Vaus, 2002).

Interval variables can be ranked from low to high in a meaningful way. It is also
possible to specify the amount of difference between the attributes (Alreck and Settle,
2004). Interval level variables is the highest level of measurement as it contains three
types of information: occurrence, order of occurrence and quantity of occurrence (de

Vaus, 2002). The difference between ratio and interval level variables is that ratio
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variables have an absolute zero (Neuendorf, 2002; Alreck and Settle, 2004) which

implies the absence of a characteristic.

Ordinal level variables can be ranked from low to high, however the exact difference
between the attributes cannot be specified in numeric terms (Alreck and Settle, 2004).
Ordinal level variables contain two types of information (de Vaus, 2002). They indicate

the occurrence and the order of the occurrence of an event (Field, 2005).

Nominal level variables have no set rank order and cannot be classified from low to
high in any sense. Nominal level variables contain one type of information (de Vaus,
2002) and that is the name of the category (Field, 2005).

The closed questions in Part A and Part B of the questionnaire are technically designed
to be ordinal variables. This is because the actual distance between the responses is
qualitative and therefore cannot be defined in absolute terms. However ordinal types of
measurement used in Likert scales are often treated by researchers as interval scale
measurements for allowing more sophisticated statistical analysis (Gomn, 2008).
Questions from part A of the questionnaire were designed to include an absolute O
(absence of the characteristic defined in the category ‘Not at all’) and as such they were
treated as ratio variables. The descriptive variables questions included in the Section A
of the questionnaire (see questionnaire in Appendix A) were nominal level variables.
High levels of measurement were used so as to derive results that are more accurate, use
more powerful statistical tests, and apply discriminations between cases in order to

increase research power.

3.3.3.4 Questionnaire layout

The final questionnaire was summarised in four and a half pages. The first section
(Section A) of the questionnaire included the descriptive questions and the open
questions concerning proportions of revenue and expenditure associated with
innovation. On Section A of the questionnaire, respondents were allowed to complete

their contact details in case they wished to be sent the results of the survey. Sections B,
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C and D included the questions as stated in section 3.3.3.1. The sections were
organised in terms of the key areas identified: the internal environment, the strategic
resources, and external environment, and by grouping together all the questions that
relate to similar categories of factors that impact in innovation according to the holistic

conceptual model of innovation, illustrated in Chapter 4.

A cover letter accompanied the questionnaire for explaining the purposes of the
research, the importance of the contribution of the respondents and the amount of time
allowance offered for completing and returning it to the researcher. The questionnaire

layout and the cover letter are provided in appendix A.

3.3.3.5 Survey sample

The sample of the survey was designed by considering the following factors:
specification of the sample unit, specification of the sample frame, specification of the

population, random sampling, sample size, response rate and non response bias.

The survey’s sample unit was construction organisations. An exhaustive list of
construction organisations was provided by the Registrar of Companies in England and
Wales on a DVD. The DVD directory contained basic company details of over 2
million live companies registered in England, Scotland and Wales. The DVD provided
a built in search facility that allowed up to 6 combinations of searches to be made. The
search options were company name, company number, registered office address lines,
postcode, date of incorporation or range of dates, SIC codes or description, company
type, company status or accounts type. The term ‘construction companies’ was used as
a search term within the CD and it resulted in generating a list of 59,544 construction

organisations.

The list of 59,544 organisations provided names and addresses of the construction
organisations for the mail survey constituting the sample frame. The sample frame was

all-inclusive - it included every member of the population to be surveyed and exclusive
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to the population being studied (Alreck and Settle, 2004). The units identified in the

sample frame were defined exactly the same way as the sampling units.

The population surveyed were the managing directors of each organisation who were
considered to posses the information sought by the survey. A question of how long has
the respondent been working for the organisation helped to assess whether the

information came from the people who had the required knowledge.

Random sampling provides a sample that is representative of the entire population and
it is least likely to result in bias. Randomness defined by Neuendorf (2002) means that
every element (unit) in the population has an equal chance of being selected. Random
sampling is the most appropriate kind of sampling as it is important to the reliability and
validity of the data. The statistical properties of the random sampling used allowed the
researcher to make inferences about the population based on the results obtained from
the sample, allowed for the computation of confidence intervals indicating the
probability, allowed for calculating the population average and other parameters
necessary to generate statistics (Alreck and Settle, 2004) (see Chapter 6). Random
sampling allowed for calculating and reporting the statistical significance of
relationships between survey items, based on the probability that such relationships
would result only from sampling error (Alreck and Settle, 2004). Random selection
allowed these statistical coefficients to be more accurate and legitimate compared to any

other kind of sampling methods.

The random selection method used, was a computer-generated list of random numbers.
The list was provided from the DVD ROM and it was exported into an excel file. Excel
was then instructed to select a random sample of 1,000 numbers between 1 and 59,544.
The random numbers were sorted in sequence and the duplicate numbers were
discarded. The units to be included in the sample were then picked from the sampling

frame according to the sample list.

Although there are statistical formulas for the calculation of a specific sample size to

yield a given level of confidence for single variable these formulas require accurate



Chapter 3: Research philosophy and methods 97

estimates of population variance and that was not known in advance (Neuendorf, 2002;
Alreck and Settle, 2004). Therefore, judgement on these factors is necessary. The
decisions based on this survey would influence the final framework and this would
result in costly consequences if the framework would be used in practice. Another
concern was that it was likely to have a high level of variance among the units in the
population to be sampled and that would result in greater sampling error. A pilot study
was conducted to reveal deficiencies in the design of the proposed instrument and
address issues such as the establishment that replies can be interpreted in terms of the
information that is required, before time and resources were expended on the main
study. The pilot survey was conducted to address a sample of 100 organisations
selected with the same way as described above. The response rate of pilot survey was
8%. The analysis of the pilot study indicated that changes needed to be made in the
response scale of a few items and provided insight on the sample size which should be
big enough to provide adequate data. Those considerations led to the decision that a
large sample was required and the maximum practical size which was the size of the

sample for this survey was 1,000 respondents (Alreck and Settle, 2004).

In order to maximise response rate, respondents were provided with a prepaid envelope,
they were assured of anonymity and were offered a report on the results. At the end of
the mail-out, a total of 55 completed questionnaires were received, giving a net
response rate of 10.4%. The response rate was calculated according to de Vaus (de

Vaus, 2002) by using the formula below:

Number Returned «
NinSample — (ineligible + unreachable)
97
1003t 2-2%

Response Rate = 100

Response Rate = x 100 = 10.4%

The relatively low response rate did not come as a surprise given that postal surveys
have often been plagued by low response rates (Church, 1993). According to Alreck
and Settle (Alreck and Settle, 2004) non response may be independent of the survey

content or it may interact with it. If people decide to respond to the survey or not to
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respond, purely on a random basis, then the non response will be independent of the
survey content and there won’t be non response bias. In the case of this survey the
response rate was estimated according to the indications of the pilot study so the data
collection yielded an adequate number of respondents to satisfy the sample size

requirements.

However, non response is never entirely independent (Alreck and Settle, 2004). There
is a need to clarify what sort of interaction exists between the survey and non response.
A direct interaction might be that the respondents do not consider innovation as an
important factor to enhance their organisations’ performance and in that case, they may
be not interested in the survey at all. An indirect relationship is that although
respondents might be interested in the survey, they didn’t have sufficient time to
complete the questionnaire or their corporate policy does not allow them to participate
in the survey. Finally, answers that indicated that the company has ceased trading and
therefore could not answer the questionnaire, was also another form of an indirect
relationship. Adding to the reasons above, non-delivered questionnaires might also
contribute to the low response rate. However, non response did not affect the results of

this survey as the final sample was considered adequate for analysis.

The analysis of the exploration of the data collected from the survey and the association

between the items measured are presented in Chapter 6.

3.3.4 The modelling of the generic mechanism of innovation

The survey results, along with the identification of the factors and the system for
identifying the practices of innovation in the construction industry, helped to address
the fourth objective of the research and model the generic mechanism of innovation.
The fundamentals of modelling are presented below along with an explanation of the
approach of mathematical modelling employed in this research.

According to a dictionary definition, a model is: a miniature representation of

something; a pattern of something to be made; an example for imitation or emulation; a
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description or analogy used to help visualize something (e.g. an atom) that cannot be
directly observed; a system of postulates, data and inferences presented as a
mathematical description of an entity or state of affairs (Dym, 2004). A model is used
to represent something in a comprehensive way (Meyer, 2004). It is a formal
description of the essential elements of a problem (Grant, Pedersen and Marin, 1997).
Modelling the mechanism of innovation is required in order to describe how the
innovation mechanism works in different contexts and in different organisation as

proposed by the conceptual model developed.

There are different kinds of model that can be used to describe behaviours or
mechanisms. The different kinds of models can be classified in various ways (Grant,
Pedersen and Marin, 1997). The main dichotomy for the purposes of this research is
physical versus abstract. Physical models are miniatures of real objects. Physical
models are used to test, study, display and experiment a real situation using simulation.
The globe is an example of a physical model representing the earth. Abstract models
use symbols instead of physical devices to represent the system being studied. The
symbolism can include written language, a verbal description, or a thorough process. A
mathematical model is a special type of an abstract model using the language of
mathematics. Mathematical models are fundamentally the same as the other types of
abstract models but because they are using mathematical notation they are more specific
than verbal description. Mathematical models are less ambiguous than most word

models.

In organisational studies mathematical theory building can add structure to the
description and analysis of the research question by “facilitating the articulation of
model assumptions, relationships among variables and testable implications” (Livesque,
2004). Mathematical models are built on existing theories that form the basis for model
assumptions (Lwesque, 2004). Modelling a mechanism of facilitating innovation in the
construction industry is a complex process that involves collection, presentation and
utilisation of the data analysis results, and operationalisation of the derived relationships

into a language that can represent the situation under study. In order to offer greater
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specificity to the modelling of the mechanism of innovation mathematical modelling

has been applied.

The large number of factors (forty one factors measured with two different types of
measurement-cognitive component and behavioural component) indicated the need to
reflect on how those factors can be included in a mathematical model. The results of
the data analysis presented in Chapter 6, show that all forty one factors are important to
increasing revenues. Furthermore, the principles of the systems theory indicate that a
small change of a system’s property may lead to significant changes to other system
properties. There are two types of strategies for dealing with large number of factors.
The first strategy is to reduce the factors by discarding the less important ones or group
them in higher level factors (Tutesigensi, 1999). The second strategy is to keep all the
factors but ensure that they are treated without compromising validity of the results
(Tutesigensi, 1999). Reduction of the observed factors or grouping them to higher level
factors would contradict the notions of the system theory. The obtained results would
be of reduced sensitivity and also important information would be lost considering the
fact that all the factors were found to be important in generating revenues (see Chapter
6). Furthermore, according to the conceptual model the mechanism of innovation is
dependent on the context being studied. Based on the realism approach adopted for this
research, the results are subject to the time and the current conditions that the survey has
been carried out. For the reason explained above, the second strategy was found to be

less compromising than the first one and as such, all the factors were kept in the model.

It is taken that the combination of the factors and the conditions of those factors
represented by the practices an organisation employs can form the innovation potential
of an organisation. It is also taken that ideally there would be a position in which an
organisation would account for all of the factors identified as being important to
innovation and then employ all of those practices that facilitate the innovation process.
However, this ideal situation which could be compared to a state of innovating in
‘perfection’ could be rarely found. The mathematical formula developed determines the
organisation’s current potential towards innovation and its ideal potential, and provide

alternative scenarios for increasing the organisation’s potential towards innovation.
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Initial shortcomings within the modelling process that were due to mistakes in the
manipulation or the design of the mathematical formulas were redesigned (Meyer,
2004). New formulations followed the mathematical manipulation and new evaluations
were conducted until the formulas agreed well with the observations of the collected
data. The steps included in the mathematical modelling process were formulation,

mathematical manipulation and evaluation and are presented in Chapter 7.

3.3.5 Systematising the generic mechanism of innovation

In order to manipulate the large number of factors and effectively operationalise the
mathematical model developed, the generic mechanism of innovation was systematised
within a software program developed, named InnoAct. InnoAct increased the usability
of the mathematical model and offered a systematic procedure for managing the generic
mechanism of innovation. The software programming approach employed, addressed
the fifth objective of the research and allowed for systemising the management of

innovation.

The computer application, InnoAct was designed with two main features: ability to
evaluate organisational performance towards innovation and ability to produce ‘what if
scenarios’ and alternative Action Plans for increasing innovation potential using an

optimisation routine.

The programming language used to develop the computer application and the
optimisation routine incorporated for developing the Action Plans are discussed in
sections 3.3.5.1 and 3.3.5.2 respectively. The methods of Validation and Verification

for testing the software are discussed in 3.3.5.3.

3.3.5.1 The computer application programming language

Programming languages can be categorised into two main categories: the low-level
programming languages and the high level programming languages. Low-level

programming languages are characterised by their ability to control a computer’s
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operating system and the hardware, something that is often more difficult to perform
with a high-level programming language. Low-level languages can perform tasks more
quickly than high-level languages, but they tend to be more cryptic and are therefore
harder to learn, remember and use. High-level languages and application-level
languages tend to be more user friendly as they use a more ordinary to spoken language,

however, they run slower (Roman, 2002).

High-level languages are designed for specific purposes, such as designing specific
types of applications. Visual Basic and Visual C++ are primarily used to write stand
alone Windows applications. FORTRAN is also used to write scientific and
computational applications for various operating systems, including Windows. COBOL
IS used to write business-related applications. On the highest level of the programming-
level hierarchy, there are languages such as Visual Basic for Applications (VBA). The
purpose of VBA is not to control hardware or write stand alone Windows applications,

but to manipulate high-level software applications (Roman, 2002).

The object oriented programming language that was used for realising the required
application was Excel Visual Basic for Applications. Excel is a highly programmable
product and offers more than 200 classes of objects and over 5000 properties and
methods that can be controlled with VBA. Using Excel meant that designing objects
and transforming objects that had already been developed, so as to achieve the most

operable solution, could be performed.

The features provided from Excel include (Walkenbach, 2007):

e File Structure: Easy organisation of application elements; multiple worksheets
and chartsheets are stored in one workbook. The workbooks also contain VBA
modules that can be hidden from the user.

e Visual Basic for Applications: The macro language is powerful and allows for
the design and implementation of powerful programs.

e Easy Access to controls: Controls such as buttons, list boxes and option buttons

can be added to excel worksheets and can offer user interaction.
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e Custom dialog boxes: Creating user forms and dialogue boxes is easy.

e Custom worksheet functions: Worksheets function can be programmed with
VBA to simplify formulas and calculations.

e Customisable User Interface: User interface can be customised creating new
toolbars and menus.

e Customisable shortcut menus: The right click shortcuts menus can be
customised with excel.

o Powerful data analysis options: Excel Pivot tables can help summarize large
amounts of data.

e Microsoft Query: Important data sources such as text files, web pages and
standard database file format can be accessed directly from the worksheets.

e Extensive protection options: Information and data can be confidential and
protected from data users.

e Ability to create “compiled add-inns”: New add-inns can be created to add new
features to Excel.

e Support for automation: VBA supports automation that controls other

applications such as generate reports as a Word document.

Although Fortran, C++ were available for use upon request from the IT services at the
University of Leeds, the software programming was incorporated using Excel Visual
Basic for Applications (VBA), which provided an easy to use tool for programming the
application, it was available free with Excel and combined the rich object library of the
Excel that could be used for manipulation.

3.3.5.2 The optimisation routine

In order to provide the users with the option to produce alternative ‘what if scenarios’
and Action Plans that could improve the innovation potential of the organisation
according to the user specific requirements, an optimisation routine was incorporated

into the computer application, InnoAct.
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Optimisation deals with the analysis and solutions of problems for finding the best item
in a set. The way that the term ‘best’ is defined, and the structure of the set, determines
the different fields of optimisation theory: linear, integer, stochastic, nonsmooth
optimisation, optimal control, semi-infinite programming, etc (Ruszczynski, 2006). The
most common areas in which optimisation theory is applied include: engineering,
statistics, economics, management sciences, computer science and mathematics. It is
beyond the scope of this research to analyse the different fields of optimisation theory.
For full details on optimisation theories see Ruszczynski (Ruszczynski, 2006).

The objective function that would be used by the optimisation algorithm (see Chapter 8)
was a non-linear function. There are a variety of methods for solving optimisation Non
Linear Programming (NLP) problems, and no single method is best for all problems.
The most widely used methods are the Generalized Reduced Gradient (GRG) and the
Sequential Quadratic Programming (SQP), both of which are called active-set methods,
the Interior Point or Barrier method and the genetic algorithms. It is beyond the scope
of this research to analyse the different methods. However, the discrete nature of the
factors included in the function required a suitable optimisation technique of which the
genetic algorithm (GA) is currently the most popular choice and as such the method

incorporated within the optimisation routine (Toropov, Alvarez and Querin, 2010).

An optimisation process using the Genetic Algorithm that could be incorporated as an
AddIn for Excel was available for purchase from the Frontline Systems Inc. However,
an optimisation routine that could be used as an AddIn for the Excel using also the GA
was developed within the School of Engineering, at the University of Leeds by
Professor Toropov and Dr. Querin. The decision to develop the Add Inn for Excel
within the University of Leeds was based on minimising the cost required for obtaining
the Front Line Systems Add Inn. The AddInn that was developed within the University
of Leeds was incorporated into the software application, InnoAct, and allowed for the
calculation of alternative scenarios of Action Plans for a user defined innovation

potential. The optimisation routine is demonstrated in Chapter 8.
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3.3.5.3 Validation and verification methods

The software evaluation was conducted using software verification and validation (V &
V) techniques. Verification ensured that the product was built right and involved
checking software specifications. Validation dealt with whether the product to be built
was the right product and involved ensuring that the software met the needs or
expectations of the users (Sommerville, 2001). V&YV involved checking processes such
as inspections and reviews during all stages of the design, implementation and testing
(Sommerville, 2007).

The computer application V&V was planned in the early stages of the development
process. V&YV involved checking processes such as inspections and reviews during all
the stages of component testing, system testing and acceptance testing (Sommerville,
2007). The results of the V&V process are discussed in Chapter 8.

3.3.6 Developing a generic systematic procedure for managing innovation

The previous accomplishments: the generic holistic model of innovation that included
the identification of all the factors playing a key role to innovation; the generic system
developed to identify the condition of each factor; the mathematical model developed to
describe the innovation mechanism; and the computer application developed to increase
the usability of the mathematical model; were all integrated to define a generic
proposed procedure for managing innovation using a holistic approach. This proposed
procedure was designed for two main purposes: for facilitating the management of
innovation indicating the necessary steps in improving innovation performance; and for
providing a standardised procedure that could be offered for repeating the process
followed within this research for the sake of evolving the generic mechanism of

innovation.

The different methods for designing the process are analysed in section 3.3.6.1 by
examining the outputs of modelling processes. A justification of the method used for

modelling the proposed process is also provided within section 3.3.6.2.
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3.3.6.1 Methods of modelling processes

The products of the modelling process are models. Some of the most common models
used to identify processes and components, that lead to the expected program outcomes,
are the causal loop diagrams (Ford, 2009), the logical frameworks (NORAD, 1999;
World Bank, n.d.), and the logic models (Wyatt Knowlton and Phillips, 2009). Those
models have been used for similar purposes; however, they are fundamentally different,

yet complementary tools.

Causal loop diagrams are used to represent the cause and effect relationships of a
complex system. The emphasis is placed on the role of the information feedback (Ford,
2009). Causal loop diagrams are mainly used for behaviour analysis, however, they
cannot explicitly represent a decision-making process, and therefore lack the organising
power (Ford, 2009).

Logical frameworks have been used widely by large organisations to design, implement
and to evaluate large international projects. Despite the wide use of logical
frameworks, they have been criticised because of the limited emphasis they give to the
logic behind what the framework is attempting to achieve. Logical frameworks tend to
use a rigid, fixed format, and their focus is more on auditing and less on learning
(Gasper, 2000).

A single and coherent form of logic is critical input for the planning, execution and
evaluation of programs (Wyatt Knowlton and Phillips, 2009). Logic models are offered
to provide for the deeper understanding of the logic that follows the appropriate actions
and the links to expected results. Logic models place more emphasis upon the
increasing of knowledge and learning, and on whether the actions that are applied really
help to achieve the desired results (Royse, Thyer and Padgett, 2010). Logic models
entail this notion of a coherent logic, and have been widely used to support the design,
planning, communication and evaluation of programs (Millar, Simeone and Carnevale,
2001; Stufflebeam and Shinkfield, 2007; Royse, Thyer and Padgett, 2010).
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Based upon the previous discussion, a logic model was used to communicate the
proposed process the aim of this process, and how the process can affect those who use
it.

3.3.6.2 Logic Models

Logic models are visual approaches that depict planned activities and expected results,
providing a roadmap to a specific end. There are two types of logic models: the theory
of change model and the program model. The two types of models differ in the level of
detail, but do represent the same logic. A theory of change model is simply a general
conceptual model on how a change can occur. A Program Logic Model (PLM) includes
a detailed description of resources, planned activities, outputs, outcomes and intended
results (Wyatt Knowlton and Phillips, 2009).

The modelling exercise of the logic model undertaken resulted in the development of
both types of models. The conceptual model that was developed (see Chapter 3)
represents the theory of change model, and was used as a basis to inform the
development of a programme logic model. The program logic model (PLM) was
developed to describe with detail the resources needed and the activities that should be
planned in order to facilitate innovation. If the activities planned in the PLM are
implemented then the short and long term outputs, the outcomes and impacts, could be
accomplished (Wyatt Knowlton and Phillips, 2009). The development stages of the

program logic model are analysed in Chapter 9.

3.3.7 Evaluation of the proposed systematic procedure

Evaluation refers to the systematic process of delineating, obtaining, reporting and
applying descriptive and judgemental information about an object’s merit, worth, need,
need assessment, feasibility, and significance (Stufflebeam and Shinkfield, 2007). An
explanation of the meaning of these terms, included in the definition above, is provided

below.
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Delineating involves focusing the evaluation on key questions, key audiences,
clarification of the pertinent values and criteria, and interacting with the stakeholders of
a program. Obtaining encompasses the work involved in collecting, organising,
analysing and synthesising information. Reporting involves providing feedback of the
evaluation process. The application step involves the application of the findings to
improve the program. Descriptive and judgemental information refers to the description
of the program’s goals and operations, and the assessment and judgement of the

program (Stufflebeam and Shinkfield, 2007).

Evaluation is used for three main reasons: improvement, accountability, and
enlightenment.  The first main use of evaluation is to provide information for
developing a program, ensuring its quality or improving it. The evaluation process that
serves the above purposes is called verification. The second main use of evaluation is
to produce accountability or retrospective assessment of a completed program. The
evaluation process that serves the above purposes is called validation. The third main
use of evaluation is to help the dissemination of proven practices and help potential
recipients to decide upon adoption of those practices (Stufflebeam and Shinkfield,
2007).

In using the PLM for evaluation purposes, the process of designing and conducting the
evaluation focused on both verification and validation. Verification helped to improve
the program’s quality and effectiveness by logically connecting the resources, activities
and outcomes. Validation helped to collect information on whether the program can
achieve its intended results. Although, it is not possible to prove that the intended
result, which is the growth of the organisation as a result of increasing the proportion of
its revenues associated to innovation, the evaluation can establish the logical links
between the activities and intended short-term, intermediate and long-term outcomes.
Testing the success of the intended long-term outcome and impact would require a
longitudinal research study, and measurements of an individual organisation’s planned

interventions, both of which are outside the scope and the timeframe of this research.
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The evaluation processes incorporated the use of the software application and thus
conclusions were also derived concerning the validity of the software application that
has been developed. The results of the evaluation procedure are demonstrated in
Chapter 10.

3.4 Summary

This chapter has reviewed the philosophical approaches to research and demonstrated
the linkage between the context of this research and the philosophical context of
experiential realism. This chapter has also explained issues on research methods in
general and specifically for the methods adopted for this research. The methodology

issues and the techniques adopted were explained objective by objective.

The implementation of the methodologies described in this chapter generated data that
had to be analysed in order to understand better the innovation management practices
and describe the innovation mechanism. The next chapter, Chapter 4, describes all the
factors that were found to play a key role to innovation and were obtained during the
development of the holistic model of innovation addressing the first objective of this
research. The results of the elaboration of the techniques explained for each of the

seven objectives are demonstrated in Chapters 4, 5, 6, 7, 8, 9, and 10 respectively.
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This chapter presents the output of the grounded theory techniques employed for

developing a holistic model of innovation as explained in section 3.3.1.

Specifically this chapter’s focus is on:
e presenting the three key areas of innovation management research and the main
categories emerged from the grounded theory techniques employed,;
e discussing the emergent categories and describing the factors related to the
different dimensions of each category;
e illustrating the holistic model of innovation in the construction industry by

capturing all the factors identified within each emergent category.

4.1 The key areas of innovation research and the main emergent

categories

The exploration of the literature revealed that other research in the field can be
classified into three key areas: research on innovation relating to the internal
environment of organisations; research on the strategic resources that cause innovation
to occur; and research on innovation relating to the external environment in which

organisations operate (also refer to table 4.1.p.128).

Within the key area of the internal environment the main categories that emerged were:

e the organisational culture (Landry, Amara and Lamari, 2002; Lemon and
Sahota, 2004; Uher and Loosemore, 2004; Aragon-Correa, Garcia-Morales and
Cordén-Pozo, 2005; Carbonell and Rodrvguez-Escudero, 2009);

e the organisational structure (Kash and Rycroft, 2002; Simmie et al., 2002;
Buchanan and Huczynski, 2004; Kash, Auger and Li, 2004; Shefer and Frenkel,
2005);

e the organisational strategy (Porter, 1985; Gilbert and Birnbaum-More, 1996; De
Wit and Meyer, 2004; Harvard Business School, 2005);

e the organisational policy (Pavitt, 1976; Faulkner and Campbell, 2006); and
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e the organisational learning systems (Koontz and O'Donnell, 1968; Senge, 1991,
Worthington and Britton, 2000; Thompson, 2003; Fox and Waldt, 2007).

Within the key area of strategic resources, the main categories that emerged were:
e the marketing strategy (Kotler, 2003; Lau and Ngo, 2004; Greco, 2008);
e the finance (Mintzberg, 1979; O' Sullivan, 2005; Medina, 2006);
e the operations management (Manu, 1996; Hendriks and Vriens, 1999; Brown et
al., 2000; Lowson, 2002; Bettley, Mayle and Tantoush, 2005); and
e the human resources management(Bratton and Gold, 1999; Hendriks and Vriens,
1999; Lau and Ngo, 2004).

Within the key area of external environment the main categories that emerged were:
e the political-legal framework (Manseau and Seaden, 2001; Gillespie, 2007;
Rhodes, Binder and Rockman, 2008);
e the economic environment (European Commission, 2005; European
Commission, 2006; Katz, 2006); and
e the infrastructures (Tang, 1998; Klein Woolthuis, Lankhuizen and Gilsing,
2005; OECD, 2006; HM Government, 2009).

The following sections present the findings of the grounded theory techniques that were
applied and discuss the main categories identified in each key area and the factors

reflecting the different dimensions of these categories as explained in Section 3.3.2.

4.2 Internal Environment

The internal environment capacity for managing innovation is alternatively called
within the literature ‘organisational innovation’. The literature provides diverse
approaches to depicting the internal characteristics of an organisation in order to explain
the complex phenomenon of organisational innovation. A part of literature focuses on
the identification of the ‘structural characteristics of an innovative organisation and its

effects on product and technical process innovations’ (Mintzeberg, Teece as cited in
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Armbruster et al., 2008, p.645). Another part of literature focuses on ‘theories of
organisational change and development’, ‘how changes occur’ (Hannan and Freeman,
1984; Armbruster et al., 2008) and ‘how organisational innovation emerges
(Armbruster et al., 2008). A third part deals with how innovation emerges, using
theories of organisational creativity and organisational learning systems (Storey and
Salaman, 2005). However the term “organisational innovation” remains ambiguous
(Lam, 2005). The underlying issue is that innovation is the key to an organisation being
able to successfully exploit new ideas, implement new practices and procedures and
turn them into economic benefit. It is not enough to address innovation by partly
focusing on what tends to be of significant importance at the specific time that
innovation in organisations is studied. Therefore, all potential factors that can influence
innovation within the organisational context should be studied.

The organisational context is found to play a key role in shaping innovation
performance. This section analyses the key elements in which the innovation process
can be improved within the organisational context, by examining the factors of an
organisation’s internal environment that are found to contribute to innovation. Overall,
sustaining the capability for innovation drives the focus on the organisation’s cultural,

structural, strategic and policy characteristics.

4.2.1 Organisational culture

Culture refers to the cumulative deposit of knowledge, experience, beliefs, values,
attitudes, meanings, hierarchies, religion, notions of time, roles, spatial relations,
concepts of the universe, and material objects and possessions acquired by a group of
people in the course of generations through individual and group striving, and is passed
along by communication and imitation from one generation to the next (Hoftede, 1997).
Different layers of culture can be found within the same culture. The different layers
exists at the following levels: the nation’s culture at the national level; the ethnic,
linguistics, or religious differences that exist within a nation; the gender level; the

generation level associated with the differences between generations; the social class
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level associated with education and occupation; the corporate level associated with an

organisation’s culture.

The concept of organisational culture is particularly important in managing the change
within an organisation, but at the same time it is a very challenging concept because of
its intangible nature (Uher and Loosemore, 2004). Cultural characteristics underpin
actions and in that sense culture is important to support the strategy of an organisation.
Therefore, strategies that bring change can be successful not only by changing
structures and processes but also by changing culture. As such, organisational culture
has a crucial role in fostering innovative behaviour (European Foundation for the
Improvement of Living and Working Conditions, 1997). For example organisations
with highly capable and motivated people can support innovation if “they have the
culture of sharing the same values and a common commitment, among organisation
members, in accepting innovation-related norms and beliefs prevalent within the

organisation” (Hartmann, 2006, p. 159). Carneiro (Carneiro, 2008, p.177) further notes:

“An environment that nurtures motivation to adopt innovative effort can be
cultivated in the functional area, in the contacts with customers, or

throughout an entire organisational culture”.

One way of understanding culture is to analyse an organisation’s symbols, rituals, and
ideologies (Uher and Loosemore, 2004). However within the context of studying the
cultural characteristics that encourage innovative behaviour, culture can also be studied
by looking at attributes such as: technology used, leadership style, ownership type and

types of collaborations (Carbonell and Rodrvguez-Escudero, 2009).
4.2.1.1 Technology
Taking a broad view, technology is defined as being the state of the art of the know-

how, and the tools used (Sclove, 1995). Often, technologies are characterised by their

intended function (Sclove, 1995). In the construction industry, the adoption of
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advanced technology resulted in productivity gains and innovation due to automation

and improvement of production processes and better product quality.

Although the above definition is quite straightforward there is another notion relating to
technology. Sclove (Sclove, 1995) argues that technology can be recognised as an
aspect of social structure. Social structure refers to ‘the background features that help
define or regulate patterns of human interaction’ (Sclove, 1995, p. 11). In that sense,
technology can often embody and express political value choices that in their operation
and effects are binding to individuals and groups. The way in which technology is used
for coordination between individuals and groups determines the appropriate form of
organisation, which significantly affects culture (Hartmann, 2006). The more complex
the technical system is, the more elaborate and professional the supporting staff.
Technology is an integral part of contemporary culture and innovation and its role is
important in shaping the culture of innovation in the next century (Irish Council, 1998).
In that sense, the technology used by construction organisations can have a profound
effect on culture and thus on work patterns.

The role of technology in forming social behaviour reveals that it impacts on
organisational dimensions such as structure, size, centralisation/ decentralisation,
leadership, communication effectiveness and productivity (Orlikowski, 1992). The
important role of technology is both recognised in forming social behaviour as seen in
the paragraph above and in increasing performance. This leads the focus on the role of
technology towards increasing innovation performance. Overall, the literature shows
that technology is an essential component for an organisation to reconstruct, transform,
communicate, evolve and remain competitive in order to respond to the market
challenges (Sexton and Barrett, 2004; Hargadon, 2005; Guan et al., 2006a). New
technologies and technology transfer can be a potentially powerful source of innovation,
as they can appropriately transform and complement current technologies, so as to
create and sustain better levels of performance in construction firms (lrish Council,
1998). Analysis on the notions of technology used by organisations for increasing

performance and achieving innovation is provided later in Section 5.2.1.1.



Chapter 4: A Generic Holistic Model of Innovation 116

4.2.1.2 Leadership

Leadership is referred to as the ability to inspire confidence and support among the
people who are needed to achieve organisational goals (DuBrin, 2010). Leadership and
power in an organisation can influence organisational culture (Finlay, 2000). Leaders
who wish to encourage an environment of motivated employees should facilitate ‘task
involvement’ rather than ‘ego involvement’ (Day, 2001). Contrary to what leadership
behaviours used to represent in the past, innovation and organisational development can
only be supported by a philosophy of leadership that is diametrically different than in
the past. Innovative activities should be fostered by developing a spirit of teamwork
and by encouraging higher employee motivation, both are characteristics that are found
to have a positive impact on performance levels (Carneiro, 2008, p. 178). Many studies
focus mainly on the creative or idea generation stage of innovation (Carneiro, 2008).
However, innovation also includes the implementation of ideas that can be facilitated

with an appropriate leadership style (Mumford, 2000; McAdam, 2002).

4.2.1.3 Ownership

Ownership is a very important relationship, as it carries rich semantics with respect to
the owner and the property that is owned (Halper et al., 2007). According to Webster’s
dictionary, ownership is defined as: the state or fact of being an owner; proprietorship;
legal right to own. The construction sector in the UK consists mainly of private
organisations which in conjunction with sole proprietors account for a 66.1 per cent of
private sector turnover. The industry’s characteristic is that it has the highest
percentage of enterprises with no employees, constituting 88.6 per cent of the total
enterprises, while sole proprietors in the construction industry in the UK account for
23.8 per cent of the private sector turnover (Dainty, Green and Bagilhole, 2007). It is
recognised that the different types of ownership may contribute differently in allowing

or supporting innovation in organisations.
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4.2.1.4 Collaborations

Collaboration is defined as the act of working together not only to solve problems, but
also to learn, to share, or just be together (Beyerlein, Beyrlein and Kennedy, 2006). The
culture of collaborations in the construction industry relies heavily on cooperation,
which is found to generate a reflective and mutual learning environment, encouraging
the effective transfer of knowledge - internally among employees, and externally among
members of their network. Collaborations act as a mechanism for stimulating mutual
satisfaction as well as improving the competitive advantage of partners regarding
quality, safety performance, sustainability, dispute resolution, human resource
management, open innovation, and also time and cost reductions (Finlay, 2000; Love et
al., 2002). Long-term alliances aim to incorporate a learning environment that
encourages mutual understanding and benefits from the relationships created among the
different parties, as shown by various authors such as Barlow, Cohen, Jashapara &
Simpson (Barlow et al., 1997), Chan, Chan & Ho, (Chan, Chan and Ho, 2003), Egan
(Egan, 1998), and Dahlander and Gann (Dahlander and Gann, 2010).

In construction the increased need for cooperation also stems from the increased
complexity of the sector, and also the uncertainty and time pressure that characterise
construction projects (Hyland and Beckett, 2005). These characteristics require
relation-specific investments, knowledge sharing, flexibility and integration, which are
facilitated in long-term cooperative relationships (Gidado, 1996; Pietroforte, 1997;
Eriksson and Pesdamaa, 2007). Collaborations initially occurred among organisations
that were geographically co-located, forming sectoral clusters. Co-located
collaborations in the form of sectoral clusters represent the territorial agglomeration that
provides the best context for an innovation-based globalising economy. There are
various studies emphasising the need for understanding the innovation observed within
clusters (Asheim and Coenen, 2005; Engel and del-Palacio, 2009).
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4.2.2 Organisational structure

Organisational structure is the formal system of task and reporting relationships that
controls, coordinates and motivates employees so that they work together to achieve
organisational goals (Simmie et al.,, 2002) The structural composition of an
organisation could not foster innovation unless it supports the free flow of information.
It is important for the functionality of organisations that the decision-making authority
is based upon expertise rather than positional authority, and intense communication
within the functional groups within the project context (Buchanan and Huczynski,
2004). Organisational structure can be explored by examining the organisational
hierarchy, the number of people that report to a manager, the organisational
relationships, and the organisational size.

4.2.2.1 Hierarchy

Hierarchy is defined as a rank of ordered groups of people or things within a system
(Walker, 2007). Although hierarchies in an organisation tend to be considered as rigid
and lacking in flexibility and adaptability, they still continue to exist within
organisations. A reason for the existence of hierarchies is that they prove to be great
devices to cope with complexity, especially in large growing organisations. Systems
theory recognises the existence of hierarchies and as organisations can be seen to be a
system, their processes consist of a number of integrated subsystems where existence of
a hierarchy is needed (Walker, 2007). Moreover, it is recognised that hierarchical
organisations are different from each other implying that they can adapt to their
different environments. This can be linked to the fact that organisations can be seen as

being open systems, with hierarchies being a part of that system.

Hierarchies are important in performing large, complicated, enduring tasks. However
complicated hierarchies tend to have flattened, teamed and networked to achieve greater
flexibility, performance and to create a climate of innovation (Finlay, 2000). There are

different types of hierarchies, which facilitate innovation to a lesser or greater extent.
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4.2.2.2 Number of people reporting to a manager

Linked to the spatial dispersion is the span of control, which refers to the number of
subordinates who report to a single supervisor or manager, and for whose work that
person is responsible. In an organisation with flat hierarchy, it can be seen that there are
many employees reporting to each supervisor, hence that person has a broad span of
control. In a tall organisational structure, fewer employees report to each manager and
hence the span of control of the managers is narrow. Effectiveness and innovation
within organisations can result from the better coordination and management of teams,

which is affected by the span of control (Langford and Male, 2001).

4.2.2.3 Organisational relationships

Linked to the number of hierarchical layers and span of control are organisational
relationships and communication. Ideally, employees from different parts of the
business and at different levels of the hierarchy will feel willing and able to talk openly
with each other, sharing problems, ideas, learning, and forming relationships. In that
respect, employees should be trusted and empowered to an appropriate degree to
communicate with one another, as this is important in the diffusion of information,
knowledge and experience that can allow innovation to grow (Sir lan Hamiliton as cited

in Buchanan and Huczynski, 2004).

4.2.2.4 Organisational size

According to the European Commission’s definition, micro, small and medium-sized
enterprises are categorised according to their staff headcount and turnover, or annual
balance-sheet total (European Commission, 2003). A microenterprise is defined as an
enterprise which employs fewer than 10 persons and whose annual turnover and/or
annual balance sheet total does not exceed EUR 2 million. A small enterprise is defined
as an enterprise which employs fewer than 50 persons and whose annual turnover
and/or annual balance sheet total does not exceed EUR 10 million. A medium-sized
enterprise is defined as an enterprise which employs fewer than 250 persons and whose
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annual turnover does not exceed EUR 50 million or whose annual balance-sheet total
does not exceed EUR 43 million. A large enterprise is defined as an enterprise which

employees more than 250 persons and whose annual turnover exceeds 50 million

The size of an organisation has been considered to be an important factor in determining
their ability to adopt innovations. Old and large organisations tend to be bureaucratic
and have more formalised behaviours. Empirical evidence supports the hypothesis that
R&D expenditures are a precondition for determining an organisation’s level of
innovation activities (Finlay, 2000). Many previous studies have focused on the
positive effect that an organisation’s size has on its level of R&D expenditure. An
organisation’s propensity to invest in R&D is positively associated with its size (Shefer
and Frenkel, 1998; Frenkel et al., 2001; Shefer and Frenkel, 2005). It is widely
believed that a major proportion of industrial R&D is undertaken by large firms.
However, Fisher & Temin (as cited in Shefer and Frenkel, 2005) in their study of a
high-tech group of organisations found that there is a statistically significant negative
relationship between the rate of investment in R&D and an organisation’s Size. Such
arguments by researchers are based on the findings that larger firms increase
bureaucratic control, which hinders R&D activity. Furthermore, when organisations
grow, incentives for individual scientists and entrepreneurs to innovate might weaken,
due to the diminishing opportunities for an individual to benefit by contributing in
innovation (Shefer and Frenkel, 2005). In many cases, hierarchically-established
conservatism in larger organisations contributes towards the obstruction of such
incentives. Evidence shows that small organisations tend to achieve high innovation
rates in relation to their size, whilst R&D productivity (innovations per R&D unit) tends
to decrease along with firm size (Arias-Aranda, Minguela-Rata and Rodriguez-Duarte,
2001).

4.2.3 Organisational strategy, policy and learning systems

The following sections discuss the impact of the organisational strategy, policy and the

organisational learning systems towards innovation.
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4.2.3.1 Organisational strategy

A strategy is what an organisation does, what is the vision and the goal to achieve and
how, to focus on the plan to reach this goal (European Commission, 2003). ‘Strategies
are all the things that businesses do, the ways they choose to do those things, and the
decisions they take, in order to obtain success’ (Harvard Business School, 2005p. xiv).
Concerning a strategy towards innovation, Thompson (2003) argues that organisations
gain competitive advantage by developing a set of activities that distinguishes them
from their competitors. Mintzberg (as cited in Porter, 1985) also argues that strategy is

based on firms’ existing culture, rules, and assumptions.

4.2.3.2 Organisational policy

Policies are related to stated objectives and strategies and assist in their implementation.
At the same time, they should not restrict managers to the extent that they are unable to
make incremental and adaptive changes when these are appropriate or necessary.
Policies need not be written down or even formulated consciously. They may emerge
as certain behaviour patterns, become established in the organisation and should be
regarded as a facet of values and culture (Faulkner and Campbell, 2006). Studies of
innovation policies have emphasized that innovation is the result of complex and
intensive interactions between various actors, knowledge spillovers are crucial to a
successful innovation process and collaborations and networking can facilitate
innovation.  Organisations policies that share the above propositions can foster
innovation in organisations while other types of policies might be less encouraging or
hindering.

4.2.3.3 Organisational learning systems

Organisational learning systems can be regarded as being the capacity or processes
within an organisation to maintain or improve performance based upon experience (Fox
and Waldt, 2007). An organisation may be compared to a human body. Organisations

interact with the environment in which they operate and convert inputs into outputs
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(Koontz and O'Donnell, 1968). Inputs, in organisational terms can be considered to be
the people working to achieve the organisation’s goals, the physical and financial
resources available to the organisation, and the availability and exploitation of
information, provided by the environment. Outputs comprise of the goods and services
developed, information and knowledge, and ideas and waste, all of which are
‘discharged into the environment for consumption by “end” or “intermediate” users, in
some cases representing inputs that are used by other organisations’ (Thompson, 2003).
According to Thompson the form of organisations that develop valuable outcomes such
as sustainable competitive advantage, innovations and organisation efficiency and
increased performance are the learning organisations (Worthington and Britton, 2000).
In a knowledge-based economy the dynamic systems of learning is important in
building the capacity to respond to new market opportunities (Thompson, 2003).

4.3  Strategic resources

‘Strategic resources’ refers to all of the physical, financial, human and organisational
capital capabilities and competences that can be used to enable organisations to
conceive and implement value-creating strategies (Barney and Clark, 2007). Strategic
resources can facilitate change and innovation in organisations.  Innovative
organisations are ready for change, and looking to make positive changes, in order to
get ahead and stay ahead of competition using their strategic resources (Kotler, 2003).
The strategic issues that are relevant to the resources used to create and sustain
competitive advantage and innovation focus on: marketing; systems/processes and

knowledge management; finance; and human resources.

4.3.1 Marketing

Marketing is the managing of activities that comprise marketing function, such as
product design and pricing, advertising, selling and distribution (Lau and Ngo, 2004).
The marketing strategy of an organisation is important in orchestrating all the activities
necessary in executing the organisation’s plan to sell and market products or services to

the customer (Kotler, 2003). The rationale of the marketing strategy is to analyse and



Chapter 4: A Generic Holistic Model of Innovation 123

conduct an appraisal of the brand, the category of the products and/or services, the
competitive pricing strategy, the marketing and promotional spending strategy, and any
R&D and market research expenditure (Greco, 2008). Marketing strategies are
successful when they are aligned with the needs of the customers.

The construction industry in the past has not been very active in the marketing of their
services (Smyth, 2000). They limited their marketing practices to the extent that they
needed to show their ability to correspond positively to the situation requirements of a
project and manage it successfully in high inflation environments. The situation has
now long changed, the competition has increased enormously at a global level, meaning
that effective marketing and sales are required to serve clients more efficiently in
productivity and value (Smyth, 2000). The focus on marketing has evolved from being
a one discipline issue to a multi-discipline issue involving integration and interaction
with processes from other organisational disciplines. Marketing and sales are now
merging and being used in harmony for several reasons. For instance, for the creation
of flatter management structures, due to faster changing markets, and for the
internationalisation of markets due to working over larger geographical markets. The
marketing discipline in an organisation can have an effect on its innovation effort and
can be analysed by looking at: the promotion of products and services, intellectual
property rights, sales management, and the market information availability.

4.3.1.1 Promotion of products and services

Promotion refers to the strategy adopted for communicating the availability of products
or services to the target market (Pezzullo, 1998). Promotion of products and services is
often used as a complementary tool, alongside the sales effort. In organisations when
promotions are not used, sales management needs to start from a very low base without
being able to use the profile, image and credibility that is established through
promotional efforts. Although promotions seem to be underused by contractors and
consultants, there are some examples of promotion that are common. Sometimes
contractors offer construction finance to developers as an incentive. Generally, there

are desired valuable outcomes to be derived from promotion campaigns, outcomes such
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as: bringing innovation to the client, increasing volume of products or services,
increasing repeat business, creating interest, increasing loyalty, widening usage, etc.
Bringing innovation to the client implies that the organisation should always try to
create value which provides the incentives to innovate. This value can then be offered
to the client through employing professional techniques to promote the services (Smyth,
2000).

4.3.1.2 Intellectual property rights

“Intellectual Property Rights” means patents, registered and unregistered designs,
copyright, and all other intellectual property protection (other than trademarks)
wherever in the world enforceable (Christou, 2005). Patenting records have steadily
increased in all broad technological sectors showing that there is an increasing incentive
to patent and privatise knowledge based assets (Andersen, 2005). There is a well
documented relationship between Research and Development and patenting (Andersen,
2005). It is apparent that R&D intensive industries such as, pharmaceuticals and
computers tend to patent a lot more than industries with smaller technological and R&D
activities, such as the textiles industry (OECD, 2009a). Patent statistics have been used
to measure the dynamics of the innovation process. Although, it is argued that patent
application is an indicator of the successful exploitation of research — an invention
covered by a patent need not be industrially applied, and therefore patents are
considered to be as an intermediate step between R&D and innovation. In that sense
patents can be classified as being an output of R&D and as an input for innovation
(OECD, 2009a).

4.3.1.3 Sales management

Sales management refers to the systematic process of formulating a sales strategy and
implementing it through selecting, training, motivating, and supporting the sales force,
through setting sale revenues targets, and monitoring the sales performance by
analysing the associated behavioural patterns and costs (Business Dictionary, 2010b).
Innovation is defined as being the successful exploitation of ideas, or the
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implementation and commercialisation of inventions (Gaynor, 2002). Therefore for
innovation to occur some action must take place (Gaynor, 2002). The results of
innovation must be sold and it is often that new products or services initiate a sales call
(Gaynor, 2002). Selling is the attempt to persuade a customer of the value of products
or services (Smyth, 2000). Traditionally, selling has relied upon techniques such as
powerful openings, distinguishing between features and benefits, spotting buying
signals, and overcoming objections. Although these techniques have a proven success
rate, a professional sales management approach needs to create the image of a credible,
professional organisation, that builds productive and long term relationships with
customers (Gillen, 2005). Without an established, knowledgeable and well motivated

sales team, a good product development could lead to failure (Gaynor, 2002).

4.3.1.4 Market information availability

Market research information is important, helping to create both the marketing strategy
and the R&D activities of an organisation. Most innovations are driven by the customer
needs, therefore keeping updated information on customers is a cognitive and dynamic
process that provides feedback and ensures that the marketing and sales plan is evolving
in relation to changes in the market and the organisation (Smyth, 2000). Organisations
are then able to respond quickly to opportunities based upon good market information.
Furthermore, information from the market might imply a change in R&D plans that can
lead to a revision of the R&D strategy and recalibration to meet the needs of the market.
The rate of the ability to find opportunities is defined by the organisation’s ability to
locate and manage the appropriate information (Mintzberg, 1979). Recognition of the
valuable information made available through environmental scanning is, according to
Cohen & Levinthal (1990), the organisations absorptive capacity. This capacity is

essential to the organisation’s innovative capability.
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4.3.2 Operations management

Every organisation that offers goods or services has an operations activity (Lowson,
2002). Operations management can be defined as being the design, operation and
improvement of the internal and external systems, resources, and technologies that
create and deliver an organisation’s primary products and services (Lowson, 2002)
Operations management has been conceived as being the vehicle by which business
strategy is delivered. This conception has changed somewhat, as operations require not
only to improve functional performance but also to ensure that processes are designed
and executed in the best possible way, so as to maximise effectiveness and efficiency
and deliver high value to all stakeholders (Bettley, Mayle and Tantoush, 2005) and to
customers (Brown et al., 2000). Innovation can also be viewed as a process, as it
requires a sequence of activities that can successfully lead to an outcome (Brown et al.,
2000). Within an organisation innovation is a core process that requires the capability
of renewing and translating ideas and resources into new products and processes.
Innovation therefore must be applied along with operations management, if it is to
contribute to development. The dimensions of operations management that have been
found to have a strong relation to innovation are: process integration, quality
management and control, and knowledge management systems (Hendriks and Vriens,
1999; Perdomo-Ortiz, Gonzalez-Benito and Galende, 2006; Prajogo and Sohal, 2006).

4.3.2.1 Process integration

Business processes integration describes the improvement of processes and the
connection or synchronisation of two or more organisational processes (Berente,
Vandenbosch and Aubert, 2009). It also describes the communication links used in
exchanging information during all stages of the process, by engaging with all of the
contributing factors (Valle and Vazquez-Bustelo, 2009). The aim of integration is to
enhance decision support, reduce asset bases and costs, receive more accurate and
timely information, higher flexibility or increased customer satisfaction (Bernroider and
Bernroider, 2005).
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Traditional approaches for developing new products usually result in a lack of
integration of activities, and also a lack of coordination between the functional areas
and the contributors that are involved in the process (Valle and Vazquez-Bustelo,
2009). These approaches focused on carrying work on separate tasks and in isolation
resulting ‘in lack of communication, between product design and production and
consumer needs’ (Valle and Vozquez-Bustelo, 2009). Business process integration is
often a key goal associated with the implementation of information technologies, such
as Enterprise Resource Planning (Rajagopal, 2002). The scope of it, is to minimise the
effort needed to facilitate the flow of information across an organisation’s different
disciplines and functions with the overall aim to better serve the customer (Berente,
Vandenbosch and Aubert, 2009). Innovation can be seen as a process facilitated by
incremental or radical changes in different organisational disciplines. As such, the
concept of business process integration is vital in achieving greater communication and

information exchange, so as to power the innovation process more effectively.

4.3.2.2 Quality control

Quality is the result of a sequence of activities embodied within the processes of an
organisation. Quality is a measure that can identify relevant information for improving
processes (Brown et al., 2000) by measuring critical aspects such as reliability and
durability (Prajogo and Sohal, 2006). Therefore, quality is assimilated into the
management practices of an organisation, becoming an integral management priority in
the continuous improvement of processes and products. Quality control is regulated by
the concept of Total Quality Management (TQM) (Perdomo-Ortiz, Gonzalez-Benito
and Galende, 2006). TQM is viewed as an organisational behavioural model that
reflects the evaluations of all business practices and has to be managed effectively.
Innovation can sometimes occur out of a desire to increase both the quality of
production and the management of operations. The relationship between innovation
and quality is that TQM creates a favourable and fertile climate for developing

innovation (Perdomo-Ortiz, Gonzalez-Benito and Galende, 2006).
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4.3.2.3 Knowledge Management

Knowledge Management (KM) is defined as being the systematic activity of an
organisation when capturing and sharing knowledge (OECD, 2003b). Improving the
conditions within an organisation for creating and transforming knowledge assets
increases its capability for innovation (National Statistics, 2007). The creation and
management of knowledge leads to the development of the organisational learning
system. Creation and management of knowledge are interrelated and interdependent
into the organisational learning system. This interrelation helps to transform the static
nature of knowledge into a more dynamic form, and also contributes to the creation of
new knowledge and innovation (Hendriks and WVriens, 1999).  Organisational
knowledge and exploitation is also related to other characteristics of an organisation
such as culture, structure, available resources (IT skills), and processes (Chang and Lee,
2008).

4.3.3 Finance

Finance concerns the provision of money and the effective use of funds (Medina, 2006).
The process of innovation is often expensive and time consuming, requiring that the
resources allocated for innovation purposes are committed to the process until it is
complete. At the same time the results and the returns from these investments are not
always guaranteed (O' Sullivan, 2005). The characteristics of the organisations capital
structure, financial management; the financiers’ attitude towards organisations and the
R&D expenditures are likely to differ significantly and can result in different speeds of

innovation.

4.3.3.1 Capital structure

Capital structure is defined as the framework of different types of financing employed
by a firm to acquire resources necessary for its operations and growth. Commonly it
comprises of stakeholders investments (equity capital) and long term loans (loan
capital) (Business Dictionary, 2010a). The capital structure of an organisation can be
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researched by measuring the debt to equity ratio (Acs, 2002). O’Brien (O'Brien, 2003),
studied the implications of the capital structure in adopting an innovative strategy and
argues that there is substantial variability in capital structures across organisations of the
same sector that serve different competitive strategies. O’Brien (O'Brien, 2003),
advocates that capital structure cannot be treated as exogenous to the organisation or
irrelevant to its strategy. Therefore, it has been concluded that capital structure should
be treated as a function for regulating an organisation’s Strategy and its basis for
competition within an industry. An inappropriate capital structure can hamper the
strategy of an organisation and hinder its ability to compete, resulting in significant
negative performance consequences. Empirical findings indicate that organisations that
are attempting to compete on the basis of innovation will make financial slack a
strategic priority and keep financial leverage at lower level than organisations that are

not pursuing a strategy of innovation (O'Brien, 2003).

4.3.3.2 Financial management

Financial management refers to the acquisition, financing, and management of assets
(Van Horne and Wachowicz, 2009). The financial management approach, as opposed
to traditional financial assessments is valued as being a systematic way of assessing the
feasibility of innovation before time, money and resources are put into an innovation
project (Silverstein, Samuel and DeCarlo, 2009). Innovation is usually risky, therefore
the enforcement of methods of articulating and verifying relevant information and
knowledge at all times of a project’s development, can reduce this risk. Most
innovations are driven by customers, and so when there is lack of the right tools to:
understand the markets, create brands, define the target market, select the appropriate
team of employees and to exercise an appropriate strategy, then they create situations in
which innovations fail (Silverstein, Samuel and DeCarlo, 2009). Financial management
is an alternative to traditional financial analysis tools such as discounted cash flow and
net present value, which tend to distort the possibilities of success of an innovation
project. An advanced way of financially managing innovations was introduced with
innovation financial management, which is seen as being a more adequate procedure.

Innovation financial management can help to identify, track and update key
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assumptions, and relate and verify them so as to evaluate the innovation before putting

too much time, money and resources (Silverstein, Samuel and DeCarlo, 2009).

4.3.3.3 Financiers’ attitude

A financier is someone who provides venture capital or other forms of investment to a
company, and in return receives the invested money back with interest, or receives a
percentage of the company’s profits (Business Dictionary, 2010b). The results from a
Deutche Bank study suggest that the increase in venture capital investments supports
the translation of ideas into innovations (Meyer, 2008). The study shows that early
stages (i.e. seed stage) types of financing like venture capital are playing a greater role
in the commercialisation of ideas than later stages of financing (i.e. start ups,
expansions, buyouts). However, empirical evidence shows the increased importance of
the internal financiers of the organisation as opposed to the external financiers (Berger
and Udell, 1998). Financing R&D investment has greater implications than financing
any other forms of investment (O' Sullivan, 2005), and as such financial constraints may
hold back innovation and growth (Hyytinen and Toivanen, 2005) Regardless of the fact
that the financing of R&D may be acquired from the inside or outside of an
organisation, the ability to innovate is directly influenced by the attitude of the

financiers.

4.3.3.4 R&D spending

R&D is defined as the process that is undertaken so as to introduce innovation to an
industry and it is found to have a positive effect on innovations (Vinding, 2006). The
level of spending in R&D can provide insight on an organisation’s intention to innovate.
Innovations are the product of R&D. The construction sector is not very active in
investing in R&D projects. According to DTI, the UK construction spends 0.1% on
R&D as a proportion of output, which is comparable to France but lower than other
competitors such as USA (0.2%), Japan (0.3%), Denmark (0.7%) and Finland (2.5%).
When compared to other sectors the level of research intensity is low, but does have a

significant scope for improvement (Department for Business Innovation & Skills,
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2009). However, R&D is prerequisite for the development of new knowledge and

technologies constituting innovations.

4.3.4 Human Resources Management

Financial management provide differentiation and competitive advantage including
control of costs, so that profit is achieved and value is added to products and services,
primarily in areas that matter to consumers (Trott, 2002). In human resources

management, values are communicated and spread throughout the organisation.

Human Resource Management is the management of people in work organisations.
Human resource management theory emphasizes that employees are critical in
achieving sustainable competitive advantage, and therefore human resources practices
have to be integrated with the corporate strategy. This, helps the organisation managers
to meet efficiency and equity objectives (Bratton and Gold, 1999) Human Resources
Management (HRM) practices are found as having a positive impact on a firm’s ability
to innovate (Hendriks and Vriens, 1999; Carrillo and Anumba, 2002). In innovation
oriented organisations, human resources management is being practised along with
innovation enhancing HR policies, which differ from traditional HR approaches (Lau
and Ngo, 2004). An innovative oriented HR system can improve the organisational
capabilities and become a source for creating competitive advantage. However, the
literature (Guest et al., 2003) does not provide evidence for a causal effect between an
organisation’s performance and HRM, and only an association can be established. Lau
and Ngo approaches (Lau and Ngo, 2004) in their study show that Human Resources
(HR) practices can be an important factor within the overall organisational context that

can contribute to increasing innovative performance.

Human resources management in the construction industry is an issue of great
importance. It is found that in the recent decades, there is a growing shortage of skilled
labour and qualified and experienced managers (Vinding, 2006). Increased quality and
quantity of training is needed in order to increase the efficiency and performance of the
construction sector (Yankov and Kleiner, 2001; CIOB, 2008). Human resources
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management can contribute to increasing innovation performance by addressing issues
like: number of R&D staff, competence skills of R&D staff, performance of R&D staff,
age profile of R&D staff, retention of R&D staff and staff development.

4.3.4.1 Number of R&D staff

R&D staff refers to the human resources that are systematically involved with R&D
activities. R&D staff plays a key role in an organisations ability to innovate.
According to the Frascati manual for surveys in research and experimental development
(OECD, 2002), R&D staff refers to: researchers who are professionals occupied for the
development of new products, processes, methods and systems that contribute to the
creation of new knowledge; R&D personnel that includes both skilled and unskilled
supporting personnel e.g. technicians (carrying out bibliographic searches, experiments,
tests analyses, preparing computer programmes etc.); and other supporting staff (such as
secretaries or craftsmen), that participate and support the R&D projects (OECD, 2002).
As such, it is contended that the percentage of R&D staff in an organisation provides

insight on the intention of an organisation to innovate.

4.3.4.2 Competence skills of R&D staff

R&D activities requires high skilled staff based on the assumption that high skilled
employees are considered to be more able to cooperate with research institutions due to
lesser cognitive distance (Nooteboom et al., 2007). High skilled personnel is
considered to increase the level of innovation activities in organisations (Schmiedeberg,
2008).

4.3.4.3 Performance of R&D staff

Performance of staff can be viewed not only as a human resource management issue but
also as a business process, which can be aligned with meeting the strategic goals of the
organisation (Gupta, 2004). Staff performance is often associated with encouragement

to innovate and perform tasks in a profitable and creative way. Personal creativity from
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thinking employees is creating a climate of innovation that can be easier converted to

economic gains (Nijhof, Krabbendam and Looise, 2002).

4.3.4.4 Age profile of R&D staff

The rapidly changing technology has made young people an important source of new
skills bringing energy and new ideas into an organisation. Young people can be an
invaluable resource that no nation can underestimate (Reid and Barrington, 1999).
Quality education and training is critical, and ensures that skills and international
competitiveness is improving. Fortunately, the proportion of young people participating
in education beyond the statutory school leaving age has been increasing (Reid and
Barrington, 1999). Vinding (Leonard, 1998) stresses that young people are educated
with the ‘most recent knowledge about technology and management practices’ contrary
to elder people that may have difficulty in applying new technologies. As such the
value of new ideas and practices brought from young people can have an impact to the

overall performance of an organisation towards innovation.

4.3.4.5 Retention of R&D staff

Retention of R&D staff refers to the staff turnover for a period of time (Kearns, 2003).
Kearns (Kearns, 2003), stresses that organisational effectiveness is highly dependent on
the retention of the organisation’s employees. Employee retention is a core design
requirement in human resources strategies. In staff turnover terms employee retention
rate of 100 percent means that all staff is replaced. This creates a non ideal
environment for increasing efficiency of human resources due to the very large
inconsistencies and extra cost this incurs. It is also obvious that staff turnover rate of
zero could not be feasible or desirable in most of the cases (Kearns, 2003). The lack of
fresh ideas and new employees is likely to breed ‘a culture of complacency and lead to
organisational atrophy’(Kearns, 2003, p.192). The right level of retention needs to be
agreed by the organisation human resources strategists. Even small improvement

retention rates would release substantial resources for other purposes (Reed, 2001).



Chapter 4: A Generic Holistic Model of Innovation 134

Human resources can respond to the challenge of innovation by attracting, recruiting

and retaining the key employees (Reed, 2001).

4.3.4.6 Staff development

Human Resource Development (HRD) refers to the ‘process of developing and
unleashing expertise for the purpose of improving individuals, teams, work processes,
and organisational system performance’ (Swanson and Holton, 2009, p. 4). One of the
first elements on an innovation oriented HRD policy is training and development (Lau
and Ngo, 2004). Training plays a key role in increasing employee knowledge,
competences and capabilities that can be critical to the innovation process. Training
also facilitates organisational learning and supports the knowledge management
systems of organisations. Organisational effectiveness and high performance of firms
can be achieved if training is supported by the organisational strategy. Leede et
al.(2002) stress that organisations that spend more time and resources on education and
training can perform better. At a strategic level, commitment to the development of
staff using training can achieve a competitive advantage and can be linked to the
innovation performance of an organisation (Leede, de Looise and Alders, 2002;
Swanson and Holton, 2009).

4.4 External environment forces

The extent of the innovation capacity of an organisation is dependent on the challenges
posed by the external environment in which it operates. “Construction activities are
booming when the overall economy is going well” (Garavan, 1997; Egbu, 2004). The
characteristic of the external environment in which organisations operate ‘is likely to
produce more innovative and entrepreneurial organisations’ (as cited in Manseau and
Shields, 2005, p. 38). The performance of organisations is interrelated with internal
factors as well as with the interactions of the external environment. The external factors
that nurture innovation can be identified through scanning the external environment’s
major disciplines, which can impact organisations directly or indirectly. Innovation

according to Tang (Tang, 1998) ‘thrives on challenge’. Therefore, an innovative
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organisation would respond to a challenging external environment in which it operates
according to its vision, mission and strategy. The political and legal regulations, the
economic rules and the technological competences form a larger system in which,

organisations’ innovation capability is influenced (Tang, 1998).

4.4.1 Political and legal framework

The political and legal framework refers to the structure of society, a legal or a political
system. A political system can reflect ‘the rules that determine opportunities and
incentives for behaviour, inclusion and exclusion of potential players, and structure the
relative ease or difficulty of inducing change and the mechanisms through which
change may be facilitated or denied’ (Rhodes, Binder and Rockman, 2008, p. iiix). The
legal system is defined as the set of laws and the concept of how law is administered i.e.
common law and civil law (Gillespie, 2007). The political and legal framework can
encourage or discourage innovation activity of a country (European Commission, 2005;
European Commission, 2006). The construction industry sector is assumed to be the
growth engine and an asset base of every country and regulations have a vital role to
play in ensuring the market is functioning effectively, consumers are protected, and
employees are treated fairly. The political and legal regulations can describe the levels
of political freedom in a country and provide the framework to encourage innovation by
promoting incentives such as favourable taxation laws, competition and employment

laws, and health and safety regulations (Manseau and Seaden, 2001).

4.4.1.1 Political freedom

Political freedom is a form of empowerment. That empowerment can be expressed in
three forms: entitlement, involvement, and enablement (Brenkert, 1991). Political
freedom is entitlement, because ‘not only individuals and their actions should not be
restrained by others (including institutions or governments), individuals have the right
to demand protection from these forms of inference’ (Brenkert, 1991, p. 139). Political
freedom is involvement, as individuals can participate in the formation of policies and

activities that affect the major features of their lives (Brenkert, 1991). Political freedom
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is enablement, as individuals have various opportunities available and the means
required to carry out activities essential to their lives as political beings (Brenkert, 1991,
p. 140) Farr et al. study on providing evidence of causality between measures of
economic freedom, political freedom and economic growth suggested that economic
well being enhances both political freedom and economic growth. The findings of this
study do not support the reverse for political freedom, however the evidence implies
that there is an indirect relationship through the level of real per capita GDP. The
findings suggest that economic wellbeing and political freedom are related through the
impact of economic freedom on the level of economic wellbeing and the subsequent
impact of economic wellbeing on political freedom (Farr, Lord and Wolfenbarger,
1998). Other empirical studies on the relationship between civil and political rights
with economic development conclude that freedom in all civil, political and economic
dimensions tends to favour economic growth and stability that is related to innovation
(Chauffour, 2009; Department for Business Innovation & Skills, 2009).

4.4.1.2 Incentives to foreign investors

Incentives to foreign investors is defined as being ‘the measures designed to influence
the size, location or industry of a foreign direct investment project by affecting its
relative cost or by altering the risks attached to it through inducements that are not
available to comparable domestic investors’ (OECD, 2003a, p. 103). Host countries can
obtain maximum benefits from foreign investment innovation when affiliates import
foreign technology, purchase their inputs in the host country and have technological
autonomy (Rama, 2008). The interaction of foreign investors with the governments is
dependent upon various interest-group pressures. Although there is a potential for
mutual gains, there are complex preferences throughout the investment cycle.
Governments offer various fiscal incentives such as physical assets, tax reliefs, and

grants or loans to attract foreign investors (Herrmann and Lipsey, 2003).
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4.4.1.3 Competition framework

Competition framework is defined as being the set of policies and laws that ensure that
competition in the marketplace is not restricted in such way as to reduce economic
welfare’ (Motta, 2004, p. 30). There is a positive impact on competition-enhancing
policies that can have long lasting effects on economic performance. Competition can
affect actors in the market structure by providing incentives and encouraging innovative
activities (Ahn, 2002). Policy changes like regulatory reforms in different sectors,
increased global competition and competition in not-for-profit sectors also confirm that
competition brings the market changes that lead to innovation and growth (Ahn, 2002).
Schumpeterian theory of market power and innovation supports the idea that
competition is detrimental to innovation (Schumpeter, 1942). However, recent
empirical studies have shown that competition is forcing firms to innovate in order to
survive (Motta, 2004).

4.4.1.4 Employment framework

The employment framework is referred to being the legislation that regulates the
contractual agreements between the employee and the employer (Chandler, 2003).
Employment protection legislation is playing a key role in the employer’s decision to
invest in equipment, in education and in R&D in order to grow and expand (Pierre and
Scarpetta, 2004). Employers in countries that have tight labour regulations tend to
believe that those regulations are restrictive to their plans for growth. However,
organisations are affected by employment regulation according to their size. The
research of Pierre and Scarpetta (Pierre and Scarpetta, 2004) clearly shows that larger
organisations are not affected so much by employment regulations as small
organisations are. Small organisations cannot use internal mobility as an alternative to
hiring and firing or obtain special arrangements with the regional authorities to dilute
associated costs in a way that large organisations do. There is also evidence supporting
the view that innovative firms, those that are upgrading their production processes or
their products, are more likely to be constrained by strict employment regulations
(Pierre and Scarpetta, 2004).
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4.4.1.5 Health and Safety regulations

Health and safety regulations form the legislation that applies and controls health and
safety issues (Hughes and Ferret, 2009). The term ‘health’ refers to ‘the protection of
the body and mind of people from any illness that results from the materials, processes
and procedures used in the workplace’ (Hughes and Ferret, 2009, p. 2). The term
‘safety refers to the protection of people from physical injury’ (Hughes and Ferret,
2009, p. 2). The distinction of the two terms is ill defined and ‘they are used together to
indicate concern for the physical and mental wellbeing of the individual at the place of
work’ (Hughes and Ferret, 2009, p. 2).

Changes to the regulations concerning health and safety and issues, are found to impact
positively upon the birth of innovations. Manseau and Shields stress that certain
innovations have been born due to new regulations (Manseau and Shields, 2005).
Construction organisations need to comply with new regulations, which often stimulate
innovation. Health and safety regulations seem to play an important role in innovation
as they can foster or hinder it, impacting upon an organisation’s capacity to adapt to
new standards (Katz, 2006).

4.4.2 Economic environment

The success of innovation depends greatly on the economic environment of the country.
A nation’s competitiveness towards innovation can be analysed by looking at economic
factors, such as the level of economic activity, trends in GDP, rate of inflation, currency
strength, tax policy and government spending in R&D (Katz, 2006).

4.4.2.1 Economic activity

Economic activity refers to ‘the production and distribution of goods and services at all
levels’ (Scott, 2010). ‘Economic activity and expected future levels of it have an
important influence on corporate profits, inflation, interest rates, and other variables’

(Scott, 2010). Economic activity is associated with economic growth and innovation
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activity (Feldman and Audretsch, 1999). The growth of economic activity, innovation
and technological change have all been aligned with growth of knowledge and
knowledge spill-over (Audretsch and Feldman, 1996). Investment in R&D by private
corporations and universities can create knowledge spill-over that can be exploited by
third parties. In cases when economies of scale do not play an important role, proximity
to the source of new knowledge, such as universities and research institutions, is likely

to create innovative activity.

4.4.2.2 GDP trend

Gross Domestic Product (GDP) ‘is a measure of the value of all the goods and services
newly produced in a country during some period of time’ (Taylor, 2007). Studies of
national innovation systems show that there is a predictable correlation of GDP and the
Gross Domestic Expenditure for Research and Development (GERD), showing that
both GDP and GERD exhibit a perfect exponential growth (Katz, 2006; Gao and Guan,
2009). According to Katz (2006), the scale of independent indicators for the European
Innovation system show that the GERD for the UK during the period 1981-2000 did not
grow as fast as its GDP, while in the Canadian provinces with which the European
system was compared, GERD grew faster than the GDP. The realisation of the trend in
GDP and GERD relation led the European Commission to publish a press release
concerning the R&D intensity as a measure of R&D expenditure as a percentage of
GDP. The press release highlights the fact that Europe is on track to miss the objective
it set itself, which was to increase its innovative activities, by increasing spending on
R&D from 1.9 to 3% by 2010 (European Commission Directorate-General for
Research, 2005).

4.4.2.3 Rate of inflation

Inflation is ‘a situation where there is a persistent and appreciable increase in the level
of prices’ (Dwivedi, 2005, p. 389). Inflation rate is the percentage rate of change of a
measure of inflation in a preceding year (Dwivedi, 2005). Most commonly, the

inflation rate is measured with the annual percentage rate of the Consumer Price Index.
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Funk and Kromen (Funk and Kromen, 2005) examined the influence of price rigidities
and inflation on growth. Their study focused on the effects of monetary policy on the
incentives to innovate and engage in R&D activity, which can lead to an increase in
productivity and therefore in economic growth. Their main findings on the impact of
inflation to growth are countervailing. Past price rigidity causes the use of large
quantities of cheap intermediate goods which can prove to be inefficient, and which at
the same time reduces the demand for new goods, and also therefore reduces the
incentives to innovate and achieve economic growth. Future price rigidity implies that
the relative price of a firm’s new goods will reduce with inflation, which can lead to a
growing demand for the good and therefore to an increase of the incentives to innovate.
Funk and Kromen continue and state that after calibration the former effect dominates,
such that money growth, that determines the growth rate of prices, reduces economic
growth (Funk and Kromen, 2005). They conclude that moderate inflation rates cause a
sizeable reduction in economic growth. Their view is supported by a variety of
frameworks by Gillman, Harris et al. (Gillman, Harris and Matyas, 2004), Gillman and
Kejak (Gillman and Kejak, 2005), Itaya and Mino (Itaya and Mino, 2003) who analyse
the effects of inflation on economic growth, concluding that inflation has a negative

effect on growth.

4.4.2.4 Currency strength

By definition the strength of a currency is relative to the values of other currencies. The
fall or rise of currency’s strength has both advantages and disadvantages. A falling
currency can increase exports of goods as they will be less expensive overseas. It can
also increase prices of foreign goods (Papier, 2010). This can result in higher sales for
organisations and more expensive foreign labour, which leads to the creation of more
jobs for the citizens of the country. Higher sales also mean higher tax revenue for the
government, which can positively affect budget deficits. However, a long term drop in
the value of a currency can have negative effects for the economy. Inflation can be
pressured for various reasons. Commodities that are priced in the global markets are
more expensive and the raw materials for the production of goods are more expensive

causing an increase in the sale of local goods (Papier, 2010). At the same time, a falling
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currency means that investing in the country’s bonds is discouraged unless interest rates
increase, and force the government to pay more on borrowed money. There are also
higher interest rates on other items, such as home loans and credit bills, which creates
less competition. Situations such as these have often created other effects, like less

innovation, slower reaction to customers’ needs and higher prices.

4.4.2.5 Tax policy

Tax policy is defined as being the program decided by a government to allocate private
income to public assets by means of taxes (Dwivedi, 2005). Tax concessions in
Research and Development (R&D) are extensively used by OECD countries as an
indirect way of encouraging business R&D expenditures and promote innovation
(OECD, 2007). Special tax treatment for R&D expenditures includes write-off of
current R&D expenditures and various types of tax relief, such as tax credits or
allowances against taxable income (OECD Science Technology and Industry
Scoreboard, 2009). In 2008, more than two thirds of the OECD countries had R&D tax
credits. R&D tax concessions are a popular measure among OECD and non-OECD
governments with France and Spain providing the largest subsidies and making no
distinction between large and small firms. Canada and the Netherlands provide more
generous tax subsidies to small firms than to large ones. Emerging economies are also
implementing these policy instruments to encourage R&D investments. Brazil, India,
South Africa and China provide a generous and competitive tax environment for
investment in R&D. According to the OECD the United Kingdom increased the rate of
tax subsidies by 10 percent in 2008 aligning it with the OECD average, whilst the
support for small enterprises in the UK is higher than that of the OECD average (OECD
Science Technology and Industry Scoreboard, 2009).

4.4.2.6 Government spending in R&D
The role of government policies in encouraging economic growth involves the

government spending in R&D which is measured as a percentage of the Gross Domestic
Product. Government support for R&D in the UK accounted for £20.8 billion in 2003
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(National Statistics, 2005). However, both UK-based businesses and the Government
itself continue to invest less in R&D as a percentage of GDP than other comparator
economies. Total R&D intensity is 1.8% of the UK GDP in 2007 that is below the 1.9
OECD average and the government funded R&D in business is 2.2% below the OECD
average (OECD Science Technology and Industry Scoreboard, 2009).

4.4.3 Infrastructural provision

Good communication with the technological community and knowledge of the latest
technological achievements enables a firm to track technological trends. In addition the
technological environment in respect of the government’s R&D spending, energy and
transportation provision create a prosperous ground towards innovation (HM
Government, 2009). Infrastructural provisions in terms of energy availability and

transport can therefore be regarded as helping to encourage innovation.

4.4.3.1 Transport provision

Infrastructural issues and their relation to innovation have not been given a great deal of
attention by innovation researchers (Klein Woolthuis, Lankhuizen and Gilsing, 2005).
However, investment in transportation infrastructure is important for the transformation
of a region, and greatly contributes to the economic growth of a country.
Transportation infrastructure, such as road and rail networks, reduces the cost of
transport between regions. It also plays an important role in reducing regional
disparities and in improving the competitiveness of a region, it also helps: to facilitate
trade, the movement of labour and economies of scale. The improvement of the
competitiveness of a region creates a prosperous ground for new investments (OECD,
2006).

4.4.3.2 Energy provision

Energy supply is essential for carrying out basic operations, and when considered in

combination with communication infrastructure, can enable firms to grow more quickly
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and become more competitive in the global arena (Edquist et al., 1998). Energy
infrastructure contributes to the creation of the external environment that fosters

innovation.

4.5 The generic holistic model of innovation

Research on the evolution of research in innovation management and innovation models
revealed that there is an opportunity to encapsulate what other models in the literature
suggest into one single model (Gkiourka, Tutesigensi and Moodley, 2009). This model
can combine the dynamics of the external ecosystem of an organisation with the
organisational internal strategic competences. The exploration of the extant literature in
the field of innovation management (as explained in section 3.3.1) revealed that the
body of knowledge in the field of innovation management has accumulated from
research in three key areas: research on innovation related to the internal environment
of organisations; research on strategic resources that facilitate innovation to occur; and
research on innovation related to the external environment in which organisations
operate. For each key area, the body of knowledge was organised in categories.
Furthermore, each category was represented by factors that describe different
dimensions of each category. This effort led to a clear picture of the factors that play a

key role in innovation shown in Table 4.1.

Table 4.1 Categories and factors emerged in the key areas of research on innovation

Key Area Categories Factors Source

Internal Culture * Technology (Orlikowski, 1992; Sclove,
environment of 1995; Irish Council, 1998;
organisations Sexton and Barrett, 2004;

Hargadon, 2005; Guan et al.,
2006b; Hartmann, 2006)

* Leadership style (Finlay, 2000; Mumford, 2000;
Day, 2001; McAdam, 2002;
Oshagbemi and Ocholi, 2006;
Carneiro, 2008; Hannah et al.,
2008; DuBrin, 2010)

* Ownership type (Dainty, Green and Bagilhole,
2007; Halper et al., 2007)

* Collaborations (Finlay, 2000; Love et al., 2002;
Miozzo and Dewick, 2002;
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Chan, Chan and Ho, 2003;
Asheim and Coenen, 2005;
Hyland and Beckett, 2005;
Eriksson and Pesdmaa, 2007;
Engel and del-Palacio, 2009)

Structural
Constructs

* Hierarchy

(Finlay, 2000; Langford and
Male, 2001; Keegan and Turner,
2002; Walker, 2007)

* Number of people
reporting to a
manager

(Finlay, 2000; Langford and
Male, 2001)

* Organisational
relationships

(Thompson, 2003; Buchanan
and Huczynski, 2004; Egbu,
2004)

* Organisational
size

(Shefer and Frenkel, 1998;
Finlay, 2000; Arias-Aranda,
Minguela-Rata and Rodriguez-
Duarte, 2001; Frenkel et al.,
2001; European Commission,
2003; Shefer and Frenkel, 2005)

Strategy- Policy

* Strategy

(Porter, 1980; Porter, 1985;
Gelderen, Frese and Thurik,
2000; Faulkner, 2002; European
Commission, 2003; Thompson,
2003; Harvard Business School,
2005)

* Policy

(Koontz and O'Donnell, 1968;
Faulkner and Campbell, 2006)

* Organisational
learning systems

(Koontz and O'Donnell, 1968;
Worthington and Britton, 2000;
Thompson, 2003; Ortenblad,
2004; Fox and Waldt, 2007)

Strategic
resources of
organisations

Marketing * Promotion of (Pezzullo, 1998; Smyth, 2000;
strategy products/services Kotler, 2003)
* Intellectual (Andersen, 2005; Christou,
property rights 2005; OECD, 2009a)
* Sales (Smyth, 2000; Gaynor, 2002;
management Gillen, 2005; Business
Dictionary, 2010b)
» Market (Mintzberg, 1979; Cohen and
information Levinthal, 1990; Tang, 1998;
availability Smyth, 2000)
Finance * Capital structure (Acs, 2002; O'Brien, 2003;

Business Dictionary, 2010a)

* Financial

(Silverstein, Samuel and

management DeCarlo, 2009; Van Horne and
Wachowicz, 2009)
* R&D spending (Vinding, 2006; Dale, 2007;

Department for Business
Innovation & Skills, 2009)
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* Financiers attitude

(Berger and Udell, 1998;
Kumaraswamy et al., 2004;
Hyytinen and Toivanen, 2005;
O' Sullivan, 2005; Meyer, 2008;
Business Dictionary, 2010a)

Systems- * Process (Rajagopal, 2002; Bernroider
Processes- integration and Bernroider, 2005; Berente,
Knowledge Vandenbosch and Aubert, 2009;
management Valle and Vozquez-Bustelo,
2009)
* Quality control (Brown et al., 2000; Perdomo-
Ortiz, Gonzalez-Benito and
Galende, 2006; Prajogo and
Sohal, 2006)
» Knowledge (Hendriks and Vriens, 1999;
management OECD, 2003b; Egbu, 2004;
Egbu, 2005; National Statistics,
2007; Chang and Lee, 2008)
Human * Number of R&D | (OECD, 2002)
resources staff
management » Competence skills | (Nooteboom et al., 2007;
of R&D staff Schmiedeberg, 2008)
 Performance of (Nijhof, Krabbendam and
R&D staff Looise, 2002; Gupta, 2004)
* Age profile of (Reid and Barrington, 1999;
R&D staff Vinding, 2006)
* Retention of R&D | (Reed, 2001; Kearns, 2003)
staff
» Staff development | (Leede, de Looise and Alders,
2002; Lau and Ngo, 2004;
Swanson and Holton, 2009)
External Political and * Political freedom | (Brenkert, 1991; Farr, Lord and

environment of
organisations

legal framework

Wolfenbarger, 1998; Chauffour,
2009; Department for Business
Innovation & Skills, 2009)

* Incentives to
foreign investors

(Herrmann and Lipsey, 2003;
OECD, 2003a; Rama, 2008)

» Competition
framework

(Schumpeter, 1942; Manseau
and Seaden, 2001; Ahn, 2002;
Motta, 2004)

* Employment

(Chandler, 2003; Pierre and

framework Scarpetta, 2004)
* Health and safety | (Ahn, 2002; Manseau and
regulations Shields, 2005; Katz, 2006;

Hughes and Ferret, 2009)

Economic
environment

* Economic activity

(Gittleman and Wolff, 1995;
Audretsch and Feldman, 1996;
Feldman and Audretsch, 1999;
Scott, 2010)
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* GDP trend (European Commission
Directorate-General for
Research, 2005; Katz, 2006;
Taylor, 2007; Gao and Guan,
2009)

« Rate of inflation (Itaya and Mino, 2003; Gillman,
Harris and Matyas, 2004;
Dwivedi, 2005; Funk and
Kromen, 2005; Gillman and
Kejak, 2005)

* Currency strength | (Oppenheimer, 2010; Papier,

2010)

* Tax policy (Dwivedi, 2005; OECD, 2007;
OECD, 2009b)

» Government (National Statistics, 2005;

spending in R&D National Statistics, 2007;
OECD, 2009b)

Infrastructures | ¢ Transport (Edquist et al., 1998; Klein
provision Woolthuis, Lankhuizen and
Gilsing, 2005; OECD, 2006)

* Energy provision | (Edquist et al., 1998; Klein
Woolthuis, Lankhuizen and
Gilsing, 2005; OECD, 2006)

The holistic model of innovation is developed integrating Table 4.1linto the conceptual

model (see Figure 2.1) as shown in Figure 4.1
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Figure 4.1The holistic model of innovation

Every category identified in each key area: internal environment, strategic resources,
and external environment was described by the different factors within the category.
The factors shown in each category in Figure 4.1 are explained in Table 4.2.

Table 4.2 Categories and factors of the Holistic Model of Innovation

Factors within each Category

Culture 12: Energy provision

C1: Technology Marketing

C2: Leadership style M1: Promotion of products/services
C3: Ownership type M2: Intellectual property rights

C4: Collaborations M3: Sales management

Economic Environment M4: Market information availability
E1: Economic activity Political-Legal

E2: GDP trend PL1: Political freedom
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E3: Rate of inflation

E4: Currency strength

ES5: Tax policy

E6: Government spending in R&D
Finance

F1: Capital structure

F2: Financial management

F3: R&D spending

F4: Financiers attitude

Human Resources

HR1: Number of R&D staff
HR2: Competence skills of R&D staff
HR3: Age profile of R&D staff
HR4: Performance of R&D staff
HR5: Retention of R&D staff
HRG6: Staff development
Infrastructures

I1: Transport provision

PL2: Incentives to foreign investors
PL3: Competition framework

PL4: Employment framework

PL5: Health and safety regulations
Structure

S1: Hierarchy

S2: Number of people reporting to a
manager
S3: Organisational relationships

S4: Organisational size

Strategy Policy

SP1: Strategy

SP2: Policy

SP3: Organisational learning systems
Systems-Process-Knowledge Management
SPKZ1: Process integration

SPK2:Quality control

SPK3:Knowledge management

The holistic model of innovation illustrates the main categories within the three key

areas identified, and also illustrates the factors that can impact innovation in an

organisation (Gkiourka, Tutesigensi and Moodley, 2009). However Figure 4.1, is still a

partial depiction of the mechanism described in the conceptual model (see Section 3.2),

as it does not provide the specific conditions that act upon each factor. The mechanism

of innovation can only be fully described once measurements have been obtained on

each of the factors within a given context. The conditions of each factor and the full

description of the mechanism of innovation in the construction industry are presented in

Chapter 5.
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46 Summary

This chapter has demonstrated that there is theoretical and empirical evidence to support
that the categories emerged within the key areas of the internal environment, the
strategic resources; and the external environment of an organisation can have significant
importance in enabling innovation to emerge. All of the factors identified within each
category describe a different dimension of the same category. The discussion in this
chapter reveals that an isolated change in one element is not sufficient enough to create
innovation. The approach used to develop the holistic model of innovation included a
thorough and up-to-date understanding of the background knowledge, focusing on how
the factors identified can support the process of innovation. Innovation is seen as a
distributed process that can be influenced by various disciplines inside of an
organisation. It can also be influenced by other organisations and also the
environmental conditions in which it emerges. Innovation is now looked at within the
framework of the context in which it occurs, which includes a multidisciplinary spread
of factors, leading to the importance of recognising an organisation’s unique strengths

and weaknesses, and also market signals and social concerns.

The next chapter, Chapter 5 presents the system developed for identifying the condition
of each factor presented in this chapter. The ‘condition of the factors’ as explained in
section 3.3.2 reflects the actual practices adopted by the organisations which are

relevant to each factor identified.



CHAPTER 5: A GENERIC SYSTEM FOR DEPICTING
INNOVATION PRACTICE IN THE CONSTRUCTION

INDUSTRY IN THE UK
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This chapter presents the results of the methods employed to address the second
objective of this research that was to develop a generic system that can be used to
identify the condition of the factors in the construction industry in the UK. The factors
identified in the previous chapter and the system developed in this chapter for
identifying the condition of the factors which, refers to the innovation practices

employed, were combined and integrated to describe the mechanism of innovation.

More specifically this chapter focuses on:

e constructing the scales for depicting the condition of the factors identified in the
previous chapter and identifying innovative practices which, can be ordered on a
continuum denoting an underlying dimension that favours innovation;

e presenting and explaining the scales constructed and discussing the underlying
dimension for each scale; and

e integrating the system developed for depicting the condition of the factors into
the holistic model of innovation for the construction industry and describe the

mechanism of innovation.

5.1 The scales describing the condition of factors

The scales constructed to describe the condition of each factor included different
response choices representing different anchor points.  Each response choice
represented an innovation practice. These innovation practices were ordered along an
underlying dimension identified for each factor as explained in Section 3.3.2. The
position of an organisation on one of the anchor points, on the scale, can explain part of
an organisation’s potential to innovate. The scales constructed for each of the factors
within the key areas of the internal environment, the strategic resources, and the

external environment, are discussed in the following sections.
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5.2 Internal environment

Innovation management research, within the key area of the internal environment of
organisations, has been found to focus into the following categories: organisational
culture, structure, strategy, policy and learning systems. The factors that were
identified, as seen in Chapter 4, within each category were used to describe different

underlying dimensions of each category.

5.2.1 Organisational culture

The category ‘organisational culture’ is described by the factors: technology, leadership,
ownership type and collaborations. The scales constructed for each factor are

discussed in the following sections.

5.2.1.1 Technology

Although the use of advanced technology in industries such as the automobile or the
manufacturing has had significant impact on improving productivity, the results are less
significant for the construction industry due to the project-based nature of the work.
However, the use of automation systems, programmable machines, better quality, more
physically durable materials and new fixing technologies have all increased not only the
accuracy of construction, but also the speed, the productivity and the aesthetics of the
final product (OECD, 1998).

Overall the implementation of new technology is essential for the reformation of the
internal functions throughout the different departments of a construction organisation
(Sexton and Barrett, 2004). The extent to which new technology can be effectively
used by a construction organisation is substantially influenced by other organisational

characteristics of the adopting organisation.
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In summary, the literature stresses the important role of new technology usage in
developing innovations successfully and offers insightful guidance on how to manage
the process of technology transfer (Wilson, and Hickson et al., as cited in Sexton and
Barrett, 2004, p. 342). Building on the term ‘new’ used by Sexton and Barrett (Sexton
and Barrett, 2004), the author contends that the age of the technology used by
organisations can partly explain the innovation capacity of organisations. It is also the
author’s contention that the age of technology can be described on a scale of (in order of

increasing newness) ancient/established/new/emerging.

5.2.1.2 Leadership

Basadur (as cited in Jong and Hartog, 2007) stresses that innovative behaviour is closely
related to employee creativity, leading to a focus on the kinds of leadership style that
can be adopted to stimulate and increase employee creativity. A short analysis of the
critiques of different leadership styles and how they contribute to organisational
innovation provides a list of attributes that can be used to gauge leadership-related
innovation practices. Oshagbemi and Ocholi’s research on grouping managers in the
UK, according to their behaviours on the basis of leadership styles, define authoritative,
delegate, participative, and laissez faire leadership styles (Oshagbemi and Ocholi,
2006).

A paternalistic leadership style is defined as being strongly hierarchical (Antonakis,
Cianciolo and Sternberg, 2004). The superior assumes having the role of the father
towards the subordinates, whilst the subordinates are showing loyalty. The superiors
are assumed to know ‘what is best’ for the subordinates. Such a leadership style is
concerned about the well-being of the subordinates as well as their families (Antonakis,
Cianciolo and Sternberg, 2004). Although such a leadership style cares for the needs of
subordinates, it does not exploit them accordingly to achieve high performance
(Nagendra and Manjunath, 2008).

Authoritative or directive leadership is defined as being the “extent to which a boss

attains desired objectives by telling subordinates or others what to do and how to do it”
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(Oshagbemi and Ocholi, 2006, p.755). This style can be considered to be an old style of
management, one of ‘command and control’. However, it appears that this style is now
giving way to ‘one demanding real leadership and creativity’, supported by good

systems management and in-depth administration (Adair, 2007).

Delegate leadership refers to the “extent to which a manager attains desired objectives
by leaving subordinates or others free to make their own decisions” (Oshagbemi and
Ocholi, 2006, p. 756) . Empirical research indicates that there is a positive relationship
between delegation-style leadership and idea generation, which is the very first stage to
innovation (Bass and Avolio, 1994, p.13). Krause (Krause, 2004), studied German
middle managers, and investigated whether the provision of freedom and autonomy to
employees can influence the innovation process. Krause found that granting freedom
and autonomy was positively related to various types of innovative behaviour, including
the generation, testing, and implementation of ideas, all of which increase innovation
performance. Jong and Hartog (Jong and Hartog, 2007) refer to other studies that have
similar results. These studies include work by West and Wallace (West and Wallace,
1992) in primary care teams, by Frischer (Frischer, 2006) in product development
departments, by Frischer (Frischer, 1993) in a transport firm, and by Judge et al. (Judge,
Gryxell and Dooley, 1997) in the biotechnology sector.

Participative or democratic leadership is defined as being “the extent of sharing in a
consensual decision-making process with others, i.e. joint decisions” (Oshagbemi and
Ocholi, 2006, p. 762). Participative leadership style encourages the active participation
of subordinates in the decision making process , to an extent in which they can
influence decisions on a consultative basis (Oshagbemi and Ocholi, 2006, p. 762). Such

leadership has been identified as an antecedent of individual innovation (Yukl, 2002).

Laissez-faire or free reign leadership, according to Judge et al. (Judge, Gryxell and
Dooley, 1997), is when the manager provides little or no direction and gives employees
as much freedom as possible. This leadership style gives authority and power to the

employees to determine goals, make decisions, and to resolve problems on their own.
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From the above discussion, the author contends that leadership style can explain, at
least in part, any organisation’s potential to innovate. The author also contends that the
leadership style can be described on a scale of (in order of increasing freedom available

to employees) authoritative/paternalistic/participative/delegation/free reign.

5.2.1.3 Types of ownership

The construction industry is mainly dominated by small and medium sized enterprises.
This fact, along with the very nature of construction projects leads the construction
industry to rely to a large extent on subcontracting. Large organisations often transfer
the risks to smaller companies, which may not be in position to handle them. However,
the forming of partnerships between large and small firms provides a more secure future
for the small organisation, increasing the possibilities for it to perform at a high
standard (Dainty, Green and Bagilhole, 2007). Partnerships assume a win-win scenario
for all parties, with the basic benefits, as determined by Turner and Simister (Turner and
Simister, 2000) being: low risk of time and cost overruns, reduced exposure to
litigation, creation of a mutual trust environment ensuring for less confrontation and
early resolution of problems encountered, improved performance and project quality,
increased innovation through open communication and trust, improved safety and

buildable designs.

Public organisations are the largest organisations in the construction industry often
formed by groups of companies. They tend to include not only building and civil
engineering companies but also plant hire, services work and specialist work,
component and material manufacture. They are mostly large in size and thus they have
more funds to undertake research and development work, innovations and training
schemes (Fellows et al., 2002). However, disadvantages of public companies include:
separate management from ownership, increased bureaucracy and reduced efficiency,
and increased fragmentation between departments —thus reducing cooperation (Fellows
etal., 2002).
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The construction industry is seeking rapid change through governmental agencies such
as Constructing Excellence in the UK. However, there are multiple agencies dealing
with various different areas, such as: acquisition of public works, technology
development, safety, consumer protection, or losses due to natural disasters. All of
these agencies lack a national point of convergence, resulting in no unified industrial
representation within the government (Manseau and Shields, 2005, p. 129). Therefore,
although different agencies drive innovation at various areas, those agencies do not

converge to foster national policies.

Public Private Partnership (PPP) introduced a new way of funding, building and
managing public buildings and infrastructure (Carassus, 2005). The PPP processes
oblige the client and the users, the funding body, the designer, the construction firm and
the facilities manager to work together, which brought about a cultural revolution. For
the first time, the architects needed to work closely with the end users and the facilities
manager, bringing new insight to the design process. All of the competences of the
actors involved are combined and integrated with the competences of the client and the
facilities manager, while many aspects of the project such as ventilation, heating,

lighting etc. are designed in a more sophisticated manner (Carassus, 2005).

The author suggests that the prevalent types of organisation ownership have different
capacities to overcome bureaucracy and facilitate working with others. As less
bureaucracy and working with others can facilitate innovation (Turner and Simister,
2000; Fellows et al., 2002; Carassus, 2005; Manseau and Shields, 2005; Dainty, Green
and Bagilhole, 2007), the type of ownership can, at least in part, explain any
organisation’s potential to innovate. Furthermore, the author contends that type of
ownership can be described on a scale (in order of increasing capacity to overcome
bureaucracy and flexibility to work with others) of sole proprietor/partnership/private
limited company/public limited company/government department/agency/public private

partnership.
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5.2.1.4 Collaborations

According to various authors like Pietroforte (Pietroforte, 1997), Rahman &
Kumaraswamy (Rahman and Kumaraswamy, 2002), Miozzo and Dewick (Miozzo and
Dewick, 2004b), Abudayyeh (Miozzo and Dewick, 2004b) and Eriksson & Pesdmaa
(Eriksson and Pesdmaa, 2007) the strength of inter-organisational collaborations and
the proper use of innovation through open communication, is responsible for the

enhanced performance of the construction industry in many countries.

Empirical studies show that innovation is more common in collaborative companies
than in non-collaborative companies (Fiedler and Deegan, 2007). The spatial nature of
collaboration encompasses collaborations at three levels: local, regional and
international (Wilhelmsson, 2007; Engel and del-Palacio, 2009). Simmie et al.(Simmie
et al.,, 2002) suggest that factors such as proximity, suppliers and local academic
institutions play a key role in the innovation system of regions. The author contends
that collaboration in any organisation can be described on a scale (in order of increasing

commitment to collaboration) of none/regional/national/international.

5.2.2 Organisational structure

The category ‘organisational structure’ is described by the factors: hierarchy, number of
people reporting to a manager, organisational relationships, and organisational size.
The scales constructed for each factor for the category ‘organisational structure’ are

presented in the following sections.

5.2.2.1 Hierarchy

Organisational structures may not truly represent the way people work in an
organisation, but they can reflect hierarchical thinking. There are three types of
dispersion in hierarchy structures, the horizontal, the vertical and the spatial dispersion.
Construction organisations tend to have spatial dispersion, due to construction projects

often being delivered in different geographical areas from the main offices through
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geographically dispersed regional operating units (subsidiaries), which have
construction sites that report to a region’s operating unit. Construction organisations
also tend to have estimating, buying, surveying and contract management departments,
differentiating the structure horizontally. Construction organisations are by their very
nature more complex, as they cannot avoid horizontal and spatial dispersion (Langford
and Male, 2001). However, vertical dispersion can have a significant effect in
innovation, as high numbers of organisational levels imply an extensive hierarchy that
distorts the efficiency of communication (Keegan and Turner, 2002). The flow of
information in an organisation where extensive hierarchy levels exist may not be the
same as in organisations with a more flat structure. Organisational hierarchies that are
flat and flexible are more likely to provide a supportive setting for innovation.
Organisational hierarchy can be measured in terms of the extent of the dispersion of
vertical management in structural layers and described on a scale (in order of increasing

flexibility) of more than 10 layers/8-10 layers/5-7 layers/2-4 layers.

5.2.2.2 Span of control

The management and coordination of a team is related to the effectiveness of an
organisation. As shown in Section 4.3.2.2, the larger the number of subordinates
reporting to one manager, the greater the difficulty in effectively supervising and
coordinating the subordinates (Finlay, 2000). The authors contend that effective
supervision and control of control can, at least in part, explain the organisation’s
potential to deliver organisational results including innovation. According to Langford
& Male (Langford and Male, 2001, p.63) “No one brain can effectively control more
than six or seven brains”. From the above, the author therefore contend that the number
of people reporting to a manager can be described on a scale (in order of increasing
effectiveness) of ‘more than 24 people’/19-24 people’/‘13-18 people’/7-12 people’/ 1-
6 people.

5.2.2.3 Organisational relationships
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An organisation might have two possible structures for communication. A formal
structure, where change and decisions are difficult to make and take time, and where
rules, procedures, guidelines, and records control an individual’s behaviour. Or an
informal continually changing structure, which may be unstable and ambiguous.
Relationships in informal structures provide flexibility and create stronger bonds
between the employees of an organisation (Thompson, 2003). Furthermore, Egbu
(2004), in researching the development of a prototype-training simulator for providing
the experiential learning of the cultural aspects of the innovation process, stresses that
flexibility in the lines of communication, in the allowing of top-down, bottom up and
lateral communications within a construction firm is an attribute favourable to
innovation. From this perspective, organisational relationships focus on identifying the
types of relationship that exist in construction organisations in terms of: formal -
informal and vertical — lateral, as well as the integration of vertical and lateral
relationships. Therefore, organisational relationships can be described on a scale (in
order of increasing flexibility of interaction) of formal lateral relationships/formal
vertical relationships/formal diagonal relationships/informal lateral

relationships/informal vertical relationships/informal diagonal relationships.

5.2.2.4 Organisational size

The three most reliable empirical frameworks relating to innovation and firm size are
the following, as described in Arias-Aranda et al. (Arias-Aranda, Minguela-Rata and
Rodriguez-Duarte, 2001, p.134):

1. R&D activity increases — usually in a proportional way — with firm size.
2. Innovations tend to increase — less than proportionally — with firm size.
3. R&D productivity tends to decrease with firm size.

Despite the contradictory evidence regarding the relationship between organisation size
and innovation, it is contended that larger organisations have a higher capacity to

innovate, as they are more likely to invest more in R&D than smaller organisations.
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Therefore, the author contends that organisational size can be described on a scale (in
order of increasing capacity to invest in R&D) of micro, small and medium

organisations (‘1-250 employees’)/large organisations (‘250< Employees’).

5.2.3 Organisational strategy, policy and learning systems

The category ‘organisational strategy, policy and learning systems’ is described by the
factors: strategy, policy, and organisational learning systems. The scales constructed
for each factor within the category ‘organisational strategy, policy and learning

systems’ are presented in the following sections.

5.2.3.1 Organisational strategy

The types of strategies identified as having an impact on the innovation process to a
lesser or greater extent are:  environmental/opportunistic  strategies,
entrepreneurial/visionary strategies, learning and capabilities based strategies and

competitive positioning strategies.

Environmental/opportunistic  strategies involve initial fundamental planning and
continuous scanning of the business and market environment for opportunities
(Mintzberg, 1979). Organisations that use opportunistic strategies are flexible, and have
the advantage of quickly adjusting to attractive new opportunities (Gelderen, Frese and
Thurik, 2000). This type of organisation is referred to in the literature by a typology
defined by Miles & Snow (as cited in Morden, 2007) as being ‘prospectors’ and
‘creators’ of change. These types of organisations respond to emerging trends by

carrying out research and development on new products.

As stressed by Johnston Jr. & Bate (Johnston Jr. and Bate, 2003, p. 141), on one side of
the spectrum (Figure 5.1) lies the ‘visible” opportunities, which are usually lower risk
and shorter term, they are the ‘low hanging fruits that are easy to harvest’, which
require only small changes to the business model. On the other side lies the ‘visionary’

opportunities, which are longer term, requiring the development of new technologies
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and infrastructure, and the development of a market that does not already exist.
Increasing its value is the ultimate goal of an organisation that has
entrepreneurial/visionary strategies, with the potential rewards being higher for it than

those available for ‘visible’ opportunists.

“Visible” “Visionary”

“Low Hanging fruit” “High rewards”™

Figure 5.1  Strategic opportunity spectrum adopted by Johnston Jr. & Bate (1978)

To be able to implement a visionary strategy an organisation should not only imagine
what the needs of the market are, but it must also know what its own specific strengths
and weaknesses are in relation to that particular target set. Thus, ‘what a firm can do is
not just a function of the opportunities it confronts; it also depends on what resources
the organisation can master’ (Johnston Jr. and Bate, 2003, p. 141). Learning and
Capabilities-based models of strategy are known from the resource-based theories for
organisations. According to the resource-based theories, the specific assets that are
unique to the firm can provide value (low prices, better quality, new technology etc.)
and turn it into economic benefit. The most sustainable competitive advantage are
capabilities and competences from tacit, knowledge-based resources (Faulkner, 2002;
Faulkner and Campbell, 2006). However, the resource-based approach can only

provide a short term competitive advantage, as it will be imitated if it is successful.

Competences or capabilities of a firm do not, however, grant competitive advantage.
Capabilities need to fit the market demand in order to deliver competitive advantage,
otherwise they cannot bring any revenues (Faulkner and Campbell, 2006). As Porter
(Porter, 1985) stresses, resources are valuable because they allow a firm to perform
activities that create an advantage in particular markets. In addition, sustainable
competitive advantage is developed from the continuous evolution of a firm’s

capabilities. It is the dynamic nature of these competences that evolve through an ever
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changing market which build up the capacity to innovate from a competitive position
(Faulkner and Campbell, 2006), otherwise called a competitive/ positioning strategy.
Organisations that do not base their strategic orientation for increasing growth on the
exploitation of well known capabilities, but instead continue to explore new business
opportunities based upon newly developed capabilities will, through time, be able to

survive and profit.

Building on the model of Johnston Jr. & Bate (as cited in Porter, 1985) the
subcategories reflecting ‘organisational strategy’ can be based upon the underlying

characteristic of ‘orientation for continuous growth’, as shown in Figure 5.2.

Competitive/
Positioning .
Strategies’ Innovation
Strategy
Learning and
Capabilities—
bhased
Strategies
Entrepreneurialf
Visionary
Strategies

Environmental
Opportunistic
Strategy

Figure 5.2 Towards a strategy for innovation

Orientation for continuous growth, according to Faulkner and Campbell (Faulkner and
Campbell, 2006), is the process of business model renewal. This renewal is not only the
improvement of products or services, but also the renewal of an organisation’s
competences and evolving capabilities. The author contends that organisational

strategy can, at least partly, explain any organisation’s potential to innovate. The author
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also contends that the organisational strategy can be described of (in order of
organisations’ orientation for continuous growth) environmental, opportunistic
strategy/visionary strategy/learning and capabilities learning strategies/competitive

positioning strategies.

5.2.3.2 Organisational policy

Policies can be either advisory, leaving decision makers with some flexibility, or
mandatory, whereby managers have no discretion. Koontz and O’Donnell (as cited in
Thompson, 2003) suggest that mandatory policies should be regarded as ‘rules’ rather
than policies. Koontz and O’Donnell (Koontz and O'Donnell, 1968) further argue that
mandatory policies tend to stop managers and other employees from thinking about the
most efficient and effective ways in which to carry out tasks and searching for
improvements. Policies should guide rather than remove discretion. Advisory policies
should normally be used because it is essential that managers are allowed some
flexibility to respond and adapt to changes in both the organisation and the
environment. Moreover, mandatory policies are unlikely to motivate managers, while

advisory guides can prompt innovation (Koontz and O'Donnell, 1968).

Certain key policies are established by the overall strategic leader and are filtered down
through the organisation. Consistency between the policies created by general
managers for their divisions and functional managers for their departments is important.
Policies can exist for any functional task undertaken by the organisation. Policies may
be forced on the company by external stakeholders. Government legislation regarding
contracts of employment, redundancy terms and health and safety at work can all affect
organisational policies. In some cases, financial policies can be dictated by powerful
shareholders or bankers (Thompson, 2003). It is shown that different types of policies
can explain the motivation of organisations to innovate. Based on the above discussion
organisational policies can be described on a scale (in order of increasing potential to
facilitate innovation) of always mandatory/mainly mandatory /mainly advisory/always

advisory.
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5.2.3.3 Organisational learning systems

According to Cross & Israelit (Cross and Israelit, 2000) the key element of the
organisational learning process is the absorptive capacity and the role of ‘prior
knowledge in assimilating and exploiting new knowledge’. The first stage of
organisational learning, defined as ‘learning facts, knowledge, processes and
procedures’ (Cross and Israelit, 2000) is the ability to recognise, capture and store what
an organisation’s current knowledge on processes and procedures is, which constitutes

an organisations’ ‘memory’ (David Skyrme & Associates, 2002).

‘Learning new job skills that are transferable to other situations’ (Peters, 1996) can be
defined as acquiring new knowledge ‘to be added to memory’ (David Skyrme &
Associates, 2002). Robey & Sales (as cited in Garavan, 1997) argue that knowledge
may be acquired from internal or external experience, or from organisational memory.
There is no distinguishing between the internal and external knowledge of an
organisation. However, organisations are not built instantly and contain knowledge

gained during their existence.

In order to create a competitive advantage from the knowledge that an organisation has
acquired through its existence, it should be able to ‘retain, disseminate and integrate’ it
into other situations (Garavan, 1997). This skill leads to the next stage of learning that
is the ‘learning to adapt’ stage (Prieto and Revilla, 2006). The adaptation stage
‘implies that an organisation experiences a continuous changing process while enabling
individuals to learn’ (Ortenblad, 2004). ‘Adaptive’ learning coincides with Senge work
(as cited in Garavan, 1997) and Argyris & Schon’s (as cited in Senge, 1991) notion of
‘single-loop’ learning. Single-loop learning simply involves ‘corrective actions of
errors through a feedback loop’ while Senge’s concept of adaptive learning ‘centres on
evolutionary changes in response to developments in the business environment and

which are necessary for the survival of an organisation’(Senge, 1991).

Learning to learn is the next stage of learning and it is about innovation and creativity;

designing the future rather than merely adapting to it. This is where assumptions are
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challenged and knowledge is reframed. However, Batestone (Batestone, 1972) suggests
deutro-learning or second-order learning. He draws a distinction between the process of
learning and the process of learning to learn. Individuals have the capacity to learn how
to learn, in that they can reflect and enquire into previous contexts of learning or failure,

so as to learn, question and evaluate the appropriateness of their actions.

From the above discussion, the author contends that the nature of organisational
learning within an organisation may explain, at least in part, the organisation’s potential
to innovate. Furthermore, the organisaltional learning systems can be described on a
scale (in order of increasing ability to learn) of learning facts, knowledge, processes and
procedures/Learning new job skills that are transferable to other situations/Learning to

adapt/Learning to learn.

5.3  Strategic resources

The main categories emerged within the key area ‘strategic resources’ were: marketing,
operations management, finance and human resources. Each category is described by

different factors, which represent a different dimension of the same category.

5.3.1 Marketing

The category ‘marketing’ is described by the factors: promotion of products and
services, intellectual property rights, sales management and market information
availability. The scales that have been constructed for each factor within the category

‘marketing’ are presented in the following sections.

5.3.1.1 Promotion of products and services

Although promotion of products and services has been underused in the construction
industry, construction organisations that hav some experience with it have been
rewarded. It has been argued that creativity can be applied so as to improve matters

relating to the identification of promotions relevant to an organisation, and the decision
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to use them in tandem with personal selling (Smyth, 2000). Organisations can view
promotions as a technique to assist sales, and as a new approach for examining these
techniques in a professional way. The systematic use of promotion techniques in a
professional manner can support innovation and create more incentives to increase the
value of products or services offered to the clients (Greco, 2008) and therefore explain,
at least in part, the organisation’s potential to innovate. The practice of promoting
products and services can be described on a scale (in order of increasing

professionalism) of amateur/Semi-Professional/Professional.

5.3.1.2 Intellectual property rights

Although patenting is related to R&D and therefore innovation, there is a debate on
whether patents are the result of well organised and implemented R&D plans, whether
they act as stimulators of incentives to perform R&D, or both. The rationale of using
Intellectual Property Rights (IPR) to protect knowledge-based ideas was initially
designed to create ‘economic incentives’ for inventors. The efficiency of the incentive
system is based upon driving people to invent things they would otherwise not invent,
for the purposes of benefiting the society as a whole. It is also argued that even if IPR
is not the most essential ingredient for innovation, it at least motivates people towards
invention and innovation. Patent motives aren’t directly related to profits, but they
create good opportunities for joint ventures or alliances with other firms, for instance

with those that have production and marketing capabilities (Andersen, 2005).

Conversely, there are arguments that advocate that, although intellectual property rights
are necessary because of the high risk of creating a market around a novel idea,
investment in research is often underinvested. In the manufacturing industry, patents
and copyrights are usually found to be sold by the original inventor to the employers at

a low price and are therefore under rewarded.

The above discussion shows that IPR can either hinder or enable innovation.
Ascertaining what the role of IPR is in creating innovation, the main characteristic that
emerges is that IPR motivates organisations, by offering an added incentive to invent
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and to innovate. The role of IPR can therefore be described on a scale (in order of

increasing desirable motivation) of restrictive/ facilitating/supportive.

5.3.1.3 Sales management

Selling has been perceived to be an individual activity outside of the mainstream
operations of an organisation, which can result in lack of integrity and can be
considered unprofessional (Smyth, 2000). A professional approach to sales
management can give members of an organisation the opportunity to understand
marketing and sales functions by building enhanced communication. Enhanced
communication can establish a flow of ideas and innovations, which can create
competitive advantages that can be communicated to the customer, so as to increase
efficiency and persuasion. The level of professionalism in sales management can
provide insight on the flow of information within an organisation and towards a
customer. The practice of sales management can be described on a scale (in order of

increasing professionalism) of amateur/semi-professional/professional.

5.3.1.4 Market information availability

The absorptive capacity of an organisation to identify and manage appropriate
information is strengthened through close communications and collaborations, creating
information channels. Collaborations with educational institutions can feed the rate of
opportunity findings, but does also require a higher absorptive capacity due to the
sophistication of the information (Tang, 1998; Vinding, 2006). Information availability
therefore plays a key role in increasing innovation within an organisation. It is
contended that the underlying characteristic required to recognise market opportunities
is the availability of market information. Availability of information can be described
on a scale (in order of increasing availability) of never available/sometimes

available/always available’.
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5.3.2 Operations management

The category ‘operations management’ is defined by the factors: process integration,
quality control, and knowledge management. The scales constructed for each factor
within the category ‘operations management are presented in the following sections.

5.3.2.1 Process integration

Process integration has been facilitated by Enterprise Resource Planning (ERP) systems
which have been introduced to make corporate use of information technology in the
1990s, in order to enhance organisational cross-functional efficiency and effectiveness
by increasing connectivity and bringing together various and diverse functions for better
coordination of performance (Davenport, 1998; Rajagopal, 2002). The ERP systems
implementation phase can be used to describe the levels of process integration. The
author contends that the implementation of integration processes can explain, at least in
part, an organisation’s potential to innovate. Therefore, the levels of process integration
as described in Rajagopal (Rajagopal, 2002) six stage model can be used on a scale of
(in order of increasing potential to innovate):

Initiation/Adoption/Adaption/Acceptance/Routinisation/Infusion.

5.3.2.2 Quality control

Prajogo & Sohal (Prajogo and Sohal, 2006) provide evidence that Total Quality
Management (TQM) is strongly correlated with technology and R&D, and that these are
the key factors for increasing innovation performance. Prajogo & Sohal (Prajogo and
Sohal, 2006) in their study demonstrate that organisations must be capable of managing
quality before they develop the capabilities to manage innovation. In other words
advanced quality control measures create a fertile ground for managing innovation. The
attributes used to depict an organisation’s quality management system can be judged by
the level of excellence relating to quality control, and can be described on a scale (in

order of increasing excellence) of not advanced/semi-advanced/very advanced.
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5.3.2.3 Knowledge management

Managing knowledge is critical to making knowledge productive, to knowledge
development and to the exploitation of knowledge in increasing innovative performance
(Egbu, 2005). An appropriate context for knowledge management is crucial to get the
added value of knowledge that exists within an organisation (i.e. in the processes, in
systems, in humans) (Egbu, 2005). The key issues in readiness for knowledge
management can be recognised as: obtaining/capturing knowledge, locating and
accessing knowledge, propagating knowledge, transferring knowledge, modifying
knowledge, maintaining knowledge (Egbu, 2005). The capabilities of an organisation in
effectively managing knowledge in the key issues mentioned above increases as the
ability to manage knowledge more effectively increases. The author contends that the
level of readiness in knowledge management may explain, at least in part, an
organisation’s potential to innovate. Therefore, the practice of knowledge of
management can be described on a scale (in order of increasing potential to innovate) of
obtaining or capturing knowledge/locating and accessing knowledge/ propagating

knowledge/ transferring knowledge/modifying knowledge/maintaining knowledge.

5.3.3 Finance

The category ‘finance’ is described by the factors: capital structure, financial
management, financiers’ attitude, and R&D spending. The scales constructed for each

factor within the category ‘finance’ are presented in the following sections.

5.3.3.1 Capital structure

There are performance consequences for organisations that have an inappropriate
capital structure. It is shown that R&D expenditure is not important in determining
capital structure, but it does highlight the strategic importance that an organisation gives
to innovation in order to compete. O’Brien, has used as leverage Equation 1, that

describes leverage as the ratio of the book value of debt to the total market value of the
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firm (O'Brien, 2003). The results were identical if total value of assets was used in the

denominator:

Debt
Debt = Debr = Equily (Equation 1)
Assets  Debt + Equity 1+ Debt

Equity

If an organisation has a debt to equity ratio greater than 1, this means that the majority
of its assets are financed from debt. If the debt to equity ratio is smaller than 1, assets
are primarily financed through equity. Although, different levels of debt are acceptable
in different industries and there is no conventional rule, a debt/equity ratio of 2:1 is
generally considered to be satisfactory (Krantz, 2008). The logic that underlies this
general rule is that even with a drop out of 50 percent of the value of current assets, an
organisation can still meet their obligations, meaning that there is a 50 per cent margin
of safety which is assumed to be sufficient to deal with the worst possible situation
(Khan, 2004; OECD, 2004).

Based on O’Brien’s study financial slack i.e. low leverage, should be a strategic priority
for firms that are competing on the basis of innovation. The position of an organisation
on the scale whose underlying dimension can be described as the ‘financial slack’ can
explain part of an organisation’s ability to innovate. This study uses as a leverage
measure the debt over equity ratio (Li and Simerly, 2002) and the measures for an
organisation’s capital structure can be described on a scale (in order of increasing

capacity to innovate) of ‘Higher than 10°/2 to 10/0 to 2.

5.3.3.2 Financial management

Innovation-related financial management is a more professional way of dealing with the
decision process of innovations (Silverstein, Samuel and DeCarlo, 2009) as it reduces
the risks by increasing the ratio of verified knowledge to unverified assumptions as the
projects develops. This process allows for more accurate information and feedback,
which enables an organisation to proceed or abandon an innovation project at any point
(Silverstein, Samuel and DeCarlo, 2009). Financial management, according to the level
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of professionalism applied to it can be described on a scale (in order of increasing

professionalism) of amateur/semi-professional/ ‘professional.

5.3.3.3 Financier’s attitude

The complexity of infrastructural projects in construction arise from the growing
demands of the stakeholder’s, including financiers (Kumaraswamy et al., 2004). The
financier’s prospect to positively see the investment of R&D projects can be reflected
by their willingness to invest in an organisation’s R&D project. The attitude of
financier’s attitude towards R&D and innovation in an organisation can be defined as
being: ‘highly supportive’, ‘supportive’, ‘undecided’, and ‘not supportive’. The attitude
of financier’s towards R&D and innovation in an organisation can be described on a
scale (in order of increasing support) of not supportive/highly supportive/
supportive/undecided.

5.3.3.4 R&D spending

The construction industry’s investment in R&D and innovation is very low compared
with other industries, such as the pharmaceutical industry. It could be argued that the
pharmaceutical industry is very research intensive regarding product innovation, which
explains why it has a total spending of £3308m, compared with just £33m for the
construction industry. However the UK construction sector accounts for 8% of the
UK’s GDP, compared to the pharmaceutical industry’s contribution of just 0.6% to the
UK’s GDP (National Statistics, 2007). At industry level it seems therefore that the
more innovative an industry is, the more it spends on R&D - this argument can be
extended to industry to explain the relationship between innovation and expenditure on
R&D. Therefore, the level of investment in the UK construction industry can explain
its overall intentions regarding innovation. Levels of investment in R&D can be
described on a scale (in order of increasing expenditure on R&D) of no R&D
investment/under £1m ‘£1m to 10m/£10m to £100m/over £100m.
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5.3.4 Human Resources Management

The category ‘human resource management’ is described by the factors: number of
R&D staff, competence of R&D staff, performance of R&D staff, age profile of R&D
staff, retention of R&D staff, and staff development. The scales constructed for each
factor within the category ‘human resources management’ are presented in the

following sections.

5.3.4.1 Number of R&D staff

A measure of an organisation’s intention to innovate is shown by the percentage of staff
that are specifically employed for R&D activities (OECD, 2002). This percentage can
be described on a scale (in order of increasing R&D personnel) of 0%-20%/20%-
40%/40%-60%/60%-80%/80%-100 %.

5.3.4.2 Competence skills of R&D staff

The level of competence of R&D staff can explain the dynamic capacity an organisation
has towards innovation. Competence can be measured in many ways. A convenient
way of measuring competence is to use academic qualifications. Therefore competence
of R&D staff cane described on a scale (in order of increasing competence) of non -
degree holder/Bachelor's degree holders/Master's degree holder/PhD degree holders
(OECD, 2002).

5.3.4.3 Performance of R&D staff

The performance of R&D staff can be increased in an environment where there is
freedom to develop and to implement new ideas (Nijhof, Krabbendam and Looise,
2002). The level of R&D staff performance can explain an organisation’s
encouragement to employees’ creativity and innovation. The level of staff performance
can be described on a scale (in order of increasing encouragement for creativity) of very

low/low/medium/high/very high.
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5.3.4.4 Age Profile of R&D staff

According to Levy (Levy, 2000) the age of the construction industry’s workforce in
getting older. It is therefore of increasing importance that more young people are
employed and that continuous training is given to employees, so as to build up
innovation capability (Vinding, 2006). The ‘age profile’ of R&D staff can be described
on a scale (in order of increasing innovation capability) of Older than 55 years old/45-
55 years old/34-44 years old/23-33 years old.

5.3.4.5 Retention of R&D staff

Within the process of innovation, the key workers are R&D staff, and their retention can
be linked to an organisation’s efficiency. Retention of R&D staff can therefore reflect
the strategy that is adopted by an organisation with regards to increasing innovative
potential by saving resources and maximising efficiency. A short length of stay would
indicate a poor retention rate of R&D staff. Practically, this means that if the length of
service of R&D staff is overall less than one year then the organisation’s retention rate
is considered to be poor (Reuters, 2000). Retention can be described on a scale (in
order of increasing efficiency) of tend to stay for 1-6 months/tend to stay for 1 year/tend

to stay for 2 years/tend to stay for more than 2 years.

5.3.4.6 Staff development

The training of employees is linked with organisational efficiency and innovative
performance (Leede, de Looise and Alders, 2002; Lau and Ngo, 2004; Swanson and
Holton, 2009). Staff training practices can be defined by the number of hours that are
devoted to staff development. The levels of annual staff development can be described
in terms of hours of training per year on a scale (in order of increasing competences) of
0-20hrs/20-40hrs40-60hrs/60-80hrs/80-100hrs.
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5.4 External environment forces

In the external environment key area the following categories have emerged: political
and legal framework, economic environment, and infrastructural provision. Each
category is described by different factors, representing a different dimension of the

same category.

5.4.1 Political and legal framework

The category ‘political and legal framework’ is described by the factors: political
freedom, incentives to foreign investors, competition framework, employment
framework, and health and safety regulations. The scales constructed for each factor
within the category ‘political and legal framework’ are presented in the following

sections.

5.4.1.1 Political freedom

There are two basic types of political structures that may impact national construction

issues as presented in Farr, Lord and Wolfenbarger (1998):

e Centralised governmental systems (Japan, France, United Kingdom,
Netherlands, Denmark, Finland) that have a ministry of ‘construction’, which

promotes all of the relevant innovation-enhancement policies for construction.

e Federal types of constitution and decentralised governmental structures (USA,
Germany, Canada, Australia), which distribute the responsibility of construction

at a regional or a state level.

In centralised governmental systems, ‘research funding is being redirected from
products to processes, government acquisition practices are being modified to stress a

value over price, industrial collaboration is being promoted and technology/knowledge
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brokers are introduced’ (Manseau and Seaden, 2001). With federal types of constitution
no centralised body deals with construction issues, which results in a non-unique
representation at the governmental level. Instead, many agencies deal with various
issues, such as public works, safety, technology development etc. There seems to be no

significant public policy interest regarding construction innovation.

Another approach is the ‘social systems of innovation’ proposed by Amable et al.
(Amable, Barré and Boyer, 1997) and presented in Manseau & Seaden (Manseau and
Seaden, 2001). Amable et al. (1997) identify four innovation systems, each with

different characteristics:

e The market driven system (e.g. in USA, UK, Canada, and Australia) assumes
‘that the market allocates resources and exploits opportunities, in the most
efficient way through bidding processes’. The public sector is considered to be
rather conservative, hindering innovation and thus is just another key client in
the market. In such a system the public sector should only intervene in periods
of market crisis, and that their role is to keep regulation at a minimum, whilst
dealing with issues of safety and consumer protection. Labour arrangements are
flexible, and innovations are assumed to be fostered by the increased

competition and market opportunities that arise.

e The government-led system (e.g. in France, Germany, Italy, and Netherlands)
considers the government to be the basic player in the construction market.
Innovations, such as new technology, are mainly introduced through public-
financed projects and then disseminated to the rest of the practitioners. In this
system there are significant regulations that cover every aspect of construction.
Labour arrangements are also inflexible. Innovation is only fostered through

public instruments.

e The Social-democratic system (e.g. in Scandinavian countries) has a lot of

similarities with the government-led system. This system puts emphasis on



Chapter 5: A generic system for depicting innovation practice in the construction
industry in the UK 176

industry/labour/government relations. Labour arrangements are more flexible
and support competitive forces. Innovation in this system is supported to a great
extent by the government, which fosters to balance socioeconomic and

environmental issues.

e The Meso-corporatist system (e.g. in Japan) is designed around the concept of
very large corporations. This system contains a high amount of competition
within the construction sector, but with a wide market share, allowing for high
margins. An excess of profit is expected to be reinvested due to innovation
being considered to be an important asset, not just for the company but for the
nation. Public policy is completely focused on supporting a company’s efforts
at innovation. Consensus between the industry’s key players and those of the
government is achieved on issues such as regulation, training and innovation.
Labour arrangements are flexible and tend to have long employee retention,

often featuring lifetime employment.

The systems described above provide an overview of the policy context that may foster
or hinder innovation. They reflect the concept/factor of political freedom. Political
freedom can be described on a scale (in order of increasing potential to facilitate

innovation) of fully restrictive/partially restrictive/non restrictive..

5.4.1.2 Incentives for foreign investors

Incentives for foreign investors include both financial and non-financial measures.
Non-financial measures include the provision of infrastructure, such as prepared
industrial sites (Herrmann and Lipsey, 2003). In order to encourage investment,
governments also offer low tax rates to investors. However, such motives are not
always credible, as governments tend to redistribute investor returns when capital is
formed (Rama, 2008). Other financial incentives include expenditures on grants,
subsidies and loan guarantees (Herrmann and Lipsey, 2003). The role of investment in
promoting foreign direct investment has been the subject of many studies, but the

advantages and disadvantages concerning each measure have never been clearly
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established (United Nations, 2000; Herrmann and Lipsey, 2003). Incentives can be
discretionary according to the type of investment. It is recognised that financial
incentives such as grants and loans are a direct drain on the government budget. These
incentives are generally offered by developed countries, whilst developing countries
often prefer to offer fiscal incentives that do not directly drain government funds
(United Nations, 2000). There is an increased trend towards offering tax rate reductions
or tax holidays for specific activities. Almost 85 percent of the countries surveyed by
the United Nations (2000) offer these incentives. The other trend (almost 60 percent of
the countries reviewed) is to offer allowances for investment in machineries or
industrial buildings, or a combination of allowances for training, research and

development or similar activities (United Nations, 2000).

Based on the discussion above, the type of incentives given to foreign investors
indicates the level of economic development of a country, and also its ability to provide
direct or indirect resources as incentives to investment. According to Fan et al. the
economic development of a country is directly linked to innovative performance (Fan et
al., 2009). Combining this finding with the types of incentives given by governments to
attract investments, it is contended that a country that is providing grants as an
investment incentive is much more economically developed than a country that
provides tax incentives. Similarly, a country that is providing tax incentives as an
investment incentive is much more economically developed than a country that
provides physical assets. As such the type of incentives offered can also reflect a
country’s innovative performance. Based on the above arguments the types of
incentives provided by governments can be described on a scale (in order of increasing
potential to innovate according to the level of economic development of the country) of

none/physical assets/tax relief/grants.

5.4.1.3 Competition framework

The competition framework, under a government-political context, is identified as

playing an important role in increasing the competitiveness and economic growth of a
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country by encouraging innovative activities (Manseau and Seaden, 2001). The
competition framework of a country can be described on a scale (in order of increasing

support for innovation) of restrictive/facilitating/supportive.

5.4.1.4 Employment framework

The employment framework is linked with the intention of an organisation to invest and
expand. The response of an organisation concerning strict regulations is to invest more
on training and make more use of temporary employment. Innovative organisations
tend to allocate more resources to training their employees and upgrading their skills
(Pierre and Scarpetta, 2004). The employment framework can thus be described on a
scale (in order of increasing support for innovation) of

restrictive/facilitating/supportive.

5.4.1.5 Health and Safety regulations

Health and safety regulations are an important, intriguing source of innovation in some
areas, but at the same time they may hinder it in other areas. This directly affects
construction processes and the capacity to adapt to new standards (Gann and Salter,
2000; Katz, 2006). The role of health and safety regulations can be described on a scale
(in order of increasing support for innovation) of restrictive/facilitating/supportive.

5.4.2 Economic Environment

The category ‘economic environment’ is described by the factors: economic activity,
GDP trend, rate of inflation, currency strength, tax policy, and government spending in
R&D. The scales constructed for each factor within the category ‘economic

environment’ are presented in the following sections.
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5.4.2.1 Economic activity

The levels of economic activity of a region or a country are linked to innovation activity
and knowledge spill-over (Audretsch and Feldman, 1996; Feldman and Audretsch,
1999). Level of economic activity is linked to innovation activity and knowledge spill-
overs and explains, at least in part, an organisation’s ability to innovate. The level
economic activity can be described on a scale (in order of increasing contribution to

innovation) of very low/low/medium/high/very high.

5.4.2.2 GDP trend

The relationship between GDP trends and gross domestic expenditure for research and
development (GERD) shows that the innovative performance of a country is associated
with investment in R&D, which is directly linked to GDP trends. The status of GDP
can thus indicate GERD, which provides useful insight into GDP’s impact on
innovation (European Commission Directorate-General for Research, 2005; Taylor,
2007). The GDP trend can be described on a scale (in order of increasing public

investment in R&D) of falling/steady/rising.

5.4.2.3 Rate of inflation

Monetary policies are conducted by governments to fight inflation and to keep inflation
rates at low levels. This is done by applying inflation targeting, in order to encourage
savings and investments and increase economic growth (Debelle et al., 1998).
Developed countries have adopted inflation targeting from a low starting point (less that
10 percent of inflation rate). Based on literature (Debelle et al., 1998; Funk and
Kromen, 2005) the effect of inflation rates can be described on a scale (in order of

increasing incentive to innovate) very low/low/medium/high/very high.
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5.4.2.4 Currency strength

The literature shows that a strong currency is the sign of a healthy economy
(Oppenheimer, 2010). Despite the fact that a strong currency makes a country less
competitive, it promotes innovation. This is because the reduced competitiveness that
results from a country’s strong currency forces it to focus in exporting more
sophisticated goods and services (Oppenheimer, 2010). The effect of currency strength
can be described on a scale (in order of increasing incentive to innovate) of very

low/low/medium/high/very high.

5.4.2.5 Tax policy

Tax policies and tax incentives to organisations can provide incentives to invest in R&D
and innovations (OECD, 2007). The effect of the tax policy can be described on a scale

(in order of increasing incentive to innovate) of very low/low/medium/high/very high.

5.4.2.6 Government spending in R&D

Government spending on R&D is important for fostering innovation and increasing
growth (OECD Science Technology and Industry Scoreboard, 2009). The level of
government spending on schemes that support R&D can be described on a scale (in
order of increasing incentive to innovate) of very low/low/medium/high/very high..

5.4.3 Infrastructures provision
The category ‘infrastructural provision’ is described by the factors: transport provision

and energy provision. The scales constructed for each factor within the category

‘infrastructure provision’ are presented in the following sections.
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5.4.3.1 Transport provision

Transportation infrastructure is an important element in contributing to the successful
facilitation of an organisation’s daily operations and long term development. Increasing
the competitiveness of a region by ensuring transportation infrastructure can stimulate
innovation. The level of government provision for transportation infrastructure reflects
a factor that influences innovation. A government’s provision of infrastructure can be
describped on a scale (in order of increasing competitiveness) of very

low/low/medium/high/very high.

5.4.3.2 Energy provision

Energy infrastructure is an important element in providing an external environment for
increasing economic growth. The level of government provision for energy
infrastructure reflects a factor that can influence the occurrence of innovation. A
government’s provision for infrastructure can be described on a scale (in order of

increasing competitiveness) of very low/low/medium/high/very high..

5.5 The generic system for identifying the condition of factors in the

construction industry in the UK

The discussion in the sections above assisted in the description of the system for
identifying the condition of each factor in influencing innovation. As explained in
section 3.3.2 the system is designed based on the scales that have been constructed for
each factor from the discussion in the sections above. The system is illustrated in Table
5.1.

Table 5.1 System for identifying the condition of factors

Internal Environment

Factors Continuum

Left Anchor Right Anchor

Technolog A\ cient Established New Emerging

y
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(in order of increasing newness)
Authoritative Paternalistic Participative Delegative Free Reign
Leadershi . . . .
L (in order of increasing freedom available to employees)
. Private . Public limited ~ Government Pl.Jb"C
Sole proprietor limited Co Partnership Co Dot/agenc Private
Ownership ptagency Partnership
(in order of increasing capacity to overcome bureaucracy and flexibility to work with others)
Collaborat Non . Regional National International
ions collaborating
(in order of increasing commitment to collaboration)
More than 10
Hierarchy  layers 8-10 layers 5-7 layers 2-4 layers
layers
(in order of increasing flexibility)
People S _ B ~ B
el 24 people 19-24 people 13-18 people 7-12 people 1-6 people
toa
ahadel (in order of increasing effectiveness)

Organisati  Formal lateral Formal F_ormal Informal Info.rmal quormal
onal relationships vertl_cal _ dlagpnal _ Iatergl _ vertl_cal _ dla_lgona_l
relationshi relationships relationships relationships relationships relationships

o (in order of increasing flexibility of interaction)
Organisati Micro & Small Medium organis:?irgr?
onal size Organisations S
(in order of increasing capacity to invest in R&D)
.. Environmental/ . . . A Competitive
Organisati o Entrepreneurial/ visionary Learning and capabilities - .
opportunistic - . / positioning
onal trat strategies based strategies trat
strategy Sl alegy strategy
(in order of organisations’ orientation for continuous growth)

... Always Mainly Mainly Always
Organisati .\ jatory mandatory advisory advisory
onal policy

(in order of increasing potential to facilitate innovation)
Learning facts,
Organisati ~ knowledge, Learning new job sklll_s thqt are Learning to adapt Learning to
onal processes and transferable to other situations learn
systems procedures
(in order of increasing ability to learn)
Strategic Resources
Factors Continuum
Right
Left Anchor Anchor
Promotion
of Amateur Semi Professional Professional
products
and . . . . .
services (in order of increasing professionalism)
IPR Restrictive Facilitating Supportive
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(in order of increasing desirable motivation)

sl Amateur Semi Professional Professional
manageme
nt
(in order of increasing professionalism)
Market
. - . . - Always
InforrTatlo Never available Sometimes available available
availability (in order of increasing availability)
Process Initiation Adoption Adaption Acceptance Routinisation Infusion
integration
(in order of increasing potential to innovate)
. - Very
Quality Non Advanced Semi Advanced
control ) ) ) Advanced
(in order of increasing excellence)
Obtaining/ Locating and - . e L
Knowledge capturing? accessir?g Propagating Transferring Modifying Maintaining
manageme  nowledge knowledge knowledge knowledge knowledge knowledge
nt
(in order of increasing potential to innovate)
Capital Higher than 10 21010 0to2
Structure
(in order of increasing capacity to innovate)
Financial = Amateyr Semi Professional Professional
manageme
nt
(in order of increasing professionalism)
. . . Highl
Financier ~ NOt Supportive Undecided Supportive Suppo?tivz
attitude
(in order of increasing support)
Non R&D Under £lm  £1mto 10m £10m to £100m Over £100m
R&D Performers
spending
(in order of increasing expenditure on R&D)
Number of  0%-20% 20%-40% 40%-60% 60%-80% 80%-100 %
R&D staff
(in order of increasing R&D personnel)
Skills of rl:lc?lge-rdsegree Bachelor's degree holders Master's degree holders Phdh(iﬁgzi
R&D staff
(in order of increasing competences)
Performan  Very Low Low Medium High Very High
ce of R&D
staff . . . .
(in order of increasing encouragement for creativity)
Age profile  Older than 55 45-55 years old 34-44 years old 23-33 years
ofR&D  Yearsold old
staff . . . i .
(in order of increasing innovation capability)
Retention Tend to stay
of R&D Ieg d to stay for Tend to stay for 1 year Tend to stay for 2 years for more
staff -6 months than 2

years’
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(in order of increasing efficiency)

Staff 0-20hrs 20-40hrs 40-60hrs 60-80hrs 80-100hrs
developme

nt . . .
(in order of increasing competences)

External Environment

Factors Continuum
Right
Left Anchor Anchor
- . I Non
,:Po"tci,(:al Fully restrictive Partially restrictive restrictive
reedom
(in order of increasing potential to facilitate innovation)
Incentives  Physical assets Tax relief’ Grants
to foreign
investors
(in order of increasing potential to innovate according to the level of economic development of the
country)
Competitio  Restrictive Facilitating Supportive
n
framework . . . . .
(in order of increasing support for innovation)
Employme  Restrictive Facilitating Supportive
nt
framework . . . . .
(in order of increasing support for innovation)
Health and . A .
Safety Restrictive Facilitating Supportive
Regulation
s
(in order of increasing support for innovation)
Economic  Very Low Low Medium High Very High
Activity
(in order of increasing contribution to innovation)
GDP Falling Steady Rising
Trend (in order of increasing public investment in R&D)
Rate of Very Low Low Medium High Very High
inflation
(in order of increasing incentive to innovate)
Currency Very Low Low Medium High Very High
strength
(in order of increasing incentive to innovate)
Very Low Low Medium High Very High
Tax Policy
(in order of increasing incentive to innovate)
Governem
ent Very Low Low Medium High Very High
spending
in R&D

(in order of increasing incentive to innovate)
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Energy Very Low Low Medium High Very High
Provision

(in order of increasing competitiveness)

Transport  Very Low Low Medium High Very High
Provision

(in order of increasing competitiveness)

The system developed in order to identify the condition of the factors in the
construction industry was used during the survey conducted within organisations of the
construction industry in the UK. The system helped to describe the behavioural
component of organisations by depicting the practices organisations are employing to
facilitate innovation. The results of the survey that included both the identification of
the behavioural and the cognitive component of organisations’ attitude towards

innovation can be seen later in Chapter 6.

5.6 The generic mechanism of innovation for the construction
industry in the UK

The mechanism of innovation is described as being the combination of all the factors
identified and the conditions of the factors. The conceptual model (see Section 3.2) is
adapted to integrate all the factors identified to play a key role to innovation, as
presented in Chapter 4, and also the system developed to identify the condition of the
factors in order to depict innovation practices. Figure 5.2 illustrates this adaptation and
presents the mechanism of innovation. In Figure 5.2 each main category identified (e.g
culture, structure, etc) is described by the different factors and the condition for each
factor. For example, the category Culture, is described by the factors technology (C1),
leadership style (C2), ownership style (C3), and collaborations (C4) and the conditions
that pertain for each factor or else the practices that are employed by organisations i.e.

Cc1, Cc2, Ccs, Ccqrespectively (see Table 5.2).
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Figure 5.2 The mechanism of innovation

In the Mechanism of Innovation every category identified in each of the three key areas:
internal environment; strategic resources; and external environment; was described by
the different factors and the condition of the factors. These factors and their conditions,

shown in Figure 5.2, are explained in Table 5.2.

Table 5.2 Categories and factors of the Mechanism of Innovation

Factors and condition of factors within each Category

Culture 12-C 12: Energy provision

C1-C ¢;: Technology Marketing

C2-C : Leadership style M1-C w1: Promotion of products/services
C3-C c3: Ownership type M2-C wm2: Intellectual property rights

C4 -C ¢4: Collaborations M3-C w3 Sales management

Economic Environment M4-C wg4: Market information availability
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E1-C g1: Economic activity Political-Legal
E2-C g,: GDP trend PL1-C p.1: Political freedom
E3-C g3: Rate of inflation PL2-C p12: Incentives to foreign investors
E4-C g4: Currency strength PL3-C p 3: Competition framework
E5-C gs: Tax policy PL4-C p4: Employment framework
E6-C g6: Government spending in R&D  PL5-C p 5: Health and safety regulations
Finance Structure
F1-C f1: Capital structure S1-C s;: Hierarchy
F2-C g,: Financial management S2-C s2: Number of people reporting to a

manager

F3-C r3: R&D spending S3-C s3: Organisational relationships
F4-C r4: Financiers attitude S4-C s4: Organisational size
Human Resources Strategy Policy
HR1-C yr1: Number of R&D staff SP1-C gpy: Strategy
HR2-C pro: Competence skills of R&D  SP2-C gp,: Policy
staff

HR3-C yrs: Age profile of R&D staff SP3-C sp3: Organisational learning systems
HR4-C yr4: Performance of R&D staff ~ Systems-Process-Knowledge Management

HR5-C ygrs: Retention of R&D staff SPK1-C spk1: Process integration
HRG6-C yre: Staff development SPK2-C spk2:Quality control
Infrastructures SPK3-C spk3:Knowledge management

11-C j1: Transport provision

5.7 Summary

The mechanism formed by the factors and the condition of the factors, can explain the
emergence of innovation. There is theoretical and experimental evidence to support the
theory that the different practices employed by organisations regarding all of the factors
previously identified, have an impact in innovation to some degree. All of these factors,
and the condition of these factors, should therefore be examined using an integrated
approach, within a supportive organisational context, so as to exploit new opportunities
for the benefit of the organisation (Lundvall and Nielsen, 2007, p. 207). A central

finding in innovation literature is that ‘a firm does not innovate in isolation, but depends
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on extensive interaction with its environment” (Vinding, 2006). It is thus expected that
the ability of the construction industry to innovate is profoundly shaped by the long-
established characteristics of the industry, whilst also being affected by both internal
and external environmental factors and the condition of these factors (Fagerberg,
Mowery and Nelson, 2005). The next chapter explores the practices of innovation that
are employed by the construction industry in the UK and using the mechanism of
innovation developed it presents the mechanism of innovation in the construction
industry in the UK.



CHAPTER 6: EXPLORING PRACTICES OF INNOVATION IN

THE CONSTRUCTION INDUSTRY IN THE UK
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The identification of the factors playing a key role to innovation as demonstrated in
Chapter 4 and the system for depicting the condition of the factors as demonstrated in
Chapter 5 provided the basis for exploring the practices of innovation in the
construction industry. The purpose of this chapter is to present the analysis of the data
generated in the application of the data acquisition methods employed to address the
third objective of this research, as explained in Section 3.3.3. Specifically, this chapter

presents the results of the data analysis in four stages:

stage 1: includes the results of the pre-analysis data preparation and data

examination;

e stage 2: includes the univariate analysis which was undertaken to explore and
describe the data;

e stage 3: includes the bivariate analysis which was undertaken to explain the
relationships within the data; and

e stage 4: includes the demonstration of the innovation mechanism within the

context of the construction industry in the UK.

6.1 Pre-analysis data preparation and data examination

The data preparation phase included naming and coding the factors, and entering the
data into SPSS. The data examination phase included judging the completeness of the
questionnaires; reviewing missing value analysis mechanisms; identifying any missing
mechanism in the data; reviewing the methods of handling missing data; and handling

the missing data.
6.1.1 Naming the factors and coding the responses
The research instrument used for the data acquisition stage was described in Chapter 3

(see Section 3.3.3) and can be seen in Appendix A. The items that were measured can

be categorised into three main groups:
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e Group 1: included two items, proportion of revenues and proportion of
expenditures associated with innovation;

e Group 2: included items of demographics; and

e Group 3: included two types of measurements for the 41 factors that constitute
the mechanism of innovation (see Section 3.3.3).

A total of two items were measured in Group 1: the proportion of annual revenues
(PROPREV) and the proportion of annual expenditures (PROPEXP) that were
associated with innovation. A total of four demographic items were measured for the
Group 2: an item depicting the geographical coverage of an organisation, an item
depicting the professional background of the respondent, an item depicting the position
the respondent held within the organisation and an item depicting the professional
discipline of the organisation. The items measured in Groups 1 and 2 were

complementary, so as to support any ensuing arguments.

A total of 82 items were measured in Group 3: two types of measurements that were
obtained for the 41 factors, which were identified to play a key role in innovation, as
can be seen in section 3.3.3. The first measurement depicted the extent to which each
factor contributes to the propagation of innovation (cognitive question), and the second
measurement depicted the condition for each factor (behavioural question). The
categories for the 82 items included: eight measures for organisational culture, eight
measures for organisational structure, six measures for organisational strategy, policy
and learning systems, eight measures for marketing, eight measures of finance, twelve
measures for human resources, six measures of operations management, ten measures
for political and legal environment, twelve measures for economic environment and

four measures for infrastructural provision.

Initially, all of the items measured were named using a short abbreviation, which
represented the description of each factor. For example, the extent to which technology
contributes to the propagation of innovation is named ‘techcont’. The names of all the

variables can be seen in Appendix B.
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The responses for each factor for Groups 1 and 2 were coded as natural numbers
representing each of the responses. The responses for each factor in the third group
were coded with numbers, which represented different levels on the scales that were
constructed, as explained in Section 3.3.3. For example in the question ‘to what extent
does the technology that is used contribute to the propagation of innovation’ the
response, ‘Not at all’ was given a code of ‘0’, the response ‘Little’ was given a code of
‘1°, the response ‘Moderate’ was given a code of ‘2’°, the response ‘Very much’ was

given a code of ‘3°, and the response ‘Great’ was given a code of ‘4’.

All of the questionnaires were assigned with a unique number after the data collection
stage. Afterwards, this case number was keyed to the data file that represented each
completed questionnaire.  This offered the capability to return to a specific
questionnaire and retrieve any necessary information in case of a problem or an error

ever occurring after the data was transferred into SPSS.

6.1.2 Entering data into SPSS

The selection of the statistical software was based mainly upon which of the statistical
processing applications were supported by the IT services of the University of Leeds.
SPSS is one of the statistical software programmes supported by the IT services in the
University of Leeds and can be used for the statistical analysis of the data. Other
software such as SAS and Matlab were also available within the School of Civil
Engineering, but SPSS was preferable due to the prior knowledge of the author in using
it. The data from the questionnaires was transferred to SPSS using the names that were
created as shown in the Section 6.1.1 above. The types of measurement, the labels and

the value labels were specified according to the requirements of SPSS.

Respondents were allowed to give more than one answer to questions that measured the
condition of each factor. For analytical purposes, the code attributed to the questions
that were given more than one answer was the code of the response that represented a
better position on the dimension it was measuring. For example if an organisation

responded that it was using both ‘New’ and ‘Emerging’ technology then the code used
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in the data set was the one that corresponded to ‘Emerging’ technology. This decision
was based upon the logic that innovation in the organisation has already benefited from
using ‘emerging’ technology and as such the organisation is in a more advantageous

position that it would be if it only used ‘new’ technology.

During the process of entering the data, missing values were identified. In order to
handle the missing values a numeric value with the label ‘999’ was created to represent
the missing data point for the numeric variables and the value NR to represent non-
response for the string variables. The chosen code did not correspond to any naturally

occurring data value but it denoted that a value was missing for a particular person.

6.1.3 Judging the completeness of questionnaires

Initially, in order to check the completeness of questionnaires each section of the
questionnaire was checked thoroughly to make sure that the respondent followed the
instructions and recorded answers in the proper spaces provided (Alreck and Settle,
2004). Then, the missing value analysis (MVA) provided in SPSS was used to analyse
the completeness of the questionnaires. The analysis showed that 29 cases had no
missing values (52.72%) and 26 cases had at least one missing value (47.27%). Two
groups of questionnaires were formed in terms of completeness: (1) the ‘yes’ pile,
included the questionnaires that were acceptable, and (2) the ‘no’ pile, included the
questionnaires that were obviously rejected. The ‘yes’ pile included 51 questionnaires
with less than 10% of their values missing, with only 5 cases having a percentage of
missing values between 10% and 15%, which is generally accepted for imputation
methods (McDermeit, Funk and Dennis, 1999; Van Riel, 2005). The ‘no’ pile included
4 cases with 29.2%, 38.2%, 55.1% and 67.4% of their values missing, being excluded
from further analysis due to the high percent of the missing values (Alreck and Settle,
2004). The final number of questionnaires that were used for data analysis was reduced
to 51.
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6.1.4 Missing value analysis mechanisms

To address the issue of the missing values that were encountered in this survey, an
analysis of the literature revealed that there are a variety of methods for dealing with
missing data. The most appropriate way of handling missing or incomplete data
depends upon how the data points become missing (Houcka et al., 2004). Howell
(2007) identified three unique types of missing data mechanisms, Missing Completely
At Random (MCAR), Missing At Random (MAR), and Missing Non At Random
(MNAR).

When data are missing completely at random (MCAR), the probability that an
observation (X;) is missing is unrelated to the value of X; or to the value of any other
variables (Howel, 2007). A missing completely at random (MCAR) situation exists

when missing values are randomly distributed across all observations (Garson, 2007).

Often data are not missing completely at random, but they may be classifiable as
missing at random (MAR). The data are missing at random if the missing pattern does
not depend on the value of X; after controlling for another variable (Howel, 2007).
Missing at random (MAR) is a condition which exists when missing values are not
randomly distributed across all observations but are randomly distributed within one or
more subsamples. MAR is much more common than MCAR (Garson, 2007).

If data are not MCAR or MAR then it is classified as missing not at random (MNAR)
(Howel, 2007). This form exists when missing values are not randomly distributed
across observations, but the probability of missingness cannot be predicted from the

variables in the model.

Recognition of the underlying missing-data mechanism is important in selecting an
appropriate statistical technique for analysis, since methods that disregard the missing

data process often lead to biased and inefficient estimates (Houcka et al., 2004).
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6.1.5 Identify missing mechanism for survey data

There are statistical methods available for analysing data under the assumption of MAR
or NMAR, but no statistical test is currently available to test those two missingness
mechanisms. Generally, MAR is assumed when it is believed that subjects drop out
because of the observed history of their response values. In order to test if the missing
data mechanism is systematic Little's test (Little, 1988) can be applied,. The test is a
chi-square test for missing completely at random (MCAR). It divides the samples into
groups based upon the patterns of missingness. Test statistics are based on the pattern-
specific means and the pooled estimates of the population mean and covariance. The
results from the Little’s MCAR test suggest that data is missing completely at random
(x2 =710.09, N=51, p = 0.956) (Longino, 2007).

Analysis with a complete sample (usually referred to as a complete analysis or
complete-case analysis) only includes the cases that have all of their items answered. It
can result in a loss of information by excluding the cases that do not have all of the
items completed. The complete analysis uses a chosen set and the modelling does not
depend on the missing data. This method is not desirable due to attrition (Liu and
Gould, 2002). Recent methods, such as ignorable maximum likelihood (IML) and
multiple imputation MI, which require less stringent assumption, such as MAR, are
more robust and favoured by the statistical community (Collins, Schafer and Kam,
2001; Schafer and Graham, 2002). The different methods for handling missing data are
analysed in the following section.

6.1.6 Methods of handling missing data
Some of the more popular methods for handling missing data appear below. This list is

not exhaustive, but it covers some of the more widely recognised approaches for the

handling of databases with incomplete cases.
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6.1.6.1 Listwise or casewise data deletion

If a record has missing data for any one of the variables used in a particular analysis, the
entire record can be omitted from the analysis. This approach is implemented as the
default method of handling incomplete data by many statistical procedures in
commonly-used statistical software packages such as SAS and SPSS (Enders, 2010).
Listwise or casewise deletion methods assume MCAR and can produce distorted
parameter estimates when this assumption is not valid. However, even if MCAR
assumption is valid, the deletion approach leads to eliminating data and reducing power
(Enders, 2010).

6.1.6.2 Pairwise data deletion

Pairwise data deletion is available in a number of SAS and SPSS statistical procedures
(2004). Pairwise deletion omits cases which do not have data on a variable used in the
current calculation only. This means that different calculations (e.g. different
correlation coefficients) will utilise different cases and will have different sample sizes
(different n's). This effect is undesirable (and in some procedures, like structural
equation modelling, may prevent a solution altogether), but pairwise deletion may be
necessary when overall the sample size is small or the number of cases with missing
data is large. However, misinterpretation may well result unless missing data are
missing completely at random (MCAR) (Garson, 2007; Enders, 2010).

6.1.6.3 Mean substitution

Mean substitution is a single imputation method that replaces missing values with a
variable’s mean value computed from available cases (Enders, 2010). Substitution of
the simple (grand) mean reduces the variance of the variable. Reduced variance can
bias correlation downward (attenuation) or, if the same cases are missing for two
variables and the means are substituted, correlation can be inflated. This method then
creates a spiked distribution at the mean in frequency distributions and causes

attenuation in correlation of the item with others, and underestimates variance (Enders,
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2010). These effects on correlation carry over in a regression context to lack of
reliability of the beta weights and of the related estimates of the relative importance of
independent variables. Mean substitution in the case of one variable can lead to bias in
estimates of the effects of other or all variables in the regression analysis, because bias
in one correlation can affect the beta weights of all variables. Somewhat better is the
substitution of the group mean for a categorical (grouping) variable that is known to
correlate highly with the variable which has missing values. Mean substitution assumes
data are MCAR and was once the most common method of imputation of missing

values. It is however, no longer preferred (Garson, 2007).

6.1.6.4 Regression methods

Regression imputation replaces missing values with predicted scores from a regression
equation (Enders, 2004). The regression equation is based on a complete case of data
for a given variable, treating it as the outcome and using all other relevant variables as
predictors. Then, for cases where Y is missing, the available data is plugged into the
regression equation as a predictor and then substituted in the equation’s predicted Y
value in the database. The fact that the imputed values fall directly on a straight line
implies that the filled-in data may lack variability. An improvement on this method
involves adding uncertainty to the imputation of Y, so that the mean response value is
not always imputed (Enders, 2004). The regression method assumes missing values are
MAR (as opposed to MCAR), however, under the MCAR mechanism the
improvements of the method yield consistent estimates, which are closer to the
population (Enders, 2004).

6.1.6.5 Hot Deck imputation

The hot deck imputation method identifies the most similar case to the case with a
missing value and substitutes the most similar case’s Y value for the missing case’s Y
value. Among hot deck's advantages are its conceptual simplicity, its maintenance of
the proper measurement level of variables (categorical variables remain categorical and

continuous variables remain continuous), and the availability of a complete data matrix
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at the end of the imputation process that can be analysed like any complete data matrix.
Generally, the hot deck imputation preserves the distributions of the data without
attenuating the variability (Enders, 2004; Enders, 2010). One of hot deck's
disadvantages comes from the difficulty in defining "similarity”; there may be any
number of ways to define what similarity is in this context. Thus, the hot deck
procedure requires the development of custom software syntax to perform the selection
of donor cases and the subsequent imputation of missing values in the database. More
sophisticated hot deck algorithms would identify more than one similar record and then
randomly select one of those available donor records to impute the missing value or use

an average value if that was appropriate (2004; Enders, 2004).

6.1.6.6 Expectation Maximization method

The Expectation Maximisation (EM) method of handling missing data is an iterative
procedure that proceeds in two discrete steps. First, in the expectation (E) step, the
expected value of the complete data log likelihood is computed. In the maximisation
(M) step, the expected values for the missing data obtained from the ‘E’ step is
substituted. Then the likelihood function, which assumes that no data were missing, so
as to obtain new parameter estimates, is maximised. The procedure iterates through
these two steps until convergence is obtained. The strength of the approach is that it has
well-known statistical properties and it generally outperforms popular ad hoc methods
of incomplete data handling, such as listwise data deletion, pairwise data deletion and
mean substitution. It outperforms them because it assumes incomplete cases have data
missing at random (MAR) rather than missing completely at random (MCAR). The
primary disadvantage of the EM approach is that it adds no uncertainty component to
the estimated data. This means that while parameter estimates based upon the EM
approach are reliable, standard errors and associated test statistics (e.g., t-tests) are not.
This shortcoming led statisticians to develop a multiple imputation method for handling

missing data.



Chapter 6: Exploring innovation practice in the construction industry in the UK 199

6.1.6.7 Multiple Imputation

The multiple imputation method is similar to the maximum likelihood method, except
that multiple imputation generates actual raw data values which are suitable for filling
in the gaps in an existing database. Typically, five to ten databases are created in this
fashion. The investigator then analyses these data matrices using an appropriate
statistical analysis method, treating these databases as if they were based on complete
case data. The results from these analyses are then combined into a single summary
finding. Multiple imputations combine the well-known statistical advantages of EM
and raw maximum likelihood with the ability of hot deck imputation so as to provide a
raw data matrix to analyse. Multiple imputation works by generating a maximum
likelihood-based covariance matrix and vector of means, like EM. Multiple imputations
takes the process one step further by introducing statistical uncertainty into the model
and using that uncertainty to emulate the natural variability among cases one encounters
in a complete database. Multiple imputation then imputes actual data values to fill in
the incomplete data points in the data matrix, just as hot deck imputation does (Enders,
2004). The primary difference between multiple imputation and hot deck imputation
from a practical or procedural standpoint is that multiple imputations require that the
data analyst generate five to ten databases with imputed values. The data analyst then
analyses each database, collects the results from the analyses, and summarises them into
one summary set of findings. Multiple imputation has several advantages. It is fairly
well-understood and robust to violations of non-normality of the variables used in the
analysis. Like hot deck imputation, it outputs complete raw data matrices. It is clearly
superior to listwise, pairwise, and mean substitution methods of handling missing data
in most cases. Disadvantages include the time intensiveness requiredto imput five to
ten databases, testing models for each database separately, and recombining the model
results into one summary. Furthermore, summary methods have been worked out for
linear and logistic regression models, but work is still in progress to provide statistically
appropriate summarisation methods for other models such as factor analysis, structural

equation models, and multinomial logit regression models.
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6.1.7 Selection of a missing data handling method

All methods for handling missing data as analysed above have strengths and
weaknesses. Mean substitution is generally only advisable when the missing values are
less than 5% which was not the case (Enders, 2004). Furthermore the MCAR
assumption can be wrong, but it would by definition be impossible to know on the basis
of the data alone, and so all existing general purpose imputation models assume it
(Honaker and King, 2006). Thus, MAR assumptions for handling missing data are
much safer than the more restrictive missing completely at random (MCAR)
assumptions which are required for listwise deletion, where missingness patterns must
be unrelated to observed or missing values. Although the assumption of MCAR was
satisfied for the data set (see Little’s MCAR test in Section 6.1.5) listwise or pairwise
deletion was not used as this would cause an unacceptable loss of data. Regression
models would result in standard errors (and hence confidence intervals and probability
values) being smaller than they should be had no imputation been necessary (Enders,
2010). Although multiple imputation is a more advanced method, the combination of
the large number of factors in the data set with the required five to ten databases, which
would need to be tested separately, would make the analysis incredibly time intensive.
Thus, the method used for handling the missing data in the data set was the estimation
maximisation algorithm (EM). Clearly, EM maximum likelihood estimation has
stronger theoretical advantages over the other missing data techniques and is preferred
by researchers (Longino, 2007; Enders, 2010). Data imputation was employed and the
EM algorithm was incorporated with the Missing Value Analysis commands in SPSS.
The remaining analysis was conducted on the imputed data set after applying EM and

rounding of the imputed values to represent integer values.

6.2 Univariate analysis

In order to explore the items measured within each group univariate analysis was
undertaken. Descriptive statistics for the individual items were provided for all the
three groups and included graphing and screening the data and data normality tests to

inform the appropriateness of the subsequent use of statistical tests.
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6.2.1 Descriptive statistics for the individual items

The profile of an organisation relating to the proportion of revenues and expenditures
associated with innovation, representing the items of the first group, is summarised in
Figures 6.1 and 6.2 below. 51% of organisations generated between 1-10% of their
revenues from innovation. Another 10% of organisations generated between 11-20% of
revenues from innovation (see Figure 6.1). It is worth noting that there were 31% of
organisations that were not investing in innovation, or were investing very little in it
(see Figure 6.2). However, 59% of organisations were investing between 1-10% in
innovation and another 10% were investing more than 10% in innovation. In total, it is
seen that the majority of organisations were investing in innovation and in having

revenues associated with it.

Proportion of Revenues from innovation
60%

51%
50%

40%

30% 27%

20%

10%

Percentage of Organisations

10%

b7 o
I m =2 =
O% T T T T _ T -_\

0 1-10% 11-20% 21-30% 31-40% 41-50%

Percentage of Revenues

Figure 6.1 Proportion of revenues associated with innovation
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Proportion of Expenditures from innovation
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Figure 6.2 Proportion of expenditures associated with innovation

A summary of organisations’ profiles on the demographic items measured for the
second group is summarised in Table 6.1. Although organisational size was not one of
the items measured for the demographics it is included in Table 6.1 as it demonstrates
the size of the organisations participating in the survey. The sample consisted of 86.2%
of micro and small and medium enterprises employing 1 to 250 while the remaining
13.7% included large organisations with more than 250 employees (Table 6.1). The
majority of the organisations (70.6%) operated locally and regionally, while only 11.8%
operated internationally. The majority of the respondents (84.3%) held a management
position and were in the organisation for more than five years (84.3%). More than half
of the companies surveyed were building (49%) or civil engineering contractors
(17.6%). The table also includes the size of the organisations that participated in the
research.

Table 6.1 Organisations’ profile

Demographics n %

Organisation size by no. of employees
1-250 employees 44 86,2
250<employees 7 13,7
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Total 51 100,0
Geographical coverage of the organisation
Local 23 45,1
Regional 13 25,5
National 9 17,6
International 6 11,8
Total 51 100,0
Professional background of the respondents
Architect 1 2,0
Architectural Tech/Asst 1 2,0
Builder/Contractor 18 35,3
Chartered Surveyor 1 2,0
Cost Consultant 1 2,0
Engineer 16 31,4
Quantity Surveyor 4 7,8
Project Manager/Director 59
Other 6 11,8
Total 51 100,0
Post of the respondent in the organisation
Senior Management 29 56,9
Management 14 275
Self-employed/no staff 8 15,7
Total 51 100,0
Describe organisation
Architectural Practise 1 2,0
Building Contractor 25 49,0
Building Surveying Practise 1 2,0
Civil Engineering Contractor 9 17,6
Civil Engineering Consultancy 4 7,8
House Builder 2 3,9
Multidisciplinary Practise 3 59
Property Developer 4 7,8
Specialist Sub-Contractor 1 2,0
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Other 1 2,0

Total 51 100,0
Years in the organisation

1to 4 years 8 15,7

5to 9 years 12 23,5

>10 years 31 60,8

Total 51 100,0

Descriptive statistics for all the items in the third group were generated with SPSS. The
output of the analysis provided central tendency measures such as the medians and
standard deviations (SD) as shown in Table 6.2 below. Medians are provided instead of
the means as the items in this third group were designed as ordinal variables. Other
measures of the items in the third group, such as skewness and kurtosis values are
provided in Appendix B. There were positive values of skewness that indicated a pile-
up of scores on the left of the distributions, as well as negative values that indicated a
pile-up on the right. The positive values of kurtosis indicate a pointy distribution while
the negative values indicated a flat distribution. The descriptive statistics provided a
first view concerning the normality of the data. The values of skewness and kurtosis
should be zero in a normal distribution (Field, 2005). However, the majority of the
items had values of skewness and kurtosis far from zero, indicating that the data was not
normally distributed. Normality of the data was further examined and the results are

presented in the following section.

Table 6.2 Descriptive statistics for the individual items in Group 3

Key Areas, Categories Construct and Factors Median SD

Key Area 1: Internal Environment

Construct 1: Culture
1) The extent to which technology contributes to propagation of

innovation (techcont; 5-point scale measure) 2.00 1.06
2) The type of technology used by the organisation (techtype, 5-point 200 1.05
scale measure)
3) The extent to which the leadership style contributes to propagation 500 114

of innovation (leadcont, 5-point scale measure)
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4)

5)

6)

7)

8)

The leadership style employed by the organisation (leadstyl, 5-point
scale measure)

The extent to which the ownership type contributes to propagation
of innovation (owncont,5-point scale measure)

The ownership type of the organisation (owntype, 6-point scale
measure)

The extent to which the collaborations contributes to propagation of
innovation (collcont, 5-point scale measure)

The collaboration type of the organisation (colltype, 4-point scale
measure)

Construct 2: Structure

1)

2)

3)

4)

5)

6)

7)

8)

The extent to which the hierarchy contributes to propagation of
innovation (hiercont, 5-point scale measure)

The number of hierarchy layers of the organisation (hiercont, 4-
point scale measure)

The extent to which the span of control contributes to propagation
of innovation (layernum, 5-point scale measure)

The typical number of people reporting to one manager of the
organisation (spancont, 5-point scale measure)

The extent to which organisational relationships contribute to
propagation of innovation (relacont, 5-point scale measure)

The organisational relationships of the organisation (relatype, 6-
point scale measure)

The extent to which organisational size contributes to propagation
of innovation (sizecont, 5-point scale measure)

The organisational size of the organisation (orgasize, 3-point scale
measure)

Construct 3: Strategy-Policy-Organisational Learning Systems

1)

2)

3)

4)

5)

6)

The extent to which the organisational strategy contributes to
propagation of innovation (stracont, 5-point scale measure)

The strategy of the organisation (stratype, 4-point scale measure)

The extent to which the policy contributes to propagation of
innovation (policont, 5-point scale measure)

The policy type of the organisation (politype, 4-point scale
measure)

The extent to which organisational learning systems contributing to
propagation of innovation (learcont, 5-point scale measure)

The organisational learning systems of the organisation (learsyst, 4-
point scale measure)

Key Area 2: Strategic Resources

2.00

2.00

2.00

2.00

1.00

1.00

3.00

2.00

4.00

2.00

2.00

1.00

0.00

2.00

1.00

2.00

2.00

1.00

1.00

0.96

1.26

0.56

1.18

1.02

1.10

0.46

1.05

1.05

1.29

1.70

1.14

0.73

1.18

1.04

1.27

0.75

1.08

0.85
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Construct 4: Marketing

1)

2)

3)

4)

5)

6)

7)

8)

The extent to which the promotion of products/services contribute
to propagation of innovation (promcont, 5-point scale measure)

The promotion of products/services of the organisation (promprod,
4-point scale measure)

The extent to which the intellectual property rights contribute to
propagation of innovation (propcont, 5-point scale measure)

The intellectual property rights of the organisation (intelrig, 3-point
scale measure)

The extent to which sales management contribute to propagation of
innovation (salecont, 5-point scale measure)

The sales management of the organisation (salemana, 4-point scale
measure)

The extent to which market information availability contribute to
propagation of innovation (infocont, 5-point scale measure)

The market information availability of the organisation (infoavai, 3-
point scale measure)

Construct 5: Operations management: Systems-Process-Knowledge

Management

1) The extent to which process integration contribute to propagation of
innovation (proccont, 5-point scale measure)

2) The process integration of the organisation (procinte, 6-point scale
measure)

3) The extent to which quality control contribute to propagation of
innovation (qualcont, 5-point scale measure)

4) The quality control of the organisation (qualdesc, 4-point scale
measure)

5) The extent to which knowledge management processes contribute to
propagation of innovation (knowcont, 5-point scale measure)

6) The knowledge management processes of the organisation

(knowmana, 6-point scale measure)

Construct 6: Finance

1)

2)

3)

4)

The extent to which the capital structure contribute to propagation
of innovation (capicont, 5-point scale measure)

The capital structure of the organisation (debtrati, 3-point scale
measure)

The extent to which the financial management contribute to
propagation of innovation (finacont, 5-point scale measure)

The financial management of the organisation (finamana, 3-point
scale measure)

2.00

2.00

1.00

1.00

1.00

2.00

2.00

1.00

1.00

2.00

2.00

2.00

1.00

0.00

1.00

2.00

2.00

1.00

1.09

1.16

1.13

0.65

1.07

1.21

1.04

0.58

0.99

1.17

1.10

0.82

1.26

1.53

1.21

0.67

1.20

0.69
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5)

6)

7)

8)

The extent to which the financiers attitude contribute to propagation
of innovation (fiatcont, 5-point scale measure)

The financiers attitude of the organisation (finatit, 4-point scale
measure)

The extent to which R&D expenditure contribute to propagation of
innovation (rdexcont, 5-point scale measure)

The R&D expenditure of the organisation (rdexpend, 5-point scale
measure)

Construct 7: Human Resources

1)

2)

3)

4)

5)

6)

7)

8)

9)

The extent to which the number of R&D staff contribute to
propagation of innovation (rdnucont, 5-point scale measure)

The number of R&D staff of the organisation (rdstaffn, 6-point
scale measure)

The extent to which the competence skills of R&D staff contribute
to propagation of innovation (skilcont, 5-point scale measure)

The competence skills of R&D staff of the organisation (rdskills, 5-
point scale measure)

The extent to which the performance of R&D staff contribute to
propagation of innovation (perfcont, 5-point scale measure)

The performance of R&D staff of the organisation (rdperfor, 6-point
scale measure)

The extent to which the age profile of R&D staff contribute to
propagation of innovation (profcont, 5-point scale measure)

The age profile of R&D staff of the organisation (ageprofi, 5-point
scale measure)

The extent to which retention of R&D staff contribute to
propagation of innovation (retecont, 5-point scale measure)

10) The retention of R&D staff within an organisation (retedesc, 5-point

scale measure)

11) The extent to which staff development processes contribute to

propagation of innovation (stafcont, 5-point scale measure)

12) The staff development of the organisation (stafdeve, 6-point scale

measure)

Key Area 3: External Environment

Construct 8: Political-Legal Framework

1)

2)

3)

The extent to which the political freedom contributes to propagation
of innovation (pofrcont, 5-point scale measure)

The political freedom on the organisation (polifree, 3-point scale
measure)

The extent to which do incentives to foreign investors contribute to
propagation of innovation (invecont, 5-point scale measure)

1.00

2.00

2.00

2.00

1.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

2.00

1.00

1.00

2.00

0.00

1.28

0.59

1.10

0.81

1.15

0.67

1.20

1.05

1.15

1.57

1.01

1.61

1.04

1.59

1.22

1.27

1.24

0.49

0.63
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4)

5)

6)

7)

8)
9)

The incentives to foreign investors (inveince, 4-point scale measure)

The extent to which does competition law and policy contribute to
propagation of innovation (compcont, 5-point scale measure)

The competition law and policy (compelaw, 3-point scale measure)

The extent to which does employment law and policy contribute to
propagation of innovation (emplcont, 5-point scale measure)

The employment law and policy (emplolaw, 3-point scale measure)

The extent to which does health and safety regulations contribute to
propagation of innovation (regucont, 5-point scale measure)

10) The health and safety regulations (hsregula, 3-point scale measure)

Construct 9: Economic

1)

2)

3)

4)

5)

6)

7)

8)
9)

The extent to which the level of economic activity contribute to
propagation of innovation (econcont, 5-point scale measure)

The level of economic activity (econacti, 5-point scale measure)

The extent to which the trend in Gross Domestic Product contribute
to propagation of innovation (gdpcont, 5-point scale measure)

The trend in Gross Domestic Product (gdptrend, 3-point scale
measure)

The extent to which the rate of inflation contribute to propagation of
innovation (inflcont, 5-point scale measure)

Describes the rate of inflation (inflrate, 5-point scale measure)

Assesses the extent to which the strength of the currency contribute
to propagation of innovation (currcont, 5-point scale measure)

The strength of the currency (currstre, 5-point scale measure)

The extent to which the rates of taxation contribute to propagation
of innovation (taxacont, 5-point scale measure)

10) The rates of taxation (taxarate, 5-point scale measure)

11) The extent to which the level of government spending in R&D

contribute to propagation of innovation (gordcont, 5-point scale
measure)

12) The level of government spending in R&D (gordspen, 5-point scale

measure)

Construct 10: Infrastructure Provision

0.00

0.00

1.00

1.00

1.00

3.00

1.00

2.00

2.00

1.00

1.00

1.00

2.00

1.00

1.00

2.00

2.00

1.00

1.00

0.31

0.79

0.81

1.06

0.76

1.32

0.86

1.17

0.91

1.00

0.40

1.08

0.94

1.05

0.95

1.29

1.00

1.10

0.83
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1) The extent to which the energy provision contribute to propagation 1.00 0.97
of innovation (enercont, 5-point scale measure) ' '
2) The energy provision (enerprov, 5-point scale measure) 1.00 0.87
3) The extent to which the transport provision contribute to 1.00 113
propagation of innovation (trancont, 5-point scale measure) ' '
4) The transport provision (tranprov, 5-point scale measure) 2.00 1.02

Figures 6.3, 6.4 and 6.5 below, show the variation of the responses for each item

measuring the extent to which each factor contributes to the propagation of innovation

in percentage terms. Frequency tables were also generated for looking at the

cumulative percent of each response in measuring the extent to which each

factor

contributes to propagation of innovation and are provided in Appendix B. The figures

below and the tables in Appendix B show that all factors were at a greater or

lesser

extent important to propagation of innovation according to the professionals

participated in the survey.

Internal environment factors contributing to prapagation of
innovation
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Figure 6.3 The extent to which each factor contributes to propagation of innovation

(Key area 1: internal environment)
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Strategic resources factors contributing to prapagation of
innovation

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
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Figure 6.4 The extent to which each factor contributes to propagation of innovation

(Key area 2: strategic resources)

External environment factors contributing to prapagation of
innovation
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Figure 6.5 The extent to which each factor contributes to propagation of innovation

(Key area 3: external environment)
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Figure 6.6 shows in percentage terms the variation of the responses for the items
measuring the condition of the factor ‘technology’. Figure 6.6 shows that almost half of
the respondents, 45.1% are using established technology and a 25.5% are using modern
technology. All of the figures and the tables generated for each factor that illustrate the
variation of the current practices are provided in Appendix B. Tables were also
generated for looking the cumulative percent of each response in measuring the

condition of the factors and are provided in Appendix B.

Type of technology used

B Ancient M Established Modern B New M Emerging

45.1%

25.5%

17.6%
9.8%

2.0%
E—

Figure 6.6  Type of technology used

Descriptive statistics provided the initial view of the data gathered, with the next step
being to check for the normality of the data, in order to decide on the appropriate steps

for further analysis.

6.2.2 Check for normality of the data

The actual values of skewness and kurtosis generated for each factor and presented in
Appendix B are not in themselves decisive regarding the normality of the data (Field,
2005). There was a need to take a further step, in order to check for normality in a more
objective way, by applying the Kolmogorov-Smirnov test (K-S). The Kolmogorov-
Smirnov test compares the scores in the sample to a normally distributed set of scores

with the same mean and standard deviation. The K-S test, performed using SPSS,
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included the test statistic itself, the degrees of freedom (which was equal to the sample
size), and the significance value of the test. All of the measurements were highly
significant (p<0.05) indicating deviation from normality. In addition, a visual screening
of the normal probability Q-Q chart plots, generated using SPSS for each item, showed
that the observed values deviate from the straight line of the expected values. This was
another indication confirming the initial suggestions that there were significant
deviations from normality within the data. The deviation from normality indicated that
parametric tests could not be used for further analysis of the data because the
assumption of normality was not tenable. In these circumstances, non parametric tests
were used for the rest of the analysis. The table presenting the results of the K-S test

can be seen in Appendix B.

6.3 Bivariate analysis

Bivariate analysis was undertaken to examine and explain any relationships in the data.
Correlation analysis and reliability analysis was undertaken and the results are

presented in the following sections.

6.3.1 Correlation analysis

The correlation analysis between pairs of variables was obtained by using Spearman’s
correlation coefficient r,. Spearman’s rs correlation coefficient is a non-parametric
statistic and is used when the data has violated parametric assumptions, such as non-
normally distribution of the data, like that found in this research set. A two tailed test
was used, because the nature of the relationships was not predicted. The SPSS output
provided a matrix for the correlation coefficients for all the factors. Underneath each
correlation coefficient both the significance value of the correlation and the sample size
(N) on which the correlation is based were displayed. Correlation coefficient values can
lie between -1 and +1. A coefficient of +1 indicates that the two variables are perfectly
positively correlated, meaning that when one variable increases, the other increases by a
proportionate amount. Conversely, a coefficient of -1 indicates a perfect negative
relationship: if one variable increases the other decreases by a proportionate amount. A
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coefficient of 0 indicates no linear relationship and so if one variable changes the other
variables remains the same. Correlations, however, do not necessarily indicate
causality; because between two variables there may be a third unseen variable that
affects the results. Furthermore, correlations do not indicate the direction of causality.
Even if the third variable was ignored the correlation coefficient would not indicate the

direction in which causality operates (Field, 2005).

Correlation analysis was undertaken in two parts. In the first part of the correlation
analysis the relationships examined were between the measurements depicting the
extent to which, professionals in the construction industry valued each factor for its
contribution to innovation (Part A of the questionnaire- cognitive questions) and the
measurements depicting the proportions of revenues. For the first part of the correlation
analysis it was expected that the more, professionals valued the factors identified as
contributing to innovation, the higher the proportion of revenues associated with

innovation.

Table 6.3 presents the results for the first part of the correlation analysis. Significant
correlations were found for 39 out of the 41 variables (p<0.01) indicating that the
proportion of revenues associated with innovation was positively related with the extent
to which, professionals in the construction industry valued each factor for its
contribution to innovation. The two factors that were found not to have a significant
correlation coefficient with the proportion of revenues were: a) health and safety laws

and b) employment laws and policies.
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Table 6.3 Correlation coefficients for proportion of revenues and extend to which

variables contribute to propagation of innovation

Spearman's rho Spearman's rho
Proportion of Revenues Proportion of Revenues
Corr. Sig. (2- Sig. (2-
_g ( Corr. Coef. .g (

Coef. tailed) tailed)

technology ,354(**) 0,005 level of government  ,264(*) 0,031

spending in R&D
leadership ,381(**) 0,003 energy provision ,500(**) 0,000
ownership ,328(**) 0,009 transport provision ,383(**) 0,003
) promotion of
collaboration ,405(**) 0,002 A44(*%) 0,001

products/services

intellectual property

hierarchy ,338(**) 0,008 ] ,520(**) 0,000
rights
span of control ,430(**) 0,001 sales management 377(**%) 0,003
organisational market information
) . A445(**) 0,001 . 438(**) 0,001
relationships availability
size of ) )
o ,364(**) 0,004 process integration ,501(**) 0,000
organisation
strategy ,599(**) 0,000 quality control ,342(**) 0,007
policies ,559(**) 0,000 R&D expenditure ,518(**) 0,000
o knowledge
organisational
] ,572(**) 0,000 management ,468(**) 0,000
learning systems
processes
political freedom ,618(**) 0,000 capital structure 410(*%) 0,001
incentives to financial
o A428(**) 0,001 ,549(**) 0,000
foreign investors management
competition law ) ) )
] ,297(%) 0,017 financiers attitude ,422(*%) 0,001
and policy
employment law number of R&D
) 0,182 0,101 A37(*%%) 0,001
and policy staff
health and safety competence skills of
) 0,222 0,058 ,503(**) 0,000
regulations R&D staff
level of
) performance of
economic ,373(**) 0,004 ,538(**) 0,000

o R&D staff
activity
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age profile of R&D

GDP ,351(**) 0,006 ,523(**) 0,000

staff
o retention of R&D

rate of inflation ,355(**) 0,005 A469(**) 0,000
staff

strength of

,388(**) 0,002 staff development ,568(**) 0,000
currency
) proportion of
rates of taxation ,403(**) 0,002 1,000

revenue

**_ Correlation is significant at the 0.01 level (2-tailed).
*, Correlation is significant at the 0.05 level (2-tailed).
a. Listwise N =51

In the second part of the correlation analysis the relationships examined were between
the measurements depicting the condition of the factors- the current practices employed
(Part B of the questionnaire — behavioural questions) and the measurements depicting
the proportions of revenues. For the second part of the correlation analysis it was
expected that the higher the score on the scales measuring the condition of the factors
(the scales were ranked on order from a poor condition favouring innovation to a rich
condition favouring innovation), the higher the proportion of revenues associated with

innovation.

Table 6.4 presents the results for the second part of the correlation analysis. Significant
correlations were found for 18 out of 41 variables (p<0.01) indicating that the
proportion of revenues associated with innovation was positively related with the
condition of the factors or else described as the current practices employed. The factors
that were not found to have a significant correlation with the proportion of revenues
were: technology type, leadership style, ownership type, organisational relationships,
strategy, policy, organisation learning systems, political freedom, incentives to foreign
investors, competition law and policy, employment law and policy, health and safety
regulations, economic activity, trend in GDP, rate of inflation, strength of currency,
rates of taxation, transport provision, intellectual property rights, quality control,
knowledge management, capital structure, financial management, and financiers’
attitude.
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Table 6.4 Correlation coefficients for proportion of revenues and condition of current

practices
Spearman's rho Spearman'’s rho
Proportion of Revenues Proportion of Revenues
Corr. Sig. Corr. Sig.
Coef. (1-tailed) Coef. (1-tailed)
proportion of revenue 1,000 . describe rates of 0,223 0,058
taxation
technology 0,226 0,055 government spending  ,269(*) 0,028
description in R&D
leadership style 0,091 0,263 describe energy ,307(*) 0,014
provision
ownership type -0,106 0,230 describe transport 0,160 0,132
provision
collaboration type ,A487(**) 0,000 describe the ,381(**) 0,003
promotion of
products/services
number of hierarchy ,352(**) 0,006 describe intellectual 0,190 0,090
layers property rights
number of people ,306(*) 0,014 describe sales A15(*%) 0,001
reporting to a management
manager
organisational 0,166 0,122 describe market ,358(**) 0,005
relationships information
availability
organisation size ,240(*) 0,045 level of process ,361(**) 0,005
integration
strategy type -0,079 0,292 describe quality 0,094 0,255
control
policies type 0,078 0,293 describe R&D ,512(**) 0,000
expenditure
organisational 0,177 0,107 describe knowledge -0,156 0,137
learning systems management
processes
political freedom -0,140 0,163 describe capital 0,134 0,174
structure

incentives to foreign 0,127 0,187 describe financial 0,171 0,115
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investors management

describe competition  -0,055 0,352 describe financiers 0,023 0,435

law and policy attitude

describe employment 0,044 0,379 describe percentage ,503(**) 0,000

law and policy of R&D staff

describe health and -0,105 0,232 describe competence  ,520(**) 0,000

safety regulations skills of R&D staff

describe economic 0,058 0,343 describe performance  ,479(**) 0,000

activity of R&D staff

trend in GDP 0,052 0,360 describe age profile ,503(**) 0,000
of R&D staff

describe rate of -2.223 0,115 describe retention of ~ ,417(**) 0,001

inflation R&D staff

strength of currency 275(%) 0,025 hours of typical staff ~ ,526(**) 0,000

development

**_ Correlation is significant at the 0.01 level.
*, Correlation is significant at the 0.05 level .
a. Listwise N =51

Further correlation analysis between the items: proportion of revenues (proprev) and
proportion of expenditures (propexp) associated with innovation showed a direct
positive proportional relation (r=0.713, N=51, p<0.001). This means that the higher the
expenditures for employing practices that favour innovation, the higher the revenues
associated with innovation for the organisation. Further data analysis was preceded
with the item ‘proportion of revenues’ that demonstrated higher percentages of
associations within the correlation analysis and not the item ‘proportion of expenditures

associated with innovation” which showed lower percentages of association.

6.3.2 Reliability analysis

In order to check for the consistency of the measures, reliability analysis was
performed. Reliability analysis examines how well the items, measured the constructs
of the questionnaire. The reliability of the scales was initially calculated using
Cronbach’s alpha coefficient. The results (see Table 6.5) showed that the Cronbach’s
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alpha measured for the items in Part A of the questionnaire exceed the 0.7 threshold

point suggested by Nunnaly (1978).

Table 6.5 Descriptive Statistics & Reliability Analysis (Part A of the questionnaire)

Factor Item Min Max Mean  Std.dev. Cronbach's
Alpha
Internal Environment
Culture 0 35 1.88 0.99 0.879
Technology
Leadership
Ownersip

Collaborations
Organisational Structure 0 3,25 157 0,96 0.859
Hierarchy
Span of
control
Organisational
relationships

Organisational

size

Strategy-Policy 0 3,67 1,74 1,09 0.914
Strategy
Policy
Organisational
learning
systems

External Environment

Political-legal

Environment 0 2,60 1,10 0,70 0.693
Political
freedom

Incentives to
foreign

investors
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Economy

Infrastructure

Competition
law
Employment
law
Health and
safety
regulations
0 3,67 143 0,92
Economic activity
GDP trend
Inflation rate
Currency
strength
Rates of taxation
Government
spending in R&D
0 350 1,34 0,98
Energy provision

Transport provision

0.9

0.84

Strategic Resources

Marketing

Systems-
Processes-
Knowledge

Management

0 3,00 1,47 0,89
Promotion of
products and
services
Intellectual
property rights
Sales management
Information

availability

0 3,33 1,67 0,89

0.839

0.701
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Economic

Resources

Human

Resources

Process integration
Quality control
Knowledge

management

0 3,75 1,50 0,96
R&D expenditure
Capital structure
Financial
management

Financiers attitude

0 3,17 0,95 0,97
Number of R&D
staff
Skills of R&D staff
Performance of R&D
staff
Age profile of R&D
staff
Retention of R&D
staff
Staff development

0.816

0.928

The reliability analysis also showed that the constructs measured were consistent and
therefore the instrument used was reliable.

The results of the univariate and the bivariate analysis helped to describe the
Mechanism of Innovation in the Construction Industry in the UK.
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6.4 The mechanism of innovation in the construction industry in the
UK

According to the univariate and bivariate statistical analysis demonstrated in the
previous section, the items that were found to significantly correlate with the proportion
of revenues were used to describe the mechanism of innovation for the construction
industry. The mechanism of innovation for the construction industry in the UK is
illustrated in Figure 6.7. The mechanism of innovation in the construction industry in
the UK is described using the mechanism of innovation developed in Section 5.6, but
now the items that were found to be non significant to the proportion of revenues for the
construction industry in the UK are included within a parenthesis. These items can be

seen in Table 6.6.
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Figure 6.7  The mechanism of innovation in the construction industry in the UK

The items that were found to have non significant correlations with the proportion of

revenues for the construction industry in the UK can be seen in Table 6.6.
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Table 6.6 The Categories and factors within each category

Factors and condition of factors within each Category

Culture

C1-(Ccy1): Technology
C2—(Ccy): Leadership style
C3-(Cc3): Ownership type
C4 -Ccq: Collaborations
Economic Environment
E1-(C g1): Economic activity
E2-(C g2): GDP trend

E3-(C g3): Rate of inflation
E4-C g4: Currency strength
E5-(C es): Tax policy

E6-C gs: Government spending in R&D

Finance
F1-(C f1): Capital structure
F2-(C r2): Financial management

F3-C r3: R&D spending

F4-(C r4): Financiers attitude

Human Resources

HR1-C yr1: Number of R&D staff
HR2-C nr2: Competence skills of R&D
staff

HR3-C yr3: Age profile of R&D staff
HR4-C yr4: Performance of R&D staff
HR5-C wrs: Retention of R&D staff
HR6-C yre: Staff development
Infrastructures

11-C j1: Transport provision

12-(C 12): Energy provision

Marketing

M1-C wm1: Promotion of products/services
M2-(C w2): Intellectual property rights
M3-C m3: Sales management

M4-C wg4: Market information availability
Political-Legal

PL1-(C p1): Political freedom

PL2-(C pL2): Incentives to foreign investors
PL3-(C p3): Competition framework
(PL4)-(C pL4): Employment framework

(PL5)-(C prs): Health and safety
regulations
Structure

S1-C s;: Hierarchy

S2-C sp: Number of people reporting to a
manager
S3-(C s3): Organisational relationships

S4-C s4: Organisational size
Strategy Policy

SP1-(C spy): Strategy

SPZ-(C sz): POliCy

SP3-(C sp3): Organisational learning

systems
Systems-Process-Knowledge Management

SPK1-C spk1: Process integration
SPK2-(C spk2):Quality control
SPK3-(C spk3):Knowledge management

Although the statistical analysis suggested that some factors were not as important as
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other factors, it is argued that those non-important factors should not be eliminated from
further analysis and data manipulation. This position is in line with the context of the
conceptual model developed in Chapter 3, which particularly explains that a mechanism
of innovation applies within a specific context. As such the mechanism of innovation is
adapted for the specific context of the construction industry in the UK. The holistic
model of innovation (developed in Chapter 4) has provided the general context to
understand the mechanism of innovation (developed in Chapter 5). Using this
mechanism of innovation to design a survey to be applied in the construction industry in
the UK has facilitated in describing the innovation mechanism in the construction
industry in the UK. The following table, Table 6.7, presents the median, min, max and
standard deviation for the variables forming the mechanism of innovation in the
construction industry in the UK. Further descriptive statistics are provided in Appendix
B.

Table 6.7 Descriptive Statistics for the variables forming the mechanism of innovation

Variable N Median Min Max S.td'.
Deviation

technology 51 2 Not at all Great 1.06
contribution
leadership 51 2 Not at all Great 1.14
contribution
ownership 51 2 Not at all Great 126
contribution
collaboration 51 2 Not at all Great 1.18
contribution
collaboration type 51 1 None International 1.02
hierarchy

o 51 1 Not at all Great 1.10
contribution
Inumber of hirerarchy 51 3 8-10 layers 2-4 layers 0.46
ayers
span of control 51 2 Not at all Very Much 1.05
number of people
reporting to a 51 4 more than 24 1-6 people 1.05

people

manager
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organisational
relationships 51 2 Not at all Great 1.29
contribution

size of organisation

L 51 1 Not at all Great 1.14
contribution

250<employee

organisation size 51 0 Employess<250 s 0.73
strategy contribution 51 2 Not at all Great 1.18
policies contribution 51 2 Not at all Great 1.27

organisational
learning systems 51 1 Not at all Great 1.08
contribution

political freedom

o 51 1 Not at all Great 1.24
contribution
!ncentlves to fo_relg_n 51 0 Not at all Very Much 0.63
investors contribution
con_1pet|t|on_law_ and 51 0 Not at all Moderate 0.79
policy contribution
Iev_el_of economic 51 2 Not at all Great 1.17
activity contribution
GDP conntribution 51 1 Not at all Great 1.00
rate O.f mflatlon 51 1 Not at all Great 1.08
contribution
strength (?f currency 51 1 Not at all Great 1.05
contribution
strenth of currency 51 1 Very Low High 0.95
rates of taxation 51 2 Not at all Great 1.29

contribution

level of government
spending in R&D 51 1 Not at all Great 1.10
contribution

government spending

i1 R&D 51 1 Very Low High 0.83

energy provision

i 51 1 Not at all Very Much 0.97
contribution
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transport provision
contribution

describe transport
provision

promotion of
products/services
contribution
describe the
promotion of
products/services

intellectual property
rights contribution

sales management
contribution

describe sales
management

market information
availability
contribution
describe market
information
availability

process integration
contribution

level of process
integration

quality control
contribution

R&D expenditure
contribution

describe R&D
expinditure

knowledge
management
processes
contribution

capital structure
contribution

financial
management
contribution

51

51

51

51

51

51

51

51

51

51

51

51

51

51

51

51

51

Not at all

Very Low

Not at all

Not Applicable

Not at all

Not at all

Not Applicable

Not at all

Never Available

Not at all

Initiation

Not at all

Not at all

Non R&D
Performers

Not at all

Not at all

Not at all

Great

High

Great

Professional

Very Much

Very Much

Professional

Great

Always
Available

Very Much

Routinization

Great

Very Much

£10m to
£100m

Great

Great

Great

1.13

1.02

1.09

1.16

1.13

1.07

1.21

1.04

0.58

0.99

1.17

1.10

1.10

0.81

1.26

1.21

1.20
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financiers attitude 51 1 Not at all Great 1.28

contribution

numb_er o_f R&D staff 51 0.96954 Not at all Great 115

contribution 4

describe percentage , AN

of R&D staff 51 0 Not applicable 20%-40% 0.67

competence skills of

R&D staff 51 0 Not at all Very Much 1.20

contribution

describe competence . Phd degree

skills of R&D staff 51 0 Not Applicable holders 1.05

performance of R&D | 5y 0 Not at all Very Much 1.15

staff contribution

describe performance . .

of R&D staff 51 0 Not Applicable Very High 1.57

age profile of R&D

staff contribution 51 0 Not at all Very Much 1.01

describe age profile .

of R&D staff 51 0 Not Applicable | 23-33 years old 1.61

retention of R&D

staff contribution 51 0 Not at all Very Much 1.04
. . Tend to stay

describe retention of .

R&D staff 51 0 Not Applicable | for m;l)é:rghan 2 1.59

staff gjeve_zlopment 51 2 Not at all Great 1.22

contribution

hours of typical staff | 5, 1 Not Applicable | 80-100 hours 1.27

development

6.5 Summary

This chapter has presented the techniques employed for the pre-analysis data
preparation and data examination and demonstrated the method used to address the
missing data issues. The data exploration performed, provided frequency statistics and
results for the normality of the data. The bivariate analysis that was undertaken
demonstrated correlations and established two key relationships. The extent to which,

professionals in the construction industry valued each factor for its contribution to
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innovation (Part A of the questionnaire- cognitive questions), and the condition of the
factors (Part B of the questionnaire- behavioural questions) were both found to be
positively correlated with the proportion of revenues associated with innovation.
Reliability analysis demonstrated the consistency of the constructs measured. The
mechanism of innovation for the construction industry in the UK was illustrated
according to the results of the statistical analysis. The factors for which correlation with
the proportion of revenues was not established were excluded from the description of

the mechanism of innovation for the construction industry in the UK.

The next chapter is presenting the results of the modelling techniques employed

incorporating the key outputs of the data analysis presented in this chapter.



CHAPTER 7: MODELLING THE MECHANISM OF

INNOVATION
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As seen in Chapter 3, mathematical modelling was employed in order to manipulate the
findings of the exploration of innovation practices within the construction industry and
address the fourth objective of this research which was to explicitly describe the
mechanism of innovation and demonstrate the ‘what if scenarios’ for increasing
innovation potential. This chapter illustrates the three steps that were followed during

the process of mathematical modelling, and presents the outputs of this process.

The three steps included:

e formulation of the mathematical model in order to explicitly describe the
mechanism of innovation;

e manipulation of the formulas developed in order to illustrate the application of
the mathematical model; and

e evaluation of the mathematical model in order to test its usability.

7.1. Formulation of the mathematical model

Formulation of a mathematical model involves three stages: i) stating the question; ii)

identifying relevant factors; and iii) mathematical description (Meyer, 2004).

7.1.1 Stating the question

Stating the question is the process of defining the original problem, taken from the real
world. Although it is well established that innovation is connected to an organisation’s
proliferation and growth, research in this area revealed that the problem of defining
how and why innovation occurs in some organisations and not in others remains
fragmented. The conceptual model that was developed (see Chapter 3), explains all the
factors that impact innovation in organisations, and provides the basic platform that was
used to state the question and formulate the mathematical model. The statement of the
question for formulating the mathematical model was led by the business organisations’
real concern to innovate and convert inputs into outputs. Using the conceptual model

that was developed, which explains that innovation is the outcome of a mechanism that
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is comprised of factors and the conditions pertaining to each of these factors, the
question arised was: ‘what formula can describe the mechanism of innovation that an
organisation can use to positively impact the proportion of revenues associated with
innovation’? This question led to the second stage of the modelling process, which was

to identify the relevant factors that could be used within the mathematical model.

7.1.2 Relevant factors

The second stage of formulation was to identify the relevant factors of the mathematical
model. This identification of the relevant factors included two stages: the development
of an axiom system that describes the logic of the mathematical model; and the
development of the measuring system of the relevant quantities.

7.1.2.1 The axiom system of the mathematical model

Abstract mathematics uses logical models, such as definitions, axioms and rules of
inference to deduce theorems (Maki and Thompson, 2006). The system of definitions,
axioms and theorems forms a mathematical theory. The logical model of an axiom
system is useful in determining the characteristics of the system (Maki and Thompson,
2006).

To assist the identification of the relevant quantities an axiom system of the
mathematical model was developed. According to the etymology of the Greek word
aliopo (axioma), an axiom is a claim for which the truth can be logically derived and
therefore does not need proof (Maki and Thompson, 2006). The purpose of defining
the axiom system was to provide the starting point for mathematical theory. “A
mathematical model is an axiom system consisting of undefined terms and axioms that
are obtained by abstracting and making precise the essential ideas of a real model”
(Maki and Thompson, 2006, p19). The axioms represent the logical flow of the

understanding that underlies the relevant factors inserted into the mathematical model.
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To illustrate the approach of defining the logical assumptions of the mathematical
model, a list of common notions was described. Let S, be the axiom system whose
terms are: a) efficiency of innovation; b) effectiveness of innovation; ¢) mechanism; d)

the potential to innovate; and d) growth whose axioms are described in Table 7.1.

Table 7.1 The axiom system S, of the mathematical model

Axiom systems terms Axioms
1. Efficiency for e Every organisation has a level of efficiency as it deploys
innovation available resources for achieving innovation. This

efficiency derives from the importance given by
managers, owners, directors in making best use of what
is available to the organisation, which in turn can result
in increasing the organisation’s revenues.

2. Effectiveness for e Every organisation has a certain level of effectiveness as

innovation it deploys certain practices for achieving innovation.
This effectiveness for innovation derives from how
favourable the organisation’s practices are towards
innovation which in turn can result in increasing the
organisation’s revenues.

3. Mechanism e The factors playing a key role to innovation and the
condition of the factors as expressed by the practices
employed, constitute a unique mechanism of innovation
for each organisation.

4. The potential to e The potential to innovate can be explained by the

innovate mechanism of innovation.

o Different mechanisms are comprised of different factors
and different pertaining conditions. As such, the
potential to innovate for each organisation can be unique
and depends upon its efficiency and effectiveness
towards innovation.

5. Growth ¢ Increase in efficiency and effectiveness can overall

increase performance and explain organisational growth.
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The relevant quantities needed to build relationships that were important to answering
the question raised in Section 7.1.1, were the terms of the axiom system S,. The
relevant quantities are described below.

The contribution of each factor towards organisational efficiency is the quantity
representing the first axiom term. Efficiency is seen as making the best use of the
resources available. The extent to which managers value the factors impacting
innovation can have an effect on the organisations efficiency towards innovation.
Factors valued less tend to be given less consideration that can lead to not making the
best possible use of the resources available. During the process of innovation,
efficiency facilitates the refinement of, and incremental improvements to proven
practices, through the increased utilisation of an organisation’s resources. Efficiency
has been connected to innovation in a way that firms can create competitive advantages.
It is observed that it is usually rare to have both efficiency and innovation in an
organisation (Sarkees and Hulland, 2009). However, a recent study of efficiency and
innovation has showed that there are ambidextrous strategies for balancing efficiency
and innovation, so as to create competitive advantage. A firm which employs an
ambidextrous strategy simultaneously engages in a high degree of both efficiency and
innovation, relative to its competitors. According to Sarkees and Huland (Sarkees and
Hulland, 2009) ‘ambidextrous firms utilize their resources in such a way that they
efficiently deliver products and services to their current customer base while also
innovating to serve the future needs of their existing and potential customers’. The
study showed that when ambidextrous firms compete with non-ambidextrous firms,
they gain performance advantages and their strategy has a positive effect on revenues,

profits, customer satisfaction and new product introductions.

The contribution of each factor towards effectiveness is the quantity representing the
second axiom term. Effectiveness is seen as experimenting, changing and employing
practices which favour innovation, and allowing for new methods, and new products or
services to be created. This is supported by different researchers, who have looked at

how for example new technology can contribute to progress towards innovation
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(Sexton and Barrett, 2004), or how the leadership style applied can have an effect on
the creativity of employees (Oshagbemi and Ocholi, 2006). See Chapter 5 for more
examples on how different condition of the different factors can increase effectiveness

towards innovation.

The combination of effectiveness and efficiency can otherwise be explained by the
mechanism of innovation within the context explained in the paragraphs above and
represent the quantity for the third axiom term. The mechanism is seen as the
importance attributed on the variety of factors and the orchestration of practices

employed explaining efficiency and effectiveness respectively.

A maximum of efficiency and effectiveness can be seen as an ideal mechanism for
innovation.  The distance between a poor innovation mechanism and an ideal
innovation mechanism can be seen as the innovation potential representing the quantity

for the fourth axiom term.

Increase in the potential for innovation increases growth. The proportion of revenues
associated with innovation is a measure of growth representing the quantity for the fifth

axiom term.

Figure 7.1 illustrates the relevant quantities identified from the axiom system and

presents their association.

Innovation
Mechanism

Factors
impacting
innovation

_ Potential
Pertaining

condition
of factors

-
Figure 7.1  Quantities considered for the mathematical formula
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7.1.2.2 The measuring system of the relevant factors

In Chapter 4, the factors that play a key role in innovation were identified. These
factors were measured by capturing the extent to which managers thought of each
factor to contribute to propagation of innovation. In Chapter 5, a system was developed
to describe the condition of these factors. The rationale of this system sees the different
conditions ranked on order, from a less favourable condition to innovation, to a more
favourable condition to innovation. A more favourable condition to innovation is
regarded as being one that increases the potential of an organisation to innovate. As
such, the two types of measurement used to describe efficiency and effectiveness were:
a) the extent to which each factor contributes to the propagation of innovation; and b)

the condition of each factor.

Increasing innovation within an organisation can be a complex problem, involving
‘qualitative based’ or ‘intangible’ measures of relative efficiency and effectiveness
contributions towards the goal. This can be achieved using multi-criteria decision
making models. Multi-criteria decision making models integrate qualitative and
quantitative criteria, so as to produce an aggregate performance measure, using a
‘compromise’ technique which scores each option on the basis of a trade-off of its
performances relative to the other options on each of the decision criteria (Rogers,
2001).

In mathematical modelling all of the terms used in the mathematical formulas should be
dimensionally consistent. That is, each term in an equation must have the same net
physical conditions (Dym, 2004). In order to convert the multi-criteria problem to a
single dimension problem and use the two types of measurements (as they had the same
net physical conditions) the principles of the Simple Additive Weighting (SAW)
method (Rogers, 2001) were used. The SAW method is the most commonly used
methods for Multiple Attribute Decision Making (MADM) problems and has its basis
on the Multi-Attribute Utility Theory (MAUT). A utility function is expressed as an
ordered metric scale. The numbers on the metric scale have no absolute physical

meaning. The scale is constructed by assigning numbers to the two extremes of an
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underlying measured dimension (Rogers, 2001). Usually the two extremes denote the
best possible condition and the worst possible condition for the attribute question. In
Utility Theory, a function U is maximised, aggregating many different attributes.
Often, the different attributes are expressed in various units of measurements. Then
they are converted to a common scale. A common procedure employed is to convert all
factor scores to a normalised linear scale going from 0 (worst) to 10 (best) (Rogers,
2001). This conversion allows for the derivation of a single score on a standard scale,
based on its raw score, reflecting its importance relative to the others (Rogers, 2001)

This research depicts the diverse origins of the various underlying dimensions that
favour innovation for the different factors (i.e. economic, technical, organisational, etc.)
using different scales (see Chapter 5). According to the SWM method, the scales for
both types of measurements have to be converted onto a common scale before an
additive model can be utilised. For the first type of measurement (a), the different
factors were assessed to determine the extent to which each factor contributed to
innovation (see Chapter 3). They were assessed using the 5-point Likert scale
ascending from ‘Not at all’ to ‘Great’ as seen in Chapter 3. For the second type of
measurement (b), the condition of the factors was assessed using rating scales (see
Chapter 3) so as to depict the condition of practices that were employed, using the
system for identifying the condition of factors as seen in Chapter 5.

The initial scales were transformed by assigning the best raw score a 10-rating and the
worse raw score a 1-rating. All of the other raw scores were assigned scores between
these two boundary points by means of linear interpolation (Rogers, 2001). A zero to
ten rating scale was not used in this case, as the value of zero would indicate an
absolute absence of the underlying dimensions of effectiveness and efficiency, which

would consist an arbitrary conclusion.

The scores for all of the factors that represented the first type of measurement were
converted into dimensionless numbers, by calculating the ratio of each factor score
relative to the best overall score over all of the available options. The new normalised

scale that was constructed denoted efficiency. Efficiency is defined as being ‘a
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dimension of organisational performance involving the ability to make the best use of
available resources in the process of achieving goals’ (Institute of Industrial
Engineering, 2009). Thus, the relative scores derived from the conversion to

dimensionless units represented the contribution of each factor to efficiency.

In the same way, the scores for all of the factors that represented the second type of
measurement were converted into dimensionless numbers, by calculating the ratio of
each factor score relative to the best overall score over all of the available options. This
new normalised scale denoted effectiveness. Effectiveness is defined as being ‘a
dimension of organisational performance involving the ability to choose and achieve
appropriate goals’ (Institute of Industrial Engineering, 2009). Thus, the relative scores
derived from the conversion to dimensionless units represented the contribution of each
factor to effectiveness. Table 7.2 indicates the raw scores and the dimensionless scores

on each factor scale.

Table 7.2 Raw scores and converted dimensionless scores

Raw factor scores for scales Dimensionless relative scores by linear

with three responses interpolation (y= yo+(X-Xo)*(y1-Yo)/(X1-Xo))

Xo: 0 Yo: 1

X:1 y: 6

X1: 2 y1:10

Raw factor scores for scales Dimensionless relative scores by linear
with four responses interpolation (y= yo+(X-Xo)*(y1-Yo)/(X1-Xo))

Xo: 0 Yo: 1

x: 1 y. 4

X: 2 y. 7

X1: 3 y1:10

Raw factor scores for scales Dimensionless relative scores by linear
with five responses interpolation (y= yo+(X-Xo)*(y1-Yo)/(X1-Xo))

Xo: 0 Yo: 1

x: 1 y: 3
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X: 2 y: 6

X: 3 y: 8

X1: 4 y1:10

Raw factor scores for scales Dimensionless relative scores by linear
with six responses interpolation (y= yo+(X-Xo)*(y1-Yo)/(X1-Xo))
Xo: 0 Yo: 1

X:1 y:3

X: 2 y:5

X: 3 y. 6

X: 4 y: 8

X1:5 y1:10

After developing the measuring system of the relevant factors the next stage was to
determine the mathematical description.

7.1.3 Mathematical description

The third stage of the formulation involved the mathematical description. A general
mathematical description for initialising the process of developing the mathematical
formula derived from an assumption that was articulated on the relations of the
quantities identified within the Axiom System in Section 7.1.2.1. The assumption was
articulated as follows: the higher the efficiency and effectiveness (as the extent to
which factors contribute to innovation and the more favourable to innovation are the
current practices employed), the higher the potential of innovation towards innovation,
and the higher the growth (proportion of revenues). It can be said that this assumption
has already been proven by the results and the key outputs of the data analysis as
presented in Chapter 6. As seen in Chapter 6 the two key outputs of the data analysis
were that the extent to which, professionals in the construction industry valued each
factor for its contribution to innovation (Part A of the questionnaire- cognitive
questions), and the condition of the factors (Part B of the questionnaire — behavioural
questions) were both found to be positively correlated with the proportion of revenues

associated with innovation and as such to the growth of the organisation. As such let
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‘r” denote the proportion of revenues associated to innovation as a measure of growth,
‘Cx’ denote the condition of the factor x representing the current practice employed to
facilitate innovation and ‘k’ denote the extent to which the factor x is contributing to
innovation, ‘R’ is a function of the combination of efficiency and effectiveness, and ‘P’

is the potential to innovate. The above assumption was algebraically written as follows:
Assumption 1: > R(k,C, ) oc P oc (1),

The aggregation of the relative scores for all items representing efficiency and for all
items representing effectiveness for all factors k identified could be written:

Innovation Efficiency = Zreative score (Ktechnology + Kieadership style + Kownership + Kcollaborations +
khierarchy + kspan of control F korganisational relationships + korganisational size T kor[.}anisational strategy +
kpolicy + korganisational learning systems + kpoIiticaI freedom kincentives to foreign investors + kcompetition law and
policy + I(employment law and policy + I(health and safety regulations + keconomic activity + ktrend in Gross Domestic
Product + krate of inflation + kstrength of the currency + krates of taxation + kIeveI of government spending in R&D +
kenergy provision + ktramsport provision + kpromotion of products/services + kintellectual property rights + I(sales
management + I(market information availability + kprocess integration + I(qualily control F kR&D expenditure +
kknowledge management processes + kcapital structure contribute + kfinancial management + I(financiers attitude +
knumber of R&D staff + kcompetence skills of R&D F kperformance of R&D staff + kage profile of R&D staff + I(retention

of R&D staff + Kstaff development processes), and

Effectiveness for innovation = Xrejative score (Ctechnology used + CIeadership style used + Cownership type
+ Ccollaboration types + Chierarchy layers + Ctypical number of people reporting to a manager + Corganisational
relationships + Corg.smisational size T Cstrategy + Cpolicy type + Corganisational learning systems + Cpolitical
freedom + Cincentives to foreign investors + Ccompetition law and policy + Cemployment law and policy + Chealth and
safety regulations +Clevel of economic activity + Ctrend in Gross Domestic Product + Crate of inflation + Cstrength of
the currency + Crates of taxation T Cgovernment spending in R&D + Cenergy provision + Ctransport provision +
Cpromotion of products/services + Cintellectual property rights + Csales management + Cmarket information availability
+ Cprocess integration + Cqualily control F CR&D expenditure + Cknowledge management processes + Ccapital
structure + Cfinancial management + Cfinanciers attitude + Cnumber of R&D staff + Ccompetence skills of R&D staff

+ Cperformance of R&D staff T Cage profile of R&D staff + Cretention of R&D staff + Cstaff development processes)
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Mathematical description involved the representation of each quantity using a suitable
mathematical entity. In order to incorporate together the two types of measurements,
efficiency and effectiveness, an object that could be described by two properties needed
to be identified. The first property would contain information on the relative score of
each factor representing its contribution to efficiency and the second property would
contain information on the relative score of each factor representing its contribution to

effectiveness.

A search of different mathematical theories, so as to identify an object that could be
represented using two measures, revealed that Euclidean vectors could meet this
prerequisite. In mathematics, physics and engineering a vector is a geometric object
that has two critical measurements, a magnitude (length) and a direction. In
mathematics, vectors’ operations are differentiated from scalar quantities. The
component method is used to add or subtract vectors, as component vectors lie along a
co-ordinate axis direction and are numbers and not vectors. However, the magnitude of
a vector is only scalar and can only be positive. In physics, vectors are used to describe
quantities such as: displacement which is the distance that something moves in a
certain direction. Forces are also described as vectors, as they contain both a
magnitude and a direction (Sumi and Itoh, 2009). In engineering, vectors are used in:
the dynamic analysis of landscapes (Wang and Pullar, 2005), the dynamic analyses and
stability of systems in power systems analysis (Jia et al., 2008), and in flight control
(Shin et al., 2009).

In the Cartesian coordinate system, a vector can be represented by identifying the
coordinates of the initial and terminal point. In Cartesian Coordinates, bound vectors
are usually considered. A bound vector is determined by the coordinates of the
terminal point and the initial point, which is always the origin O = (0, 0). Each factor
has two measured items: an item representing efficiency and an item representing

effectiveness.
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Building on the existing theory of vectors, the x-axis was assigned a scale from 1-10,
representing the relative scores of the items contributing to effectiveness. In the same
way the y-axis was assigned a scale from 1-10, which represented the relative scores of
the items that contribute to efficiency. The different scores on the x and y axis for each
factor were represented by one vector. These vectors for all the factors, which could
have different magnitudes and directions, measured the potential of an organisation to

innovate.

The components of any two dimensional vectors are illustrated in Figure 7.2. For the
vector 4 the components Ay and Ay can be written as multiples of the unit vectors x

and y which has a value of one on the x-axis and a value of three on the y-axis.

A

<

Y
Y
v

A
v

Ax

Figure 7.2 Components of unit vectors

The Cartesian product of two sets, X (the points on the x-axis) and Y (the points on
the y-axis), X xYis the set of all possible ordered pairs whose first component is a
member of X and whose second component is a member of Y so that the whole of the

x-y plane is: X><Y={(x,y)|XEX,er}. The corresponding product then has

100=10x1 Oelements.
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In the Cartesian space, a vector can be represented by identifying the coordinates of the

terminal point. For instance, the points A (1, 3) determine vector A. The algebraic

representation of the vector, A for each factor k on the coordinate system can be

written as follows:
Ak,Actual = Ay X + Akyy (eq-l)

Where:
Tk =is the vector representing a factor k as identified in the literature

A,, =is the score for factor k on the x axis,

A, =is the score for factor k on the y axis, and

AN

x =is the unit vectors in the x- direction

A

y =is the unit vectors in the y- direction

All the 41 vectors for the 41 factors may have different magnitudes and directions. The

sum of the x and y components of the vectors of all the factors is represented by the
resultant vector Ag sctuqr- The Vector Ag sceuq represents the actual innovation

potential of the organisation in the Cartesian space. Ag actuq Can be written as follows:
AR Actual =Ax§+Ay§’ (eq.2)

Where:

A is calculated from aggregation of all x components of all the vectors:
Ax = Zﬁz? Akx =A1x + AZx +..... +Anx (eq3)
A, is calculated from aggregation of all y components of all the vectors:

Ay = YiZT Apy = Ayy + Agy +.t Ay (eq.4)
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The magnitude of the resultant vector for the Actual Innovation Potential of the

organisation is calculated using the Pythagoras Theorem as follows:

AIP=|| A poruat]] = VAT T 42 = Jz’,;z’;mkx)z + TR (Ay,)? (eq.5)

In an ideal situation of maximum innovation potential, an organisation would have
maximum efficiency and effectiveness. The vector representing the maximum
efficiency and maximum effectiveness for each of the factors could be algebraically

written as follows:

I = Iix® + Iy (eq.6)
Where:

I, =is the vector representing maximum efficiency and maximum effectiveness for a
factor k as identified in the literature;

I, = is the maximum score for factor k on the x axis;

Iy, = is the maximum score for factor k on the y axis;

X is the unit vectors in the x- direction; and

y'is the unit vectors in the y- direction

The sum of the max x and y components for the vectors of all the factors provide the
resultant vector I jgeq;- The vector I 1404; represents the ideal innovation potential of

the organisation in the Cartesian space. I ;404 COuld be written as follows:

Ip1deal = L,X + Iyy (eq.7)

Where:

L. is calculated from aggregation of all maximum x components of all the vectors:

Ix = Ilgz;l Ikx = le + IZx +..... +Inx (EQ8)
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I, is calculated from aggregation of all maximum y components of all the vectors:

L, =Yk ey =Ly + Ly +.tlyy, (eq.9)

The magnitude of the vector for the Ideal Innovation Potential (I11P) of the organisation

is calculated using the Pythagoras Theorem as follows:

WP=|Tg tgearl| = VIZ + 13 = \/Z'ﬁi?(ka)z + YR Uky)? (eq.10)

The distance between the resultant vector of the ideal innovation potential (/5 ;4¢4;) and
the resultant vector of the actual innovation potential (A actuqr), in the Cartesian space,

is described by the vector P_k) In order to calculate this distance, the x and y

components of equations (1) & (6) were subtracted for each factor k as follows:
PT{ = PrxX + Pkyy = (Igx — Agx)X + ((Iky - Aky)y (eq.11)

Where:
PTc = is the vector representing the distance between an ideal innovation potential and

the actual innovation potential for a factor k

Py, = is the maximum score for factor k on the x axis;
Py, = is the maximum score for factor k on the y axis;
X is the unit vectors in the x- direction; and

X'is the unit vectors in the y- direction

The sum of all P_k’ x and y components provide the resultant vector Pg resiguai- 1he
vector Pg resiauar describes the distance between the actual innovation potential of the

organisation and the ideal innovation potential in the Cartesian space. Pg gesiquqr COUI

be written as follows:

PR,Restdual =PX+ Pyj} (eq.12)
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Where:

P, is calculated from aggregation of the x components of all P, vectors as follows:
Pe = T (e — A = (i = A + (ox = Az )+ +(Iny — An) (eq.13)
P, is calculated from aggregation of the y components of all ﬁ,: vectors as follows:
P, = i (ly — Axy) = (liy — Ary) + (Ioy — Agy)+.. . +(Tny — Apy) (eq.14)

The magnitude of the vector Pg resiquqr 1S Calculated using the Pythagoras Theorem as

follows:

RIP:”PR,ReSLdual” = \/sz + Py2 = \/legzrf(lkx - Ak;vc)2 + Zzz?(lky - Aky)2 (eq-15)

Figure 7.3 below, illustrates the vectors Ag actuars Prresiauars @Nd Iy jgeqr @nd their

components for two random factors 1 and 2 in the Cartesian space.
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Figure 7.3 Actual Innovation Potential, Residual Innovation Potential and Ideal
Innovation Potential for factors 1 and 2.

The two vectors, 4; and 4, represent the quantities of efficiency and effectiveness for
an organisation for factors 1 and 2. The vector m represents the ideal innovation
potential of factors 1 and 2. The Ay, Ay, Px, Py, Iy, and Iy are the x and y components of
the vectors A_l) and Aj The vectors AT and Aj contain information on length and
direction. Different vectors could have the same length but they would differ in
direction. Then, this difference in direction is meaningful because for any ¢ > 8, the
organisation can be more effective. Effectiveness is explained by the projection of the
vector A_{ on the x-axis (4,,). The higher an organisation scores on the x-axis the
higher its effectiveness is when innovating. For any ¢ < 0, the organisation can be
more efficient. Efficiency is explained by the projection of the vector /Tl in the y-axis
(A1y). The higher an organisation scores on the y-axis the higher its efficiency towards

innovation.
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Where:

¢ = tan™! Ly (eq.16)
Akx

and

6 = tan™! i"Ty (eq.17)

For each factor k there can be possible alternative scenarios/positions on the Cartesian
space that an organisation can take in order to reduce the distance from the ideal
position. As seen in Chapter 6, correlation coefficients were not significant for some
items. It is noted that the components on the x or the y axis, Ay, or Ay, for those items
that the correlation coefficient was not found significant should remain constant. As
such, alternative scenarios can only be provided for the items that significantly correlate
with the proportion of revenues. Figure 7.4 illustrates the different scenarios that can
be considered for reducing the distance or the Residual Innovation Potential (RIP)

between the actual innovation potential and the ideal innovation potential for the vector

—

A,

In Figure 7.4, the vector Tk.is the Actual position of the organisation in terms of
efficiency and effectiveness towards innovation. An organisation can increase its
potential to innovate by increasing its efficiency and/or its effectiveness towards a more
ideal position in terms of innovation. The vector P, describes the distance which initial
point is the end point of the Actual Innovation Potential for a factor k with coordinates (

4,.,4,,), and its end point is the end point of the vector describing the Ideal Innovation

Potential for a factor k represented by the vector E’ and its coordinates (/,,,/,,). This

distance can be reduced by moving the organisation to any of the highlighted points

indicated in Figure 7.4 Dby increasing its efficiency and/or effectiveness towards

e

innovation. A’
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Figure 7.4  Possible alternative scenarios for reducing the distance between the ideal

innovation potential and the actual innovation potential.

*

For each alternative points/scenarios proposed, the length of the vector P is reduced
and therefore the actual innovation potential of the organisation increases. The vector
P describes the new distance between the new Innovation Potential vector Tk', and
the Ideal Innovation Potential vector I, for a factor k. The new innovation potential

vector has initial point coordinates ( 4,,,,, 4,,.,). Then A_,: can be written as follows:

kx+v

Al = Apyy X + A;cy+vy (eq.18)
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Where,

- !

A =the new actual innovation potential;

Py = the new distance between 4, and Iy;
A+ = the score for factor k on the x axis; and
Ay +v = the score for factor k on the y axis.

v=1,2,3,4....10 with x<v <10.

In order to control for items that should be held fixed or those that could be changed

depending on their correlation with the organisation’s revenues a constant ‘a’ was

’

introduced. For each factor k the vector components, A, . x andA;., y, could be

written as follows:

A;cx+v = Ay + a(A;cx+v — Agx) (eQ-lg)
A;cy+v = Aky + a(A;cyH/ - Aky) (eq.20)
Where a=0,1

Introducing a in the formulas above allows the components to change or to be held
fixed. When an item is found to have a non-significant correlation coefficient there is
no practical reason to change its position on the axis it refers to. Therefore, if for
instance both items of a factor (efficiency and effectiveness) do not significantly
correlate with the proportion of revenues then g=(and the score for this factor

remains as its initial score-the initial innovation potential.

Then the new vector from equation (18): Tk' = Ajxv® + Ay 119 and substituting

equations 19 and 20 could be written as follows:

Al = (Apx + A(Ajzry = A))X + (Agy + @(Ayy iy — Aiy))P (eq.21)
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The sum of the x and y components of all the vectors provide the new resultant vector

for the New Actual Innovation Potential A';. The vector A'; could be written as

follows:

AR Actual — A X+ Ayy (eq-22)

Where:

A’ is calculated from aggregation of all x components of all the vectors:

Zﬁ Akx+v - A’1x+v + A1x+v +Anx+v (eq-23)

A, is calculated from aggregation of all y components for all the vectors:

AS/ Aky+v - A’1y+v + A1y+v +Any+v (eq-24)

The magnitude of the vector A—R’) that describes the New Actual Innovation Potential is

calculated using the Pythagoras Theorem as follows:

2

_)’ ! ! J— = ! 2 = !
NAIP = ”AR,Actual” = \/sz + Ay2 - \/212;11(14 kx+v) + Zﬁ:rll(A ky+v) (6(].25)
The new distance from the ideal position P could be written as follows:

1—512 = Pl:x+v2 + Pléy+vy = (Ikx - A’kx+v)7? + (Iky - AIRJ""V)}A] (eq'26)

Substituting equations 19 and 20 into equation 26 the vector P_k’ can be written as

follows:

Plé = Pléx+v2 + Pléy+vy = (Ikx - (A;cx+v + a(A;cx+v - Akx))f + (Iky - (A,ky+v +

a(A;cy+v - Aky))y (eq27)
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The magnitude of the vector ;k’ using the Pythagoras theorem is written as follows:

||ﬁ1’€,Residua1|| = \/PXIZTP}’IZ:

2 -
\/Z (Ikx kx+v + a(Akx+v Akx)) + Zz;?(lky - (Alky.w + a(Aky+v Aky))z

(eq.28)
A complete list of all the formulas developed is provided in Table 7.3

Table 7.3 List of formulas

Eq. Description and Formulas

1 Actual Innovation Potential for factor k on the Cartesian Space (AlPy)

Ak = Akxf + Akyjl\

2 Actual Innovation Potential of the organisation for all factors k on the

Cartensian Space (AlPR)

AR,Actual = A, X+ Ayy

3 Component of actual organisational effectiveness
= Z’lgz? Akx = Alx + AZx +..... +Anx

4 Component of actual organisational effeciency

= Yk Aky = A1y + Agy +. Ay

5 Actual Innovation Potential of an organisation (AIP)

AP=|| A peruatl] = VAT T A2 = \/zzz;l(Akx)z + SR (A)?

6 Ideal Innovation Potential for factor k on the Cartesian Space (11Py)

Ik, = Ikxf + Iky)’}

7 Ideal Innovation Potential of the organisation for all factors k on the

Cartensian Space (11PR)

IR,Ideal =[x + Iyy

8 Component of ideal organisational effectiveness
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Ix = legz? Ikx = le + IZx +..... +Inx

9 Component of ideal organisational effeciency

Iy = Zﬁ’f Iky = I1y + Izy +..... +Iny

10 |deal Innovation Potential of the organisation (I1P)

IP=|| e o] = VT IZ = Jzzz’fakx)z FyEn ()2

11  Residual Innovation Potential for a factor k in the Cartesian Space (RIP)

Py = Piu® + Py = (L — Ak)® + (Ixy — Aiy)?

12 Residual Innovation Potential for all factors k in the Cartesian Space (RIPR)

PR,Reszdual = PX + Pyy

13 Effectiveness Component of residual innovation potential
k=n
P = Z(Ikx — Ary) = (Iix — Agy) + (Ipx — A )+ +(Inx — Apy)
k=1

14 Effeciency component of residual innovation potential
k=n

Py= D (I = Ary) = (ly = Auy) + (Tay = Aoy )+ +(lay = Any)
k=1

15 Residual Innovation Potential (RIP)

RIP:”PR,ReSLdual” = \/sz + Py2 = \/Zﬁz?(lkx - Akx)2 + Zﬁz?(lky - Aky)2

16 Rate of effectiveness

17 Rate of efficiency

1l

0 = tan
Ikx

18 New Actual Innovation Potential for factor k on the Cartesian Space (NAIP)

r (AT o ' ~
Ak - Akx+vx + Aky+vy

19 Component of effectiveness for factor k controlling for correlations with

revenues

A;cx+v = Akx + a(A;cx+v - Akx)




Chapter 7: Modelling the mechanism of innovation 252

20 component of effectiveness for factor k controlling for correlations with

revenues

A;cy+v = Aky + a(A;cyH/ - Aky)

21NeW Actual Innovation Potential for a factor k controlling for correlations with

revenues

A);c = (Apx + a(A;cx+v — Ap))X + (Aky + a(A;CJ/"‘V B Aky))y

22 New Actual Innovation Potential of the organisation for all factors k on the
Cartesian Space (NAIPR)

AR JActual — Axx + AyJA’

23 Component of new actual organisational effectiveness
k=n

Z Akx+v - A’1x+v + A1x+v +Anx+v
k=1

24 Component of new actual organisational efficiency
k=n

Z Aky+v - Agly+v + A11y+v +t Any+v
k=1

25 New Actual Innovation Potential of an organisation (NAIP)

k=n 2 2

NAIP = ”‘Z;i’,Actual” = 1"4;62 + As/z = Z(A’kxw) + Z(A’kyw

k=

26  New Residual Innovation Potential for a factor k in the Cartesian Space
(NRIPy)

Plé = Pléx+vjc\ + Pléy+v5} = (Ikx - A,kx+v)£ + (Iky - A,ky+v)y

27  New Residual Innovation Potential for a factor k in the Cartesian Space
(NIPIy) controlling for correlations with revenues
Plé = Pléx+v56 + Pléy+v5> = (Ikx - (A;<x+v + a(A;cx+v - Akx))jc\ +
+(ly = (A 4y, + @Aieyay = Aiy))P

28 New Residual Innovation Potential (NRIP)
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k=n ! ’ 2
ol ’ )2 2 |2kt Ukx = Ay T @(Ajysy — Arx)) +
”PR,Residual” = [B°+ Py - * o 95+v "

Zﬁzrll(lky - (A,ky+v + a(Aky+v - Aky))2

7.2  Mathematical manipulation

Mathematical manipulation involved operationalising and solving the equations
described during the formulation. To facilitate the manipulation of the model that was
developed, one of the survey responses, case 1, was used as an example. Table 7.4
shows the raw score and the dimensionless scores of the factors for Case 1.

Table 7.4 Scores of factors for Case 1

N. Factor Raw scores Dimensionless  Factor Raw scores  Dimensionless
y-axis scores y-axis X-axis scores x-axis
1  techcont 3 8 techtype 4 10
2 leadcont 3 8 leadstyl 2 6
3 ownecont 3 8 ownetype 2 5
4 collcont 3 8 colltype 3 10
5  hiercont 2 6 layernum 1 4
6  spancont 2 6 peoplrep 3 8
7  relacont 3 8 relatype 2 5
8  sizecont 3 8 orgasize 2 10
9 stracont 4 10 stratype 1 4
10  policont 3 8 politype 2 7
11  learcont 2 6 learsyst 1 4
12 pofrcont 2 6 polifree 1 6
13  invecont 0 1 inveince 0 1
14 compcont 0 1 compelaw 2 10
15 emplcont 1 3 emplolaw 2 10
16  regucont 3 8 hsregula 0 1
17  econcont 3 8 econacti 3 8
18  gdpcont 1 3 gdptrend 1 6
19 inflcont 1 3 inflrate 2 6
20  currcont 1 3 currstre 2 6
21  taxacont 1 3 taxarate 2 6
22 gordcont 1 3 gordspen 1 3
23 enercont 3 8 enerprov 3 8
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24 trancont 4 10 tranprov 3 8
25  promcont 3 8 promprod 3 10
26  propcont 2 6 intelrig 2 10
27  salecont 3 8 salemana 3 10
28 infocont 2 6 infoavai 1 6
29  proccont 1 3 procinte 2 5
30 qualcont 3 8 qualdesc 3 10
31  rdexcont 2 6 rdexpend 2 6
32 knowcont 3 8 knowmana 2 5
33  capicont 1 3 debtrati 1 6
34  finacont 3 8 finamana 2 10
35 fiatcont 1 3 finattit 2 7
36  rdnucont 2 6 rdstaffn 1 3
37  skilcont 1 3 rdskills 1 4
38  perfcont 1 3 rdperfor 1 3
39  profcont 1 3 ageprofi 1 3
40  retecont 1 3 retedesc 1 3
41  stafcont 2 6 stafdeve 1 3

From equation (1): E = ApxX + Ay, Y the vectors for all the factors were written as

shown in Table 7.5

Table 7.5 Obtained vectors for each factor

Vectors for the scores obtained for the k factors

A =10x+8) .
A2=6x+8y
:13 :S;c+8)A/
As =10 x+8 y
As = 4x+6y

As =8x+6y

A = 4x+ 6y
Az = 6346
Ais=1x+1y

Ay =10x+1y
Ais =10 343

Ais =1;C+8;/

A =6x+3y
Zzz :3)Ac+3;/
A =8x+8
Ars =8x+10 )
Ars =10 x+8 y

Az =10x+6y

A =64+ 6y
232 :S;c+8)A/
Ay = 6x+3 )
Az =10 x+8
Ay =Tx+3y

Ase =3;C+ 63\/
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A7 =5x+8y Air =8x+8y Ay =10x+8y  Aw =4x+3y
As =10 x+8 y Ais = 6x4+3 Aos = 6x+6y A =3x4+3
As = 4x+10 y Ais = 6x+3 Ao =5x+3y Ao =3x+3y
Ao = Tx+8y A = 6x+3y Az =10x+8y Aso =3x+3y

Ai=3x+6y

From equation (2) Agactuar = AxX + A,y the resultant vector can be written as
follows:
A, was calculated from equation (3): A, = YX=0 Ay, = Ay + Agy +.....+Ap,, Where all

x components of all vectors are aggregated:

k=n
A, :ZAk ~10+6+5+10+4+8+5+10+4+7+4+6+1+10+10+1+8+6+6+6
k=1

+6+3+8+8+10+10+10+6+5+10+6+5+6+10+7+3+4+3+3+3+3=256

A, was calculated from equation (4): A, = YXZ1 Agy = A1y + Ayy +....t Ay, Where

all y components of all vectors are aggregated:

k=n
Ay =ZA< ~8+8+8+8+6+6+8+8+10+8+6+6+1+1+3+8+8+3+3+3+3+3+¢
k=1

10+8+6+8+6+3+8+6+8+3+8+3+6+3+3+3+3+6=235
Then, the resultant vector from equation (2) was written as follows:
AR actuar = 256X + 2359

The magnitude of the vector for the actual position using the Pythagoras Theorem was

calculated from equation (5):
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A=A ponal = VAT 42 = Jzzz’f(Ak,az T SkEn(A, )2 as follows:

AIP=||Ag actuar|| = V2562 + 2352 = /120761 = 347.5

The angle between Kand the x-axis was calculated from equation (16):

A 1A
@ = tan" 122 as follows:
A

¢ = tan~1 2% =tan_1% = tan"1(0.916), p =42.5

The ideal vector for each factor k according to equation (6):, is Vke N:/ =10 and

Vk e N:1, =10, thus equation (6) was written as follows:

Ik,Ideal = 105(,'\ + 105/\

For all factors k the resultant vector was calculated from equation (7):

Iy tagear = TexX + Iy Y.

I, was calculated from equation (8): I, = YK="I,, =I5 + I +.... 41, Where all

maximum x components of all vectors were aggregated as follows:
I, = Z'ﬁi’f Ly =l + Iy +oo 4y, = 41 %10 = 410

ly was calculated from equation (9): I, = 2’;:’111,(3, =1 + Iy, +.... 41y, where all

maximum y components of all vectors are aggregated as follows:
I, = leﬁzrf Iyy =1y + Iy +.... 4Ly, = 41 %10 = 410

Then, equation (7) for the resultant vector in the ideal position was written as follows:
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-

I ksdear =1 x+ 1.y =410x+410y

The magnitude of the vector for the actual position using the Pythagoras Theorem was
calculated from equation (10):

1P=|Trraeatl| = VEF 2 = \/z’,zz;lumz 1 sken(r, Yzas follows:

UP=||Tx raeat]| = T2 + 12 = V4102 + 4102 = /336200 = 579.8

The angle between Iy 4.4, and the x-axis was calculated from equation (17):

~ 410 ~
6 =tan 122 = tan~! (—) =tan"1(1),8 = 45
» 410

In order to obtain the distance between E., which was the actual current position of the
organisation and the ideal position I 4., Of efficiency and effectiveness towards
innovation in the Cartesian space the x and y components of the equations (2) 4, =

AgxX + Agyy and (7) I jaear = IkxX + I,y vectors were subtracted for each factor k

using the equation (11): Bk =R, ;(+|D|(y g/:(|k —A );<+(|k y_Ak )9 . The distances

obtained for each factor k are shown in the Table 7.6

Table 7.6 Distances obtained per factor

N. Factor Residual on the y-axis  Factor Residual on the x-axis
1 techcont Py, =2 techtype P, =0
2 leadcont Py, =2 leadstyl P,, =4
3 ownecont P3, =2 ownetype Ps;, =5
4 collcont Pyy, =2 colltype Py, =0
5 hiercont Ps,, =4 layernum Ps, =6
6 spancont Pey =4 peoplrep Pg, =2
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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

relacont
sizecont
stracont
policont
learcont
pofrcont
invecont
compcont
emplcont
regucont
econcont
gdpcont
inflcont
currcont
taxacont
gordcont
enercont
trancont
promcont
propcont
salecont
infocont
proccont
qualcont
rdexcont
knowcont
capicont
finacont
fiatcont
rdnucont
skilcont

perfcont

P, =2
Py, =2
Py, =0
Pyoy =2
Py, =4
Pyyy, =4
Py3, =9
Py4y =9
Pys, =7
Pygy =2
Pyyy =2
Pigy =7
Pioy =7
Pyoy =7
Py, =7
Py =7
Pys, =2
Py4y =0
Pys, =2
Py, =4
Pyyy =2
Pyg, =4
Pygy =7
Pyqy =2
Py, =4
Psy, =2
Pys, =7
Py, =2
Pys, =7
Psg, =4
Py, =T
Psg, =7

relatype
orgasize
stratype
politype
learsyst
polifree
inveince
compelaw
emplolaw
hsregula
econacti
gdptrend
inflrate
currstre
taxarate
gordspen
enerprov
tranprov
promprod
intelrig
salemana
infoavai
procinte
qualdesc
rdexpend
knowmana
debtrati
finamana
finattit
rdstaffn
rdskills

rdperfor
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39 profcont
40 retecont
41 stafcont

259
ageprofi Psg, =7
retedesc Prox =7
stafdeve Pyiy =7

Then from equation (11): Py = Pk + Pryd = Uy — Ar) + (Iy — Apy )P, the

vectors describing the distances for each factor k were obtained and are shown in Table

1.1.

Table 7.7 Vectors ng for each factor k

Distance vectors for the scores obtained for the k factors

5 N
P =R x+R y=0x+2)
Pr=B xt+B,y=4x+2y
Pi=P x+P, y=5x+2y
Pi=P, x+P,, y=0x+2y
Ps=P, x+P, y=6x+4y
P =B, x+B, y=2x+4
Pr =P x+P, y=5x+2Y
Ps=P, x+P, y=0x+2y
Po=P, x+P, y=6x+0y
Pi &P o+ P,y =3x+2y
—> AN S AN 2
R =R xR y=6xtd
Pi =P x+P ,y=4x+4y

N N\ N\ N

E =1 petl? y=¢t9

P>

= P,

=P,

=P,

=P,

=P,

= b,

=

= P,

=5

=

=P

=P,

DX+ P, v =TX+TY
X3)Ac+P2 y3;/=2;c+2;/
x4)Ac+sz4)A;=2;c+0)Az
P, oy =0x+2y
XHP, oy =0x+4y
,(7;_'_1)2 y7;=o;+2;
WXHP, y=4X+4dy
Py =5x+T Y
WP, oy =0x+2y
x,;c+P3 yl;:4;c+4;
DX+ P, Ly =Sx+4y
WX+ P, Ly =4x+T Y

Xt B y4y=0x+2y
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d AN Ay A A d A AN A A
P =B x+P ,y=0x+9y Ps =P x+P ;y=3x+7y
d N N A A —> N N A AN
Py =PF x+PF y=0x+7y Ps &P, x+P y=Tx+4y
d A N A A —> N N A AN
Py =B x+P y=9x+2y Ps =P, ,x+ P, ;y=6x+7y
P P, + P, =2x+2

PE AT gy S S Ly B &1 pet 3 o ="76t7)
- A AN A A el A A N A
Py &= P yx+ P gy=4x+Ty Ps =P ox+ P ,y=T7x+7y
—> A A A A —> AN AN A A
P =R ox+P yy=4x+T7y Py =P, x+ P, ,y=Tx+7y
—> A A A A e A N A A
Py &P x+P y=4x+Ty Ps =P x+P, ,y=T7x+4y

P> =P, x+P, ,y=4x+T7y

For all factors k the resultant vector representing the distances of an organisation from

the ideal innovation potential was calculated from equation (12):

PR,Reswlual =P+ Pyy

Py was calculated from equation (13):
P = Zﬁirll(lkx — Aiy) = (gx — Ag) + (Ix — A )+ + (I — Apy), Where all x

components of all vectors were aggregated as follows:

k=n
Bo=> (I~ A )=0+4+5+0+6+2+5+0+6+3+6+4+9+0+0+9+2+4+4
k=L

+4+4+7+2+2+0+0+0+4+5+0+4+5+4+0+3+7+6+7+7+7+7=154

Py was calculated from equation (14):

P, = XM (ly — Aky) = (liy — Ary) + (Iy — Agy)+.... +(Iny — Apy), where all y

components of all vectors were aggregated as follows:
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k=n
f}zZ}@{k7ah@);2+2+2+2+4+4+2+2+0+2+4+4+9+9+7+2+2+7
k=1

T+T7+T7+T7T+24+04+24+44+2+44+74+24+4+2+74+24+T7+4+7+7+7+7+4=175

Then, equation (12): Pg resiguar = PxX + P,y for the resultant was written as follows:

5 P ,\;) s oten:t]i514/\+l75/\
PR,Restdual = 154% + 175}/ o * d

The magnitude of the vector for the distance between the actual position and the ideal
position of innovation potential in the Cartesian space was calculated from equation
(15):

RIP:”PR,ReSLdual” = \/sz + Py2 = \/Zlézrf(lkx - Ak;vc)2 + Zgz?(lky - Aky)zaS

follows:

RIP=||Pg resiaua|| = /P2 + BZ = V1542 + 1752 = v/54341 = 233.11

Figure 7.4 illustrates the vectors A_{ R_l’ fl’ for the factor technology. All the graphs for

each factor are provided in the Appendix C.

Technology

10 0
8 / ,P.technology
5 I,technology//u
26
]
S / A, technology
i /
2

"

Effectiven%oss

Figure 7.5  Actual position, distance from the ideal (residual) and ideal position for

factor technology and case 1.
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For each factor, there were possible alternative positions which could be chosen to
increase effectiveness and efficiency. For the example of Case 1 explained above, the
alternative scenarios that could be obtained for each item are shown in Appendix C

assuming that all items correlate with the proportion of revenues.

7.3 Evaluation of the mathematical model

The evaluation of the mathematical model is concerned with examining whether the
mathematical formulas developed, give the correct answers or not. The evaluation of
the mathematical model was an iterative process that included a formulation stage, an
examination stage and a correction stage. The formulation stage included the process
of developing the formulas and describing them mathematically in such a way so as to
include all the factors identified (see Section 7.1.1). Then, the formulas were being
examined by using a real case example to carry out all the calculations and test whether
they are producing the right output. When drawbacks in the formulation were
identified, the formulas were amended appropriately. This iterative process stopped
when the examination of all the formulas showed that they provide the desired
measures for the quantities described during the process of formulation and as such

further reformulation was not necessary.

7.4 Summary

The mathematical model developed and explained in this chapter illustrates the output
of the process for modelling the mechanism of innovation. It explained the steps that
were followed for formulating the mathematical model, manipulating the mathematical
formulas developed and for evaluating the mathematical model. The mathematical
model developed was grounded on the results obtained from the data analysis and

incorporated the key outputs of the analysis demonstrated in Chapter 6.

The next Chapter, Chapter 8, presents the results of the operationalisation of the

mathematical model using software programming.



CHAPTER 8: SYSTEMATISING THE GENERIC

MECHANISM OF INNOVATION
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As seen in Section 3.3.5, software programming provided a systematised way of
manipulating the generic mechanism of innovation and assisting with the
operationalisation of the mathematical formulas that were developed. Software
programming offers a more efficient solution to the time and effort intensive exercise of
obtaining the results from the formulas, developed in Chapter 7. Specifically, this

chapter elaborates on:

e the software process model and the software development process;

e the software specifications which were described for the development of the
application;

e the software design and implementation;

e the software validation and verification processes;

e the interface testing; and

e the software evolution and maintenance.

8.1 The Software process models and the software development

Process

A software process model is a simplified description of the activities of the software
development process. The most common process models are based on the three
following process paradigms for software development: the waterfall approach, the
evolutionary process model approach, and the component-based software engineering

approach.

The waterfall process model is a sequence approach for separately developing the
different phases of software, such as the requirements specification, software design,
implementation, and testing. The sequence of activities shows that each step of the

development process closes before moving onto the next.

The evolutionary process model starts all the phases of the software development

having just some abstract requirement specification. Then, an initial system is rapidly
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developed. This system is then refined using further user input, or reconstructed using

more specific requirements.

The component-based process model assumes that components of the system already
exist. The focus of this approach is the integration of these components, rather than

their development from scratch.

The waterfall process model has been criticised due to its inflexible partitioning of a
project into distinct stages (Sommerville, 2007). The component-based process model
was deemed not to be appropriate, as it mostly applies to software re-use, assuming that
the software or parts of the software pre-existed (Sommerville, 2007). The evolutionary
development approach was the preferred approach, being selected over the waterfall
approach due to its effectiveness in directly meeting the needs that arise during

development (Sommerville, 2007).

All software development processes require an iteration procedure within each phase of
implementation, so as to adopt any new or refined requirements. There are two main
iteration procedures: incremental delivery and spiral development. During incremental
delivery, each phase of the software development is broken down into a series of
increments, with each being developed in turn. In the spiral development approach, the
process is a sequence of activities backtracking from one activity to another. The
process is represented as a spiral where each loop is concerned with a system’s

feasibility, requirements and design.

The software development process includes a set of activities and results that produce
the software product. There are four fundamental software process activities
(Sommerville, 2007):

1. Software specification is the activity that results in definition of the software that
IS to be produced and of the constraints on its operations;
2. Software design and development are the activities relating to software design

and software implementation;
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3. Software validation and verification is the activity of checking the software to
ensure that it is what was initially required; and
4. Software evolution is the activity where the software is modified so as to adapt it

to changing user and market requirements.

The following sections describe the process activities of software specification, design,
development, validation and evolution employed in the development of the software
application for the purposes of this research.

8.2  Specification of software application

The software specifications describe the services that are provided by the application
and include the scope and the functional and non-functional requirements. The scope of
the application, the functional user and system requirements were described to provide
insight on the application inputs, outputs and deliverables. The non-functional user
requirements specify the system performance, security, availability and the system
properties (Sommerville, 2004). The software application was named InnoAct. The
scope of the application, and the user functional and non-functional requirements are
described in Table 8.1.

Table 8.1 User functional and non-functional requirements

Software specifications Description
Scope of the The scope of the application is to provide a system that can
application operationalise and test the mathematical model that was

developed for evaluating the innovation potential of an
organisation.
User requirements  There were four user functional requirements for the system:
e Functional 1. The application should calculate the innovation potential
of an organisation;
2. The application should provide the option to change
manually and/or automatically the initial scores and
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by the user;

legislation.

subsequent results of innovation potential; and

efficiency, usability, reliability,

achieved by increasing performance,

by a low rate of failure and availability.

recalculate the innovation potential using new user input;
3. The application should use an optimisation routine to

produce alternative scenarios assigning improved scores to

the factors. These improved scores should be based upon a

desired percentage value of innovation potential identified

4. The application should be able to display initial and

5. The application should store the records of previous

evaluations.
e Non— There were two user non functional requirements for the
functional: system: product requirements and external requirements.

1. Product requirements.  Product requirements include
portability
requirements. The efficiency of the product could be

also

minimising the space requirements for the application.
Usability often refers to the interface of the application.
Usability requirements can be assessed during validation
and verification processes. However, usability of the user
interface is an iterative process done through the
development of the application. Reliability can be assured
Portability

ensures that the application is easy to transfer and install.

2. External requirements. The system should not disclose
any personal information about the system’s users unless
required by the users. This external requirement was

derived from the need for the system to conform to privacy
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The system’s functional requirements were used to add detail, and to explain how the
user requirements can be provided by the system. The specification of the system
requirements are illustrated using a standard form design, detailing the functions that
were required, as described by Sommerville (2004). The functions are illustrated in
Tables 8.2-8.5.

Table 8.2 Function 1: Calculate Organisational Innovation Potential

Function 1 Compute Innovation Potential

Description ~ Computes innovation potential, in percentage terms, according to the
initial scores of factors inserted by users.

Inputs The raw score describing the extent to which each factor contributes
to innovation and the raw score on the condition of each factor
describing the organisational practices that are currently employed.

Outputs The innovation potential, in percentage terms, using the relative
scores of effectiveness and efficiency towards innovation.

Saving of the results.

Destination ~ Main control loop

Action The user inserts the initial raw scores. Interpolation is performed for
the user input ‘raw scores’, in order to transfer it onto the relative
scales of efficiency and effectiveness. The magnitude of the resultant
vector for the actual innovation potential is divided by the magnitude
of the resultant vector for the ideal innovation potential to derive the
innovation potential in percentage terms using the equations
developed in Chapter 7, as follows: the actual position of efficiency
and  effectiveness is  calculated from  equation  (2):

AR pctual = AR + A9
The magnitude of the resultant vector for the actual innovation

potential is calculated from equation (5):

AIP=|| A poruatl] = VAZ T A2 = \/zx:?mkx)z (A2
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Requires

The resultant vector W. that is sum of the max x and y
components for efficiency and effectiveness is calculated from the
equation (7): I jgeas = L% + 1,9

The magnitude of the resultant vector for the Ideal Innovation
Potential is calculated from equation (10):

1P=|| e aeat]| = VT 2 = \/z,’;z’;(lkx)z T yken(r, )2

The percentage of the actual innovation potential compared to the

ideal is calculated by dividing the magnitude of the resultant vector
for the Actual Innovation Potential with the resultant vector of the

Ideal Innovation Potential according to the following equation:

JE—

A
% Innovation Potential = M

” IR,Ideal”
No previous readings

Table 8.3 Function 2: Re-calculate Innovation Potential with new user input

Function 2 Re-calculate innovation potential with alternative readings.

Description ~ Computes innovation potential in percentage terms allowing the user
to change the initial input values.

Inputs The revised readings of the raw score describing the extent to which
each factor contributes to innovation and the condition of each factor
describing the organisational practices that are currently employed.

Outputs The percentage of innovation potential using the relative scores of
effectiveness and efficiency towards innovation.

Saving of the results.
Destination ~ Main control loop
Action The user inserts the revised raw scores for each factor. Interpolation

is performed in the user input revised ‘raw scores’, in order to
transform them into the relative scales of efficiency and
effectiveness. The magnitude of the resultant vector for the New
Actual Innovation Potential is divided by the magnitude of the
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Requires
Pre-

condition

resultant vector for the Ideal Innovation Potential using the equations
developed in Chapter 7 as follows: (22):

AR,ACtual = A;cf + A&f’

The magnitude of the resultant vector for the New Actual Innovation

Potential is calculated from equation (25):

NAIP = ”j;q,Actual ”

k=n 2 k=n 2
_ r2 12 _ ’ ’
- 1’Ax +Ay - 2(‘4 kx+v) + Z(A ky+v)
k=1 k=1

The resultant vector for the Ideal position, m that is sum of the
maximum x and y components for efficiency and effectiveness is
calculated from equation (7): m =LX+1,)

The magnitude of the resultant vector for the ideal innovation

potential is calculated from equation (10):

1P=|Trraeatll = VEF 2 = \/z’;z?(lkaz Sk ()2

The percentage of the actual innovation potential compared to the

ideal is calculated by dividing the magnitude of the resultant vector
for the actual innovation potential with the resultant vector of the

ideal innovation potential according to the following equation:

A’l
% Innovation Potential = M
R,Ideal

One previous reading

The systems contains at least one initial reading

Table 8.4 Function3: Optimise and Re-calculate Innovation Potential

Function 3

Optimise and re-calculate innovation potential based on user

defined percentage value of innovation potential.

Description

The application should optimise the user’s raw scores based on a
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Inputs

Outputs

Destination

Action

user defined percentage of innovation potential. The user should
be able to know which items significantly correlate with proportion
of revenues. These items could be called ‘default’ items. Then the
application should compute innovation potential in percentage
terms based on the optimised raw scores that are produced from an
optimisation routine.

The desired percentage of innovation potential.

The percentage of the total innovation potential using the
optimised relative scores of effectiveness and efficiency towards
innovation.

Saving of the results.

Main control loop.

The optimisation routine produces alternative Action Plans for
increasing the innovation potential of organisations.  The
optimisation is performed using the Genetic Algorithm for
optimising nonlinear problems. Then the potential is calculated by
the aggregation of the optimised vector components that represent
each factor. The magnitude of the Optimised Innovation Potential
is divided by the magnitude of the resultant vector for the Ideal
Innovation Potential according to the following formula i.e.:

AR,opthlsed = Akx,optimised+v5e + Aky,optimised+v5;
The resultant vector for the Optimised Innovation Potential is

calculated from the following formula:

— _ 2 2 —
OIP_”AR,OPtlmlSBd” - \/Ax.optimised + Ay,optimised' -

k= k=
\/Zkz?(Akx,optimised)z-l' k:?(‘qky,optimised)2

The resultant vector for the Ideal position, Iz ;geq,. that is sum of
the maximum x and y components for efficiency and effectiveness
is calculated from equation (7): Ig jgeqs = IxX + 1,9

The magnitude of the resultant vector for the ideal innovation
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potential is calculated from equation (10):

1P=lTsaeaill = VEF TG = [ZAZ8C)® + TSR Ciy)?

Then the Percentage of the optimised Potential is calculated as

follows:

‘ZfR Optimised
% Optimised Innovation Potential = M_”’”ff”

” IR,Ideal”

The optimisation routine can produce numerous different
alternative scenarios according to a user defined innovation
potential. The solutions offered from the optimisation routine are
ranked according to how closely they converge to the required
potential defined by the user. Each solution that is obtained can be
manually manipulated by the user to incorporate the user’s

preferences for future course of actions.

Requires The systems contains at least one initial reading
Table 8.5  Function 5: Insert new factors to the model

Function 4 Insert new factors to the application and customise InnoAct
according to different contexts.

Description The application shall provide the option for the users to integrate
more factors than those recognised in this research, which may be
applicable to different contexts.

Inputs Measurement scales for the items measuring the condition of the
factors.

Average values for the two items.

Outputs Customised set of factors/customised application.

Destination Main control loop.

Action The application should integrate new factors into the calculation

Requires

process.

Measurements Scales for input factors
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Table 8.6  Function 4: Save records of Previous Evaluations

Function 4 Save previous or optimised evaluations of innovation potential.

Description Save the results

Inputs Initial or optimised evaluations.

Outputs New file with a user defined name for saving the results.

Destination Main control loop.

Action The application should save any previous and optimised
evaluations as a normal excel file.

Requires One set of initial readings.

The user-functional and non-functional requirements are described as being of
assistance to the process of the software design and implementation. The next section

describes the activities employed for the InnoAct software design and implementation.

8.3  Software design and implementation

The software design is a description of the software that is to be implemented and the
data, the interfaces between the system’s components and the algorithms. The specific
design process activities that were implemented were: architectural design, the design of
systems and subsystems, the use case model and the design of the interface. Then, the
implementation stage of the software is the process of converting the system
specification into an executable system. These design process activities are discussed in

the following sections.

8.3.1 Architectural design

The architectural design process focuses on establishing that the organisation of the
system satisfies the system’s functional and non-functional requirements (Sommerville,
2004). The architectural design describes how the system is structured into subsystems,
the approach that was adopted, and how each subsystem was structured into modules.
There are three widely used organisational models of systems: the repository model, the

client — server model and the layered model.
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The basic characteristic of the repository model is that the subsystems make up a system
of exchanging information, so that they can work together effectively. This can be
achieved by either holding the shared data in a central database, the so called repository
model, or by maintaining a database for each subsystem, in which data can be
interchanged with other subsystems by passing messages to them. This type of model is
suitable for applications where large amounts of data is organised around a shared
database or repository and where data is generated by one subsystem and used by

another (Sommerville, 2007).

The client server model is a systems model where the system is organised as a set of
activities, services and associated servers which clients can access and use. Such a
model is often comprised of a set of servers, such as printing or filing servers, a set of
clients that call the services provided by the server and often a network that allows the
clients to access the services. The client-based model is a distributed architecture that
can be used effectively from many distributed processors. However there may be no
shared data model across servers and subsystems, meaning that specific data models
should be established on each server to allow for optimal performance. XML-based
representations of data could be a solution to this problem, however XML is an
inefficient way of representing data, and so problems with performance may arise
(Sommerville, 2007).

The layered model approach organises the system into layers, each of which provides a
set of services. Each layer can be thought of as being an abstract entity whose entity
language can be defined by the attributes provided by the layer. This entity ‘language’
can then be used to describe a next level of this abstract entity. Finally, the abstract
entity code is translated into a real entity code. The layered approach supports the
incremental development process. When layers are developed some of the services that
are provided by that layer can be made available to users. This architectural model
makes the application portable and changeable. Finally, layers can be added or replaced
easily and new attributes can be integrated easily into existing layers. The absence of
the need to maintain a central database, and the lack of a need to exchange data between
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subsystems, or to use distributed processors, supported the decision to use a layered-

approach architecture for the development of InnoAct (Sommerville, 2007).

8.3.2 Systems and subsystems

Systems can be broken down into subsystems and modules and can be organised into

two main strategies:

1) The object-oriented decomposition, where a system is broken down into a set of
communicating objects; and

2) The function-oriented pipelining, where a system is broken down into functional
modules. These modules accept input data and transform it into output data.

The object-oriented approach modules are represented as objects with specific state and
defined operations on that state. This approach is concerned with object classes, their
attributes and their operation. In the implementation phase, the objects are created from
the classes and there is a control model that coordinates the object’s operation. The
advantages of this approach are that the objects are loosely coupled, and so the
implementation of an object can be easily modified without affecting other objects.
Objects often represent real world entities, thus the structure is easily understandable.
Obijects can also be reused in different systems, offering a flexibility that requires only a
small modification to adjust it for with another system. The main disadvantages of the
object-oriented approach is that in order to use the services that are offered, the objects
must explicitly reference the name and the interface of other objects. This means that in
the event of a change to an object, the effects of that change to all of the users must be
evaluated. Another disadvantage is that real world entities can be very complex,

increasing thus the difficulty to represent them as objects (Sommerville, 2007).

The function-oriented pipeline approach, or data flow model, is a functional
transformation process that produces outputs from inputs. The data transforms as it
moves through the sequence. Each processing step is implemented as a transformation.

The transformations may be in parallel, or in a sequential order, and they continue until
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the output is produced. The data can be transformed item by item or in a single batch.
This type of system architecture is mainly used in data-processing systems, where
reports can be easily produced from computations of a large volume of data inputs. The
advantages of this approach are that it supports the transformation; it is intuitive, in that
people think of their work in terms of input and output processing; the system can be
evolved by adding new transformations; and it can be implemented either as a
concurrent or a sequential system. The disadvantages of this approach are that the data
has to be in the same format to be recognised by all the transforming factors; and
integrating transformations which use incompatible data formats is impossible
(Sommerville, 2007).

The advantages of the object-oriented programming approach can be summarised as
having simplicity, modularity, modifiability, maintainability, extensibility, and
reusability. These qualities support the decision to use an object-oriented design
approach in the development of InnoAct. An object-oriented strategy was used
throughout the development process with iterative development and incremental

delivery of the system.

8.3.2.1 Object oriented strategy

Initially, an object-oriented analysis was performed so as to develop the object-oriented
model architecture of the application domain. The objects in that model reflected the
entities and the operations associated with the problem to be solved. Secondly, the
object-oriented design was concerned with developing the software system to
implement the identified requirements. The final stage of the strategy was concerned
with realising the software design with an object programming language that provides
the run-time system and the necessary constructs to define the object classes and create
objects from these classes (Sommerville, 2007).

The layered architecture for the InnoAct is illustrated in Figure 8.1. The layered
architecture is appropriate in this system as each stage relies on the processing of the
previous stage for its operation (Sommerville, 2007).
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User interface layer allows the user to insert all
User Interface necessary data and manipulate the data archiving
system.

Data archiving layer where objects are concerned with
storing the user input data for future reference.

Data Archiving

The data processing system is the data configuration
system that provides the algorithm processes and
information storage base for configuring the innovation
potential.

Database and
processing layer

Figure 8.1 Layered architecture for the system of measuring innovation potential

The basic architectural layer in Figure 8.1 can be described by a number of other
components or subsystems derived from the initial description and specification of the

system. The subsystems are shown in Figure 8.2.
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Figure 8.2  Subsystems in the innovation potential system

The subsystem ‘User Interface’ is the system that the user interacts with, computing the
information needed for calculating the innovation potential of an organisation. The
subsystem ‘Data archiving’ is where the inputted data is stored and is used as a
reference library to retrieve any information needed for obtaining the results of the
computations. The subsystems ‘Database and processing’ is the system that contains all
the formulas as well as the optimisation routine for developing alternative scenarios of

action plans.

8.3.2.2 Use case model

A complementary modelling process, the model of use, is able to: ensure functionality;
develop an understanding of the relationship between the software being designed and
the external environment; and decide on the structure of communication between the
system and the environment. The model of the system use or use case model is a

dynamic model, which describes how the system interacts with its environment. The
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use case model diagram shows the actions that the system can perform by interacting

with the outside actors (see Figure 8.3).
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Figure 8.3  Use case model
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At this stage, the object-oriented programming languages that are available for realising
the system’s application were evaluated. There are a variety of object-oriented
programming languages available to use for the realisation of the proposed software
system. Some of the mostly used ones are: C++, C#, Java, PHP, Python, Visual Basic,
Visual Basic for Applications and many more. The choice of the programming
language that was used was based on the availability of its use, and the simplicity for
employing the programming process. All of the above languages were available for use
upon request from the IT services at the University of Leeds. The analysis on the

selection of the programming language was seen in section 3.3.5. The programming
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language that was used was Visual Basic for Applications VBA for Excel as it was an
easy to use tool for programming the application required and provided the ability to

manipulate the advanced object library of the Excel (see Section 3.3.5).

8.3.3 Interface design considerations

Careful interface design was an essential part of the overall software design process. In
order to achieve the system’s full potential, it was important that the interface was
designed to match the skills, experience and expectations of the users. Human
characteristics such as memory, handling of large amounts of information, human
capabilities and human interaction preferences form the basis of the design principles
for user interfaces. The interface design principles are: user familiarity, consistency,
recoverability, and user guidance and diversity (Sommerville, 2007).

The principle of user familiarity suggests that the interface should use terms that are
familiar to the user, therefore the user is not forced to adapt to the interface. In this
case, the system was designed to depict practices in organisational issues, thus the
objects that were manipulated were concerned with the terminology in the business
operations area. The associated operation was to calculate the innovation potential of
an organisation, with the underlying implementation of the interface in terms of files
and data processing being hidden from the user (Sommerville, 2007).

The principle of user interface consistency is concerned with the format of the
commands and menus. The commands and menus were designed in a consistent way,
with similar command punctuation to reduce user learning and familiarisation time.
The user interface was designed with command buttons and option list boxes directly

placed on the Excel worksheets (Sommerville, 2007).

The principle of recoverability is concerned with ensuring that the user does not make
potentially destructive mistakes. The interface facility of Microsoft Excel is designed to
include undo facilities, with multiple levels of undo that restore the system to the

desired state before the action occurred. Microsoft Excel is designed with a
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‘checkpoint’ feature, which allows for the regular saving of a system at periodic
intervals. Thus the user has the option to go back and restart from the previous

checkpoint (Sommerville, 2007).

The principle of user diversity recognises that there may be different users. At this
stage of the software development, and because it is in a prototyping phase with the
main focus on testing the mathematical model, the conditions for users with disabilities

of various types were postponed.

User interaction and the presentation of information to the user were two main issues
during the design of the interface. To better achieve coherence, the interface integrated
appropriate styles of interaction and presentation of information. There are four main
interaction styles that can be used for the user interface design: the direct manipulation,
the menu selection, the form fill-in, the command language and the natural language.
The application developed supports a mixed design of interaction styles, such as menu-
based command selection and form fill-in. The menu-based command selection was
used so as to minimise potential user error, by ensuring that only little user typing in
required. Then, in order to provide and simplify the entry of the data that was required
for the calculation of innovation potential, the users have to fill in a form that is
presented to them, and they can initiate actions by pressing a button. There was no
direct manipulation, as there was no need for visual representations for tasks and objects
(this interaction style is mainly appropriate for video games and CAD systems).
Command language or natural language functions were avoided, as they generally take
more time to learn, require more typing and have poor error management (Sommerville,
2007).

Presentation of the information comes in two forms: the system can either present the
information in the form of text or in the form of graphical representations. The
application that was designed used both text and graphical representation to present the
data. It used text to present the exact percentage of the potential of the organisation to
innovate, and graphs to show the distance from the maximum innovation potential (as

shown in Figure 8.4).
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Figure 8.4 Actual innovation potential, Ideal innovation potential, and Residual

Innovation Potential.

Special consideration was given to the colours that were used for the interface, so as not
to be disruptive, un-attractive or error-prone. The Snneiderman fourteen guidelines
were used to effectively select the colours of the interface (Shneiderman, 1998).
According to those guidelines, less than seven not very bright colours were used to
avoid disturbance and visual tiring. Colour change was only used when indicating the
calculation of the New Innovation Potential of the organisation.

The user interface design process was an iterative process and it needed to be evaluated
during the software development phases, and often redesigned after exposure to
potential users, who guided the evolution of the interface.

8.3.4 The implementation output of the design process

VBA can manipulate the excel object model that can expose numerous powerful data

analysis objects such as worksheets, charts, mathematical, financial, engineering and
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business functions. Thus, the system architecture and the subsystem objects and
functions are realised by manipulating and automating the powerful data analysis

objects of Microsoft Excel.

The basic excel objects that were used for the realisation of InnoAct using VBA were:
application, shape, range, worksheet, shaperange, chart, and workbook. Each object has
numerous children objects and functions. Informed by the system and subsystems
architecture, and by the specification requirements, the application’s structure was
composed of the following basic worksheets: the ‘Main Menu’ worksheet, the Show
Results’ worksheet, the ‘Develop Alternative Scenarios’ worksheet, ‘Change
Alternative Scenario Manually’ worksheet, the ‘Increase Potential Manually’
worksheet, and the ‘Data Analysis’ worksheet. The main functionality and the

interconnection of the worksheets are explained below.

The Main Menu worksheet provides an interface for data input and data display option,
using control forms buttons. The Main Menu worksheet (see Figure 8.5) feeds the

information inserted by the user to the Data Analysis worksheet object.

Main Menu n
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Ite you i =

Organisational context
Culture

Oroanizational Structure
Strateqy - Policy

Marketing

Figure 8.5 The ‘Main Menu’ worksheet

The Show Results worksheet is the Data Display worksheet providing users with the
option to calculate the innovation potential, using either the optimisation routine or the

manual controls. The Show Results worksheet (see Figure 8.6) presents the results from
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the calculation of innovation potential, and is taking information from the Data Analysis

worksheet.
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Figure 8.6 The ‘Show Results’ worksheet

The Develop Alternative Scenarios worksheet (see Figure 8.7) was based on the
information sent by the Data Analysis worksheet. It uses an optimisation routine using
an Excel AddInn, which was programmed separately (and incorporated into InnoAct).
The worksheet also includes graphs that present the Actual Innovation Potential
compared with the Ideal Innovation Potential. Microsoft Excel provids the utility to

save the results produced for each measurement.
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Figure 8.7 The ‘Develop alternative scenarios’ worksheet
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The Change Alternative Scenario Manually worksheet (see Figure 8.8) presents the data
that was obtained from the optimisation routine, and allows for the manual changing of

the data so as to manipulate the innovation potential.
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Figure 8.8 The ‘Change Alternative Scenario Manually’ worksheet

The Increase Potential Manually worksheet (see Figure 8.9) presents data based on
calculations carried out in the Data Analysis worksheet, and allows for the insertion of

new user input for re-evaluating the innovation potential.
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Figure 8.9 The ‘Increase Potential Manually’ worksheet
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In the Increase Potential Manually worksheet the user can decide upon which items
he/she would like to change according to the specific competences of each organisation

and re-evaluate the innovation potential based on these changes.

The Data Analysis worksheet (see Figure 8.9) is the database and processing system,
where data is stored and manipulated. The algorithm calculation processes, including
the mathematical formulas, the interpolation routine, and the optimisation routine are
based on this worksheet. When calculations are completed the Data Analysis worksheet
sends the results to the Show Results, the Increase Potential Manually and the Develop

Alternative Scenarios worksheets accordingly.
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Figure 8.10 The ‘Data Analysis’ worksheet

User instructions on using InnoAct are provided in Appendix D. The following section
explains the optimisation routine that was used and the AddInn that was developed for

InnoAct.

8.4 Optimisation for increasing innovation potential

An optimisation routine was used to produce different combinations of random scores
for each item measuring efficiency and effectiveness towards innovation. The new
random scores produced should all be above the initial user inputted scores in order to
provide refined scores of innovation potential.  The production of different

combinations of random scores using an optimisation routine that could integrate such
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restrictions as the one mentioned above, facilitated the formation of alternative Action
Plans based on refined scores that can be offered for adoption and implementation by
organisations. The notion of developing alternative Action Plans for increasing
innovation potential was grounded on the principles of the systems theory, which
highlights that even a small improvement, could affect the final output which in this
case is the organisation’s innovation potential. Implementation of such an Action Plan
that incorporates refined scores of effectiveness and efficiency can be seen to result in
increasing the organisation potential to innovate. The optimisation problem and the
genetic algorithm used for the optimisation routine are explained in the following

sections.

8.4.1 The optimisation problem

A general optimisation problem can be stated as follows:
fX)<f(x),forallx €X

The set X is usually called the feasible set and the function f is called the objective
function. X is often a subset of a finite dimensional real space IR™, which denotes the
n-dimensional Euclidean space. In this case, the problem is defined as an unconstrained
optimisation problem. If X is a strict subset of real space IR", then the optimisation
problem is called constrained. Constraints are defined by linear equations and
inequalities (Ruszczynski, 2006). The most popular optimisation problems are linear
programming problems, where the objective function is a linear function. If the
objective function f or some of the inequalities function are nonlinear then the

optimisation problem is called non linear optimisation problem (Ruszczynski, 2006).

The optimisation problem was the minimisation of the difference between the user
defined percentage of innovation potential and the actual innovation potential, Fo(x)
subject to Fj(x) constraints. The design variables x are the orientation of the scores in
the items measuring efficiency and effectiveness. The constraints allowed the solutions
to take values between the initial user input raw score and the maximum raw score on

each item scale. It is important to note here that the optimisation problem required the
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identification of solutions that are integer values. This requirement is based on the fact
that any real number that would be constructed on the items’ scale would be

meaningless.

The percent of the user defined innovation potential can be described as follows:

A)R Optimised
% Optimised Innovation Potential = M

” IR,Ideal”
The percent of the actual innovation potential can be written as follows:

A
% Actual Innovation Potential = M

” IR,Ideal ”

Then the objective function is written as follows:

E,(x) = ”“TR'OI’timised” _ ”fTR,Actuaz”
” IR,Ideal” ” IR,Ideal”

The optimisation problem can thus be described as:
Fy(x) » min

Fi(x) = Ry, G=01,...,1n)

Fi(x) = R, (G=01,...,n)

Where:

Ry is the raw score in the initial scale of each item, representing the items measuring the
condition of the factors,

Ry is the raw score in the initial scale of each item, representing the items measuring the
extent to which factors contribute to innovation,

n is the maximum score on each raw scale

The magnitude for the Actual Innovation Potential from equation (5) is:

AP=|| A pocuatl] = VAT T A2 = Jzzz’fmkx)z T+ ykEnA, )

The magnitude for the Optimised Innovation Potential from equation is written as

follows:
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—
- _ 2 2 —
OIP_”ARrOPflmlsed” - \/Ax,optimised + Ay,optimised' -

\/legz?(Akx,optimised)z + Zﬁz?(Aky,optimised)z

where

values provided by the Genetic Algorithm.

The optimisation routine developed and incorporated into the InnoAct is able to
produce up to one thousand alternative scenarios of Action Plans. The process of
optimisation stops when the Genetic Algorithm identifies values that converge to the
user defined value of Innovation Potential. Then the AddInn developed also provides
the option to rank the Alternative Scenarios according to how close they converge to the

user-defined value of Innovation Potential.

8.4.2 The Genetic Algorithm

As seen in Section 3.3.5.2 the optimisation routine incorporated into InnoAct was
developed using the Genetic Algorithm as the more appropriate method for solving
optimisation problems with non-linear functions. The Genetic Algorithm is a machine
learning technique modelled upon the natural process of evolution. Genetic algorithms
are different from conventional optimisation techniques in that ‘they use a whole
population of individual objects of finite length, typically binary strings (chromosomes),
which encode candidate solutions using a problem specific representation scheme’
(Toropov, Alvarez and Querin, 2010 p. 138). These strings are decoded and evaluated
for their fitness, which is a measure of how good a particular solution is. The AddInn
that was developed within the University of Leeds and was incorporated into the
software application, InnoAct, allowed for the calculation of alternative scenarios of
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Action Plans for a user defined Innovation Potential providing solutions that converge

to the third decimal place of the user-defined value of Innovation Potential.

8.5 Software Validation and Verification

Software validation and verification (V&V) techniques were employed to ensure that
the software application developed was built right and that it was the right product to be
built. The validation and verification process outputs are discussed in the following

sections.

8.5.1 Verification

Verification ensures that the product is built right and involves checking software
specifications and system requirements. Formal methods of verification, such as
mathematical analysis of the specifications, have been judged to be very costly, as not
reflecting the real environment of a system’s users, deriving false proof. The cleanroom
approach to software development also uses formal methods, and has been found to
successfully produce higher quality applications than those using traditional approaches
(Sommerville, 2007). The cleanroom Kkey strategies are: formal specification,
incremental delivery, structured programming, statistical testing of the system, and

static verification

The system was formally specified from the very beginning of the development.
InnoAct was tested by inputting real data, to see if the specifications and the system
requirements were addressed sufficiently. Adjustments to the code and the design were

made until the above requirements were satisfied.

The software application was developed in increments. Each increment was specified
at an early stage in the development process. The increments were tested during the

development process with real data.
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The program development process was a stepwise refinement of the specifications.
Limited numbers of constructs were used, with the aim being to systematically
transform the specifications into functioning code. The code was refined until the

specifications were fully met.

Statistical testing was used to test the reliability of the software. The process was
applied when the GA AddInn was incorporated into the software application. Statistical
testing was employed by implementing multiple runs of the application using different
inputs. This manipulation of the computer application revealed errors when multiple
trial runs were carried out. The statistical analysis of the errors appeared, led to careful
further refinement of the code. As soon as the corrections were complete, statistical
testing with another cycle of multiple runs was applied again until no errors were

evident.

Software inspection was both a verification and a validation static process that focused
on the code and revealed errors, omissions and anomalies. Inspections were carried out
during all phases of the development process, using real data to test if the results that
were obtained were correct. The application was also shown to members of the
research community. The inspection team was provided with the latest version of the
code. A presentation of the software application provided the basis of knowledge for
the inspection team, allowing them to focus on: the detection of defects, conformance to
standards and for poor quality programming. Following the inspection, changes were
applied to correct problems that were identified. Those inspections replacedthe
component testing, due to their proved effectiveness and the unjustifiable costs that the

later have (Sommerville, 2007).

The stages in static analysis involved control flow analysis and data use analysis,
interface analysis, information flow analysis and path analysis (Sommerville, 2007,p.
527).

Control flow analysis revealed any unreachable code that was surrounded with

unconditional goto statements, or was in branches of conditional statements but the
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guarding condition could not be true. Data use analysis highlighted how variables were
used, detected variables that were used without previous utilisation, and variables that
were written twice. Data use analysis was used to reveal ineffective tests and tests that
conditions were not valid. Interface analysis checked for the consistency of the routines
and the language of declaring the procedures. Interface analysis was used to detect
functions and procedures which though declared, were never used. Information flow
analysis identified the dependencies between input variables and output variables.
Information flow analysis was used to detect all of the conditions that affected a
variable’s value, by listing the derivation of the values that were used in the program.
Path analysis showed all of the possible paths in the program and was used to set out the

statements executed in each path (Sommerville, 2001).

The procedure described above can otherwise be called system testing. VBA also
includes tools for checking and correcting syntax errors. Syntax errors include
language mistakes and typically spelling mistakes. VBA scans for errors at the end of
each code line and reports it in a message box. VBA also offers various integrated tools
for error debugging. In order to examine lines of code closely, it was possible to add
breakpoints to the specific code lines and check the state of the variables as the code
was executed. At the same time, the VBA compiler runs in the background of the
application, and so any errors were displayed immediately using underlying lines. This
process allowed for the immediate correction of the code, before the application run.
Another feature that, allowed for the correction of the code, while on breakpoint and
during the execution, was the ‘edit and continue’ feature. This feature allowed for the
addition of new code, the updating of existing code, and the changing of variable
values. Then the application could be restarted to execute the newly updated code.
Debugger Data Tips also provided support for the quick inspection of the variables,

whilst debugging the Windows application.
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8.5.2 Validation

Validation deals with whether the product that is being built, is the right product, and
involves ensuring that the software meets the needs or expectations of the users
(Sommerville, 2001).

In order to demonstrate that the system performed correctly, and met the requirements,
a set of cases reflecting the system expected use were used to test it. Software testing
processes were applied throughout the development of the software, running
implementations with test data in order to examine the outputs and the operational
behaviour (Sommerville, 2007). Finally, the computer application was tested with input
data that was provided by members of the research community within the School of
Civil Engineering in the University of Leeds.. This testing revealed omissions,
especially in the user interface. Those omissions mainly concerned with the amount of
information that was provided to the user to enable them to perform the tasks.
Corrections to the user interface were then incorporated, and the interface was tested
again as part of the validation process of the Program Logic Model explained in the
next chapter, Chapter 9. This testing did not reveal any requirement problems, or cases

in which the system did not meet the user’s needs (Sommerville, 2007).

8.6  Software evolution and maintenance

The evolution of software systems is important, as they are critical to an organisation’s
business assets. Organisations invest highly in systems change, in order to retain the
value of those assets. Maintaining or evolving existing software systems accounts for
the 90% of the software costs in an organisation (Erlikh, 2000). Changes to the
software systems are usually generated by changes in business and user needs.
Therefore, the evolution of a system may be conceived as a spiral development process
with design, requirements, implementation and testing going on throughout the lifetime
of the system. Later releases of the system often deploy the required changes that have
emerged.



Chapter 8: Systemising the generic mechanism of innovation 294

System evolution involves an understanding of how the program needs to be changed
and implementing these changes. This could involve requirements that were not
implemented within the initial system, requests for new requirements, bug repairs from
the system’s stakeholders, or new ideas and improvements from the system’s
developers (Sommerville, 2007). Maintenance of a system is concerned with changes
to coding errors, more extensive changes so as to correct design errors, significant
enhancements to correct specification errors, or to accommodate new requirements.
The object-oriented design approach used for the realisation of the mathematical model
offers the provision of easy maintainability and extensibility, subject to amended

requirements.

In a globalised and fast changing environment, software that evaluates innovation
potential in organisations should be continuously updated with new factors playing a
key role to innovation and new practices that could facilitate the process of innovation
and increase innovation potential. Organisations that belong to a specific sector or
industry should be able to identify any additional factors that can affect their innovation
potential. The software application facilitates the process of updating and integrating
new factors or practices into the model providing a function for inserting new factors in
the Main Menu worksheet (see Appendix D). The new factors identified can be
integrated into the model through the software application that was developed in this
research, and can assist the evaluation process of innovation potential by customising it

to a specific industry or sector.

8.7 Summary

This chapter has presented the development of the software application InnoAct which
was designed to facilitate the operationalisation of the mathematical model developed in
Chapter 7. The application uses the genetic algorithm for optimisation purposes, which
is widely used for non-linear integer optimisation problems. The software application
InnoAct can be used to help organisations evaluate their innovation potential and assist
them to identify suitable scenarios that can be adopted according to their capabilities for

increasing their innovation potential. The next chapter, Chapter 9, presents the
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development of a proposed program that incorporates the use of InnoAct to facilitate
the transition of an organisation to a more advantageous position in terms of

effectiveness and efficiency for managing innovation and creating growth.



CHAPTER 9: THE PROGRAM LOGIC MODEL
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The purpose of this chapter is to explain the development of a systematic program that
can describe the sequence of events, as those have been identified within this research.
This chapter integrates the outputs of all the previous chapters, chapters 4,5,6,7, and 8,
within a proposed program of actions in order to connect the need for creating growth
by increasing innovation potential and facilitating the decisions of organisations for

achieving these desired results.

Specifically this chapter provides:
e a definition of the word ‘program’ and the use of modelling programs to
demonstrate the functionality of this activity;
e the output of the modelling process, that is the Program Logic Model (PLM);
e an explanation of the key elements of a Program Logic Model; and

e adescription of the Program Logic Model that was developed.

9.1  Definition of ‘program’ and use of modelling programs

A program refers to an organised ‘collection of activities designed to reach certain
objectives’ (Royse, Thyer and Padgett, 2010, p.5). Organised activities in programs
mean that activities are not a random set of actions but a series of planned actions
expected to have a certain impact (Royse, Thyer and Padgett, 2010). Programs are used
to design interventions or services that are expected to have an impact on the

participants.

Modelling is a technique that encourages iterative development of an idea, program or
project (Wyatt Knowlton and Phillips, 2009). The modelling of programs has been
used to allow for the careful consideration of the relationship between activities and
results, and offers a way to display thinking and represent planned actions and expected
results. A modelling exercise was undertaken to implicitly map the course of activities
for measuring innovation potential in organisations and link them with the expected
impact that is economic growth. The output of the modelling activity that was

undertaken is explained and illustrated in the following sections.
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9.2  Output of the modelling process

As seen in section 3.3.6 in order to provide a model that could provide a deeper
understanding of the proposed process, entail a coherent logic, and support planning and
communication of the proposed activities to achieve the desired results, a program logic
model (PLM) was developed. The program logic model that was developed was
designed to facilitate the management of innovation and assist in improving
organisational performance towards innovation accounting for the different contexts.
As not all organisations are the same and one solution could not be appropriate for all
organisations, the programme logic model provides a comprehensive and complete tool
to help organisations customise the approach of evaluating innovation performance.
The program logic model is designed to assist the identification process of more factors
that are relevant to the context under study (e.g. sector, country). It helps to explain the
methods that can be used to customise the software application developed, it calculates
the innovation potential of organisations and produces alternative scenarios for
improving organisational performance towards innovation. The program logic model
developed was named InnoGrowth. InnoGrowth is a visual depiction of the resources
and activities that organisations need to undertake in order to achieve the desired result
that is growth. Overall, InnoGrowth is a useful tool that can help an organisation’s
decision making process towards improving its innovation potential. This can be
achieved by providing alternative scenarios of Action Plans with the use of InnoAct.
Alternative scenarios of Action Plans can facilitate the decision of organisations to
employ the necessary actions for improving their innovation potential and obtain the
desired results that is efficiency and effectiveness towards innovation in the short term,

and economic growth in the long term.

The intended use of InnoGrowth is:

e to identify the resources required to achieve intended results;
e to describe a systematic process for achieving the intended results; developing
different scenarios of Action Plans

e to convey the purpose of achieving the intended results and creating growth;
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e to raise awareness of the factors influencing organisational efficiency and
effectiveness towards innovation;
e to assist the decision making process of an organisation towards implementing

an appropriate Action Plan.

The following section illustrates how the intended use of the developed PLM fits into its
key elements, constituting the blueprint used in operationalising the program.

9.3 Key elements of a program logic model

The primary elements of a program logic model include resources, activities, outputs,

outcomes, and intended results.

9.3.1 Resources required to achieve intended results

Resources are essential for activities to occur. Resources include human,

organisational, information availability and financial capital.
9.3.2 Activities

Activities are the specific actions that need to be planned so as to achieve the intended
results.  Activities include processes, events, and technologies that can assist the
successful achievement of the intended result. All of the activities together represent

the systematic process for achieving the intended results.

9.3.3 Intended results

The intended result is to create growth through more efficient management of the
process of innovation. Intended results are the desired outputs, outcomes and impacts.
Outputs are indicators of what specific activities can generate i.e. the direct product of
the process activities delivered by the program. Outputs can be qualified and quantified

so as to test the application of the activities. Outcomes are specific changes in
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organisational behaviour, increases in awareness, knowledge skills and methods of
functioning as a result of the process activities. Outcomes can be described as short
term (1-3 years), intermediate term (4-6 years) and long term (7-10 years) (Wyatt
Knowlton and Phillips, 2009).

In order to assist the decision-making process of increasing efficiency and effectiveness
towards innovation all of the different alternative scenarios of Action Plans should be
offered. Having all the possible alternative scenarios assist the decision-making process
of selecting an appropriate Action Plan that is applicable to the specific competences
and capabilities of an organisation. Then it is likely that the expected impact can be
achieved. The impact is the fundamental intended change in an organisation and the
long term changes that can occur, as a result of the whole process that has been
implemented. This kind of changes to occur often requires a time period of 7-10 years

or more.

9.4 The InnoGrowth key elements

The description of the main elements of a program logic model allows their
categorisation in terms of their purpose. Therefore, resources, activities and outputs
reflect the planned work, whereas outputs, outcomes and impacts reflect the intended
results, as illustrated in Figure 7.1. The intended use of InnoGrowth is linked to the
main elements of a program logic model, revealing the links and the logic between the

planned work and the intended results.
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Figure 9.1Key elements of a program logic model and the link to InnoGrowth intended

use

Besides the main elements of a PLM there are other key elements which do not

normally appear in the PLM, however they are of equal importance. These are the

assumptions and the environmental factors.

9.4.1 Assumptions

Assumptions represent the beliefs about why the specific interventions and the activities

proposed by the PLM can lead to the desired outcomes. Clarity and understanding of

the assumptions are fundamental to the program logic modelling process.

assumptions that are made for the InnoGrowth are:

The

Assumption 1. organisations highly value the importance of innovation as an

element of competitive advantage and economic growth;
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e Assumption 2: organisations are interested in working on improving innovation

and therefore allocate time and the resources needed to develop initiatives; and

e Assumption 3: organisations have the capacity to assess the alternative action
plan developed, and decide on appropriate action depending on their specific

competences.

The explicit naming of the assumptions help the users to have the same view about what

should or could work using the model and why (Wyatt Knowlton and Phillips, 2009).

9.4.2 Environmental factors

The economic, social, and political environments in which the program logic models
operate play a key role in the effectiveness of a program (Wyatt Knowlton and Phillips,
2009). The PLM, InnoGrowth, designed in this research, is organisation-specific, and
its success can be influenced by the individual organisation characteristics such as the
capabilities and resources that are needed to plan and implement the desired

interventions.

9.5 Development of the Program Logic Model

The development of a program logic model is an iterative process that requires the
breaking of the planned work activities into detailed and specific actions, and the
breaking of the intended results into detailed and specific outcomes and impacts (see
Figure 9.1). Each of the actions and the outcomes were designed in a way that they
were comprehensive, illustrating their contribution to each planned work and intended
result. In order to develop the program logic model, certain design steps were followed,

in the order explained in the following paragraphs.

The first step included the identification of the intended result. The identification of the
intended result was informed by the conceptual model. The intended result is to

increase economic growth of organisations through a process of increasing innovation
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potential. This result reflects both the impact and the outcomes that are intended over

time.

The second step was to specify and name the outcomes that are part of the progress
towards impact. Those outcomes include: increasing the awareness of how factors and
their conditions can contribute to innovation; increasing effectiveness and efficiency by
employing the most appropriate Action Plan for each organisation; improving the
Action Plans for increasing the innovation potential.

The third step was to identify the activities that are required to achieve the specified
outcomes. The activities include: the identification of new factors that play a key role
in innovation (optional), the evaluation of factors with respect to efficiency and
effectiveness; the development of alternative scenarios using the software application
InnoAct; the integration of the new factors into the application; and the selection and

application of the most suitable scenario.

The fourth step was to specify the resources that are essential for the activities to be
implemented. The resources include: human resources, financial capital, availability of
information and time allocated. Figure 9.2 illustrates all the key components of the
program logic model, InnoGrowth.
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The key elements of InnoGrowth are discussed in the following sections.

9.5.1 Resources

The resources required to apply the program logic model as shown in Figure 9.2 are
financial, human, information, and time resources. Financial resources are initially
needed to carry out evaluation exercises for efficiency and effectiveness. This
exercise can be carried out by the managing director or the R&D manager, or a team
of people that have specific knowledge to address the factors included in the
evaluation process. Therefore, it is contended that the evaluation exercise does not
involve a great cost and it can be delivered internally. As soon as the evaluation
exercise is completed, the organisation might be interested in evaluating more factors
that are considered to play a key role in its innovation potential. It is then necessary
that the organisation be able to invest financial resources in the identification of the
factors and their different conditions, using grounded theory and survey techniques
(see Chapter 3). Finally, the organisation must assess the financial resources that are
needed to apply the selected action plan. The amount of the financial capital required
may vary depending on the size of the organisation and size of the transition decided.
It might be that large organisations may have more available resources, which can
facilitate the transition process without investing a lot of money, whereas, for small
organisations it might be necessary to acquire a lot of resources to facilitate the
transition process. Each organisation must then assess the resources that are available
to them for assisting the transition process, and then decide on the amount of financial

resources they can invest when implementing the action plan.

Human resources are necessary for implementing the evaluation exercise, identifying
new factors, and facilitating and monitoring the transition process. The evaluation
exercise needs at least one person, or, if the organisation is a large one, a team can be
assigned instead. One person is needed to identify new factors and their conditions,
and to conduct the research. A team of people should be assigned to facilitate the
transition process, and to monitor the results using the program logic model. Again,
the number of the people comprising this team will be decided depending on the

changes required and the size of the organisation.
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Information availability, such as access to the scientific journals, books and reports
that are relevant to the topic of innovation management and sector information, is
necessary when the organisation decides to incorporate new factors and identify the

parameters that are specific to the industry or sector being studied.

Time is required for carrying out the evaluation exercise, the research when new
factors are decided to be incorporated, and the application of the action plan. The
evaluation exercise can be relatively quick and does not require a lot of time. The
research needed for incorporating new factors may take up to six months. The time
needed to apply the action plan is subsequently decided based upon the transition and
the changes required for the transition. Overall, as explained in section 9.3, changes
in an organisation may be categorised in short term outputs that can take 1-3 years,
intermediate term outcomes that can take 4-6 years, and long term outcomes that can
take 7-10 years (Wyatt Knowlton and Phillips, 2009).

If the resources that were explained in this section are allocated, then the following
activities can be provided in order to achieve the intended results.

9.5.2 Activities

The activities needed to reach the intended results are the following:

e Activity 1: carry out an evaluation exercise for efficiency and effectiveness
towards innovation using the software application InnoAct;

e Activity 2: identify new factors contributing to innovation potential,

e Activity 3: integrate the new factors identified into the software application,
InnoAct;

e Activity 4: carry out again the evaluation exercise of effectiveness and
efficiency using the customised software application;

e Activity 5: use InnoAct to measure the innovation potential of the
organisation;

e Activity 6: use InnoAct to develop alternative scenarios for action plans;

e Activity 7: evaluate the action plans and select an appropriate scenario for the
organisation; and

e Activity 8: implement the action plan.
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Initially, the evaluation exercise of effectiveness and efficiency (Activity 1)
familiarises the user with the type of information that is required to assess the
innovation potential, it also offers the opportunity to consider whether more factors
play a key role to innovation. If so, these factors should be included in the software
application. If identified factors are considered to be satisfactory, then this process
can continue to the next activity, calculating the innovation potential (Activity 5).
However, if more factors are thought to be needed to evaluate the innovation potential
of an organisation, then the process should not stop until all of the relevant data is
collected (Activity 2). Relevant data can be collected using the research methods
described in Chapter 3. The new factors should then be integrated into the software
application, InnoAct (Activity 3). In this case, the process of evaluation should be re-
applied to include the new factors that are inserted (Activity 4). As soon as the
evaluation exercise finishes, the innovation potential of the organisation can be
calculated using the software application, InnoAct (Activity 5). InnoAct offers two
options for developing alternative scenarios for Action Plans (Activity 6). The first
option is to use the optimisation routine for developing as many scenarios as
requested. The second option is to develop alternative scenarios manually, depending
on the user specific preferences for changing the efficiency and effectiveness of
factors. The alternative scenarios must be evaluated according to an organisation’s
specific capabilities, and the most optimum scenario for each individual organisation
should be selected (Activity 7). Finally, the organisation should apply the selected
action plan and facilitate the process of the transition in order to increase its

innovation potential (Activity 8).

The activities in Figure 9.2 are not illustrated in a hierarchical manner and do not
include sub activities. Figure 9.3 below shows the hierarchy and details of activities

and sub-activities.



Chapter 9: The Program Logic Model 308

eExtant/ Elicited text

analysis

eCoding

eCategory building
Z

rd

Sub Activity 2.1:
Conduct qualitative
research

v
Sub Activity 2.2: Design
Conduct quantitative = survey
research

Sub Activity 2.3:
Verify and Validate
new factors

v v
Activity 6.1: Use Activity 6.2: Develop
optimisation scenarios to scenarios manually to
develop alternative increase Innovation
scenarios Potential

Figure 9.3  Hierarchy of activities and sub-activities.

The activities, if implemented can result to the following outputs.

9.5.3 Outputs

The outputs that can be produced from the application of the activities described

above can be: new factors that are identified as playing a key role in innovation (this
applies only in cases when an organisation decides to conduct research and include
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new factors in the software application); a customised software application specific to
the characteristics of the organisation or the industry that it belongs to; a cognitive
map of its efficiency and effectiveness towards innovation; its position on the
cognitive map represented by its innovation potential; a number of different Action
Plans developed to inform the selection of an optimum scenario.

Initially, in cases where an organisation decides to incorporate new factors, a direct
output will be the number of factors that are identified. This number may vary
according to the different environmental settings in which the program is applied (i.e.
different sector or country). The integration of the new factors into the application
will result in a customised software application that applies to the specific
characteristics of the organisation. The evaluation exercise has as an immediate
output — a cognitive map that depicts an organisation’s efficiency and effectiveness
towards innovation. The innovation potential that is calculated shows the position of
the organisation on this map. Another direct output is that, based on a desired value of
innovation potential, alternative scenarios are developed and available to be assessed.
The assessment of the scenarios according to the specific capacities of an organisation
can indicate the most optimum scenario of Action Plan that fits the organisation’s

needs and abilities for increasing innovation potential.

If the outputs described in this section are produced then the following outcomes can

be secured.

9.5.4 Short-term outcomes

The short—term outcomes that can be a direct result of activities or results from the
outputs are: the increase of an organisation’s knowledge on efficiency and
effectiveness towards innovation; and the raising of awareness concerning the
appropriate actions that should be employed to increase innovation potential using the
Action Plans that are developed.

The evaluation exercise and the cognitive map that was produced depict all of the
various disciplines and factors that impact innovation, while the alternative scenarios
of Action Plans show how the combination of those factors can result in increases to

an organisation’s innovation potential. This process contributes to increases in an
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organisation’s knowledge relating to aspects that reflect its ability to be efficient and
effective when innovating. The cognitive map increases the organisation’s awareness
of the alternative actions that can be pursued to increase innovation potential. Finally,
the action plans produced with the use of the software application InnoAct can alert
managers, directors and policy makers of the alternative options of actions, which can

enhance an organisation’s innovation potential.

9.5.5 Intermediate-term outcomes

An intermediate-term outcome of the activities that have been proposed is an increase
in an organisation’s efficiency towards innovation, and therefore, an increase in its
innovation potential. When a selected Action Plan is applied the first action of an
organisation is to increase efficiency, meaning best possible exploitation of the
conditions that pertain to each factor. Practically, this means that an organisation can
increase its innovation potential by making better use of its available resources, and so
investing little or no money. Therefore, it is contended that an increase in efficiency
can have immediate results, as it can introduce new approaches, or incremental
improvements, to the application of existing practices. Increasing efficiency is a good
strategy that can be employed in periods of crisis, when new investments for
improving conditions (and thus changing practices) are considered by organisations
for reasons of austerity.

9.5.6 Long-term outcomes

Long-term outcomes of the proposed activities include: an increased effectiveness
towards innovation; an increase of the innovation potential; evolution of the Action
Plan; and continuous improvement. An organisation can achieve increases in
effectiveness by employing new practices. This involves investment in new resources
that can facilitate the applicability of such new practices. As organisations tend to be
reluctant to radical changes, it is contended that a transition process that requires the
application of new practices usually requires more time, making the results obvious in
the longer-term. Moreover, the program logic model can be used during the
implementation of the Action Plan for monitoring, and thus can support the

continuous evolution of the Action Plan by evaluating and restructuring the transition
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process. The evolution of the Action Plan can then support the continuous

improvement of the organisation’s innovation potential in the long term.

9.5.7 Impact

The impact of the proposed activities is to raise the proportion of revenues resulting
from innovations. Increasing the potential to innovate can be achieved by increasing
the effectiveness and the efficiency of the organisation in all disciplines. Making the
most of what is available at all times and facilitating a transition process towards
practices that favour innovation can increase innovation potential. The literature has
shown that innovation results from the desire to drive economic development. This
research has also shown that increasing efficiency and effectiveness towards
innovation is positively associated with revenues (see Chapter 5).  Although
innovation is an unpredictable process, valuing the factors that influence innovation,
and providing the appropriate conditions for each factor, can increase the innovation

potential of organisations.

9.5.8 General remarks

Together all of the activities illustrated in Figure 9.2 represent a comprehensive
strategy that can help an organisation to evaluate its innovation potential. The strategy
also illustrates how alternative scenarios of Action Plans can be produced with the use
of InnoAct in order to assist an organisation in the process of deciding a suitable
course of action that is specific to its competences. Figure 9.4 below shows the logic
followed and the areas of intervention of the Action Plan.
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foreign investors, competition law and policy, employment law and
policy

Economy: level of economic activity, rate of inflation, strength of the
currency, level of government spending in R&D

Infrastructure Provision: energy provision, transport provision
*Integrate new factors

Figure 9.4  Criteria for evaluation and intended results
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9.6 Summary

The program logic model, InnoGrowth, was developed to provide a visual
representation of the resources and activities organisations need to combine in order to
be able to assess their innovation potential and assist the decision process for
employing necessary actions and improving innovation potential.  Furthermore,
InnoGrowth, involves the software application InnoAct, which can be used to
develop alternative scenarios of Action Plans. Organisations can use these Action
Plans as a platform for conducting an assessment of their capabilities, and then select
an optimum Action Plan that applies to their individual characteristics. The
InnoGrowth developed was evaluated and the evaluation of the InnoGrowth is
explained and discussed in the next chapter, Chapter 10.



CHAPTER 10: EVALUATION AND IMPLEMENTATION OF

THE PROGRAM LOGIC MODEL
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This chapter demonstrates the potential usefulness of the program logic model,
InnoGrowth, and shows how it can assist in the management of innovation within the

construction industry.

The following describes the different issues discussed in the chapter:
e Aspects of evaluation and implementation;
e Verification of InnoGrowth;
e Validation of InnoGrowth;
e General remarks on the evaluation of the program logic model; and

e Implementing the program logic model

10.1 Aspects of evaluation and implementation

The program logic model, InnoGrowth, reflects the proposed program for managing
innovation and increasing growth. The program logic model, InnoGrowth is derived
from the combination of activities undertaken in this research to develop different
scenarios of Action Plans for increasing innovation potential in organisations. The
different Action Plans developed are the product of the software application, InnoAct.
As can be seen in Chapter 9, InnoAct is a part of InnoGrowth. The evaluation of the
software application as an independent model is covered in Chapter 8. The
evaluation, in this chapter, covers the composite proposed program of the

InnoGrowth model involving the InnoAct.

As seen in section 3.3.7 evaluation of the programme logic model InnoGrowth
included both verification and validation. Verification focused on the program’s
quality and effectiveness and validation focused on testing whether the program is
achieving the intended results. The evaluation established the logical links between
the activities that should be performed to calculate innovation potential and the
intended short term, intermediate and long term outcomes if the appropriate actions

are taken.
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10.2 Verification of InnoGrowth

Verification was designed to improve the program and its activities. During
verification, questions were designed to help improve the quality of the PLM.
Program logic models can often suffer from blind spots, logic scale, specificity or
persuasion. Common blind spots can be unintentional omissions in the thinking
process, or errors caused by habits. Logic can be the key element in the modelling
process, but scale as the relative size of the given effort to achieve intended results can
be an obstacle in feasibility. The scale of effort should match some short term
outcomes to make feasibility evident. Specificity can also contribute to the success of
the programme model if the detail of activities and focus of the intended results
informs the best method for delivering those results. Often programme models which
feature audacious and significant changes gain a lot of respect when introduced.
However success is more likely secured if the model is discrete and seeks short-term
outcomes (Wyatt Knowlton and Phillips, 2009). Persuasion can also be ensured when
a model conveys consistent messages, not only for those for whom it is created but for
others who are not participating in the process. To overcome the issue of persuasion
and secure quality and effectiveness the developed model needed to reflect strategic
thinking, and choices that were capable of securing the intended results (Wyatt
Knowlton and Phillips, 2009).

In order to increase the quality of the InnoGrowth in a constructive way that reflects
evidence, strategic choices and better thinking, important questions were addressed
guided by the SMART (Specific, Measurable, Action oriented, Realistic, Timed) and
FIT (Frequency of occurrence, Intensity of strength of the given effort, Targeted at a

specific market or audience) principles (Wyatt Knowlton and Phillips, 2009).

SMART analysis was mainly focused on the feasibility of outcomes. SMART was
applied to check if the parts of the InnoGrowth were aligned and work together to
secure the intended results. Feasibility was tested in terms of justifying that the

problem is tackled with the right strategies and the right depth of intervention.

FIT analysis aims primarily at the quality of the process and the dose of the
intervention. FIT was applied to the process elements of the programme model

assessing: a) if the programme logic model repeats, occurs with appropriate volume,
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or happens often so that results are likely, b) if the programme logic model has
enough depth or concentration that results are likely, c) if the programme logic model
addresses a specific audience or market. The FIT principles can reveal if the

intervention that the model suggests was both appropriate and adequate.

The PLM’ s outcomes can be influenced also by the real time issues and the context in
which the PLM is applied. The context of the framework was also evaluated by
examining how the PLM could function within different industries or sectors, and

different social and political environments.

As such, the questions that were developed so as to address the quality of the PLM,
addressed the context of the PLM, and the FIT and SMART principles. Those
questions represented the formative evaluation conducted during the development and

the maturing process of the InnoGrowth.

10.2.1 Questions addressing the context of the PLM

The following questions were designed to test the context of the PLM. The answers to

the questions reflected the contextual issues addressed within the questions.

e Question C1: The InnoGrowth model emphasises the change in efficiency
and effectiveness in order to increase innovation potential. To what extent has
the community been involved in developing it? This question shows the
shared understanding about the program and how its outcomes are defined and

represented.

Answer to C1l: The factors found to play an important role in organisational
innovation have been identified using grounded theory techniques, and based on the
methodological framework of deriving categories from data in social research (Bryant
and Charmaz, 2007). The process of extant text analysis stopped when saturation
levels were achieved. The factors addressed were as numerous as the extant literature
suggests. The mechanism that combines the factors and the condition of the factors
representing the theory of change model was derived from the need to use a holistic
approach for managing innovation. This need derived from the lack of research in

addressing innovation management in such a holistic way, as shown in Sections 1.4.
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e Question C2: What theories inform the choices about the proposed activities?
This question shows the relationship with the theory of change model and the

shared meaning that leads the activities.

Answer to C2: The theories informing the choice of proposed activities are: the
systems theory, the diffusion theory and the resource-based theory. The systems
theory invokes the holism of the systems approach, providing insights into an
organisation and its environment as a whole, requiring the consideration of the
resulting changes from an initial change (Askarany and Smith, 2008). The diffusion
theory suggests that there are contextual factors affecting the diffusion of innovation
(Rogers, 2003; Askarany, 2005; Askarany and Smith, 2008). The resource-based
approach postulates that the ability of organisations to change is based upon their
strategic resources (Kristandl and Bontis, 2007). These theories are complementary to
the philosophical approach of the realist explanation, contributing to the development
of the theory of change model, which constitutes the conceptual framework as

explained in Section 3.2.

e Question 3: Does it make sense that the activities that were identified can
contribute to the specified outcomes? Is the whole programme as specified

feasible?

Answer to Q3: The activities that were identified reflect the grand theories and the
philosophical approach of the conceptual model. The feasibility of the whole
programme relies on the fact that all of the proposed activities had already been
accomplished during this research, resulting in the development of the PLM for

measuring the innovation potential in organisations.

10.2.2 Questions addressing FIT principles

The following questions test if the PLM, InnoGrowth, is FIT. The answers are the

reflection to the FIT questions raised:

e FIT Question strand 1: How are the frequency and intensity specified? Is

there sufficient evidence that the dose, as the size of the given effort, will be
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enough to achieve outcomes? Do we assume that the cognitive map of

efficiency and effectiveness will include this information?

Answer to FIT Question strand 1: The programme model can be used to assess the
innovation potential in an organisation, providing a cognitive map that shows the
levels of efficiency and effectiveness towards innovation. The alternative Action
Plans that can be developed provide the different options that an organisation can
examine in order to increase its innovation potential. The amount of effort needed to
carry out the proposed activities to achieve the outcomes can be specified. This can
be informed by the real activities that were performed during this research and from
the methodologies that were applied. The amount of effort required to carry out the
application of an appropriate Action Plan is not specified as it can vary depending on
the capabilities of the organisation. Furthermore, that is beyond the intended use of
this PLM. The use of the PLM stops at the point where the alternative scenarios are
developed and the different options are offered for further exploration. This means
that the PLM can be used as a complementary tool to the decision process of
implementing an appropriate Action Plan. It is then up to the individual organisation
to apply the effort required to support the chosen transition towards a higher

innovation potential.

e FIT Question strand 2: Who is the best target for this? Who isn’t? Being
eligible and willing may be insufficient. What about being “able”? Are the
intended activities appropriate, safe and effective for this target? Do we
assume that these details are in the narrative that accompanies the PLM?

Answer to FIT Question strand 2: The research has been conducted in the
construction industry. However, the software application, InnoAct, developed for
operationalising the mathematical model, allows for the insertion of new factors into
the model, which can make the PLM be specific and appropriate to other sectors or
industries as well. Therefore the model has the ability to be adapted by actors in
different sectors or industries. The factors identified in this research are informed by
fundamental strategic management practices and theories, which can be applied safely
to any business sector. However, the importance of the different factors may vary
depending on the sector or industry. This adds to the reasons behind why the

application was specifically designed to integrate different factors, and address the
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needs of the particular sector/ industry under study. All organisations are able to use
this PLM irrespective of their decision to apply a selected Action Plan. Then, the
different Action Plans developed can be organisation-specific, they can offer the
opportunity to organisations to select an appropriate one depending on their
capabilities. In this context, the proposed activities are considered to be appropriate,

safe and effective for the target.

10.2.3 Questions addressing SMART principles

The following questions test if the PLM, InnoGrowth, is SMART. The answers are
the reflection to the SMART questions raised.

e SMART Question strand 1: The short and intermediate-term outcomes and

impacts are specific, measurable, and action-oriented.

Answer to SMART Question strand 1: The short and intermediate-term outcomes
and impacts are specific and measurable because the innovation potential calculated
by InnoAct represents the percentage of an organisation’s efficiency and effectiveness
towards innovation. The calculation is derived from the mathematical model,
developed in Chapter 7, which is informed by the theory of change model (the
conceptual model). The alternative scenarios proposed using the optimisation
procedure are also measurable results. However, as stated earlier, the model does not
test at this stage the implementation of an Action Plan. In order to test the results of
an implemented Action Plan, a longitudinal study would be required. However, this is
outside the timeframe of this study.

e SMART Question strand 2: This PLM shows different options on how to
maximise an organisation’s efficiency and effectiveness in order to increase an
organisation’s potential to innovate. What else might help or hinder from

participants making progress toward improving innovation potential?

Answer to SMART Question strand 2: The research was designed to be able to
address every factor that the literature suggests and was found to influence innovation
potential. However, in the dynamic nature of the globalised, competitive and intense

market environment there are new factors that will have the potential to influence the
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innovation process within organisations. The software application, InnoAct, is
developed in such a way so as to be customisable. New factors can be added into the

InnoAct according to the different context in which the PLM is applied.

e SMART Question strand 3: What level of budget is needed/ available to
support the achievement of these outcomes? How long is reasonably
expectable regarding the time that it will take to see progress toward these

outcomes? How far away is the impact?

Answer to SMART Question strand 3: The budget, required to achieve the intended
results, reflects the amount spent on applying all of the planned activities. However,
the activity that refers to the implementation of the Action Plan needs to be evaluated
separately by each organisation. This budget can be organisation specific, depending

on the selected Action Plan and the size of the required intervention.

The short-term outcomes can be seen as soon as the self-evaluation tool is used. The
application of the proposed activities is directly linked to increasing knowledge
regarding efficiency and effectiveness. However, the decision on an appropriate
Action Plan requires a self assessment of the capabilities of the organisation that can
support the required transition. It is contended that the short-term outcomes can have

a time frame of one to three years.

The application of any changes to strategies, as proposed by the Action Plan, might be
categorised into two strands: the intermediate-term and the long-term outcomes. The
intermediate-term outcomes describe the increase in efficiency. Increasing efficiency
refers to the changes that focus on making the most out of what is already available.
This implies that no immediate investment in new resources is required. However, it
also implies that a change in the behaviour of an organisation must occur, and
therefore it is contended that results from increasing efficiency can be achieved within

a timeframe of four to six years.

In order to achieve a desired percentage of innovation potential an Action Plan must
be applied. Since changes in organisational practice occur slowly, the final impact,
which is the increase of the proportion of revenue, can occur in a longer timeframe of

seven to ten years or more. It is recognised that the impact can differ depending upon
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the organisation.  Organisational cultures or resources may vary, and the
transformation process can be easier for some organisations than for others. The
important issue is to let organisations conduct a self-evaluation activity and assess
their innovation potential. This increases the awareness concerning the current status

of innovation and assists the process of change.

The context, the FIT and the SMART questions that were addressed provided insight
into the key components of the PLM and assisted in increasing the quality of the
design. Further to the questions addressed above, other verification questions were

addressed during the presentation of the PLM to other research community members.

10.2.4 Other verification questions

External reviewers can offer objective critiques, which can often uncover blind spots,
identify weaknesses, flaws, leaps of faith, ambiguity and fiction. It is acknowledged
that people may read the model differently to the creator. For that reason an external
review was valued as offering a greater insight into improved model content (e.g.
resources, activities, outputs) and relative display (Wyatt Knowlton and Phillips,
2009). The PLM was presented to research community members and subject experts
during a workshop that was organised within the School of Engineering in the
University of Leeds. A list of the participants and the minutes of the workshop are
provided in Appendix E. During this workshop, there were no specific questions
addressed by the researcher to the audience. The reason for that was that the
researcher was seeking to understand the reactions of people to the PLM, and to offer
an open space for discussion in any kind of issue. Some of the important questions

raised during the workshop from the participants were:

e Question O1: ‘Do all of the factors carry the same weight?’ This question
addressed whether innovation potential is measured correctly and therefore
whether the PLM was built is right.

Answer to O2: There are two reasons that justify the decision to design all of the
factors carry the same weight within the mathematical model. The first reason is

based upon the principles of systems theory, which recognises that a small change in
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one discipline of an organisation may have a big impact and chained effects on many

other disciplines of the organisation (see Section 2.2).

The second reason is that the process of weighting the factors would treat an
organisation as being one case of a homogeneous sample. However, different factors
may be of different importance within different organisations. This means that
weighting of factors should be organisation-specific; this logic is encouraged by the
recognition that one solution cannot fit all organisations - even if they are of the same
type or have similar characteristics. Therefore, weighting is intentionally avoided in
order to keep the individuality of an organisation. Adding to this discussion the
developed PLM does not offer a solution as to which Action Plan should be employed
by the organisation. The PLM offers the option of alternative Action Plans; it is up to
the discretion of an organisation to decide which Action Plan is more appropriate,
judged on their individual capabilities. Building upon the specific context that applies
to each organisation, the PLM provides the base for evaluating an organisation’s
competences and resources, and assesses the capacity to move from a lower position

of innovation potential to a higher position.

e Question O2: Do organisations need the same amount of effort to move from
a lower percentage of innovation potential to a higher percentage of innovation
potential? This question addresses the FIT principles, and intends to show if
the PLM is built right.

Answer to O2: The reflection to question 2, is that the amount of effort required to
make the transformation steps proposed by an Action Plan is based on the individual
organisation. It might be that large organisations have the resources to, in less time,
easily achieve the desired position, whereas smaller organisations might have to
identify and invest in more resources to achieve that same position. The nature of the
PLM does not capture the amount of effort required for a particular change. The PLM
depicts the current position and provides the alternative options for action, offering a
tool to assist the decision process of improving the innovation potential in an
organisation. It is up to the organisation to decide whether it possesses the required
resources to achieve the desired transformation, and therefore evaluate whether a

transformation is appropriate.
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e Question O3: Can the organisation reach to the same percentage of
innovation potential by addressing fewer factors? This question refers to the
context of the PLM and intends to show if the software application, InnoAct is
built right.

Answer to O3: The reflection to this question is that the literature has shown that
innovation is an integrated process involving all organisational disciplines, and is
related to all of the interacting factors, contributing to the efficiency and effectiveness
of an organisation (see Chapter 4). Thus, it is supported that the more factors that are
addressed and the most favourable to innovation the conditions of those factors are,
the more likely it is that innovation will emerge. However, organisations can reach
the same innovation potential via totally different ‘routes’. This process is otherwise
called ‘equifinality’. Equifinality is described as being a state that can be reached

from different initial conditions and in different ways (Dekkers, 2005).

Overall, the workshop was very helpful in understanding the reaction of people to the
PLM. The questions that were raised led to the decision to adopt an extended version
of a PLM, including a separate column that explicitly names the assumptions related
to the PLM. The inclusion of the assumptions in the graphical illustration (see Figure
9.2) provided a general understanding of the PLM’s overall purpose. The workshop
also offered the opportunity to identify two members of staff that would like to
participate in a one to one evaluation process. This process included a validation
process and is described in the next section.

10.3 Validation of InnoGrowth

Validation was conducted to produce accountability and to increase the understanding
of the assessed PLM. During validation, information was collected in order to
demonstrate that the program could achieve its intended results. Although it is
difficult to demonstrate the success of the program in achieving the long-term
outcomes and impacts, the identification of the logical links between resources and
activities that lead to the short-term and intermediate-term outcomes can be used to
demonstrate the progress towards the long-term outcomes and the establishment of the

theory of change.
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The validation process of the PLM, InnoGrowth, included two phases. In phase one
of validation, a one-to-one evaluation session was applied between the researcher and
two members of the research community. Initially, a presentation of the PLM was
given to provide the general concepts and ideas. Then, an interview was conducted in
order to provide information on whether the intended results of the PLM can be
achieved. The interview questions that were developed were designed to address the
PLM’s merit, need, feasibility, and significance, as defined in the definition of the
evaluation in section 3.3.7 (Stufflebeam and Shinkfield, 2007).

The second phase of the validation included a one to one basis evaluation session that
was applied between the researcher and a professional from the construction industry.
Professionals from the industry were treated as potential users of the PLM and
therefore their view on the PLM and its usefulness was important in the validation of
the PLM. During the evaluation session, an introduction to the basic principles of the
InnoGrowth model and an explanation of the sequence of activities and the expected
outputs, outcomes and impact of the process was provided. Then, professionals had
the opportunity to engage in the process of evaluation using the software and by

calculating their innovation potential.

The process of identifying professionals of the industry to participate in the evaluation
process was rather challenging. A network for leading and supporting construction
companies was identified to have its offices in Leeds. The network is called:
Construction Sector Network (Construction Sector Network, 2010).  After
communication with the manager, a poster that was created to advertise the evaluation
process was uploaded on their website. The poster advertised a free evaluation
session for calculating innovation potential of the organisations that would like to
participate (see the poster in Appendix F). Unfortunately, this approach has not
attracted the interest of the construction professionals. A second attempt to attract
professionals of the construction industry was to contact the School’s Industrial
Advisory Committee and offer them a session for evaluating the innovation potential
of their organisation. This approach has attracted two professionals of the
construction industry. Structured interviews were arranged with the professionals who

hold a managerial position in their organisation and are involved with the management
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of innovation. The structured interview involved the rating of basic principles

addressing validation as shown in Table 10.1.

Table 10.1 illustrates the questions that were addressed during the interviews and
presents the results of the four interviewees. The questions were seeking information
about the PLM’s merit, need, neced assessment, significance, feasibility, and
plausibility. Merit is defined as the evaluand (the object of evaluation process) does
well on what it is supposed to do. Need is defined as something that is necessary or
worthy for fulfilling a purspose. Need assessment is defined as a systematic
assessment of the extent to which outcomes are met. Plausibility tests if the PLM is
logical. Significance refers to potential important of mission, structure and outcomes.
Feasibility refer to whether the PLM is possible to be implemented (Stufflebeam and
Shinkfield, 2007).

Table 10.1 Validation results

Variables Respondent score on scalel Comments
Low High
Questions 1 2 3 4 5
Merit (implementation level)
The PLM represents the 4

purpose of providing
alternative scenarios to assist
the decision process for
increasing an organisation’s
innovation potential?

Need (implementation level)

Is the PLM a useful tool for (4)
identifying the alternative
options towards increasing
innovation potential?

Would you use the PLM to Q) 3
identify different options for
increasing innovation potential
in your organisation?

Needs Assessment
(implementation level)

To what extent can the PLM (@)
increase knowledge of the
organisation relating to

1 The respondent score on the scale are the score given by respondent to reflect to each question; the
number of individuals who gave a particular score is given in brackets underneath the respective score.
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efficiency and effectiveness
towards innovation?

To what extent can the PLM (1) (3)
assist the organisation to
increase efficiency and
effectiveness towards
innovation?

Feasibility (outcome level)

Are outcomes clear, specific (4)
and complete?
Are activities and outcomes (4)

realistic given the resources?

Significance (outcome level)

Can the PLM influence the 4)
decision process of
organisations in terms of
actions taken to increase
innovation potential?

Outcomes are of significant 4)

benefit?

Plausibility (context level)

Are the relationships causally 4)

connected?

Is there anything missing D 3 Risk
(what else?)?

Avre all assumptions valid? (@) Specific to

individual

Clearly, the wvalidation process did not indicate any serious perceptions of
inconsistency or incompleteness among the respondents. The few suggestions on the
plausibility in terms of anything missing and the validity of the assumptions can be
attributed to the capacity of each organisation to assess the alternative options offered
and the person who is interviewed. The suggested modifications are tactical rather
than ideological; they therefore do not suggest that any changes in the InnoGrowth
are necessary. The results of the validation process in combination with the results of

the verification of the InnoAct suggest that the InnoGrowth was built right.

The validation process did not include an examination of the extent to which an
increase in the proportion of revenues associated with innovation can be achieved, as
this is outside of the timeframe of the research. Validation focused on short and
intermediate-term outcomes, as these items were more closely connected with the
programme logic model itself in increasing innovation potential, which could in turn

increase the proportion of revenues associated with innovation.
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It is also important to note how the outcomes meet the SMART criteria. The
outcomes as addressed in the PLM were designed to be specific in that they name
what can be measured; they were action-oriented and realistic by pointing to attributes
that demonstrated the accomplishments that could occur. They were timed in that
they showed the order of occurrence.

10.4 New understanding and enlightenment as a rResult of the

evaluation

The third main purpose of evaluation is to foster enlightenment, that is, new
understanding and new insights. Both the verification and the validation processes
provided useful insights. The design of the evaluation process itself has led to
refinement of the InnoGrowth. The implementation of the PLM would provide
further information but this was not possible within the timeframe of this research.
However, the evaluation process of the InnoGrowth has demonstrated that the PLM
is a useful tool that could be used for generating the expected results that is growth

through innovation.

An important question that addresses the fourth main purpose of the evaluation is
whether there are different ways innovation management can or should be addressed
(Wyatt Knowlton and Phillips, 2009). The different ways innovation management
needs to, can be or should be addressed is a topic that can lead to endless discussion.
Innovation has already been seen and researched through various forms (product,
process or service), it has been approached in different ways (technology push, market
pull, incremental, radical) and has been modelled variously. It is clear that innovation
can be researched and explained using multiple approaches. The PLM presents a
generic process for managing innovation. Multiple factors and the condition of those
factors are forming the mechanism of innovation and can explain why innovation is
more likely to occur in some organisations and not in others. The extent to which
organisations make the most of what they already posses, represents its efficiency
towards innovation. Parallel to that, increasing effectiveness through changing
practices requires a transition phase, which also requires appropriate organisational
capabilities in order to be able to change. Previous research in innovation

management has revealed that innovation can often emerge as an event of luck.
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Innovation can be spontaneous and, according to Bessant and Tidd (2007), the best
thing to hope for is to spot its early emergence and develop an analogous response
towards it. By all means, innovation is something new. If spotting new opportunities
requires the existing companies to reinvent themselves and allow at least part of the
business to behave as a start-up (Bessant and Tidd, 2007) then this has to do with the
ability to manage innovation. This can, therefore, be related to the contextual
characteristics of an organisation’s environment, its ability to make the most out of
what is practiced using the resources that are available, and its ability to change and
adapt in order to manage the new challenges. The PLM, InnoGrowth that was
developed has provided a useful tool to facilitate increase in innovation potential that

can eventually lead to growth.

10.5 Summary

The evaluation issues of the InnoGrowth were discussed in this chapter. The
InnoGrowth was tested using both verification and validation techniques. The
InnoGrowth was tested in the construction industry and the results were very
encouraging. The testing also offered new understanding and enlightenment relating
to how efficiency and effectiveness towards innovation can be managed but also on

how innovation management could otherwise be addressed.
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The purpose of this chapter is to provide an overview of how the objectives of the
research were accomplished, and to present recommendations for future work.

Specifically, this chapter focuses on:

e Providing a step-by-step overview on why and how this research was
undertaken;

e Describing the key issues on how each of the seven objectives of the research
were accomplished; and

o Outlining the key areas for enriching this work or applying the concepts of the
work to other key areas.

11.1 Overview of the research

Innovation has been ranked as being one of the key sources for organisational
competitiveness for many years now. However, deficiencies still remain in the
conceptualisation of innovation. The focus in this research was to describe the
mechanism of innovation using a holistic approach, and to develop a program for

managing innovation in the construction industry.

The conceptual model that was developed attempted to move from partially capturing
innovation to encapsulating its multidimensionality. It took into account that
innovation can be distributed across many actors, has socioeconomic and political
influences, and is affected by practices in each organisational discipline. The
conceptual model was based on the realist philosophical approach and innovation is
seen as resulting from a mechanism. This mechanism is powered by factors that
facilitate innovation, and by the particular conditions that apply to each factor, which
explains the causality of innovation. The model was built on heuristic concepts of

systems theory, diffusion theory and strategic management theory.

The research presented in this thesis was undertaken to investigate how innovation can
be holistically managed. This was illustrated with the conceptual model, and was
achieved by capturing as many of the contributing factors as the extant literature
suggests. It also captured the condition of these factors, facilitating at the same time

the examination of particular contexts within which innovation can flourish.
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The factors included in the conceptual model were identified using grounded theory
techniques, and covered the internal organisational context, the strategic resources, and

the wider external environment of the organisation.

The conditions of the factors were identified by developing a system of attitude scales,
which reflect practices that were to a greater or lesser extent favourable to innovation.
Each scale was designed to measure an underlying dimension that was found to
contribute to innovation. All the factors that were identified, and the system that was
developed to identify the condition of the factors, described the generic holistic model

of innovation.

The pertaining current practices relevant to each factor were identified, conducting a
survey in the construction industry in the UK. The exploration of the survey data
facilitated the understanding of the patterns of association between the items that were

measured.

The extent to which factors were perceived as contributing to innovation and as
pertaining to the conditions of the practices employed were translated into efficiency
and effectiveness towards increasing innovation potential. The two entities were
described mathematically using vector theory principles. The mathematical model that
was developed encapsulated the multidimensionality of the factors which contribute to
innovation, and accounted for the pertaining conditions by measuring efficiency and

effectiveness and by calculating the innovation potential of organisations.

A computer application, InnoAct, was developed to facilitate the manipulation of the
mathematical formulas. It also offered alternative scenarios of Action Plans relating to
increasing innovation potential in organisations. The alternative scenarios of Action

Plans were produced using a genetic algorithm for optimisation problems.

The computer application was integrated into a program logic model, InnoGrowth,
developed to describe the action organisations need to undertake in order to facilitate
self-audit activities. This self-audit activity can help organisations to recognise
suboptimal practice and offer alternative options for transformation towards more

effective and efficient innovation, and thus better management of innovation.
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The program logic model was taken through verification and validation with members
of the academic community and professionals from the construction industry in the
UK. The results of the exercises indicated that the proposed program logic model is a
complete and consistent tool, which can improve the management of innovation in the

construction industry.

The research was undertaken with specific and clear objectives. The achievements of
the overall aim of the research could be assessed on the achievement of each
objective.  Continuous auditing and confirmation of progress was carried out
throughout the research. The systematic nature of the work that was undertaken

ensured the robustness of the research process.

11.2 Conclusions

It is contended that the outcome of this research contributes to the knowledge for
managing innovation. This contribution is demonstrated with details throughout this
thesis from Chapter 1 to Chapter 10. The conclusions that follow reflect each

objective of this research:

e A generic holistic model of innovation;

e A generic system for depicting innovation practice and for describing the
condition of factors playing a key role to innovation for the development of the
generic mechanism of innovation in the construction industry in the UK;

o Identification of the innovation practice in the construction industry in the UK
and the development of the specific mechanism of innovation for the
construction industry in the UK;

e Development of a mathematical model to describe the generic mechanism of
innovation;

e Development of a generic systematic procedure for managing the innovation
mechanism in the construction industry in the UK

e Development of a program logic model for facilitating the management of
innovation;

e Evaluation of the program logic model; and
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e Overall remarks

11.2.1 A generic holistic model of innovation

Grounded theory techniques were used to identify the factors that play an important
role in innovation. Forty one factors were revealed, via, an extensive extant text
analysis and coding of the emergent categories. The factors that were identified were
categorised into three key areas of focus: the internal environment, the strategic
resources, and the external environment of an organisation. The identified factors
were not tenuous, and they were very well described and justified in the literature for
their contributions to innovation. However, the literature research showed that the
study of the factors was rather sporadic. It focused on either only one of the factors,
or groups of factors, were studied together within the scope of their contribution to
innovation. The approach of studying all the factors that were found to contribute to
propagation of innovation together represented a holistic approach, considered to be
unique. This holistic approach is adding to the knowledge of looking into the area of
innovation management in a way that has not previously been done by providing the

holistic model of innovation.

11.2.2 A generic system for depicting innovation practice in the construction
industry in the UK

The mechanism of innovation is described as being powered by all of the factors that
contribute to innovation and by the condition of each factor, as demonstrated in the
conceptual model (see Chapter 3). Two types of measurement were obtained to
describe this mechanism. The two types of measurements were linked to the attitude
components of an organisation. The first type of measurement reflects the extent to
which each factor identified is considered, by the professionals in the industry, to
contribute to the propagation of innovation. This first type of measurement is linked
with the cognitive component of an organisation’s attitude. The second type of
measurement reflects the condition of the factors that was reflected by the practices
that were employed. This second type of measurement is linked to the behavioural

component of an organisation’s attitude.
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It is the first time that innovation, which is very often cited as being a process that is
impacted by and impacts upon other business processes, is conceived as being an
attitude. It is also the first time that this attitude is systematically studied by
combining the two components of attitude into one mechanism, explaining the
causality of innovation. The disadvantage of seeing innovation strictly as a process
disregards the fact that the process of innovation is also powered by the beliefs of
people. These beliefs are related with whether people who are managing innovation
are regarding factors found to be contributing to innovation, as important. Beliefs
have a direct influence on the decisions that are taken to manage the innovation
process. The approach of studying the innovation mechanism in such a systematic
way provides a synthesis that has not been made before and contributes to the

knowledge of understanding innovation better and managing it more effectively.

Different scales were constructed in order to identify the condition of the factors that
could be linked with the behavioural component of an organisation’s attitude. The
scales were designed to measure an underlying dimension as described in Chapter 5.
The construction of the scales involved an intensive literature research, in order to
justify the order of the different conditions that measure each underlying dimension.
The different scales that were constructed represent a system that provides, for the
first time, a clear picture on which conditions are more or less favourable to

innovation, for a total of forty one factors.

The two components that describe the attitude of the organisation towards innovation
were used for the first time in such a novel way in order to describe the generic
mechanism of innovation for the construction industry in the UK. Such a description

is considered to be unique.

11.2.3 Innovation practice in the construction industry

A common scale was constructed to identify the extent to which factors are perceived
as being important by professionals, and this was linked with the cognitive component
of the organisation’s attitude. This scale was a 5-point Likert scale (0-4) having as the
two extremes ‘Not at all’ and ‘Great’ to denote the extent to which each factor

contributes to the propagation of innovation. This measurement scale, coupled with
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the system for identifying the condition of the factors as explained in Chapter 5, was
used within a survey carried out in the construction industry in the UK. From the data
collected on the two types of measurement, the specific mechanism of innovation in
the construction industry in the UK was described. This mechanism provided a clear
description, for the first time, of how and why innovation in the construction industry

in the UK occurs.

11.2.4 A mathematical model describing the generic mechanism of innovation

The two types of measurement for each factor resulted in 82 measured items. When
addressing the large number of items there are two main strategies available. The first
strategy is to reduce the number of factors by either discarding the factors found to
have lower importance, or by grouping the factors into higher level factors
(Tutesigensi, 1999). This first strategy was not suitable for this research as this would
contradict with the general principles of systems theory, which indicates that a small
change can have a large impact on the innovation process. In addition, the forty one
factors that were identified were significantly important to the items that measured the
extent to which the factors contributed to the propagation of innovation. Therefore,
reducing the factors would result in loss of detail and in a reduction of sensitivity. The
second strategy is to keep all the factors that were identified in the holistic model of
innovation, but ensuring that they are treated in a manner that does not compromise
validity (Tutesigensi, 1999). For the purposes of this research, it was considered that
the second strategy was less compromising than the first. As such, all of the factors
were kept for the modelling process, but careful consideration was given to how these
factors were treated and how the results were interpreted. It is therefore important to
note that the results are subject to the context within which the innovation mechanism

is applied.

The principles of the Multi-Attribute-Utility Theory (MAUT) and the vector theory
provided the basis for developing a mathematical description of the mechanism of
innovation. According to the Simple Additive Weighting (SAW) method, which is
very frequently used in MAUT, the two types of measurement obtained for the forty
one factors were converted to normalised scales in order to be aggregated. Although,
the SAW method weights the different factors, this was not followed in this case.

Although, weighting the factors would show which factors were (according to this
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study) more important to an organisation’s innovation potential, these weights would
be the result of treating all organisations as being the same, which would not represent
reality. As such, weighting the factors according to their importance would result in
compromising the individuality of the organisation, as within different organisations
different factors might be more important to innovation, according to their specific
competences. The equal weighting of the factors implies that all the factors are of
equal importance. Although it can be argued that this is not the case for all the factors,
waiting the factors would compromise the systems theory principles, highlighting the
importance of some factors whilst underestimating the importance or the impact of
less important factors. This would have also resulted in reduced sensitivity. The
approach for non-weighting the factors were less compromising than the alternative.
A mathematical model was developed using the principles of vector theory. The
model calculated the innovation potential of an organisation, combining the
behavioural and cognitive components of the organisational attitude towards

innovation.

This is the first time that a model for studying innovation has taken into account the
individuality of an organisation, which supports the notion that one solution does not
fit all. The mathematical model that was developed accounts for the possible effects
that the factors contributing to innovation might have, leaving out the items which,
according to the data, are not associated with the proportion of revenues. As these
items may change depending on the context in which the mechanism is applied, the
mathematical model was designed to incorporate a mechanism for either including or

excluding the non-associated items in the calculations of the innovation potential.

11.2.5 A system for managing the mechanism of innovation

The usability and the operationalisation of the mathematical formulas that were
developed would be maximised if an effective system was developed, one that could
carry out all of the necessary calculations. The InnoAct application was developed to
facilitate the calculation of an organisation’s innovation potential. The InnoAct
offered the option to produce a variety of alternative scenarios of Action Plans that
could then be evaluated by organisations and could form the basis for the transition

process towards increased innovation potential.
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The alternative scenarios of Action Plans could be produced in two ways. The first
way is to manually alter the initial scores that are inputted when calculating the
innovation potential for the first time until they reach a desired percentage value of
innovation potential. These manual alterations should be according to the changes of
what an individual organisation is willing to implement. The second way is to provide
the software with a desired percentage value of innovation potential, one that is higher
than the one that was calculated with the initial input values. The InnoAct is then
calculating alternative scenarios of different Action Plans using an optimisation
routine. The optimisation routine allows the organisation to select which items can be
optimised, or which ones should be held constant according to the organisation-
specific requirements. The InnoAct also allows for the introduction of new factors
into the model. These new factors might be applicable to the specific organisation, or
to the specific context in which the model is applied.

The InnoAct enhances the usability of the mathematical model and offers a useful
tool to assist with the decision-making process of incorporating appropriate changes
SO as to increase innovation potential. The design of the system is caring for the
individuality of organisations and the research towards that end contributes to
knowledge by understanding innovation through focusing on construction
organisations as the unit of analysis. The InnoAct allows for personalisation of the
model depending upon which changes are appropriate and valid for a specific
organisation. The use of the InnoAct can lead to better decisions, and to a higher
level of systematic control of performance in managing innovation. Moreover it is the
first time that a software is constructed to assist the evaluation of the innovation
potential of organisations. As such it can be offered for wide usage and can assist the

evolution of managing innovation in a more systematic way.

11.2.6 A Program Logic Model for facilitating the management of innovation in

the construction industry

Organisations can benefit from the software application, InnoAct, and can produce
alternative scenarios of Action Plans, which can assist the management of innovation.
In order to offer a complete and useful tool for facilitating the management of
innovation, a systematic procedure was designed to explain the step by step actions.

A program logic model (PLM), the InnoGrowth, was developed. The InnoGrowth
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explains the step-by-step process for measuring an organisation’s innovation potential.
It incorporates the InnoAct which can be customised according to the context in
which the InnoGrowth is employed. It also demonstrates the benefits for an

organisation by its use.

The PLM, InnoGrowth, is a useful tool for managing innovation. The InnoGrowth
increases an organisation’s knowledge relating to the management of efficiency and
effectiveness with regard to the organisation’s innovation potential. It provides the
methods and the techniques for customisation, and describes the outcomes and the
impacts of taking appropriate initiatives. InnoGrowth is designed to act as a
complementary tool in the decision process of managing innovation by facilitating the

evaluation of innovation potential. Such a tool is constructed for the first time.

11.2.7 Evaluation of the Program Logic Model

The PLM, InnoGrowth was tested to identify whether it was built right. SMART and
FIT principles were applied in order to test the quality of the InnoGrowth.
Addressing the questions raised through the formative evaluation and reflecting on the

questions raised during the workshop has helped to refine the PLM.

The usefulness of the PLM, InnoGrowth, was demonstrated by members of the
academic community and professionals from the construction industry. The PLM was
evaluated as being of significant importance in assisting the decision making process
in assisting innovation management and in indicating the alternative options an

organisation has in order to increase its innovation potential.

The PLM provides a novel way of managing the process of innovation, it makes a
positive contribution to construction organisations when facing globalised
competition, and it assists their growth and proliferation. InnoGrowth analyses the
innovation potential of organisations, and can be used to alert managers, directors and
policy makers of their need to take appropriate actions to increase efficiency and
effectiveness towards innovation, and to enhance business success and economic

growth,
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11.2.8 Overall remarks

It is contended that the objectives that were initially set for this research were

achieved. The successful achievement of the objectives of this research contributes to

the knowledge relating to the management of innovation in the construction industry.

It also provides a wider framework for managing innovation in different contexts,

such as in different countries or different industries.

The following represents the issues that can be addressed with the use of the outcomes

of this research:

A holistic model of innovation in the construction industry has not been
developed until now;

A system that can identify the condition of the factors that play a key role in
innovation has not been developed until now;

The mechanism of innovation in the construction industry has not been studied
before, using such a holistic approach;

A system for managing the mechanism of innovation has not been developed
before; and

A program logic model that describes the activities for customising the system
for managing innovation and assist the decision making process of the
transition process towards increasing innovation potential has not been

developed before.

The results of this research and their use in different contexts are demonstrated below:

A holistic model of innovation now exists; this model represents a major
development in the management of innovation. The holistic model of
innovation can be used as a useful tool from innovation training providers to
design academic modules, continuous professional development sessions and
business training sessions in a structured and a holistic way. The holistic
model of innovation provides the opportunity to apply future research, for
enriching the holistic model with more factors that will be found to contribute
to innovation. Moreover, further research can be applied to examine and

compare the application of the holistic model of innovation within the context
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of different industries or different countries, which was not previously
possible.

e A system that can be used to identify the condition of the factors that play a
key role in innovation is now available. This system can be used by future
researches to monitor the condition of the factors that contribute to innovation.
Such studies were not possible before. Moreover the methodologies used
during this research for developing this system can be replicated to enrich the
system with more factors and their conditions.

e The generic holistic model of innovation and the conceptual model developed
in this study resulted in the explicit description of the innovation mechanism.
This mechanism can be applied by future researchers within the context of
different industries or different countries to identify the innovation mechanism
of a specific industry or a country and monitor or compare them. Such studies
were not possible until now.

e The mechanism of innovation in the construction industry can now be studied
and monitored by researchers on a consecutive basis, in a holistic way, as
described within this research. Such monitoring could increase knowledge
relating to how the mechanism of innovation in the construction industry can
change or evolve. Such studies could not be carried out before.

e A system, the InnoAct, for managing the mechanism of innovation now exists.
The system is designed in order to be used in different contexts, allowing for
the insertion of new factors. The system also provides the opportunity to be
applied and customised according to the specific needs of the organisation
using it. Such a system, which can facilitate the monitoring of the innovation
mechanism for each organisation, and can be customised to be used in different
contexts, now exists for the first time and can be used to facilitate monitoring
of the innovation mechanism in the construction industry in the UK

e A detailed and generic systematic procedure for facilitating the management of
innovation now exists due to the development of the program logic model,
InnoGrowth. Such a systematic procedure can be used by future researchers
as a blueprint for studying the management of innovation more effectively.
InnoGrowth is a visual and narrative explanation of the step-by-step activities
needs for managing the innovation process more effectively. Experience of the

actual use of the procedure proposed from InnoGrowth can enlighten the
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process of innovation from lessons learnt during the implementation stage, and
offer useful insights for improvement. InnoGrowth can also be used to
inform policy makers and Construction Industry Councils in designing
intervention initiatives that shall provide external environmental conditions
that favour organisations’ potential to innovate. It can also be used from
managers to design and maintain an environment that can increase the
organisation’s potential to innovate by increasing its effectiveness and
efficiency.

The issues that are raised above, describing the pre-research issues and the post-

research achievements, demonstrate the fundamental contribution of this research to

knowledge and to the future research agendas.

11.3 Recommendations for future research

All of the seven research objectives were successfully achieved. However, there were
issues that could not be handled, given the time frame allowed for the completion of
the research for the award of the degree of a PhD. Those issues were recognised
during the research and are put forward as recommendations for future work. Those

issues are addressed below:

e More investigation into the factors that influence innovation
It is contended that the factors identified as playing a key role in innovation
during this research represent the totality of the factors that can influence
innovation. However, according to the relativist approach that was adopted for
this research, it could be that those factors differ depending on time and
context. Furthermore, innovation is seen to be a complex, context sensitive,
social and organisational process, and it is therefore doubtful if there is one
best theory that can explain successful innovation processes within any
organisation (Hamel and Prahalad, 1996). Future researchers might be
interested in enriching the factors that have been studied, and in using the

methodologies that were used in this research to calculate innovation potential.
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e More testing on the InnoGrowth model
While the InnoGrowth model was evaluated in the construction industry and
the results were encouraging, those results can only be treated as initial results.
Future researchers might be interested in testing the InnoGrowth, so as to
demonstrate stronger supporting evidence. Future researchers interested in
testing further the InnoGrowth would need to apply it within construction
firms by using longitudinal research designs, in order to ascertain its

effectiveness.

e Future research on identifying a suitable Action Plan
The implementation of InnoGrowth provides alternative scenarios for Action
Plans, and acts as a complementary tool in assisting the decision-making
process for managing innovation more effectively. Future researchers might
be interested in continuing to the next stage of the decision support system, and
identifying which Action Plan is appropriate, according to the specific

characteristics of an organisation.

e Carrying out similar studies in other industries
Innovation is a necessary process, which applies to any sector or industry.
Managing innovation is one of the high priority strategic issues for
organisations at a global level. Therefore, similar studies could be undertaken
in different industries in order to increase the effectiveness of managing

innovation.

e Developing a Help System for InnoAct
A Help System that would guide the user and offer quick references has not
been developed for InnoAct due to time limitations. Future work is
recommended to evolve the application of the software by including a Help
System.

11.4 Summary

This chapter overviewed how each of the objectives that were decided upon in the

beginning of this research was successfully achieved. It demonstrated the
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fundamental contributions of this research to knowledge and explained the

suggestions for the future recommended work.
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A.2 The Cover Letter
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Sender Direct line: (023) 9284 2428
Email: Paraskevi.Gkiourka@port.ac.uk

«Title»

«Company Name»
«Address Line 1»
«Address Line 2»
«Address_line 3»
«City»
«ZIP_Code»

26 May 2006
Dear Sir/Madam,

I am writing to ask for your contribution in my research project concerning the
management of innovation in the construction industry. The research will help me to
evaluate factors that contribute to propagation of innovation in the construction
industry. This is a project I am pursuing for my PhD studies and it is a purely
academic project.

Your organisation has been identified as engaged in activities under the General Civil
Engineering Industry and your participation is very important to me.

Your answers will remain completely confidential. Results will be presented as
summaries and individual respondents will not be identified. | am happy to send you
the summary of the results when the study is completed. If you wish to receive a copy
please indicate as appropriate on Section A of the questionnaire. | appreciate that you
have a very busy schedule, and | am therefore grateful for your time in assisting me
implement this survey successfully.

For your convenience | have included a self-addressed and stamped envelope for the
return of the questionnaire. If you would rather fax the questionnaire please find my
fax number at the top of this letter.

I would be grateful if you could return the questionnaire by Friday, 16 June 2006.
Please do not hesitate to contact me should you have any queries.
Once again, thank you for your time and I hope to hear from you soon.

Yours faithfully,
Paraskevi Gkiourka

PhD Student
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APPENDIX B

B.1 The factor names

Table B.1a Codes of factors in the key area of internal environment

techcont

techtype
leadcont

leadstyl

ownecont

ownetype

collcont

colltype

hiercont

layernum

Spancont

peoplrep

relacont

relatype

sizecont

orgasize

stracont

stratype
policont

assesses the extent to which technology contributes to propagation of
innovation

describes the technology used by the organisation

assesses the extent to which the leadership style contributes to
propagation of innovation

describes the leadership style used by the organisation

assesses the extent to which the ownership type contributes to
propagation of innovation

describes the ownership type of the organisation

assesses the extent to which the collaborations contributes to
propagation of innovation

describes the extent to which the collaboration types of the
organisation

assesses the extent to which the hierarchy contributes to propagation of
innovation

describes the number of hierarchy layers of the organisation

assesses the extent to which the span of control contributes to
propagation of innovation

describes typical number of people reporting to one manager of the
organisation

assesses the extent to which organisational relationships contribute to
propagation of innovation

describes organisational relationships of the organisation

assesses the extent to which organisational size contributes to
propagation of innovation

describes organisational size of the organisation

assesses the extent to which the organisational strategy contributes to
propagation of innovation

describes the strategy of the organisation

assesses the extent to which the policy contributes to propagation of

innovation
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politype
learcont

learsyst

describes the policy type of the organisation

assesses the extent to which organisational learning systems
contributing to propagation of innovation

describes organisational learning systems of the organisation

Table B.1b Codes of factors in the key area of strategic resources

promcont

promprod

propcont

intelrig

salecont

salemana

infocont

infoavai

proccont

procinte

gualcont

gualdesc

rdexcont

rdexpend

knowcont

knowmana

capicont

debtrati

finacont

assesses the extent to which the promotion of products/services
contribute to propagation of innovation

describes the promotion of products/services of the organisation
assesses the extent to which the intellectual property rights contribute
to propagation of innovation

describes the intellectual property rights of the organisation

assesses the extent to which sales management contribute to
propagation of innovation

describes sales management of the organisation

assesses the extent to which market information availability
contribute to propagation of innovation

describes market information availability of the organisation

assesses the extent to which process integration contribute to
propagation of innovation

describes process integration of the organisation

assesses the extent to which quality control contribute to propagation
of innovation

describes quality control of the organisation

assesses the extent to which R&D expenditure contribute to
propagation of innovation

describes R&D expenditure of the organisation

assesses the extent to which knowledge management processes
contribute to propagation of innovation

describes knowledge management processes of the organisation
assesses the extent to which the capital structure contribute to
propagation of innovation

describes the capital structure of the organisation

assesses the extent to which the financial management contribute to
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finamana

fiatcont

finattit

rdnucont

rdstaffn
skilcont

rdskills

perfcont

rdperfor

profcont

ageprofi

retecont

retedesc
stafcont

stafdeve

propagation of innovation

describes the financial management of the organisation

assesses the extent to which the financiers attitude contribute to
propagation of innovation

describes the financiers attitude of the organisation

assesses the extent to which the number of R&D staff contribute to
propagation of innovation

describes the number of R&D staff of the organisation

assesses the extent to which the competence skills of R&D staff
contribute to propagation of innovation

describes the competence skills of R&D staff of the organisation
assesses the extent to which the performance of R&D staff contribute
to propagation of innovation

describes the performance of R&D staff of the organisation

assesses the extent to which the age profile of R&D staff contribute to
propagation of innovation

describes the age profile of R&D staff of the organisation

assesses the extent to which retention of R&D staff contribute to
propagation of innovation

describes the retention of R&D staff of the organisation

assesses the extent to which staff development processes contribute to
propagation of innovation

describes staff development of the organisation

Table B.1c Codes of factors in the key area of external environment

pofrcont

polifree

invecont

inveince

compcont

assesses the extent to which the political freedom contributes to
propagation of innovation

describes the political freedom on the organisation

assesses the extent to which do incentives to foreign investors
contribute to propagation of innovation

describes the incentives to foreign investors

assesses the extent to which does competition law and policy

contribute to propagation of innovation
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compelaw

emplcont

emplolaw

regucont

hsregula

econcont

econacti

gdpcont

gdptrend

inflcont

inflrate

currcont

currstre

taxacont

taxarate

gordcont

gordspen

enercont

enerprov

trancont

tranprov

describes competition law and policy

assesses the extent to which does employment law and policy
contribute to propagation of innovation

describes employment law and policy

assesses the extent to which does health and safety regulations
contribute to propagation of innovation

describes health and safety regulations

assesses the extent to which the level of economic activity contribute
to propagation of innovation

describes the level of economic activity

assesses the extent to which the trend in Gross Domestic Product
contribute to propagation of innovation

describes the trend in Gross Domestic Product

assesses the extent to which the rate of inflation contribute to
propagation of innovation

describes the rate of inflation

assesses the extent to which the strength of the currency contribute to
propagation of innovation

describes the strength of the currency

assesses the extent to which the rates of taxation contribute to
propagation of innovation

describes the rates of taxation

assesses the extent to which the level of government spending in R&D
contribute to propagation of innovation

describes the level of government spending in R&D

assesses the extent to which the energy provision contribute to
propagation of innovation

describes the energy provision

assesses the extent to which the transport provision contribute to
propagation of innovation

describes the transport provision




Appendix B

374

B.2 Frequency Tables

Table B.2 Frequency Table for all factors

technology technology leadership
contribution description contribution
N Valid 51 51 51
Missing 0 0 0
Mean 1.627 1.882 2.098
Median 2.000 2.000 2.000
Mode 1.0 1.0 3.0
Std. Deviation 1.0576 1.0516 1.1359
Variance 1.118 1.106 1.290
Skewness 0.073 0.673 -0.370
Std. Error of Skewness 0.333 0.333 0.333
Kurtosis -0.852 -0.587 -0.595
Std. Error of Kurtosis 0.656 0.656 0.656
Minimum 0.0 0.0 0.0
Maximum 4.0 4.0 4.0
Sum 83.0 96.0 107.0

Table B.2 Frequency Table for all factors (continued)

leadership  ownership ownership  collaboration  collaboration
style contribution  type contribution  type
N Valid 51 51 51 51 51
Missing 0 0 0 0 0
Mean 2.000 1.980 1.922 1.824 1.039
Median 2.000 2.000 2.000 2.000 1.000
Mode 2.0 3.0 2.0 3.0 0.0
Std. Deviation 0.9592 1.2568 0.5601 1.1782 1.0190
Variance 0.920 1.580 0.314 1.388 1.038
Skewness -0.283 -0.276 -1.455 -0.101 0.627
Std. Error of Skewness 0.333 0.333 0.333 0.333 0.333
Kurtosis 0.595 -1.085 4.960 -1.172 -0.710
Std. Error of Kurtosis 0.656 0.656 0.656 0.656 0.656
Minimum 0.0 0.0 0.0 0.0 0.0
Maximum 4.0 4.0 3.0 4.0 3.0
Sum 102.0 101.0 98.0 93.0 53.0
Table B.2 Frequency Table for all factors (continued)
number of number of organisational
hierarchy hirerarchy  span of people relationships
contribution  layers control reportingtoa  contribution
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manager
N Valid 51 51 51 51 51
Missing 0 0 0 0 0
Mean 1.412 0.216 1.549 0.686 1.784
Median 1.000 0.000 2.000 0.000 2.000
Mode 2.0 0.0 2.0 0.0 3.0
Std. Deviation 1.0987 0.4610 1.0453 1.0486 1.2855
Variance 1.207 0.213 1.093 1.100 1.653
Skewness 0.234 2.042 -0.190 1.757 0.010
Std. Error of Skewness 0.333 0.333 0.333 0.333 0.333
Kurtosis -0.873 3.615 -1.121 2.727 -1.185
Std. Error of Kurtosis 0.656 0.656 0.656 0.656 0.656
Minimum 0.0 0.0 0.0 0.0 0.0
Maximum 4.0 2.0 3.0 4.0 4.0
Sum 72.0 11.0 79.0 35.0 91.0
Table B.2 Frequency Table for all factors (continued)
size of
organisational ~ organisation organisation  strategy strategy
relationships contribution  size contribution  type
N Valid 51 51 51 51 51
Missing 0 0 0 0 0
Mean 2.392 1.549 0.510 2.039 1.431
Median 2.000 1.000 0.000 2.000 1.000
Mode 1.0 10 0.0 3.0 1.0
Std. Deviation 1.6980 1.1369 0.7314 1.1826 1.0441
Variance 2.883 1.293 0.535 1.398 1.090
Skewness 0.142 0.214 1.082 -0.154 0.244
Std. Error of Skewness 0.333 0.333 0.333 0.333 0.333
Kurtosis -1.362 -1.120 -0.243 -0.845 -1.096
Std. Error of Kurtosis 0.656 0.656 0.656 0.656 0.656
Minimum 0.0 0.0 0.0 0.0 0.0
Maximum 5.0 4.0 2.0 4.0 3.0
Sum 122.0 79.0 26.0 104.0 73.0
Table B.2 Frequency Table for all factors (continued)
organisational
learning organisational  political
policies policies systems learning freedom
contribution  type contribution systems contribution
N Valid 51 51 51 51 51
Missing 0 0 0 0 0

Mean 1.725 1.275 1.451 1.196 1.176
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Median 2.000 1.000 1.000 1.000 1.000
Mode 1.0 1.0 2.0 1.0 0.0
Std. Deviation 1.2662 0.7504 1.0828 0.8490 1.2443
Variance 1.603 0.563 1.173 0.721 1.548
Skewness 0.175 -0.209 0.180 0.014 0.689
Std. Error of Skewness 0.333 0.333 0.333 0.333 0.333
Kurtosis -1.134 -0.654 -0.835 -0.876 -0.747
Std. Error of Kurtosis 0.656 0.656 0.656 0.656 0.656
Minimum 0.0 0.0 0.0 0.0 0.0
Maximum 4.0 3.0 4.0 3.0 4.0
Sum 88.0 65.0 74.0 61.0 60.0

Table B.2 Frequency Table for all factors (continued)

incentives to competition employment

foreign incentives  law and law and
political investors to foreign  policy policy
freedom  contribution  investors contribution contribution

N Valid 51 51 51 51 51

Missing 0 0 0 0 0

Mean 1.725 0.275 0.059 0.706 1.137

Median 2.000 0.000 0.000 0.000 1.000

Mode 2.0 0.0 0.0 0.0 .0(a)

Std. Deviation 0.4931 0.6349 0.3106 0.8317 1.0587

Variance 0.243 0.403 0.096 0.692 1.121

Skewness -1.551 2.630 5.654 0.826 0.663

Std. Error of Skewness 0.333 0.333 0.333 0.333 0.333

Kurtosis 1.543 7.229 33.120 -0.384 -0.282

Std. Error of Kurtosis 0.656 0.656 0.656 0.656 0.656

Minimum 0.0 0.0 0.0 0.0 0.0

Maximum 2.0 3.0 2.0 3.0 4.0

Sum 88.0 14.0 3.0 36.0 58.0

Table B.2 Frequency Table for all factors (continued)

describe health and describe level of
employment  safety healthand  economic describe
law and regualtions  safety activity economic
policy contribution  regulations  contribution activity
N Valid 51 51 51 51 51
Missing 0 0 0 0 0
Mean 0.843 2.216 0.941 1.980 1.882
Median 1.000 3.000 1.000 2.000 2.000
Mode 10 3.0 0.0 2.0 2.0
Std. Deviation 0.7582 1.3163 0.8582 1.1746 0.9088
Variance 0.575 1.733 0.736 1.380 0.826
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Skewness 0.273 -0.252 0.116 -0.269 -0.426
Std. Error of Skewness 0.333 0.333 0.333 0.333 0.333
Kurtosis -1.188 -1.172 -1.648 -0.686 0.228
Std. Error of Kurtosis 0.656 0.656 0.656 0.656 0.656
Minimum 0.0 0.0 0.0 0.0 0.0
Maximum 2.0 4.0 2.0 4.0 4.0
Sum 43.0 113.0 48.0 101.0 96.0
Table B.2 Frequency Table for all factors (continued)
rate of describe  strength of
GDP trend in inflation rate of currency
conntribution ~ GDP contribution inflation  contribution
N Valid 51 51 51 51 51
Missing 0 0 0 0 0
Mean 1.275 1.000 1451 1.588 0.941
Median 1.000 1.000 1.000 2.000 1.000
Mode 1.0 1.0 1.0(a) 2.0 0.0
Std. Deviation 1.0016 0.4000 1.0828 0.9418 1.0471
Variance 1.003 0.160 1.173 0.887 1.096
Skewness 0.407 -0.001 0.377 -0.415 1.100
Std. Error of Skewness 0.333 0.333 0.333 0.333 0.333
Kurtosis -0.287 3.858 -0.403 -0.696 0.565
Std. Error of Kurtosis 0.656 0.656 0.656 0.656 0.656
Minimum 0.0 0.0 0.0 0.0 0.0
Maximum 4.0 2.0 4.0 3.0 4.0
Sum 65.0 51.0 74.0 81.0 48.0
Table B.2 Frequency Table for all factors (continued)
level of
government
rates of describe spendingin  government
strenth of  taxation rates of R&D spending in
currency  contribution  taxation contribution R&D
N Valid 51 51 51 51 51
Missing 0 0 0 0 0
Mean 1.176 1.765 2.039 1.157 0.941
Median 1.000 2.000 2.000 1.000 1.000
Mode 1.0 2.0(a) 2.0 .0(a) 1.0
Std. Deviation 0.9530 1.2898 0.9992 1.1022 0.8345
Variance 0.908 1.664 0.998 1.215 0.696
Skewness 0.353 -0.006 -0.957 0.796 0.543
Std. Error of Skewness 0.333 0.333 0.333 0.333 0.333
Kurtosis -0.780 -1.155 -0.005 0.064 -0.314
Std. Error of Kurtosis 0.656 0.656 0.656 0.656 0.656
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Minimum 0.0 0.0 0.0 0.0 0.0
Maximum 3.0 4.0 3.0 4.0 3.0
Sum 60.0 90.0 104.0 59.0 48.0

Table B.2 Frequency Table for all factors (continued)

energy describe transport describe promotion of
provision energy provision transport products/services
contribution  provision  contribution  provision  contribution

N Valid 51 51 51 51 51
Missing 0 0 0 0 0
Mean 1.294 1.176 1.392 1.353 1.667
Median 1.000 1.000 1.000 1.000 2.000
Mode 1.0 1.0 1.0 2.0 2.0
Std. Deviation 0.9653 0.8650 1.1328 1.0163 1.0893
Variance 0.932 0.748 1.283 1.033 1.187
Skewness 0.338 0.222 0.450 0.061 -0.061
Std. Error of Skewness 0.333 0.333 0.333 0.333 0.333
Kurtosis -0.766 -0.648 -0.583 -1.112 -0.950
Std. Error of Kurtosis 0.656 0.656 0.656 0.656 0.656
Minimum 0.0 0.0 0.0 0.0 0.0
Maximum 3.0 3.0 4.0 3.0 4.0
Sum 66.0 60.0 71.0 69.0 85.0

Table B.2 Frequency Table for all factors (continued)

intellectual describe

describe the property intellectual  sales

promotion of rights property management  describe sales

products/services  contribution  rights contribution  management
N Valid 51 51 51 51 51

Missing 0 0 0 0 0

Mean 1.882 1.176 1.118 1.333 1.667
Median 2.000 1.000 1.000 1.000 2.000
Mode 3.0 0.0 1.0 1.0 3.0
Std. Deviation 1.1601 1.1262 0.6526 1.0708 1.2111
Variance 1.346 1.268 0.426 1.147 1.467
Skewness -0.562 0.425 -0.120 0.200 -0.302
Std. Error of Skewness 0.333 0.333 0.333 0.333 0.333
Kurtosis -1.165 -1.219 -0.581 -1.192 -1.479
Std. Error of Kurtosis 0.656 0.656 0.656 0.656 0.656
Minimum 0.0 0.0 0.0 0.0 0.0
Maximum 3.0 3.0 2.0 3.0 3.0

Sum 96.0 60.0 57.0 68.0 85.0
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Table B.2 Frequency Table for all factors (continued)

market describe
information  market process level of quality
availability  information integration process control
contribution availability ~ contribution integration contribution
N Valid 51 51 51 51 51
Missing 0 0 0 0 0
Mean 1.706 1.314 1.157 1.980 1.902
Median 2.000 1.000 1.000 2.000 2.000
Mode 2.0 1.0 .0(a) 3.0 1.0
Std. Deviation 1.0449 0.5828 0.9874 1.1746 1.1001
Variance 1.092 0.340 0.975 1.380 1.210
Skewness -0.028 -0.164 0.321 -0.346 0.013
Std. Error of Skewness 0.333 0.333 0.333 0.333 0.333
Kurtosis -0.834 -0.563 -0.972 -0.834 -0.820
Std. Error of Kurtosis 0.656 0.656 0.656 0.656 0.656
Minimum 0.0 0.0 0.0 0.0 0.0
Maximum 4.0 2.0 3.0 4.0 4.0
Sum 87.0 67.0 59.0 101.0 97.0
Table B.2 Frequency Table for all factors (continued)
knowledge describe
describe R&D describe management  knowledge
quality expenditure  R&D processes management
control contribution  expinditure  contribution  processes
N Valid 51 51 51 51 51
Missing 0 0 0 0 0
Mean 1.882 1.137 0.549 1.961 2.176
Median 2.000 1.000 0.000 2.000 2.000
Mode 2.0 0.0 0.0 2.0(a) 1.0(a)
Std. Deviation 0.8160 1.0958 0.8078 1.2643 1.5324
Variance 0.666 1.201 0.653 1.598 2.348
Skewness -0.466 0.477 1.257 -0.047 0.454
Std. Error of Skewness 0.333 0.333 0.333 0.333 0.333
Kurtosis -0.061 -1.099 0.544 -1.013 -0.663
Std. Error of Kurtosis 0.656 0.656 0.656 0.656 0.656
Minimum 0.0 0.0 0.0 0.0 0.0
Maximum 3.0 3.0 3.0 4.0 5.0
Sum 96.0 58.0 28.0 100.0 111.0
Table B.2 Frequency Table for all factors (continued)
capital describe financial describe financiers
structure capital management  financial attitude
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contribution  structure contribution  management  contribution
N Valid 51 51 51 51 51
Missing 0 0 0 0 0
Mean 1.529 0.569 1.961 1.353 1.392
Median 1.000 0.000 2.000 1.000 1.000
Mode .0(a) 0.0 3.0 2.0 0.0
Std. Deviation 1.2059 0.6710 1.1993 0.6877 1.2818
Variance 1.454 0.450 1.438 0.473 1.643
Skewness 0.213 0.773 -0.067 -0.594 0.339
Std. Error of Skewness 0.333 0.333 0.333 0.333 0.333
Kurtosis -1.070 -0.466 -1.113 -0.705 -1.224
Std. Error of Kurtosis 0.656 0.656 0.656 0.656 0.656
Minimum 0.0 0.0 0.0 0.0 0.0
Maximum 4.0 2.0 4.0 2.0 4.0
Sum 78.0 29.0 100.0 69.0 71.0
Table B.2 Frequency Table for all factors (continued)
describe
compete
describe competence  nce
describe number of percentage  skills of skills of
financiers R&D staff of R&D R&D staff R&D
attitude contribution staff contribution  staff
N Valid 51 51 51 51 51
Missing 0 0 0 0 0
Mean 2.255 0.960 0.412 0.863 0.647
Median 2.000 0.970 0.000 0.000 0.000
Mode 2.0 0.0 0.0 0.0 0.0
Std. Deviation 0.5947 1.1482 0.6686 1.2003 1.0550
Variance 0.354 1.318 0.447 1.441 1.113
Skewness -0.136 0.906 1.381 0.924 1.829
Std. Error of Skewness 0.333 0.333 0.333 0.333 0.333
Kurtosis -0.434 -0.336 0.663 -0.853 2.879
Std. Error of Kurtosis 0.656 0.656 0.656 0.656 0.656
Minimum 1.0 0.0 0.0 0.0 0.0
Maximum 3.0 4.0 2.0 3.0 4.0
Sum 115.0 49.0 21.0 44.0 33.0
Table B.2 Frequency Table for all factors (continued)
performance  describe retention
of R&D performan  age profile of  describe age of R&D
staff ce of R&D staff profile of staff
contribution ~ R&D staff  contribution R&D staff contributi
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on

N Valid 51 51 51 51 51
Missin
0 0 0 0
g
Mean 0.804 1.000 0.667 0.647 0.706
Median 0.000 0.000 0.000 0.000 0.000
Mode 0.0 0.0 0.0 0.0 0.0
Std. Deviation 1.1493 1.5748 1.0132 1.0163 1.0449
Variance 1.321 2.480 1.027 1.033 1.092
Skewness 0.977 1.247 1.205 1.486 1.176
Std. Error of Skewness 0.333 0.333 0.333 0.333 0.333
Kurtosis -0.700 -0.050 0.030 1.469 -0.046
Std. Error of Kurtosis 0.656 0.656 0.656 0.656 0.656
Minimum 0.0 0.0 0.0 0.0 0.0
Maximum 3.0 5.0 3.0 4.0 3.0
Sum 41.0 51.0 34.0 33.0 36.0
Table B.2 Frequency Table for all factors (continued)
describe staff hours of
retention of development  typical staff
R&D staff contribution development
N Valid 51 51 51
Missing 0 0 0
Mean 0.863 1.686 1.275
Median 0.000 2.000 1.000
Mode 0.0 2.0 .0(a)
Std. Deviation 1.5877 1.2246 1.2662
Variance 2.521 1.500 1.603
Skewness 1.482 -0.112 0.871
Std. Error of Skewness 0.333 0.333 0.333
Kurtosis 0.322 -1.155 0.095
Std. Error of Kurtosis 0.656 0.656 0.656
Minimum 0.0 0.0 0.0
Maximum 4.0 4.0 5.0
Sum 44.0 86.0 65.0

B.3 Variation of responses

Tables in this section illustrate the variation of the responses for both the measure of

the extent to which each factor contributes to propagation of innovation and the

condition of the factor.
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Table B.3 Technology contribution

Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 8 15.7 15.7 15.7
Little 16 314 314 47.1
Moderate 15 294 294 76.5
Very Much 11 21.6 21.6 98.0
Great 1 2.0 2.0 100.0
Total 51 100.0 100.0
Table B.4 Technology description
Cumulative
Frequency Percent Valid Percent Percent
Valid Ancient 1 2.0 2.0 2.0
Established 23 45.1 45.1 47.1
Modern 13 255 255 72.5
New 9 17.6 17.6 90.2
Emerging 5 9.8 9.8 100.0
Total 51 100.0 100.0
Table B.5 Leadership contribution
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 6 11.8 11.8 11.8
Little 8 15.7 15.7 275
Moderate 16 314 314 58.8
Very Much 17 333 333 922
Great 4 7.8 7.8 100.0
Total 51 100.0 100.0
Table B.6 Leadership style
Cumulative
Frequency Percent Valid Percent Percent
Valid Authoritative 5 9.8 9.8 9.8
Paternalistic 5 9.8 9.8 19.6
Participative 29 56.9 56.9 76.5
Delegate 9 17.6 17.6 94.1
Free Reign 3 5.9 5.9 100.0
Total 51 100.0 100.0
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Table B.7 Ownership contribution

Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 9 17.6 17.6 17.6
Little 9 17.6 17.6 35.3
Moderate 11 216 21.6 56.9
Very Much 18 35.3 35.3 92.2
Great 4 7.8 7.8 100.0
Total 51 100.0 100.0
Table B.8 Ownership type
Cumulative
Frequency Percent Valid Percent Percent
Valid Sole Proprietor 2 39 3.9 3.9
Partnership 4 7.8 7.8 11.8
Private Limited Co. 41 80.4 80.4 92.2
Public Limited Co. 4 7.8 7.8 100.0
Total 51 100.0 100.0
Table B.9 Collaboration contribution
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 8 15.7 15.7 15.7
Little 14 275 275 43.1
Moderate 10 19.6 19.6 62.7
Very Much 17 333 333 96.1
Great 2 3.9 3.9 100.0
Total 51 100.0 100.0
Table B.10 Collaboration type
Cumulative
Frequency Percent Valid Percent Percent
Valid None 19 37.3 37.3 37.3
Regional 17 33.3 33.3 70.6
National 9 17.6 17.6 88.2
International 6 11.8 11.8 100.0
Total 51 100.0 100.0
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Table B.11 Hierarchy contribution

Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 13 255 255 255
Little 14 275 275 52.9
Moderate 15 29.4 29.4 82.4
Very Much 8 15.7 15.7 98.0
Great 1 2.0 2.0 100.0
Total 51 100.0 100.0
Table B.12 Number of hierarchy layers
Cumulative
Frequency Percent Valid Percent Percent
Valid 8-10 layers 1 2.0 2.0 2.0
5-7 layers 9 17.6 17.6 19.6
2-4 layers 41 80.4 80.4 100.0
Total 51 100.0 100.0
Table B.13 Span of control
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 11 21.6 21.6 21.6
Little 11 21.6 21.6 43.1
Moderate 19 37.3 37.3 80.4
Very Much 10 19.6 19.6 100.0
Total 51 100.0 100.0
Table B.14 Number of people reporting to a manager
Cumulative
Frequency Percent Valid Percent Percent
Valid more than 24 people 2 3.9 3.9 3.9
19-24 people 2 3.9 3.9 7.8
13-18 people 4 7.8 7.8 15.7
7-12 people 13 255 255 41.2
1-6 people 30 58.8 58.8 100.0
Total 51 100.0 100.0
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Table B.15 Organisational relationships contribution

Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 11 21.6 21.6 216
Little 11 21.6 21.6 43.1
Moderate 11 21.6 21.6 64.7
Very Much 14 275 275 92.2
Great 4 7.8 7.8 100.0
Total 51 100.0 100.0
Table B.16 Organisational relationships
Cumulative
Frequency Percent Valid Percent Percent
Valid Formal Lateral
. . 7 13.7 13.7 13.7
Relationships
Formal Vertical
) ) 14 275 275 41.2
Relationships
Formal Diagonal
. . 6 11.8 11.8 52.9
Relationships
Informal Lateral
7 13.7 13.7 66.7
Relationships
Informal Vertical
) ) 10 19.6 19.6 86.3
Relationships
Informal Diagonal
) ) 7 13.7 13.7 100.0
Relationships
Total 51 100.0 100.0
Table B.17 Size of organisation contribution
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 10 19.6 19.6 19.6
Little 18 35.3 35.3 54.9
Moderate 9 17.6 17.6 72.5
Very Much 13 255 255 98.0
Great 1 2.0 2.0 100.0

Total 51 100.0 100.0

Table B.18 Organisation size



Appendix B 386

Cumulative
Frequency Percent Valid Percent Percent
Valid 1-24 employees 32 62.7 62.7 62.7
25-250 employees 12 235 235 86.3
250<employees 7 13.7 13.7 100.0
Total 51 100.0 100.0
Table B.19 Strategy contribution
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 6 11.8 11.8 11.8
Little 11 216 21.6 333
Moderate 14 275 275 60.8
Very Much 15 294 29.4 90.2
Great 5 9.8 9.8 100.0
Total 51 100.0 100.0
Table B.20 Strategy type
Cumulative
Frequency Percent Valid Percent Percent
Valid Environmental/Opportunistic
10 19.6 19.6 19.6
Strategies
Entrepreneurial/Visionary
Strategies 20 39.2 39.2 58.8
Learning and Capabilities
Learning Strategies 10 196 196 784
Competitive/Positioning
11 21.6 21.6 100.0
Strategies
Total 51 100.0 100.0
Table B.21 Policies contribution
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 10 19.6 19.6 19.6
Little 15 29.4 29.4 49.0
Moderate 9 17.6 17.6 66.7
Very Much 13 255 255 92.2
Great 4 7.8 7.8 100.0

Total 51 100.0 100.0
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Table B.22 Policies type

Cumulative
Frequency Percent Valid Percent Percent
Valid Always Mandatory 1 2.0 2.0 2.0
Mainly Mandatory 20 39.2 39.2 41.2
Mainly Advisory 22 43.1 43.1 84.3
Always Advisory 8 15.7 15.7 100.0
Total 51 100.0 100.0
Table B.23 Organisational learning systems contribution
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 12 235 235 235
Little 14 275 275 51.0
Moderate 16 314 314 824
Very Much 8 15.7 15.7 98.0
Great 1 2.0 2.0 100.0
Total 51 100.0 100.0
Table B.24 Organisational learning systems
Cumulative
Frequency Percent Valid Percent Percent
Valid Learning facts, knowledge,
processes and procedures 12 235 235 23.5
Learning new job skills that
are transferable to other 19 373 373 60.8
situations
Learning to adapt 18 35.3 35.3 96.1
Learning to learn 2 3.9 3.9 100.0
Total 51 100.0 100.0
Table B.25 Political freedom contribution
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 21 41.2 41.2 41.2
Little 12 235 235 64.7
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Moderate 8 15.7 15.7 80.4
Very Much 8 15.7 15.7 96.1
Great 2 3.9 3.9 100.0
Total 51 100.0 100.0
Table B.26 Political freedom
Cumulative
Frequency Percent Valid Percent Percent
Valid Fully Restricted 1 2.0 2.0 2.0
Partially Restricted 12 235 235 255
Unrestricted 38 745 745 100.0
Total 51 100.0 100.0
Table B.27 Incentives to foreign investors’ contribution
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 41 80.4 80.4 80.4
Little 7 13.7 13.7 94.1
Moderate 2 3.9 3.9 98.0
Very Much 1 2.0 2.0 100.0
Total 51 100.0 100.0
Table B.28 Incentives to foreign investors
Cumulative
Frequency Percent Valid Percent Percent
Valid Not Applicable 49 96.1 96.1 96.1
Physical Assets 1 2.0 2.0 98.0
Tax Relief 1 2.0 2.0 100.0
Total 51 100.0 100.0
Table B.29 Competition law and policy contribution
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 26 51.0 51.0 51.0
Little 15 29.4 29.4 80.4
Moderate 10 19.6 19.6 100.0
Total 51 100.0 100.0
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Table B.30 Describe competition law and policy

Cumulative
Frequency Percent Valid Percent Percent
Valid Restrictive 17 333 33.3 333
Facilitating 21 41.2 41.2 745
Supportive 12 235 235 98.0
Not Applicable 1 2.0 2.0 100.0
Total 51 100.0 100.0
Table B.31 Employment law and policy contribution
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 17 333 333 333
Little 17 333 333 66.7
Moderate 11 21.6 21.6 88.2
Very Much 5 9.8 9.8 98.0
Great 1 2.0 2.0 100.0
Total 51 100.0 100.0
Table B.32 Describe employment law and policy
Cumulative
Frequency Percent Valid Percent Percent
Valid Restrictive 19 37.3 37.3 37.3
Facilitating 21 41.2 41.2 78.4
Supportive 11 21.6 21.6 100.0
Total 51 100.0 100.0
Table B.33 Health and safety regulations contribution
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 6 11.8 11.8 11.8
Little 12 235 235 35.3
Moderate 7 13.7 13.7 49.0
Very Much 17 333 333 82.4
Great 9 17.6 17.6 100.0

Total 51 100.0 100.0
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Table B.34 Describe health and safety regulations

Cumulative
Frequency Percent Valid Percent Percent
Valid Restrictive 20 39.2 39.2 39.2
Facilitating 14 275 275 66.7
Supportive 17 33.3 33.3 100.0
Total 51 100.0 100.0
Table B.35 Level of economic activity contribution
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 8 15.7 15.7 15.7
Little 7 13.7 13.7 294
Moderate 18 35.3 35.3 64.7
Very Much 14 275 275 92.2
Great 4 7.8 7.8 100.0
Total 51 100.0 100.0
Table B.36 Describe economic activity
Cumulative
Frequency Percent Valid Percent Percent
Valid Very Low 5 9.8 9.8 9.8
Low 8 15.7 15.7 255
Medium 27 52.9 52.9 78.4
High 10 19.6 19.6 98.0
Very High 1 2.0 2.0 100.0
Total 51 100.0 100.0
Table B.37 GDP contribution
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 13 255 255 255
Little 17 333 333 58.8
Moderate 16 314 314 90.2
Very Much 4 7.8 7.8 98.0
Great 1 2.0 2.0 100.0
Total 51 100.0 100.0
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Table B.38 Trend in GDP

Frequency Percent Valid Percent Cumulative Percent
Valid Falling 4 7.8 7.8 7.8
Steady 41 80.4 80.4 88.2
1.0 1 2.0 2.0 90.2
1.0 1 2.0 2.0 922
Rising 4 7.8 7.8 100.0
Total 51 100.0 100.0
Table B.39 Rate of inflation contribution
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 11 21.6 21.6 21.6
Little 16 314 314 52.9
Moderate 16 314 314 84.3
Very Much 6 11.8 11.8 96.1
Great 2 3.9 3.9 100.0
Total 51 100.0 100.0
Table B.40 Describe rate of inflation
Cumulative
Frequency Percent Valid Percent Percent
Valid Very Low 9 17.6 17.6 17.6
Low 10 19.6 19.6 37.3
Medium 25 49.0 49.0 86.3
High 7 13.7 13.7 100.0
Total 51 100.0 100.0
Table B.41 Strength of currency contribution
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 21 41.2 41.2 41.2
Little 19 37.3 37.3 78.4
Moderate 5 9.8 9.8 88.2
Very Much 5 9.8 9.8 98.0
Great 1 2.0 2.0 100.0
Total 51 100.0 100.0
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Table B.42 Strength of currency

Cumulative
Frequency Percent Valid Percent Percent
Valid Very Low 14 275 275 275
Low 19 37.3 37.3 64.7
Medium 13 255 255 90.2
High 5 9.8 9.8 100.0
Total 51 100.0 100.0
Table B.43 Rates of taxation contribution
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 12 235 235 235
Little 9 17.6 17.6 41.2
Moderate 13 255 255 66.7
Very Much 13 255 255 92.2
Great 4 7.8 7.8 100.0
Total 51 100.0 100.0
Table B.44 Describe rates of taxation
Cumulative
Frequency Percent Valid Percent Percent
Valid High 19 37.3 37.3 37.3
Medium 22 43.1 43.1 80.4
Low 3 5.9 5.9 86.3
Very Low 7 13.7 13.7 100.0
Total 51 100.0 100.0
Table B.45 Level of government spending in R&D contribution
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 17 333 333 33.3
Little 17 333 333 66.7
Moderate 11 216 21.6 88.2
Very Much 4 7.8 7.8 96.1
Great 2 3.9 3.9 100.0
Total 51 100.0 100.0
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Table B.46 Government spending in R&D

Cumulative
Frequency Percent Valid Percent Percent
Valid Very Low 17 333 33.3 333
Low 22 43.1 43.1 76.5
Medium 10 19.6 19.6 96.1
High 2 3.9 3.9 100.0
Total 51 100.0 100.0
Table B.47 Energy provision contribution
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 11 21.6 21.6 21.6
Little 21 41.2 41.2 62.7
Moderate 12 235 235 86.3
Very Much 7 13.7 13.7 100.0
Total 51 100.0 100.0
Table B.48 Describe energy provision
Cumulative
Frequency Percent Valid Percent Percent
Valid Very Low 12 235 235 235
Low 21 41.2 41.2 64.7
Medium 15 29.4 294 94.1
High 3 5.9 5.9 100.0
Total 51 100.0 100.0
Table B.49 Transport provision contribution
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 13 255 255 255
Little 16 314 314 56.9
Moderate 13 255 255 82.4
Very Much 7 13.7 13.7 96.1
Great 2 3.9 3.9 100.0
Total 51 100.0 100.0




Appendix B

394

Table B.50 Describe transport provision

Cumulative
Frequency Percent Valid Percent Percent
Valid Very Low 13 255 255 255
Low 14 275 275 52.9
Medium 17 333 33.3 86.3
High 7 13.7 13.7 100.0
Total 51 100.0 100.0
Table B.51 Promotion of products/services contribution
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 9 17.6 17.6 17.6
Little 13 255 255 43.1
Moderate 16 314 314 74.5
Very Much 12 235 235 98.0
Great 1 2.0 2.0 100.0
Total 51 100.0 100.0
Table B.52 Describe the promotion of products/services
Cumulative
Frequency Percent Valid Percent Percent
Valid Not Applicable 10 19.6 19.6 19.6
Amateur 7 13.7 13.7 33.3
Semi-Professional 13 255 255 58.8
Professional 21 41.2 41.2 100.0
Total 51 100.0 100.0
Table B.53 Intellectual property rights contribution
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 19 37.3 37.3 37.3
Little 13 255 255 62.7
Moderate 10 19.6 19.6 82.4
Very Much 9 17.6 17.6 100.0
Total 51 100.0 100.0
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Table B.54 Describe intellectual property rights

Cumulative
Frequency Percent Valid Percent Percent
Valid Restrictive 8 15.7 15.7 15.7
Facilitating 29 56.9 56.9 72.5
Supportive 14 275 275 100.0
Total 51 100.0 100.0
Table B.55 Sales management contribution
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 14 27.5 27.5 27.5
Little 15 29.4 29.4 56.9
Moderate 13 255 255 82.4
Very Much 9 17.6 17.6 100.0
Total 51 100.0 100.0
Table B.56 Describe sales management
Cumulative
Frequency Percent Valid Percent Percent
Valid Not Applicable 14 275 275 275
Amateur 6 11.8 11.8 39.2
Semi-Professional 14 275 275 66.7
Professional 17 333 333 100.0
Total 51 100.0 100.0
Table B.57 Market information availability contribution
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 7 13.7 13.7 13.7
Little 15 29.4 29.4 43.1
Moderate 16 314 314 745
Very Much 12 235 235 98.0
Great 1 2.0 2.0 100.0
Total 51 100.0 100.0

Table B.58 Describe market information availability
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Cumulative
Frequency Percent Valid Percent Percent
Valid Never Available 3 5.9 5.9 59
Sometimes Available 29 56.9 56.9 62.7
Always Available 19 37.3 37.3 100.0
Total 51 100.0 100.0
Table B.59 Process integration contribution
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 16 314 314 314
Little 16 314 314 62.7
Moderate 14 275 275 90.2
Very Much 5 9.8 9.8 100.0
Total 51 100.0 100.0
Table B.60 Level of process integration
Cumulative
Frequency Percent Valid Percent Percent
Valid Initiation 8 15.7 15.7 15.7
Adoption 8 15.7 15.7 314
Adaption 15 294 294 60.8
Acceptance 17 333 333 941
Reutilization 3 5.9 5.9 100.0
Total 51 100.0 100.0
Table B.61 Quality control contribution
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 5 9.8 9.8 9.8
Little 15 294 294 39.2
Moderate 14 275 275 66.7
Very Much 14 27.5 27.5 94.1
Great 3 5.9 5.9 100.0
Total 51 100.0 100.0

Table B.62 Describe quality control
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Cumulative
Frequency Percent Valid Percent Percent
Valid Not Applicable 3 5.9 5.9 5.9
Non-Advanced 11 21.6 216 27.5
Semi-Advanced 26 51.0 51.0 78.4
Very Advanced 11 21.6 21.6 100.0
Total 51 100.0 100.0
Table B.63 R&D expenditure contribution
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 19 373 373 37.3
Little 14 27.5 27.5 64.7
Moderate 10 19.6 19.6 84.3
Very Much 8 15.7 15.7 100.0
Total 51 100.0 100.0
Table B.64 Describe R&D expenditure
Cumulative
Frequency Percent Valid Percent Percent
Valid Non R&D Performers 32 62.7 62.7 62.7
Under £1m 11 21.6 21.6 84.3
£1lmto £10m 7 13.7 13.7 98.0
£10m to £100m 1 2.0 2.0 100.0
Total 51 100.0 100.0
Table B.65 Knowledge management processes contribution
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 8 15.7 15.7 15.7
Little 11 21.6 21.6 37.3
Moderate 13 255 255 62.7
Very Much 13 255 255 88.2
Great 6 11.8 11.8 100.0
Total 51 100.0 100.0

Table B.66 Describe knowledge management processes
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Cumulative
Frequency Percent Valid Percent Percent
Valid  Obtain/Capture knowledge 6 11.8 11.8 11.8
Locate and Access
Knowledge 16 314 314 43.1
Propagate Knowledge 6 11.8 11.8 54.9
Transfer Knowledge 16 314 314 86.3
Maintain Knowledge 7 13.7 13.7 100.0
Total 51 100.0 100.0
Table B.67 Capital structure contribution
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 13 255 255 255
Little 13 255 255 51.0
Moderate 12 235 235 74.5
Very Much 11 21.6 21.6 96.1
Great 2 3.9 3.9 100.0
Total 51 100.0 100.0
Table B.68 Describe capital structure
Cumulative
Frequency Percent Valid Percent Percent
Valid Higher than 10 5 9.8 9.8 9.8
2-10 19 37.3 37.3 47.1
Oto2 27 52.9 52.9 100.0
Total 51 100.0 100.0
Table B.69 Financial management contribution
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 6 11.8 11.8 11.8
Little 15 29.4 29.4 41.2
Moderate 9 17.6 17.6 58.8
Very Much 17 333 333 92.2
Great 4 7.8 7.8 100.0
Total 51 100.0 100.0
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Table B.70 Describe financial management

Cumulative
Frequency Percent Valid Percent Percent
Valid Amateur 6 11.8 11.8 11.8
Semi-Professional 21 41.2 41.2 52.9
Professional 24 47.1 47.1 100.0
Total 51 100.0 100.0
Table B.71 Financier’s attitude contribution
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 18 353 353 353
Little 10 19.6 19.6 54.9
Moderate 10 19.6 19.6 74.5
Very Much 11 21.6 21.6 96.1
Great 2 3.9 3.9 100.0
Total 51 100.0 100.0
Table B.72 Describe financier’s attitude
Cumulative
Frequency Percent Valid Percent Percent
Valid Undecided 4 7.8 7.8 7.8
Supportive 30 58.8 58.8 66.7
Highly Supportive 17 333 333 100.0
Total 51 100.0 100.0
Table B.73 Number of R&D staff contribution
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 26 51.0 51.0 51.0
Little 10 19.6 19.6 70.6
Moderate 8 15.7 15.7 86.3
Very Much 6 11.8 11.8 98.0
Great 1 2.0 2.0 100.0
Total 51 100.0 100.0

Table B.74 Describe percentage of R&D staff
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Cumulative
Frequency Percent Valid Percent Percent
Valid Not applicable 35 68.6 68.6 68.6
0%-20% 11 21.6 21.6 90.2
20%-40% 5 9.8 9.8 100.0
Total 51 100.0 100.0
Table B.75 Competence skills of R&D staff contribution
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 31 60.8 60.8 60.8
Little 5 9.8 9.8 70.6
Moderate 6 11.8 11.8 824
Very Much 9 17.6 17.6 100.0
Total 51 100.0 100.0
Table B.76 Describe competence skills of R&D staff
Cumulative
Frequency Percent Valid Percent Percent
Valid  Not Applicable 32 62.7 62.7 62.7
Non-degree holders 11 21.6 21.6 84.3
Bachelor's degree holders 4 78 78 922
Master's degree holders 2 3.9 3.9 96.1
PhD degree holders 2 3.9 3.9 100.0
Total 51 100.0 100.0
Table B.77 Performance of R&D staff contribution
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 32 62.7 62.7 62.7
Little 4 7.8 7.8 70.6
Moderate 8 15.7 15.7 86.3
Very Much 7 13.7 13.7 100.0

Total 51 100.0 100.0

Table B.78 Describe performance of R&D staff
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Cumulative
Frequency Percent Valid Percent Percent
Valid Not Applicable 33 64.7 64.7 64.7
Very Low 5 9.8 9.8 745
Low 1 2.0 2.0 76.5
Medium 5 9.8 9.8 86.3
High 6 11.8 11.8 98.0
Very High 1 2.0 2.0 100.0
Total 51 100.0 100.0
Table B.79 Age profile of R&D staff contribution
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 33 64.7 64.7 64.7
Little 6 11.8 11.8 76.5
Moderate 8 15.7 15.7 92.2
Very Much 4 7.8 7.8 100.0
Total 51 100.0 100.0
Table B.80 Describe age profile of R&D staff
Cumulative
Frequency Percent Valid Percent Percent
Valid Not Applicable 33 64.7 64.7 64.7
Older than 55 years old 1 2.0 2.0 66.7
45-55 years old 2 3.9 3.9 70.6
34-44 years old 8 15.7 15.7 86.3
23-33 years old 7 13.7 13.7 100.0
Total 51 100.0 100.0
Table B.81 Retention of R&D staff contribution
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 32 62.7 62.7 62.7
Little 7 13.7 13.7 76.5
Moderate 7 13.7 13.7 90.2
Very Much 5 9.8 9.8 100.0
Total 51 100.0 100.0
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Table B.82 Describe retention of R&D staff

Cumulative
Frequency Percent Valid Percent Percent
Valid Not Applicable 37 725 725 72.5
Tend to stay for 1-6
months 7.8 7.8 80.4
Tend to stay for more
then 2 years 10 19.6 19.6 100.0
Total 51 100.0 100.0
Table B.83 Staff development contribution
Cumulative
Frequency Percent Valid Percent Percent
Valid Not at all 13 255 255 255
Little 7 13.7 13.7 39.2
Moderate 16 314 314 70.6
Very Much 13 255 255 96.1
Great 2 3.9 3.9 100.0
Total 51 100.0 100.0
Table B.84 Hours of typical staff development
Cumulative
Frequency Percent Valid Percent Percent
Valid Not Applicable 17 333 33.3 333
0-20 hours 17 33.3 333 66.7
20-40 hours 6 11.8 11.8 78.4
40-60 hours 9 17.6 17.6 96.1
60-80 hours 1 2.0 2.0 98.0
80-100 hours 1 2.0 2.0 100.0
Total 51 100.0 100.0
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B.4 Frequency Graphs for Part B of the questionnaire

Type of technology used
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Figure B.1 Technology type

Leadership style
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Figure B.2 Leadership style

Ownership Type
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Figure B.3  Ownership type

Types of Collaborations
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37.3%
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Figure B.4 Types of collaborations

Number of hierarchy layers

W 2-4layers ®5-7layers m8-10layers ™ More than 10 layers
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Figure B.5 Number of hierarchy layers

People reporting to a manager
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Figure B.6  People reporting to a manager



Appendix B

405

Types of organisational relationships

Espancont W21.6% m21.6% m373% m19.6% m0.0%
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Figure B.7 Types of organisational relationships

Organisational size
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Figure B.8 Organisational size

Strategy Type
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Figure B.9 Strategy Type
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Policy Type

M sizecont ®m19.6% m353% m17.6%

62.7%
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Figure B.10 Policy Type

Learning Systems

W stracont ®11.8% m21.6% m27.5%

39.2%

19.6% 19.6% 21.6%

Figure B.11 Learning systems

Political Freedom
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Figure B.12 Political Freedom
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Incentives to foreign investors
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Figure B.13 Incentives to foreign investors

Competition Law and policy
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Figure B.14 Competition Law and policy

Employment Law and policy
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23.5%
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Figure B.15 Employment Law and Policy
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Health and Safety regulations
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Figure B.16 health and safety regulations

Economic Activity
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Figure B.17 Economic Activity
GDP trend
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Figure B.18 GDP Trend
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Inflation rate

Mregucont mM11.8% m23.5% mM13.7% m33.3%
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Figure B.19 Inflations rate
Currency Strength

M econcont WM15.7% m13.7% mW35.3% m27.5%

52.9%

15.7% 19.6%
. (]
9.8%

2.0%

Figure B.20 Currency strength

Rates of Taxation
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Figure B.21 Rates of Taxation
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Government spending in R&D
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Figure B.22 Government spending in R&D

Energy provision
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Figure B.23 Energy provision

Transport provision
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Figure B.24 Transport provision
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Promotion of products and services
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5.9%

Figure B.25 Promotion of products and services

Intellectual property rights
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Figure B.26 Intellectual property rights

Sales management
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Figure B.27 Sales management
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Information availability
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Figure B.28 Information availability

Process Integration
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Figure B.29 Process Integration

Quality Control
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Figure B.30 Quality control
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R&D expenditure
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Figure B.31 R&D expenditure

Knowledge management
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Figure B.32 Knowledge management

Debt/Equity Ratio
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Figure B.33 Debts /Equity Ratio
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Financial Management
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Figure B.34 Financial Management

Financiers attitude
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Figure B.35 Financiers attitude

% of R&D staff
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Figure B.36 Percentage of R&D staff
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R&D staff skills
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Figure B.37 R&D staff skills

Performance of R&D staff
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Figure B.38 Performance of R&D staff

Retention of R&D staff
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Figure B.39 Retention of R&D staff
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Age profile of R&D staff

® Phd degree holders W Master's degree holders
Bachelor's degree holders B Non -degree holders

H Not Applicable
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Figure B.40 Age profile of R&D staff

Hours of staff development
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Figure B.41 Hours of staff development

B.5 Results of the Kolmogorov- Smirnov test of normality

Table B.85 Kolmogorov-Smirnov and Shapiro-Wilk test of normality

Kolmogorov-Smirnov(a)

Statistic  df Sig.

geographical coverage ,269 51
professional background 242 51
post in the organisation ,325 51
describe organisation 291 51
years in the organisation ,147 51
proportion of revenue 241 51
proportion of expenditures ,258 51

technology contribution ,194 51

,000
,000
,000
,000
,007
,000
,000
,000




Appendix B

417

technology description

leadership contribution

leadership style

ownership contribution

ownership type

collaboration contribution

collaboration type

hierarchy contribution

number of hierarchy layers

span of control

number of people reporting to a manager
organisational relationships contribution
organisational relationships

size of organisation contribution
organisation size

strategy contribution

strategy type

policies contribution

policies type

organisational learning systems contribution
organisational learning systems

political freedom contribution

political freedom

incentives to foreign investors contribution
incentives to foreign investors
competition law and policy contribution
describe competition law and policy
employment law and policy contribution
describe employment law and policy
health and safety regulations contribution
describe health and safety regulations
level of economic activity contribution
describe economic activity

GDP contribution

trend in GDP

rate of inflation contribution

describe rate of inflation

270
198
304
223
438
214
221
176
484
236
332
181
206
234
385
184
248
207
245
184
220
240
456
471
536
312
216
218
239
234
256
213
297
196
421
191
296

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
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strength of currency contribution
strength of currency
rates of taxation contribution

describe rates of taxation

level of government spending in R&D contribution

government spending in R&D

energy provision contribution

describe energy provision

transport provision contribution

describe transport provision

promotion of products/services contribution
describe the promotion of products/services
intellectual property rights contribution
describe intellectual property rights

sales management contribution

describe sales management

market information availability contribution
describe market information availability
process integration contribution

level of process integration

quality control contribution

describe quality control

R&D expenditure contribution

describe R&D expenditure

knowledge management processes contribution
describe knowledge management processes
capital structure contribution

describe capital structure

financial management contribution
describe financial management

financiers attitude contribution

describe financiers attitude

number of R&D staff contribution

describe percentage of R&D staff
competence skills of R&D staff contribution
describe competence skills of R&D staff

performance of R&D staff contribution

262
221
164
288
223
237
247
228
204
208
189
244
224
297
191
216
182
332
193
199
186
283
223
379
167
210
179
331
219
297
214
333
289
417
372
358
385

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

,000
,000
,001
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,001
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
,000
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describe performance of R&D staff
age profile of R&D staff contribution
describe age profile of R&D staff
retention of R&D staff contribution
describe retention of R&D staff

staff development contribution

hours of typical staff development

,384
,392
,385
,378
432
,209
252

51
51
51
51
51
51
51

,000
,000
,000
,000
,000
,000
,000

a Lilliefors Significance Correction
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APPENDIX C

C.1 Graphs showing vectors for each factor for Case 1
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13. Investor incentives

12

Efficieqcy o

N

o

—— Videal
12 —&@— Vactual
———— Vpotential
10 ////;5
8
> /
b /
Q
o
&
i /////
2 u/
0
~ 10 15
Effectiveness
14. Competition Law
—— Videal
12 —&— Vactual
10 /4> ~ = Vpotential
8
>
2 /
b /
o
i) ////,
2
/ n
0
5 10 15
Effectiveness
15. Employment Law
—— Videal

—&— Vactual

—— = V/potentia

PN
|

AN

g

v

5 10 15
Effectiveness




Appendix C 425
16. Health & Safety regulations
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24. Transdport
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27. Sales management
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30. Quality control
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33. Capital structure
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39. Age profile of R&D staff
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C.2 Possible alternative scenarios for Case 1

Table C.1 Possible alternative scenarios

Ay

Vectors

Alternative Scenarios

Vectors

Ay

Alternative Scenarios

A =10x+8y
, (10,8)

~ (10,9), (10,10)

A

A» =3x+3y,

(3.4),
(3.5),(3.6),(3,7),(3.8),
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Y:9,10 X:3,45,6,7,8910  (3,9,310)  (43),44),
Y:3,45,6,7,8910  (4,5),4,6),
(4,7),(4,8),(4,9),(4,10),
(5.3).(54),

(5,5),(5.6),(5.,6),(5.7),(5,8),
(5,9).(5,10),(6,3),(6.4),
(6,5).(6.6),(6,7),(6.8),
(6,9).(6,10),(7.,3),(7.4),
(7,5),(7.6),(7,7),(7.8),
(7,9),(7,10),(8,3),(8.4),
(8,5).(8,6),(8,7),(8,8),
(8,9).(8,10),(9.3),(9.4),
(9,5).(9.6).(9.7),(9.8),
(9,9).(9,10),(10,3),(10,4),(
10,5),(10,6),(10,7),(10,8),
(10,9),(10,10)

A2=6x+8y .

(6,9),(6,10),(7,8),(7,9),(7,10),

A =8x+8 7,

(8,9),(8,10),(9,8),

- N A
A =5x+8y,
X:5,6,7,8,9,10
Y:8,9,10

(6.8),(6.9),(6.10),(7,8).(7.9).(
7,10), (8.8)(8,9),(8,10),
(9.8)(9,9),(9.10),
(10,8)(10,9),(10,10),

Are =8x+10y,
X:9,10

(8,8)(8,9), (9,9),(9,10),(10,8)
(6.8) (8,10),(9,8) (9,9),(9,10), X:8,9,10 (10,9),(10,10),
X:6,7,8,9,10 (10,8),(10,9),(10.10), Y:8,9,10
Y:8,9,10

5.9), (5.10), (9,10), (10,10)

A =10x+8y

Y:9,10

(10,9), (10,10)

A =10x+8y,
Y:9,10

(10,9), (10,10)

4 A A
As =4x+6y,
X:4,5,6,7,8,9,10
Y:6,7,8,9,10

(4,7),(4,8), (4.9),
(4,10),(5,6),(5,7),(5,8),(5.,9),
(5,10),(6,6),(6,7),(6,8),
(6,9),(6,10), (7,6),(7,7),(7.8),
(7,9),(7,10), (8,6),(8,7),(8,8),
(8,9),(8,10),(9,6) (9,7),(9,8),
(9,9),(9,10),
(10,6),(10,7),(10,8),
(10,9),(10,10)

Ax =10x+6y,
Y:7,89,10

(10,7),(10,8),
(10,9),(10,10),

As =83+ 6,

(8,7),(8,8),(8,9).(8,10),

A =10x+8y,

(10,9), (10,10)
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X:8,9,10 Y: 9,10
Y:6,7,8,9,10
- A A (5,9),(5,10),(6,8) (6,9),(6,10), - A A (6,7),(6,8), (6,9),(6,10),
A7 =5x+8y, (7.8).(7.9),(7.10), A»x =6x+6y, TO.7IT8),
X:5678910  (gg)(89),(s10). X:6,7.8,9,10 (7,9),(7.,10),(86),(8,7).(8.8
Y:8,9,10 (9,8),(9,9),(9,10), Y:,6,7,8,9,10 ),

(10,8),(10,9),(10,10)

(8,9),(8,10),(9,6)(9,7),(9,8)

(9,9),(9,10),(10,6),(10,7),(
10,8), (10,9),(10,10)

As =10x+8y

Y:9,10

(10,9), (10,10)

- AN A
A =5x+3y,
X:5,6,7,8,9,10
Y:3,4,5,6,7,8,9,10

(5.4),
(5,5),(5.,6),(5,6),(5.7),(5.8),
(5,9).(5,10),(6,3),(6.4),
(6,5).(6.6).(6.7),(6.8),
(6,9).(6,10),(7,3),(7.4),
(7,5).(7.6).,(7.7),(7.8),
(7,9).(7,10),(8,3),(8.4),
(8,5),(8,6),(8,7),(8,8),
(8,9),(8,10),(9.3),(9.4),
(9,5).(9.6),(9,7),(9.8),
(9,9),(9,10),(10,3),(10,4),(
10,5),(10,6),(10,7),(10,8),
(10,9),(10,10)

Ao = 4x+10 y

X:5,6,7,8,9,10

(5,10),(6,10),
(9,10), (10,10)

(7,10),(8,10),

Az =10x+8y,
Y:9,10

(10,9), (10,10)

X:7,8,9,10
Y:8, 9,10

Ao =Tx+8Yy,

7.9), (7,10),(8,8),
(8,9),(8,10), 9.8),
(9,9),(9,10),  (10,8),(10,9),
(10,10)

- AN N
A1 =6x+6y,
X:6,7,8,9,10
Y:6,7,8,9,10

(6,7),(68),  (6.9).(6,10),
(7.6),(7.7).(7.8),
(7,9),(7,10),(8,6),(8,7).(8,8
),
(8,9),(8,10),(9,6)(9,7).,(9.8)

(9,9),(9,10),(10,6),(10,7),(
10,8), (10,9),(10,10)

X:4,5,6,7,8,9,10
Y:6,7,8,9,10

A =4x+6y,

(4.7),(4.8),(4.9),
(4,10),(5,6),(5,7).(5.8).(5,9),
(5,10),(6,6,)(6,7),(6,8),
(6,9),(6,10),(7.6),(7,7),(7.8),
(7.9),(7,10),(8.6),(8,7).(8.8),
(8,9),(8,10),(9.,6)(9.7).(9.8),
(9.9),(9,10),(10,6),(10,7),(10,

- AN A
A =5x+8y,
X:5,6,7,8,9,10
Y:8,9,10

(5,9),(5,10),(6,8),(6,9),(6,1
0),(7,8),(7,9),(7,10),(8,8),(
8,9),(8,10),
(9,8),(9,9),(9,10),
(10,9),(10,10)

(10,8),
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8), (10,9),(10,10)

X:6,7,8,9,10
Y:6,7,8,9,10

A1 = 6x+6y,

(6,7),(6,8), (6,9),(6,10) - R
(76).(7.7.(7.8). Az =6x+3y,
(7,9),(7,10),(8,6),(8,7),(8,8),  *-6.7.8.9.10
(8.9).(810).(0.6)(9.7)0,8), Y:34567:89,10
(9,9),(9,10),(10,6),(10,7),(10,

8), (10,9),(10,10)

(6,4,(6.5),(6.6),(6,7),(6,8)
(6,9),(6,10),
(7,3),(7,4),(7,5),(7,6),(7,7)
(7,8),(7,9),(7,10),
(8,3),(8,4),(8,5),(8,6),(8,7)
(8,8),(8,9),(8,10),
9,3),(9,4),(9,5),(9,6),(9,7)
(9,8),(9,9),(9,10),
(10,3),(10,4),(10,5),(10,6),
(10,7),(10,8),
(10,9),(10,10)

A =1x+1y,
X:1,2,3,45,6.7.8,
9,10
Y:1,2,3,4,5,6,7,8,
9,10

(1,2),(1,3),(1,4),
(1,5),(1,6),(1,7),
(1,8),(1,9),(1,10), Y:9,10
(2,1),(2,2),(2,3).(2,4),

(2,5),(2,6).(2,7),

(2,8),(2,9),(2,10),

(3,1),(3,2),(3,3),(3.4),

(3,5).(3,6).(3,7),

(3,8),(3,9),(3,10),

(4,1),(4,2),(4.3),(4.4),

(4,5),(4.,6),

(4,7),(4,8),(4,9),(4,10),
(5,1),(5,2),(5,3),(5.4),
(5,5),(5.6),(5,6),(5,7),(5.,8),(5
9),(5,10),(6,1),(6,2),(6,3).(6,

4),  (6,5),(6,6),(6,7),(6,8),
(6,9),(6,10),

(7,1),(7,2),(7,3),(7.,4),
(7,5),(7,6),(7,7),(7.,8),

(7,9),(7,10),

(8,1),(8,2),(8,3),(8,4),
(8,5),(8,6),(8,7),(8,8),

(8,9),(8,10),

(9,1),(9,2),(9,3),(9.4),
(9,5),(9,6),(9,7),(9.,8),
(9,9),(9,10),(10,1),(10,2),(10,
3),(10,4),(10,5),(10,6),(10,7),

(10,8), (10,9),(10,10)

Azs =10x+8y,

(10,9), (10,10)
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Aia =10x+1y

Y:2,3,4,5,6,7,8,9,
10

(10,2),(10,3),(10,4),(10,5),(1
0,6),(10,6),(10,7),(10,8),
(10,9),(10,10)

d A A
Ass =Tx+3y,
X:7,8,9,10

Y:3,4,5,6,7,8,9,10

(7.3),(7,4),(7,5),(7,6),(7.7),
(7.8),(7,9),(7,10),
(8,3),(84),(8,5),(8,6),(8,7),
(8.8),(8.9),(8,10),
(9.3),(9,4).(9,5),(9,6),(9,7),
(9.8),(9,9).,(9,10),
(10,3),(10,4),(10,5),(10,6),
(10,7),(10,8),
(10,9),(10,10)

Ais =10x+3y

Y:4,5,6,7,8,9,10

(10,4),(10,5),(10,6),(10,6),(1
0,7),(10,8), (10,9),(10,10)

—> A A
Az =3x+6y,
X:3,4,5,6,7,8,9,10
Y:6,7,8,9,10

(3.7),(38),(3.9),(3,10),
(4.6),(4,7),(4,8),(4.9),(4,10
).(5.6),(5.6).(5.7),(5.8).(5,9
),(5,10),(6,6),(6,7),(6.8),
(6,9),(6,10),(7.6),(7.7).(7.8
),(7.9),(7,10),(8,6),(8,7),(8,
8),(8,9),(8,10),(9,6).(9,7).(
9,8),(9.9),(9,10),(10,6),(10,
7),(10,8), (10,9),(10,10)

N A A
A =1x+ 8y ,
X:1,2,3,4,5,6,7,8,
9,10

Y:8,9,10

(1,9),(1,10),
(2,8),(2,9),(2,10),(3,8).(3,9).(
3,10),(4,8),(4,9),(4,10),
(5.8),(5,9),(5,10),(6,1),(6,2),(
6,8),(6,9),(6,10),(7.8),
(7,9),(7,10),(8,8),
(8,9).(8,10),(9,8),

- AN N
Ay =4x+3y,
X:4,5,6,7,8,9,10
Y:3,4,5,6,7,8,9,10

(4,4), (4,5),(4,6),
(4,7),(4,8),(4,9),(4,10),
(5.3),(5.4),
(5,5),(5.6).(5,6),(5,7),(5.8),
(5.9),(5,10),(6,3),(6,4),
(6,5),(6.6),(6,7),(6.8),
(6,9),(6,10),(7,3),(7.,4),

Y:3,4,5,6,7,8,9,10

(9,9),(9,10),(10,8), (7.5)(7.6),(7.7)(7.8),
(10,9),(10,10) (7,9),(7,10),(8,3),(8,4),
(8,5),(8,6),(8,7),(8,8),
(8,9),(8.10),(9,3),(9.4),
(9,5),(9,6),(9,7),(9.8),
(9,9),(9,10),(10,3),(10,4).(
10,5),(10,6),(10,7),(10,8),
(10,9),(10,10)
5 T (8.9)(8.10), 5 o (43).(44). (4.5)(46),
A =8x+8y., 49 9.9),9.10) A =343y, 0 4.8),4.9).(4.10),
X: 8,9,10 (10.8)(10.9) (10.10), X:345678910 (53 54
Y:8,9,10 and

(5,5),(5,6).(5,6),(5,7),(5.8),
(5.9),(5,10),(6,3),(6,4),
(6.5),(6,6),(6,7),(6.8),
(6,9),(6,10),(7,3),(7,4),
(7.5),(7,6),(7,7),(7.8),
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(7,9),(7,10),(8,3),(8,4),
(8,5),(8,6),(8,7).(8,8),
(8,9),(8,10),(9,3),(9,4),
(9,5),(9,6),(9,7),(9.8),
(9,9),(9,10),(10,3),(10,4),(
10,5),(10,6),(10,7),(10,8),
(10,9),(10,10)

X:6,7,8,9,10
Y:3,4,5,6,7,89,11
0

Ais =6)AC+3)A/,

(6,4),(6,5),(6.,6),(6,7),(6.8),
(6,9).(6,10),(7.,3),(7.4),
(7,5),(7.6),(7,7),(7.8),
(7,9),(7,10),(8,3),(8.4),
(8,5),(8,6),(8,7),(8,8),
(8,9),(8,10),(9.,3),(9.4),
(9,5).(9.6),(9.7),(9.8),

(9,9),(9,10),(10,3),(10,4),(10,

5),(10,6),(10,7),(10,8),
(10,9),(10,10)

N

Az =3x+3y,
X:3,4,5,6,7,8,9,10
Y:3,4,5,6,7,8,9,10

(4,3),(4,4), (4,5),(4.,6),
(4,7),(4,8),(4,9),(4,10),
(5,3),(5,4),
(5,5),(5,6),(5,6).(5,7),(5,8),
(5,9),(5,10),(6,3),(6,4),
(6,5),(6,6),(6,7).(6.,8),
(6,9),(6,10),(7,3),(7,4),
(7,5).(7,6).(7,7).(7.8),
(7,9),(7,10),(8,3),(8,4),
(8,5).(8,6).(8,7).(8.8),
(8,9),(8,10),(9,3),(9,4),
(9,5),(9,6),(9,7),(9.,8),
(9,9),(9,10),(10,3),(10,4)(
10,5),(10,6),(10,7),(10,8),
(10,9),(10,10)

X:6,7,8,9,10
Y:3,4,5,6,7,89,1
0

Ao =6JAC+3)A/,

(6,4),(6.5),(6.,6),(6,7),(6.8),
(6,9).(6,10),(7.,3),(7.4),
(7,5).(7.6),(7.7),(7.8),
(7,9),(7,10),(8,3),(8.4),
(8,5),(8,6),(8,7),(8,8),
(8,9),(8,10),(9.,3),(9.4),
(9,5).(9.6),(9,7),(9.8),

(9,9),(9,10),(10,3),(10,4),(10,

5),(10,6),(10,7),(10,8),
(10,9),(10,10)

- A N

Asw =3x+3y,
X:3,4,5,6,7,8,9,10
Y:3,4,5,6,7,8,9,10

(4,3),(4,4), (4,5),(4,6),
(4,7),(4,8),(4,9),(4,10),
(5,3),(54),
(5,5),(5,6),(5,6).(5,7),(5,8),
(5,9),(5,10),(6,3),(6,4),
(6,5),(6,6),(6,7).(6.,8),
(6,9),(6,10),(7,3),(7,4),
(7,5),(7,6),(7,7).(7.,8),
(7,9),(7,10),(8,3),(8,4),
(8,5),(8,6),(8,7).(8,8),
(8,9),(8,10),(9,3),(9,4),
(9,5),(9,6),(9,7),(9.8),
(9,9),(9,10),(10,3),(10,4),(
10,5),(10,6),(10,7),(10.8),
(10,9),(10,10)
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S N~ (64),(65).66)67).68), - N 4.6),
An =6x43y 051 (6.10).(7.3).(7.4). Au=3x461. 40 4.8),4.9).(4.10),
678010 TOTOLITE), X3ASOIESI0 T (5.6).(5,6),(6.7).(5:8).(5.9)
vasserser (O(710.83).(84) Y:6,7,8,9,10 5,10),(6,6),(6,7),(6.8),

. (8,5),(8,6),(8,7),(8.8), (6,9),(6,10),(7,6),(7,7),(7.8
(8,9),(8,10),(9,3).(9,4), ),(7,9),(7,10),
(9,5),(9,6),(9,7),(9.8), (8,6),(8,7),(8,8),
(9,9),(9,10),(10,3),(10,4),(10, (8,9),(8,10),(9,6),(9,7),(9.8
5),(10,6),(10,7),(10,8), ),(9,9),(9,10),(10,6),(10,7),
(10,9),(10,10) (10,8), (10,9),(10,10)

(6,4).(6,5),(6,6).(6,7),(6.8),

An =643y, o) (6.10).(7.3).(7.4).

X'6,7.8,9,10 (15)(7.6).(7.7),(7.8),
Y:3,4,5,6,7,8,9,1 (7.9),(7,10),(8,3),(8,4),
0 (8,5).(86).(8.7).(8.8),

(8.9),(8,10),(9,3),(9.4),
(9.5),(9.6),(9.7).(9.8),
(9.9),(9,10),(10,3),(10,4),(10,
5),(10,6),(10,7),(10,8),
(10,9),(10,10)
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APPENDIX D
D.1 The InnoAct Manual

Insert Data
In the ‘Main Menu’ worksheet select use the quick reference links to go to the section
that you would like to complete and compute the information that are apply to your

organisation.

Main Menu n

UNIVERSITY OF LEEDS

Company Tel.
Name Email

Date Time

Internal Environment
Organisational context
Cutture

Organizatienal Structure
Strateqy - Policy
Strategic Resources
Marketing

Figure D.1 The ‘Main Menu’

Add New Factors
If new factors need to be added in the model use the section at the end of the Main
Menu to add or delete factors
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Delete Factor

Delete Factor

Delete Factor

Delete Factor

Delete Factor

Dedete Factor

Delete Factor

Delete Factor

Delete Factor |

Figure D.2 Add New Factors

Show Results
In order to see the results use the button after the section of adding new factors as

shown in Figure D.3. In order to return to the Main Menu use the Button ‘Main Menu’
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Figure D.3 ‘Show results’ and ‘Return to main Menu’ buttons

The Show results worksheet (see Figure 8.6) presents the results of the calculation of

the innovation potential.

Results ﬂ
UNIVERSITY OF LEEDS

Your Innovation Potential Now | Culture Your Innovation Potential Now

To what extent does th th ‘Which of the following describe the technology in your
° _ 5 o o Moderate z o " Established 1
your organization?
r r
_ - 2_ o :
r r
To what extent does th i ion of ‘Which of the following describes the ownership of your
- - P Moderate z Partnarshin 1
innowvation in your organisation? organization?
r r
_ - d_ o ’
r r
e : : ’ : Moderate = =10
- =i 2 your Layars 1

Figure D.4 The ‘Show Results” worksheet

Use the buttons: ‘Develop alternative scenarios manually’ or ‘Develop alternative
scenarios using optimisation’, at the end of the ‘Show Results’ worksheet to calculate
the innovation potential either manually or using an optimisation routine (see Figure
D.5).
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Figure D.5 The ‘Develop alternative scenarios manually’ and ‘Develop alternative

scenarios using optimisation’ buttons

Develop alternative Scenarios Manually

The ‘Increase Potential Manually’ worksheet (see Figure D.6) presents the data
entered and the initial calculation of the innovation potential (yellow bars). In order to
modify each measurement manually use the combo boxes provided next to the yellow

bars. The green bars shows the manual alterations on each item.

Increase your Innovation Potential

Cutture witering | wervetewtemtontes || e ey

To what extent does the technology used contribute to Which of the following describe the
q - I . Meoderate 2 I Little i 10 - . Established 1.0 | Modemn
the propagation of innovation in your organisation? technology in your organisation?
_ oterme I 7 e - 4.0_ e | 19 [Free P
To what extent does the ownership contribute to Which of the following describes the
B B o o Moderate 2 I i 40 _ B Partnership 1.0 | Public Py
propagation of innovation in your organisation? " I Great - ownership of your organisation? = e

10 | Internati
To what extent does hierarchy contribute to propagation How many organisational layers does
k e e propag e 4 Vot s10layers 10 [Marety
of innovation in your organisation? your organisation have?

Initial Recording m

uupeuple| 1.0 | more tha

Organisational Structure

10 | nfarmal

To what extent does organisational relationships Which of the following describe Formal Vertical
contribute to propagation of innovation in your e 0 organisational relationships in your Relationships
[
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Figure D.6 The ‘Increase potential manually’ worksheet

The Microsoft Excel provides the utility to save the results produced.

Develop alternative Scenarios using optimisation (GA algorithm)

In the ‘Develop Alternative Scenarios worksheet (see Figure D.8) the user can choose
which of the items will be included in the optimisation algorithm. The user can
choose from the following options:

1. Contribution. Refers to efficiency and is associated with column A of the
Main Menu. It reflects the question: Is it possible to change the attitude
towards each factor in order to maximise the benefit of the current value
attributed?

2. Type: Refers to effectiveness and is associated with column B of the Main
Menu. It reflects the question: Is it possible to change the condition
representing the current practice of each factor?

3. All = Refers both the dimensions of efficiency and effectiveness. If this option

is chosen both efficiency and effectiveness will be entered into the algorithm.

Develop Alternative scenarios of Action Plans UNIVERSITY OF LEEDS
GA Optimisation Menu @
Optimisation Parameters
IYOUY innovation potential is now.
Lower Limit: Use Table Values as Lower Limits: [V

Number of Solutions:| 1 i{
Optimisation Run

lecting from the options available:

rder to maximise the benefit of the current value

b [ st [ Stop I
resenting the current practice of each factor? "

Optimisation Solutions

View Optimisation Solution Numbers 1 j Show Solution

Reset Solutions Exit
!

Figure D.7 The ‘Develop alternative scenarios’ worksheet

In order to launch the GA, on the excel ribbon, chose Add-Inns and select ‘Run GA’ as

shown in Figure D.9
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t‘j B9 -¢c-ReCl)+ My Innovation Pro
o

Home Insert Page Layout Formulas Data Review View Add-Ins

[ Genetic Algorithms ~|

‘ Run GA

Menu Commands

| Q1s - k|

Please select the factors you would like change in terms of efficiency and effectiveness by selecting from the options available:

1. Contribution: Refers to efficiency and is associate with column A of the Main Menu.
The question that arises is: |s it possible to change the attitude towards each factor in order to maximise the benefit of the cu
attributed?
2. Type: Refers to effectiveness and is associated with column B of the Main Menu.
The question that arises is: Is it possible to change the condition representing the current practice of each factor?
3. All =Change both the dimensions of efficiency and effectiveness

Figure D.8 The ‘Run GA’ function
In the dialog Box of the GA (see Figure D.10), insert the number of alternative

scenarios you would like to produce in the ‘Number of Solution’ box and the click

3 b
Start
1 K ” "
GA Optimisation Menu @
Optimisation Parameters 200
you would like change in terms of efficiency and effectiver Lower Limit: Use Table Values as Lower Limits: [V

o efficiency and is associate with column A of the Main M«
es is: Is it possible to change the attitude towards each f:

leness and is associated with column B of the Main Menu Number of Solutions:| 1 i‘
v

s is: Is it possible to change the condition representingt
dimensions of efficiency and effectiveness

Optimisation Run

Optimisation Solutions

View Optimisation Solution Number:| 1 i' Show Solution
v
[ Reset Solutions Exit

Figure D.9 The GA dialog box

Use the ‘Show Solution’ button to see the alternative scenarios. Use the ‘Reset
Solutions’ button to reset the solutions.

Use ‘Exit’ to exit the GA function.
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Change Alternative Scenario Manually

The alternative scenarios produced can be manually modified in the worksheet

‘Change Alternative Scenario Manually’ as shown in Figure D.11 below.

Change your alternative scenario UNIVERSITY OF LEEDS

S 551 ) N =0 [ 2=
,
0.0

Which of the folowing describe the technoiogyin

pwpmo!wmnmnywnlmm 00 ourorgansation?

innovation in your organisation? S I 0.0 mxm“m Astnortatve 0o
Sesmbasheay v Breach o0 3“2“;":.’,";““""“"’““"““" Pt o0

i your 2 Not 3t 3 0 [hewa (o) | W Ssation? Nationa: 2 " 00

o hearhy contbute o popapatoncfimovton &l xm&w::ﬂ:lmnmvmmyw P [T | &
—
rovitonnyawroanizion * [ U © ooe managern your ogansaton? =

propagation of innovation in your organisation? ——" | 0.0 mmm"'mm 2 armalLatersl Relationshi | 0.0
ianovaton n your ogansaton? e ° [waa o I © | eninyour organisation? 00 [itmie I | 00
| » ¥ & Increase Potential Manualy  #RPFIFENESSW  Increase Potential Optimise -~ Develop Alternative Scenarios - Scenario Results | Change Altern. Scen Manualy - Sheet4

Figure D.10 The ‘Change alternative Scenario manually’ worksheet

The Change Alternative Scenario Manually worksheet (see Figure 8.8) presents the
data obtained from the optimisation routine and in and allows for the changing of the
data manually to manipulate the innovation potential.

Enter the GA into your ribbon

In order to add the GA Add-Inn into your ribbon, follow the steps below.
1. Click the Office button on the left right corner of the InnoAct (see Figure D.12)

@ H9-¢-Hadm)-= InnoAct - Microsoft Excel
13 View Add-Ins
Recent Documents I
New
1 InnoAct = |
R Open 2 My Innovation Project13 =
: 3 quest-section AB2 =
sa 4 data after rounding MVA_newfileformat =
H e
5 Qquest-section AB2
i L ™ NI O P QR
< 6 teliko quest-section AB =
SaveAs >
1 7 Table in Paper Final =

= 8 Continuous for internal_external_strategic =
U Brint > 9 gata atter rounding MVA
Data Ananlysis250508

27| Prepare » Continuous for internal_external_strategic
Gia to interpolation & tobene
ia to interpolati = Criteria found
n changed after the first recording
ﬁg Seng > data after rounding MVA_newfileformat =

Which of the folowing describe the technok
your organisation?

My Innovation Project13 =
Publish > | MyInnovation Project12_0zz l

My Innovation Project12_Ozz

B Close Continuous for internal_external_strategic =
i . Which of the folowing descrbes the eadens
qhdmw
2] Excel Options | | X Exit Excel
T aToRE Y N ? M'W"

, Which of the fotowing descrbe coraborato
© your organisaton?
HOW many OEanIatonal ayers does your
organisaton have?

ot 31 °

5  inmovationin your organisation?

Vary Moo 3 0.0

I mdmmmmw

3 | inyouroganisation?

Figure D.11 The Office Button
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3. Select Excel Option
4. In the dialog box opened choose Add-Inns
5. Click on ‘Go’

H9-¢-Bacm)- oAct -7 x
Home  Insert Page Layout  Formulas Data Review  View Add-ns - ax
Genetic Algorithms -
Excel Options 2%
Menu Commands
Popular " % y
n res i View and manage Microsoft Office add-ins. -
= Formulas
CR E F G 0] X ¥ z =
Froofing Add-ins
Save Hame Location Type
Change your altern| Lsences LEEDS
Ga_Version 0 12D C\.1a\Microsoft\AddIns\GA Version 0_12dxla  Excel Add-in
Customize Office IERFIGIE T RIAMEIR CWINDOWS  system3 210 GAAddin.d COM Add-in
'
: [Fagaans wirnor be -
, Yourlnnovation Potential is: Analysis ToolPak. fiee\Officel 2\Librany\Analysis\ ANALYS32. XL Excel Add-in
Trust Center Analysis ToolPak - VBA C\Officel 2\LibranAnalysis ATPVBAEN.KLAM  Excel Add-in
B Conditional Sum Wizard sumif.xam Excel Add-in
Resources Custom XML Data i\ iles\Microsoft Office\Officel2\OFFRHD.DLL  Document Inspector
Euro Curtency Tools curotooLam Excel ddin
. Financial Symbol (Smart tag lists) CiL.iles\Microsoft Sharec\Smart Tag\MOFLDLL ~ Smart Tag
""‘"‘?“:"‘_““"‘?"’_""“"’g"“"?"‘_”"’; Ga_Version_0_12 G\ EmIpGVEL Epyaaiac\GA_Version_0_12xla  Excel Add-in
5 | Ga_Version 0 124 EMUpaVELD EpYaTion\GA Version 0 12axla  Extel Add-in
O T T LR 3T Ga_Version_0_126 . t2\MiCrosoTtiAddIns\GA_Version_0_12bxla  Excel Add-in
6 | [novstoninyeureranisaton? Ga_Version_0_12Boq @Gveie spyagiad\GA Version 0 1200Quxda  Excel Add-in
To what extent doss the avnership contru Ga_Version_0_12C G:\GA_Version_0_12cxla Excel Add-in
7 | imovston inyeurergansaton? Headers and Footers Co\.les\Microsoft Office\Office12\0FFRHD.DLL  Document Inspector —
o what extent doss colaboration contrbuts ol Hidden Rows and Calumns CiL.iles\Microsoft Office\Office12\0FFRHD.DLL  Document Inspector
5 | inovation inyeurorganisaton? Hidden Worksheets Ciwiles\Microsoft Office\Officel2\0FFRHD.DLL  Document Inspector
o what extent doss hisrarchy concibute o pro) Internet Assistant VBA icrosot Office\Officel 2\Librany\HTMLILAM  Excel Add-in
g | inyoworganisston? In-Text Citation (Cwyw Citation Recognizer) an Researchsoft\Cwyw\Endhate Cwyw.dll  Smart Tag
Tnvisible Content i\ iles\Microsoft Office\Officel2\0FFRHD.DLL  Document Inspector
e Lookup Wizard lookup.xlam Excel Add-in
o what extent soes span ofcontr cortte | Adain: Ga_version 012D el °
1 inovaton nyou organisaton? publisher: \
To what extent doss organisationai elatonshi) Location:  CA\Documents and W D \GA_Version_0_12dxla B —
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R T e e E| Description
1 inovason i you organisazon?
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Ready )|

Figure D.12 The Add-Inn
6. Browse the Add-Inn in your computer.
7. Tick the box of the GA
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APPENDIX E

E.1 Workshop Minutes

Workshop Minutes
21 July 2010
School of Electrical Engineering
Venue: 3.52, Time 11.00 a.m.

Workshop Title: Orchestrating opportunities that can be found in the internal
environment, the strategic resources and the external environment of

organisations.

List of Participants
Professor NG Wright, Professor of Water and Environmental Engineering,
n.g.wright@Ieeds.ac.uk

Professor SP Male, Professor of Property and Infrastructure Asset Management,

s.male@leeds.ac.uk

Dr. TW Cousens, Senior Lecturer in Geotechnics, t.w.cousens@leeds.ac.uk

Dr. P Purnell, Reader in Civil Engineering Materials, p.purnell@Ieeds.ac.uk

Mr. Moodley, Senior Lecturer, k.moodley@leeds.ac.uk

Dr. L Black, Lecturer in Civil Engineering Materials, |.black@Ileeds.ac.uk

Dr. A Tutesigensi, Senior Lecturer in Engineering Project Management,

a.tutesigensi@leeds.ac.uk

Dr. B Aritua, Research Assistant, b.aritua@leeds.ac.uk

Presenter: P Gkioura, PhD Student
Main topics presented:
Research problem, aim and objectives
Conceptual model
Holistic model of innovation in the construction industry

1

2

3

4. System to identify the condition of each factor

5 Calculation method to identify innovation potential
6

Software
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7. Program logic model

The main issues/questions raised during the workshop were:

1. Do all the factors carry the same weight?

The reflection to this question is that all factors are designed to carry the same weight.
This decision is based on systems theory which recognises that a small change in one
discipline of an organisation may have a big impact and chained effects on many other
disciplines of the organisation (see Section 2.2). This shows the technical difficulty to

isolate and measure the impact of a change in a single factor to the innovation process.

Moreover, the process of weighting the factors would treat an organisation as being
one case of a homogeneous sample. However, different factors may be of different
importance within different organisations. This means that weighting of factors
should be organisation specific and this logic is encouraged by the recognition that
one solution cannot fit all organisations-even if they are of the same type or have
similar characteristics. Therefore, weighting is intentionally avoided in order to keep
the individuality of organisations. Adding to this discussion the PLM developed in
this research is not offering the solution to which Action Plan produced should be
employed by the organisation. The PLM offers the alternative options of Action Plans
and it depends on the organisation to decide which Action Plan is more appropriate to
employ judging on the individual capabilities. Building on the specific context that
applies for each organisation, the PLM provide the base to evaluate the organisation’s
competences and resources and assess the capacity to move from a lower position in

innovation potential to a higher.

2. Do organisations need the same amount of effort to move from a lower
percentage in innovation potential to a higher percentage in innovation

potential?

The reflection to this question is that the amount of effort required to make the steps
proposed by the action plan is based on the individual organisation. It might be that
large organisations can have the resources to achieve easier and in less time the

desired position whereas smaller organisations might have to identify and invest in
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more resources to achieve that same position. The nature of the model does not
capture the amount of effort required for a particular change. The model depicts the
current position and provides the alternative options for action offering a tool to assist
the decision process on improving the innovation potential. It is up to the organisation
to decide whether it posses the resources required to achieve the desired improvement

and therefore evaluate if the desired change is appropriate for it.

3. Can the organisation reach to the same percentage by addressing fewer
factors?

The reflection to this question is that the literature has shown that innovation is an
integrated process involving all organisational disciplines and is related to all the
factors that interact contributing to the efficiency and effectiveness of the
organisation. Thus, it is supported that the more factors addressed and the most
favourable to innovation the conditions of those factors, the more likely it is for

innovation to emerge.

4. Can an organisation retain innovation potential by reducing the amount of

effort provided to some of the factors?

The reflection to that question is that the optimisation routine can do that incorporated
in the InnoAct can do that. The organisation needs to decide which factors wants to

change. The application can provide that option.
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APPENDIX F

F.1 Advertisement Poster

In order to attract construction professional a poster was created to advertise the
offering of a session for evaluating innovation potential in organisations. The poster
is illustrated in Figure F1.

q
UNIVERSITY OF LEEDS

Drive Innovation

Innovation is one of the key sources of organizational competitiveness and
economic development. Identify your innovation potential and manage to
orchestrate the opportunities that can be found in your internal environment
competences and your strategic resources as well as in the external
environment.

Express your interest to participate in a two hour session to evaluate
your innovation potential and develop an action plan to increase your
potential for innovation by contacting Paraskevi Gkiourka,
cnpg@leeds.ac.uk, Tel. 07805895731

The University of Leeds, School of Civil Engineering
Faculty of Engineering, Leeds, LS2 9]T

Figure F.1 The advertising poster



