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Executive Summary

After computers were invented in the mid twentieth century, their applications
broadened very quickly. They gradually became inevitable part of business and ICT
investment became a routine for managers. In the mid 80s the impact of ICT on firm
performance was questioned. A new body of literature was created in order to analyze
the so called “productivity paradox”. Despite the numerous contradicting results,
possible explanations have been provided. The existence of paradox is not yet definite
and literature has been focused on ICT value creation. With understanding how ICT
creates value, many questions will be answered.

This study is a contribution to ICT value creation literature. It analyzes the mechanisms
through which ICT value is created and consequently its effects on productivity. This
study uses an extensive dataset, compiled as part of this project. The data set is a panel
dataset including more than 50,000 Dutch firms.

In order to prevent as much mismeasuremnt as possible several issues have been
considered:

- ICT usage is studied rather than ICT investment, which was previously
recommended by other researchers in order to show more accurate results.

- For firm performance (namely productivity) intangible effects of ICT are also
measured as well as financial measures in order to capture all enhancements.

- Panel data was compiled and used with the time range from 1996 to 2004 which
is thought to be the most appropriate for ICT studies

The obtained results indicate that productivity paradox does not exist in the Dutch
sector. ICT influences firm productivity through intermediate effects of collaboration
and R&D, which in turn influence innovation. Innovation then enhances productivity.

[ also studied the possibility of time lags between innovation and productivity.
According to my empirical conclusions, I did not find certain time lag where innovation
enhances productivity however I predict a time lag of four years which needs to be
investigated in future (with a more extensive dataset).

Dutch firms in the dataset are divided into three sectors of manufacturing, service and
others. The main differences have been between manufacturing and service sector.
Service sector seems to be less innovative and less productive while using more ICT
compared to the manufacturing sector. I conclude that in alignment with many other
studies, service sector hasn’t been efficient in using ICT.
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1 Chapter one: Research Proposal

Motivation: This chapter will give an overview of the whole paper and its structure. It is
constructed in form of a research proposal which includes problem definition,
motivation, scope of research, research questions, contribution and research topic
relevance. Each of these topics is discussed to clarify exactly what this research covers.

Title of the research project
Information and Communication Technology, Innovation and Firm Performance
An empirical analysis at firm level

Short summary of the problem definition

Despite the common perception that ICT enhances firm performance, many researches
has been done and are at the moment being carried out in order to provide scientific
sound proofs about this relation. This current research focuses on the impact of ICT on
firm performance, regarding an intermediate variable of innovation. Thus the main
problem tackled by this research is the impact of ICT on innovation and subsequently on
firm performance. More precisely the mechanisms through which various types of ICT
influence innovation and consequently firm productivity are at focus.

Proposed publications

Thesis: by Shirin Tabatabaie
Subject: ICT and Innovation

Description of the research programme

Research topic and problem definition
Motivation

Computers have dramatically changed life since they were invented in the mid twentieth
century. At the beginning, their applications were limited to computations and
programming. Later they became inevitable part of business. Data within firms were
processed by Information Systems which were in turn designed, supported and
managed by Information Technology (definition from Information Technology
Association of America; ITTA). In order to gain the benefits of the ICT, firms
increasingly invested in the information technology.

It was not until the mid 80s when the enhancement of firm performance by ICT was
questioned. Despite the increasing investment in ICT technology, firm productivity
seemed to have stagnated. Computers were to be “the biggest technological revolution
men have known" (Snow 1966 in Brynjolfsson 1993), but seemed to have stagnated the
productivity. Robert Solow has phrased this problem as “we see computers everywhere
except in the productivity statistics." This clash of expectation and statistics, as



Brynjolfsson refers to it, is the productivity paradox. Since the realization of this paradox
numerous researches have been conducted investigating the relationship between ICT
investment and the firm performance (productivity in particular). Many have reported
this relationship strongly positive while a number of studies have shown plausible
neutral or negative relation. Further studies have been done to explain these
contradictions (Barua, Kriebel et al. 1995).

Although the relation between ICT and firm performance was essential to be
investigated, it is a very broad issue. Study of this relation has provided an overview of
whether or not ICT investments influence firm performance. Various researches have
provided a more-in-depth analysis of the impact of ICT on firm performance (such as
(Barua, Kriebel et al. 1995); (Melville, Kraemer et al. 2004)). However how exactly
investment in ICT leads to firm performance is still in question.

The relation between innovation and firm’s performance has been studied by various
researchers. Many have found positive relation between these two (Crepon et al 1998;
Duguet 2003; Leeuwen and Klomp 2002, Loof and Heshmati 2002, Jefferson et al 2002).
Therefore innovation is seen as one of the intermediate factors that can influence
productivity of a firm. However these studies have analyzed and measured the impact of
innovation on firm performance rather than studying the impact of ICT on innovation.
Yet what is the impact of ICT on innovation? The latter relation is of high interest to me.
Not much research has been done focusing on the relationship between ICT and
innovation. However positive relation has been empirically tested and shown between
ICT investment and innovation and a general model explaining possible mechanisms
that connect these two factors have been introduced (Delgoshaie 2007). Whether ICT
enhances firm performance and through which mechanismes, is still under investigation.
I intend to focus on relation between ICT and firm performance (namely productivity)
through the intermediate factor of innovation. [ will focus on the mechanisms through
which ICT influences innovation.

Research Topic

This research is related to the productivity paradox and is intended to shed light on
relevant unexplored areas in order to provide a better insight into the problem
mentioned in the paradox. Therefore the main theme of the research is the impact of ICT
on firm'’s performance. This impact is more specifically focused on innovation, through
which ICT influences firm performance. Thus the research topic is mainly ICT and
Innovation.

Goal of the research
The main goal of the research is to distinguish the mechanisms (how) various ICT

applications used in a firm influence innovation and consequently firm performance.

Problem Definition



The main problem at focus is to find out through which mechanisms ICT influences
innovation. More specifically the problem addresses the following questions:

1. Do ICT types have a positive relation with Innovation?

2. Through which mechanisms do these ICT types influence Innovation?

3. What is the impact of ICT on productivity?

Scope

As mentioned earlier, this research mainly analyses the relation between ICT and
innovation. This analysis will be done at micro level (firm level). Although Macro and
Meso level variables influence firm performance but analysis of these variables is out of
the scope of this research. Thus the effect of Macro and Meso level factors are ignored.
ICT influences many other intermediate effects besides innovation, which in turn
influence firm performance. These factors are not considered in this research and
neither does the relation between them. Similarly many factors influence innovation of
the firm besides ICT.

Therefore the scope if the research is minimized to firm level analysis, innovation
influenced by only ICT, and productivity influenced only by innovation.

Main Research Questions:
Are ICT, innovation and productivity related?

What are the mechanisms through which ICT influences innovation and consequently
firm productivity?

Research Questions and Sub-Questions:

1. Whatis the appropriate perspective for studying the relation between ICT,
innovation and productivity?
1.1. What is ICT?
1.2. What does innovation mean?
1.3. What is firm performance?
1.4. What is the correct perspective to study relation between these constructs?

2. How does ICT create value?
2.1. What are the models provided in the literature?
2.2. What are advantages and disadvantages of theses models?

3. Whatis the relation between ICT, innovation and productivity?
3.1. Is ICT related to innovation?
3.2. Is innovation related to productivity?

4. Whatis an appropriate categorization of ICT from which a better understanding of

the ICT impacts can be drawn?
4.1. Do we need a new categorization?
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4.2. What is a sound categorization of all ICT types?

5. What are the mechanisms through which ICT types (of application) influence
Innovation?
5.1. What is the relation between different ICT types and innovation?
5.1.1. What are the mechanisms involved in this relation?
5.2. What is the relation between ICT and productivity?
5.2.1. What are the possible mechanisms in this relation?

6. Are there time lags recognized in the relation between innovation and productivity?
6.1. What are the explanations for the cause and duration of the time lags?

7. Whatis an integrative model of ICT, innovation and productivity?

8. What are the hypotheses of this research and how can they be tested?
8.1. What is the research design to test these hypotheses?
8.2. What are the datasets used?
8.3. How can we operationalize the variables of the datasets?
8.4. What are the tools and methods for the analysis?

9. What conclusions and implications can be drawn from the results of this research?
9.1. What are the deliverables and conclusions of this research?
9.2. What are the managerial implications of this research?
9.3. What are the limitations of this research
9.4, What are the recommendations for future research?

The instruments and tools to be developed or used

- A conceptual model will be developed depicting and explaining how ICT influences firm
productivity: In order to show the relationship between various ICT types and firm
performance, the intermediate factor of innovation will be analyzed. Further the
mechanisms through which various ICT types influence innovation will be explained.
Findings of the research will be depicted in a conceptual model. This model focuses on
how various types of ICT impact innovation. Thus clear relations between ICT types and
innovation will be provided by the model.

- Datasets from CBS will be used for conducting the data analysis. The datasets are based
on questionnaires, previously formed by CBS. These datasets include CIS (community
Innovation Survey), Automation Survey (ICT) and PS (productivity Statistics survey).
Contribution

This research has the following contributions to the research done in this field:

An appropriate ICT categorization will be provided. The relation between these ICT
types and innovation will be analyzed. Researchers have been using ICT investment to
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study the impact of ICT on firm performance. This new approach makes managerial
implications more clear and precise.

A careful analysis of the mechanisms through which ICT enhances innovation will be
carried out. This analysis will be of great value since it will provide the mechanism
through which ICT influences innovation and thus will contribute to explain “how”
various types of ICT influence innovation.

In this research a longitudinal analysis will be carried out. Carrying out a longitudinal
analysis is a great advantage since it will provide us with highly reliable results. It is to
be noted that availability of datasets enabling longitudinal analysis is rare. Longitudinal
analysis not only provides more reliable results but it also provides the possibility to
study the time lags. Thus another contribution of this research is that an analysis of time
lags will be carried out. Not much attention has been paid to time lags and lack of
research calls for a careful analysis.

Output

- A conceptual model at firm level, depicting the mechanisms through which ICT
influences Innovation

- An empirical analysis supporting the conceptual model

- Practical and managerial implications guiding the managers to choose appropriate ICT
investments in order to increase firm'’s innovation

Approach

The conceptual framework of the research is provided in (Figurel). After the scientific
and social orientation of the problem, extensive literature study of both primary and
secondary data begins. Based on the findings a conceptual model will be provided.
Measurement tools for variables will be regarded in this phase. For testing the model
empirical analysis will be carried out. Data from the ICT, Innovation and production
statistics will be used from CBS (central bureau of statistics). Then with the aid of
statistical analysis software (SPSS and Stata) econometric tests will be carried out.
Besides the statistical results, practical implications will be provided. Finally a clear
conclusion about the research problem and managerial implications will be given.

Scientific relevance

This research will fill in the gap that is seen in connecting ICT to innovation. Reduction
of this gap will contribute to the researches that have been done about ICT impacts. This
helps the better understanding of the attribution of ICT since it has been acknowledged
in many studies that there is much to be done in order to understand this relation
especially in the cases where negative or unexpected results appear. In addition, an
empirical study will contribute greatly.

12



Social and Policy relevance

In practice, the outcome of this research will primarily aid managers to influence the
innovation of a firm. Increase in firm'’s innovation may lead to better/new products
(according to the definition of innovation) which in turn lead to an increase in consumer
welfare.

Literature references

Primary and secondary data, including published articles and published article reviews.
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Orientation to the problemw
Research question and sub- ¢
questions

Literature study
(published articles, primary
data)

Designing research model
And variables

Hypotheses

Operationalization

[esearch Strategy (empirical

N

analysis at firm level)

\—J

Data collection (through CIS
and ITS survey of CBS) and
implementation (using a
statistical analysis software)

N

Report and Presentation

{ Data Analysis

F/F/

Figurel: Conceptual framework of research
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Structure of the thesis

Chapter two provides definitions and the chosen perspective throughout the research.
Definitions of the concepts dealt throughout the paper such as ICT, innovation and firm
performance are provided for clarification and also consistency throughout the paper.
The literature review is provided partially in chapter three! where productivity paradox
and ICT value creation are explained. Productivity paradox is the origin for the
motivation of this paper and ICT value creation is the main theme of this paradox which
has been at focus of research in order to explain the paradox. In addition relation
between ICT, innovation and productivity according to literature are provided in the
rest of chapter three. At the end of this chapter the need for a new model is discussed.
Consequently a new model is introduced in chapter four. Construction of the mode 1 is
explained and relevant literature review is provided for each module used to construct
the model. Based on the model and research incentives hypothesis are designed on
chapter five. Before testing these hypotheses, information about data, its construction,
and methodology for analysis are explained in chapter six. The results of the empirical
analysis are shown in chapter seven. Chapter eight consists of the conclusion of the
research and discussion. In the discussion comparison between the current research
findings and the findings of other studies are provided. The final chapter (chapter nine)
translates the findings of the research in practical terms for managers. Beside the
managerial implications, research limitations and future recommendations are also
provided in chapter nine. You can see the structure of thesis and its relevant chapter in
Table 1 and relation of chapters in Figure 2.

Research Research design Relevant chapter

Questions and methodologies

Q1 Literature review 2

Q2 Literature review 3

Q3

Q4 Literature review 4

Q5 &

Q6 Self analysis

Q7

Q8 Survey 5
&

Self-analysis

Q8 Survey 6
&
Self-analysis

Q8 Survey 7
&
Self-analysis

! additional literature review are provided in chapter four while explaining the construction of the new
model
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Q9 Self-reflection 8

Q9 Self-reflection 9

Tablel : Structure of thesis (research questions and the relevant chapters)

Chapter 1: Introduction

A /

Chapter 2: Definitions and Perspective Chapter 3: Literature Review

y

Chapter 4: Literature Review

) J
Chapter 5: Research Hypotheses

A h J

Chapter 6: Data Analysis Chapter 7: Empirical Analysis: Results

y

Chapter 8: Conclusion

Y

Chapter 9: Managerial implications

Figure 2: Structure of thesis: chapter orientation
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2 Chapter two: Perspective and definitions

Motivation: In this chapter the suitable perspective for studying ICT value creation is
provided after discussing the possible and common perspectives. It is important to be
consistent and clear about the concepts used throughout the paper and therefore
definitions of ICT and innovation are provided.

2.1 Perspectives

Study of firm has been conducted using different perspectives. Most common
perspectives used by researchers are Resource based View (RBV), knowledge based
view (KB) and industrial economics (IE).

Resource based theory:

This theory considers the firm as seeking to acquire hard to imitate, valuable resources
and capabilities (Andreu and Ciborra 1996). It emphasizes that correct choice of
combination of the resources of a firm may reposition the firm and enhances it to reach
competitive advantage. To gain competitive advantage a firm needs to possess specific
resources, competency and capabilities that are valuable, scarce and durable (Spender
1996). According to knowledge based theory firm is a dynamic, evolving, quasi-
autonomous system of knowledge production and application (Spender 1996).

This theory is argued specifically to be useful for study of IS by Wade. They provide
three important aspects of RB theory which are beneficial when studying IS:

- RB theory enhances the IS resource specification

- RB theory makes comparison among various IS resources and also between IS and
none IS resources possible.

- It enhances the measurement of strategic value of IS resources

Knowledge based theory:

This perspective is common among corporate strategy theorists which see firm as a
body of knowledge (Spender 1996) . This perspective is an extension of the resource
based view where the resources of the firm are considered to be knowledge. It
emphasizes the importance of knowledge on combining different resources of the firm.
Thus in this perspective the existing knowledge is not per se important and rather the
firm’s ability to apply the existing knowledge to reach an optimum combination of
resources is important (Alavi and Leidner 2001). Before this view was introduced, firm’s
primary role was considered to be knowledge creation but according to this theory the
primary role of a firm is rather application of knowledge (Kogut and Zander 1992). This
is where information technology can play a major role in by effectively applying existing
knowledge to create knowledge and take the first steps toward forming competitive
advantage (Alavi and Leidner 2001).
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“Firms invest in those assets that correspond to a combination of current capabilities
and expectations regarding future opportunities. Or, in other words, the knowledge of a
firm can be considered as owning a portfolio of options, or platforms, on future
developments”. (Kogut and Zander 1992)

Industrial economics or Industrial organization theory:

This theory deals with “the size structure of firms, causes of this size structure, the
effects of concentration on competition, the effects of competition upon prices,
investment, innovation, and so on“(Schmalensee 1988). This theory is very much
focused on the functioning of markets. 10 was very much based on empirical studies of
different studies and gradually was strengthened theoretically (Tirole 1988).

Chosen perspective:

Spender (Spender 1996) argues that origin of tangible resources is outside the firm and
the only unique resource within a firm is its knowledge which can bring competitive
advantage.

KVB gives a better picture.

The primary goal of this study is to conduct an analysis at firm level and considering
factors influencing internal process of the firm. Because of the underlying interest and
also the scope together with the definitions of the constructs, knowledge based view is
chosen.

2.2 Definitions

221 ICT

ICT stands for Information and Communication Technology. This term is commonly
used nowadays and almost everyone is familiar with the broad range of its applications.
However because of the variety of the applications, and for the sake of clarity we will
provide a definition. In order to understand what ICT is, we first need to define a larger
system; information system.

Information System (IS) is a system that collects, processes, stores, analyzes, and
disseminates, information for a specific purpose (Turban, McLeanm et al. 2004). It can
be simply illustrated as a system which processes the inputs and provides output.
Example of inputs include data and instruction which are fed to the system and after
being processed, outputs such as reports and calculations are provided (Bouwman, Hoof
etal. 2005)

Information System includes hardware, software, data networks, procedures and
people.

Information Technology (IT): The technological side of IS is called Information
Technology. Therefore IT is only the collection of computing systems used by an
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organization which includes hardware, software, databases, networks and other
electronic devices(Turban, McLeanm et al. 2004). The distinction between these terms is
shown in Figure3 below.

1S

Figure3: The relationship between IS, ICT and IT.

Information and Communication Technology (ICT) is a broader term of IT which
includes the communication devices enhanced by IT. In the literature the terms ICT and
IT are used interchangeably and we also ignore the small difference. Thus id anywhere
in the paper the term IT is used, it is assumed that it includes the communication
technology as well.

IS and IT are also used interchangeably in the literature but with the provided definition
above we have clarified the difference.

This paper focuses on ICT i.e. the technological enhancement that IS provides and their
effects.

2.2.2 Innovation

What does the term “innovation” refer to?

Amazingly innovation has been greatly at focus for the past few decades (Fagerberg,
Mowery et al. 2005). Innovation happens almost wherever people are. Therefore it is not
surprising to say that it is not at all a new subject and humans have been using this
concept since the beginning of mankind. “there seems to be something inherently
human about the tendency to think about new and better ways of doing things and
trying to put them in practice” (Fagerberg, Mowery et al. 2005).

Innovation mostly occurs in organizations where different sets of knowledge are
combined. Innovation is creating new possibilities using these combinations. Therefore
the two important keys seem to be accessibility to appropriate knowledge and finding
the right combination of the knowledge sets (Tidd, Bessant et al. 2005). It should be
noted that factors such as culture, resources, capabilities, structure, size, age and skills
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influence innovation as well. However in this paper the main focus is on the knowledge
sets and its management (since the specific impact of ICT is at issue).

Since innovation is mainly about the knowledge component, managing knowledge
becomes highly important for successful innovation. Information and Communication
Technology (ICT) can play a vital role in enhancing innovation in a firm.

Different types of innovation have been discussed by different authors. Most common
classification of innovation in a firm is product, process and organizational innovation.
Product innovation evokes a less abstract notion than the other two. Process and
organizational innovation are more complicated and may take quite a while to occur
(especially organizational innovation). Consequently many factors involve influence
them. It is very difficult to focus on all three innovation types in this paper and it is
rather not possible to capture al influential factors which have impact on them. Also in
general process innovation and rather organizational innovation are very difficult to
measure. This paper has thus been narrowed down to product innovation i.e. new
product development. [ have to note that product innovation is not completely separate
from process and organization. Innovations occurring in organization and also its
process may lead to new or improved products and vice versa. [ will explain the
intertwined relationship of product innovation with process innovation and
organizational innovation separately.

Organizational innovation' is the creation or adoption of an idea or behavior new to the
organization (Daft 1978; Damanpour and Evan 1984; Damanpour 1996 in (Lam 2004)).
The new idea created or adopted by the firm (that has gone through organizational
innovation) leads to a new product. Therefore the new product is the outcome of the
organizational innovation. Many researchers have focused on how certain
organizational structures facilitate the creation of new products, especially in relation to
fast changing environments.

On the other hand rapid change in product innovation requires changes in organization.
Organization may need to change its structure, behavior and underlying processes.

Process innovation is closely related to product innovation as well. Process innovation
has sometimes been referred to as an alternative to product innovation, especially if it
facilitates production so that the product could be produced at lower cost. Innovations
in process facilitate the production of new products through increase in flexibility or
range of adaptation(White, Braczyk et al. 1988). On the other hand production of a new
product may require changes in the existing processes. For example new machine
acquirement supports the production of a new product.

2.2.3 Firm Performance

Firm performance is a concept explaining the success of a firm. It basically describes
how a firm has performed over a period of time. There has been a great effort in finding
measures for this concept because it explains a rather important notion. By finding a
measure for firm performance a firm can compare its performance across different
periods of times and consequently performance of different firms can also be compared
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to each other. However no unique measure has the ability to capture all aspects of
performance(Snow and Hrebiniak 1980).

Among the different measures of firm performance a general category of financial and
non financial can be drawn. Financial measures rely on economic aspect of efficiency.
They explain how efficient firm has performed. Efficiency has been recognized a one of
firm’s objectives. Firms thrive to achieve efficiency, which is closely related to cost
reduction.

Efficiency is not the only objective firms thrive for. So not only the efficiency is
important but also the emphasis on effectiveness has increased. Firms in the third
millennium are called effectiveness-seeking enterprises rather than efficiency-seeking
enterprises (Hunt and Duhan 2001). While the emphasis of efficiency-seeking
enterprises is on cost, effective-seeking enterprises focus on increasing customer value.
In other words, they focus on producing more reliable products and higher quality (Hunt
and Duhan 2001). Therefore non-financial measures would be more appropriate in
measuring firm performance with regard to effectiveness.

In this paper [ will use measures for each of these objectives; Productivity is used for
efficiency objective while intangible effects are used for measuring effectiveness.

Productivity is one of the common measures used to measure efficiency. Productivity is
measured as the output divided by input. Efficiency occurs when less amount of input
(time, cost) are used to produce the output. Productivity has been recognized as a
reliable measure. Although productivity isn’t everything, in the long run it is almost
everything (Brynjolfsson and Hitt 1998).

As mentioned earlier, effectiveness is also important in measuring firm performance.

Effectiveness relies on better quality and higher value for customers. Based on this
definition relevant measures for effectiveness are derived in chapter 6.
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3 Chapter three: Literature Review

Motivation: The literature review is partially captured in this chapter. The rest of the
literature study is covered in chapter four while introducing the new model (the reason
is that some concepts were closely related to the way model is constructed and
providing the relevant literature review in a separate chapter was not logical).
Productivity paradox will be discusses. Evolution of research done since the emergence
of this paradox will be provided. Most important models found in literature that
addresses the productivity paradox solution (more specifically: ICT value creation) will
be provided. Literature review about the ICT and innovation and about ICT benefits in
firm will be provided. This will take us a step closer to introducing a new model.
Therefore the last section of this chapter is dedicated to a discussion about why a new
model is needed.

3.1 Productivity Paradox

Since late 1980s a paradox emerged which became one of the central themes regarding
ICT research. In 1987 Robert Solow presented this paradox with a question:

“You can see the computer age everywhere but in the productivity statistics.” (Solow
July12th 1987)

Despite huge ICT investments the productivity of firms was not showing improvement.
Productivity is one the basic and economic measure of firm performance. Therefore this
paradox revealed that investments in ICT don’t pay off and don’t improve firm’s
performance. In order to gain better understanding of the paradox and investigating the
cause for it a new wave of research began. The central theme to these studies was
whether ICT investment improves firm productivity or not.

The results of studies were very different. Some acknowledged the paradox and others
completely disagreed with its existence. As I will discuss later, there were main reasons
why the results were not consistent. The two tables below show different studies and
the result. Tables are constructed using information in Brynjolfsson (1993) and Barua et
al (1995). Table 1 shows the studies concluding positive correlation while Table 2
focuses on studies that conclude negative correlations.

Researcher Positive correlation between ICT
investment and productivity

Morrison and Bendi (1990) Marginal benefits of ICT investment is low

Weil (1990) Contextual factors make a difference

Barua et al (1991) ICT improves intermediate output

Siegel and Griliches (1991) Positive result using industries

Brynjolfsson and Hitt Positive result on return on investment for
ICT

Cron and Sobol Positive and negative results

Harris and Katz Positive but weak
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Table 1: studies that conclude positive contribution of ICT to productivity

Researcher Negative correlation between ICT
investment and productivity

Loveman (1998) ICT investment does not increase
productivity

Strassman (1991) ICT investment does not increase
productivity

Roach (1991) ICT investment does not increase
productivity

Pearson (1990) ICT investment does not increase
productivity

Bailey and Chakrabarti (1988) ICT investment does not increase
productivity

Table 2: studies that conclude negative contribution of ICT to productivity

As mentioned before there have been numerous studies in this field. Some have focused
on the correlation between ICT investment and productivity. These studies focus on
whether this correlation is positive or negative. Others have focused on the cause of this
correlation. These studies have gained more interest and consequently studies
providing new perspective for this paradox have gained more importance.

Among the reasons for the existence of this paradox are the following.

Brynjolfsson (Brynjolfsson 1993) has mentioned the following to be the main reasons:
1. mismeasurement of outputs and inputs
2. lags due to learning and adjustment
3. redistribution and dissipation of profits
4. mismanagement of Information Technology

Weil (1990) focused on ICT use and concluded that productivity enhancement depends
on the contextual variables. In other words depending on the ICT application, the
performance produced differs. More specifically he found that transactional ICT
applications such a s data processing contribute to productivity enhancement while
strategic systems such as sales support do not contribute to productivity at all
(Brynjolfsson 1993).

Brooke (1991) argues that the initial impact and goal of ICT is to increase product
variety. As a result an economy of scale and thus profitability decreases.

Before the 1990s studies were focused on the country level and gradually moved toward
industry level. It was after 1990 when more data became available of firm level and thus
research was guided toward firm level analysis. Firm level of analysis is very
advantageous because many other possible interactions between ICT investments and
ICT value creation would then be possible. Also mediating and moderation variable
effects could be included in the analysis. Thus at firm level these included variables such
as firm size, ICT personnel, firm innovation capabilities, among many other
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characteristics of the firm, of its external environment and of the ICT investment
management. Thus firm level of analysis provides can provide a more accurate analysis.

When research began on firm level of analysis in order to explain the paradox careful
analysis of ICT value creation was studied.

There have not been many studies providing an integrative approach for explanation of
value creation process. Barua et al (Barua, Kriebel et al. 1995) introduce the following
model which is a two stage model. In this model ICT value is create in two stages. In the
first stage industry variables and in the second stage economy wide variables impact the
value creation process. Barua argues that as ICT value is created it has its intermediate
impact and possibly final impact. The model is shown in Figure 4 below. Intermediate
outputs discussed were capacity utilization, inventory turnover, relative inferior quality,
relative price and new products.

Industry Specific Economy Wide
Exogenous Variables Exogenous Variables

i

e—— > ——
STAGE 1 STAGE 1II
——— > ——
Input Intermediate Output
Variables Variables Variables

Figure4: Barua et al. (1995) ICT value creation model

Barua’s model however lacks firm-specific variables. In addition is extremely general
and simplified. In other words the input, intermediate and also output variables are not
clear cut constructs. This model is beneficial in the sense that it gives a general overview
of the value creation process but is not at all sufficient and complete to be used in
different contexts.

Melville (Melville, Kraemer et al. 2004) introduced a more detailed model which unlike
Barua it also deals with internal firm factors such as partners, resources and business
processes. This model explains that ICT together with complementary resources affect
business processes which in turn influence business performance and this then leads to
organizational performance. This model can be seen in Figure 5 below.
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Although compared to Barua this model has extensively improved ICT still lacks
mechanisms explaining how ICT impacts business processes. What [ mean is that the
link between ICT resources and business process is very ambiguous and not applicable
in specific firm context. Although we are now much clearer about the value creation
process of ICT, more detailed explanations on “how” each construct linked to the next is
missing.

The new model proposed in chapter three is aimed at contributing to this lack in
literature. Before introduce the model several relations within a firm will be discussed.

11l. Macro Environment

Country
Characteristics

Il. Competitive Environment ﬂ

Industry
Characteristics

IT Resources:
Technology (TIR)

& Human (HIR) Business
Business Organizational
Process
Processes Performance
Performance
Complementary

Organizational
Resources

Trading Partner
Resources &
Business
Processes

Figure 5: Melville (2004) ICT value creation model

To conclude we can mention the following remarks:
1. The paradox does not really exist anymore. However literature lacks an

integrated and sufficiently detailed model for explanation. Further research
should be centered around ICT value creation
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2. in order to deepen our understanding about ICT value creation closer
investigation of how (through which mechanisms) ICT value is created is
necessary

3. Small number of studies use and have access to large datasets. Empirical studies
on large datasets will reduce many obstacles especially the time period covered is
large.

3.2 ICT, Product Innovation and Productivity

As we have mentioned in the previous section, productivity paradox has been more or
less faded away and focus has been shifted to the strength and influencing factor for ICT
and productivity, rather than existence of the relation. In order to explain this relation
better, new factor should be introduced between ICT and productivity. One influential
factor is innovation. Innovation has gained importance in the past few decades. Before
that innovation was limited to product innovation and did not even imply all sectors.
Now innovation is not limited to a product or a few industry sectors. Product innovation
is one of the many types of innovation. It is very common to regard service as product.
So product innovation is also applied to service sector. Beside product innovation,
process and organizational innovations exist. This is a common classification for
innovation. We will now analyze the relation between ICT and Product innovation.

3.2.1 ICT and Product Innovation

But does ICT relate to innovation at all?

Product innovation is either about creating a new product or improving the quality.
Improves product quality (Tarafdar and Gordon 2007) and thus enhances innovation. In
addition, one of ICT outcomes is considered to be innovation (Bouwman, Hoof et al.
2005; Tarafdar and Gordon 2007).

ICT increases the speed and responsiveness of the firm(Brynjolfsson 1993) which in
turn enhance successful innovations.

Yang (Yang, Lee et al. 2007) has conducted a study in which ICT application have been
related to different innovation types previously provided by Swanson (Swanson 1994).
The innovation categories are:

Type I innovation: IS process innovation
Type Il innovation: Product and business administrative process innovation

Type IIl innovation: Inter organizational IS innovation

Table below shows the relevant ICT application attributed to each other above
innovation categories.
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Inmowation Lype [T Researchers
Type lainnovation  Ouizourcing Loh and Venkatraman (1992) and
Grover el af (1997)
[ zervices Lind and Lo {1991
Wark atation Maore and Benbasat (1991)
Type b innovation — CASE Taool Orlikowski (1993) and
Grover et af (1997)
DEMS and DDEMS Nilakanta and Seamell (1990} and
Grover af al (1997)
Data administration Swanzon {19534}
00Fs Crover éf af (19497)
Spreadsheet Hranchean and Wetherbe (1980
4Lz Tighman and Kemerer (1993
EDF Moch and Morse (1977}
Modern softwane practices mud (1584)

Type I imovation

Type Hla innovation

Type [ innovation

Type e innovation

software enpineering technology
Exper! systans

[-mail

ElS

Telecimferencing

Information center

AT

(1055

End-uzer computing

Buzinesz computing

General purpese individual computing

Telecommunization tech
MRF

CADICAM

Open zystan

Oneling rade
EDI

[SIN
BITNET

Fichman and Kemerer (1993
Grover ef al {1997)

Grover of al (19497)

Grover ef af (1997)

Grover éf al {1997)

Swanzon (15994

Johannes and Haranto [1992)
George af al (1992)

Moore and Benbazat {1991 ) and
Wiklemuth (1962}

Attewell (1992) and
Crarcia-Morales ef al (XX6)
Burkhardl and Brass (1990)
Crrover and Cosler {1943}
Dwanzon (1994)

Grover et af (19597)

Chau and Tam (1997) and
Huang and Lin (2006}

Chen ef . (2002)

Grower ef al (1997) and
GonzhlezAlvares and
Nieto-Antolin (H)005)

Latand Guynes (194}
Crurbaxan (1990

Table 1,
ICT type and relevant
sludies

Table 3: ICT applications and their relevant innovation categories (Yang, 2007)

The literature on IT and the relationship with successful innovations and performance is
to a great extent based on case studies and conceptual frameworks (Powell and Dent-
Micallef, 1997, p. 375 in (Johannessen, Olaisen et al. 1999).

Recent studies in the ICT field emphasize that an important task of ICT is to create
business value through the development of new products and services(Barczak, Sultan
etal. 2007). ICT is also considered to be a source for different capabilities such as
innovation capability which mat result in potential competitive advantages for a firm
(Barczak, Sultan et al. 2007).

ICT is considered to improve innovation in many aspects. Johannessen (1999) believes
that ICT applications increase effectiveness and the successful implementation of
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innovations. He argues that automation if tasks through ICT plays an important role in
the successful implementation of innovation.
According to the definition of innovation provided earlier, innovation happens when
several sets of knowledge are combined together in a new way. On the other hand ICT
applications deal with knowledge and combining knowledge. Many studies acknowledge
its support for knowledge combination. Johannessen (1999) argues that ICT facilitates
coordination & coordination of activities through Integration of Knowledge. ICT
technologies can also enhance learning capabilities, through facilitating the reuse of
existing knowledge and providing additional communication channels to stimulate
company-wide communication and recombination of internal and external knowledge

(Corso, Martini et al. 2003).

The direct relationship of ICT and product innovation is also apparent in literature.
Corso (2003) states that ICT can significantly enhance a firm'’s information processing
capacity, which can improving the abilities of managing and integrating all activities
which contribute to the overall process of product innovation into a value chain.

In a study by Gordon and Tarafdar (Tarafdar and Gordon 2007) provides and integrated
view on how ICT enhances innovation. They introduce five IT competencies and explain
how they enhance innovation. See Table 4.

Related ICT resources

- hardware, for storing
knowledge and processing
information requests

- software, such as
organizational portals
(Benbya et al., 2004; van
Baalen et al,, 2005) and
knowledge sharing
software (e.g. Notes),

- robust data
communications
infrastructure

ICT competency

information and knowledge
management

Enhancing innovation

- Innovation process is
knowledge intensive,

- KM helps users find K,
integrate knowledge and
mine tacit knowledge
(Hackbarth, 1998),

- KM influences innovation
though development of
knowledge worker

- KM encourages reuse of
knowledge (negative)

- hardware for storing and
manipulating product and
process data,

- software for project
planning and tracking (e.g.
Microsoft Project), softwarg
for

group coordination, and

- arobust data
communications
infrastructure.

project management

- manage portfolio of
innovations,

- PM keeps teams members
focused,

- PM helps leaders operate
efficiently)

- Collaboration and
communication are

Collaboration and
communication.

Initiation stage - one
person’s creativity can be
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organizational and ICT
competences. They draw of
hardware and software
infrastructure such as e-
mail, groupware, portals,
shared storage, and remote
conferencing.

stimulated by another
person presenting new
knowledge or information
that triggers an innovative
idea or solution (Madjar,
2005).

development and
implementation stages
team might include
members

with specific knowledge
and competences from
around the world, including
possibly

suppliers, vendors, and
others outside the firm
(McKnight and Bontis,
2002; Zakaria

etal, 2004).

Business involvement.

- Innovations often result
from incorporating
information technology
into a product, service, or
process. Thus leaders must

- understand the possibilities
for assimilating ICT into
their companies’ offerings
or

- understand their
companies’ business
sufficiently well to propose
ideas that are consistent
with their business
strategies.

- Many innovations have
been attributed to this type
of cross-knowledge, which
we call “business
involvement” (see, for
example, Abetti, 1994;
Dvorak et al., 1994; and
McKenney et al., 1997).

Table 4: ICT resources, competencies and their relation to innovation enhancement

(Tarafdar & Gordon, 2007)
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Not all studies show a positive relation between ICT and innovation. ICT is also known
to stifle creativity and innovation by standardizing, automating, and institutionalizing
existing processes and workflow (Tarafdar and Gordon 2007).

The critical innovation factors linked to ICT were introduced by Johannessen
(Johannessen 1994). They include:

1. the role of the change agent: A change agent is someone who does everything to
“sell” the innovation to others in the organization. Tools used by a change agent is
Communication through workstations associated with internal networks

2. organizational culture: ICT that enhances integration focuses on integrative
aspect of culture and consequently enhances innovation process management
style: Successful innovations are associated with an open management style.
Communication-related IT enhances this open management style. In addition ICT
integrates learning about complex group interactions, provides mental model,
enhances learning through games and interactive activities and provides dynamic
modeling tools.

3. the market: being updated and well informed about environment (market) is
vital for a firm. ICT tools make customer use of databases possible, ease access to
information and provide what is referred to as customer induced innovation.

4. co-ordination and service: communication related IT enhances the coordination
and service quality for customers.

Therefore according to literature ICT is related to product innovation and can influence
it. But as we saw before, there is no complete and integrated model capturing all ICT

impacts. Many regard ICT as one entity and many simplify ICT value creation process.
Next section clarifies the need of a new model.

3.3 Why a new model?

As mentioned before there are not many models using an integrative approach to study
ICT value creation. We discussed Barua and Melville’s models.

We saw that Barua’s model lack firm-specific variables and are extremely simplified.
This model is beneficial in the sense that it gives a general overview of the value creation

process but is not at all sufficient and complete to be used in different contexts.

Melville’s model is much more detailed and gives a better overview of ICT value creation
process but it still lacks mechanisms explaining how ICT impacts business processes.

So more detailed explanations on “how” ICT value is created is still missing.
As mentioned before, the primary goal of this research is to study how ICT influences

innovation and productivity and introducing mechanisms through which ICT influences
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innovation and productivity is at focus. With the literature review innovation is the
chosen factor in between the ICT relation to productivity.

By conducting an extensive literature review I conclude that there is no integrative
model including analyzing the relationship between ICT, innovation and productivity
simultaneously. There are many studies linking two of these subjects together. Despite
mentioning the interrelation between each pair, research in this field really lacks an
integrative model providing the general overview of the relationship between these
three constructs.

In the previous models which showed the relationship between two of the above
mentioned constructs, very general approaches had been taken. Usually the correlation
(positive and/or negative) correlation between either pair had been the focus. Generally
previous they suffer from oversimplification. Intermediate effects have been completely
ignored. Thus less attention has been paid to “how” part of every correlation.
Mechanisms through which for example ICT is related to productivity have not been
carefully investigated.

Many studies are sector-specific which is due to data limitations.

Regarding ICT with innovation and ICT with productivity, mainly ICT investment had
been taken into consideration. ICT usage which is suggested to be more important than
investment has been ignored. Johannessen (1 999) found that focusing on the use of IT
might be a promising route for studying the relationship between IT and successful
innovations, and between IT and performance. In this regard [ will be using “ICT usage”
rather than “ICT investment”.

Similarly productivity has been treated more in financial figures although the intangible
outcomes of ICT and innovation have been stated many times by different authors
(Brynjolfsson. and Hitt 2003 a). This is of course because measuring these intangible
outcomes is difficult and financial statistics seem to be more accurate since they more or
less capture major part of the outcome.
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4 Chapter four: Conceptual model

Chapter four introduces the new model which is based on the literature study (partially
available in chapter three and partially available in this chapter). Primarily the
advantages of the new model are discussed. For the new model a new classification of
ICT is introduced after analyzing the classifications previously introduced by other
researchers. Each component of the model will be discussed as well as its relationship
with other components. At the end of this chapter, the issue of time lags is discussed.

4.1 Advantages of the new model
The model I will be introducing has the following advantages:

Capture the three notion of ICT, Innovation and firm productivity simultaneously.
This gives the opportunity to have a better and a different overview for a firm.

Although the model provided you with general picture of how the three notions
are related to each other, it also presents the mechanisms or the intermediate
effects through which ICT and innovation link together. Innovation itself is also
seen as a mechanism in this model. This will help us to better understand “how”
these notions are linked to each other.

In this model ICT usage is at focus rather than ICT investment. This will give a
new perspective on the effect of ICT usage on Innovation and productivity.

In this model output also included intangible effects. Thus this model provides
and proves the impact of ICT from intangible aspects.

This model is not sector-specific and can be applied to different sectors of
industry.

Several links of the model will be supported quantitatively. As mentioned before
(chapter2) the number of quantitative research in this field is limited.
Quantitative research based on panel data (which can provide more accurate
results) is limited to a small number of studies.

4.2 ICT categories

ICT has been classified in different papers. ICT applications cover a broad range of
activities and functions in an organization. One contribution of this research is to find
a suitable classification of ICT applications, so that it will help us understand ICT
value creation process better. There are several common classifications of these
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applications which have been used. I will discuss each and then introduce an
appropriate categorization. Before [ introduce these common classifications I will
provide a concise analysis of how firms benefit from ICT. This will give a general
overview about the extent of ICT impact in firm and will help us understand the
classifications better.

4.2.1 ICT Benefits:

ICT applications consist of a broad range of application.

- With regard to innovation intensive projects ICT offers applications supporting
workflow automation and group collaboration Bardhan (Bardhan, Krishnan et al.
2007).

- By automation ICT improves workflow Buhler and Vidal, 2005 in (Tarafdar and
Gordon 2007)

- Italso enhances company’s flexibility to respond to customer needs (Tarafdar and
Gordon 2007) and Brynjolfsson (1993)

- improve communication between a company and its customers and suppliers
(Tarafdar and Gordon 2007)

- Innovative ( improving innovators’ ability to collaborate with one another and
search for relevant information and knowledge) (Tarafdar and Gordon 2007)

- speed enhances successful innovations Kessler and Chakrabarti (1996).

- increase effectiveness and the successful implementation of innovations
(Johannessen, Olaisen et al. 1999)

- more available and more quickly retrieved information. Huber (1990 in Johannessen

1994)

- knowledge integration within companies as important for creating sustainable
competitive advantages. Grant (1996a; 1996b)

- Facilitates coordination & coordination of activities through: Integration of
knowledge, internal communication,

- Automation of tasks (initial design of processes) + enhancing successful
implementation of innovation (Johannessen, Olaisen et al. 1999)

- workflow automation(Barczak, Sultan et al. 2007)

- facilitating group collaboration. (Barczak, Sultan et al. 2007)
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- enhance learning capabilities, through facilitating the reuse of existing knowledge
and providing additional communication channels Corso (2003)

- enhance a firm’s information processing capacity, thus improving the abilities of

managing and integrating all activities Corso (2003)

Barczak et al (2007) has reduced this list which is further reduced by Johannessen.
Johannes believes that ICT have three major effects which are: efficiency, effectiveness
and flexibility.

ICT effect References

Cost savings (Barczak, Sultan et al. 2007)
Employees productivity
Employees motivation
Production capacity
Increasing income revenue
Higher variety of services
Presence in other regions
Higher degree of
internationalization
Acceleration of
employment generation
Skilled labor use
Flexibility to customer
demands

Delivery speed

Temporal availability

User friendliness
Reliability Regulations,
standards

O OO0OO0OO0OO0OOo0Oo

(@)

o O

O O 0O

0 automation effects (Johannessen, Olaisen et al. 1999)
(efficiency)

0 informational
effects(effectiveness)

0 transformational
effects(flexibility)

Table 5: ICT effects across firm

In short, ICT effects across firm are diverse and several attempts have been taken to
classify them as you saw above. To generalize all ICT impacts Will classify them
according to their roles.

4.2.2 ICT classifications according to literature:
The following classifications have been provided by other researchers:
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One simple classification of ICT is based on its application: internal or external.
ICT is used internally and externally in an organization. It’s used internally across
all functions of the organization such as manufacturing, accounting, finance,
marketing, HR. Some applications are being used cross functionally such as
Transaction Process System (TPS). TPS crunched numbers, summarizes,
organizes transactions and data in accounting and assures the accuracy of
transactions across the organization. Applications such as Enterprise Information
System (EIS) and Enterprise Resource Planning (ERP) are also carried out across
the enterprise. Beside these internally applicable ICT applications, many
applications are used externally, some to improve communication (EDI) and
some to improve collaboration (Customer Relation Management)(Turban,
McLeanm et al. 2004).

Another classification of ICT is based on supply chain. There are some ICT
applications supporting each section of the supply chain (Turban, McLeanm et al.
2004):
0 Internal (TPS, corporate wide IS, functional IS)
0 Upstream (e procurement)
0 Downstream( IT support in downstream is from two aspects: 1. IT
supports customer relationship, 2. It supports order taking and shipment)

A similar classification has been provided for IT applications in project
management (Bardhan, Krishnan et al. 2007). IT applications have been
distinguished from each other through the following classification:

0 basic communication technologies (BCT)- IT used for simple tasks

0 enterprise software technologies (EST)- IT applications used for well-
structured projects that are characterized by formal guidelines and
standard operating procedures

0 groupware and collaboration technologies (GCT)- For unstructured and
volatile project work, more flexible (e.g. planning and architecture)
Enabling rich, free-form communication, they help participants to
communicate their changes, synchronize with each other’s work, and
adapt to changing organizational conditions

McAfee (McAfee 2006) provides another classification:
0 Function IT: IT that assists with the execution of discrete tasks ( e.g. CAD,
spreadsheets)
0 Network IT: IT that facilitates interaction without specifying their
parameters (e.g. email, wikis)
0 Enterprise IT:P IT that specifies business processes (e.g. ERP, CRM)

Mooney (Mooney, Gurbaxani et al. 1996) has also provided a classification for IT.
He has focused on the impact of ICT on operational processes and management
processes. The first are improved by improving the efficiency through
automation and the latter processes are improved by enhancing the information
exchange channels. The enhancing dimensions of IT on business processes are:
0 Automational: application that are implemented as substitution of labor
0 Informational: applications which deal with information
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0 Transformational: applications supporting process innovation and
transformation

The above mentioned classifications have several shortcomings. They are either very
general (like internal and external) or not applicable to use for innovation context.
For example the internal, external classification is very broad. This prevents us from
having a deep understanding and practical overview about different types of ICT
applications used in a firm. Other classifications are more detailed, but they are
either specific for a certain field (e.g. Bardan and Krishnan'’s classification is specific
to projects or project level innovation) or they are not applicable for innovation
context (e.g. Turban’s classification based on supply chain is not helpful to be related
to innovation). MacAfee and Mooney’s seem the most appropriate. MacAfee’s
classification is task oriented. In order to understand the impact of ICT with
innovation and productivity a deeper understanding of IT impacts is needed. For
example primary effect (role) of ICT would clarify what IT does than understanding
what tasks each application is capable of doing. Mooney has focused on impact of IT
(their roles). One shortcoming about Mooney’s classification is its incompleteness. I
intend to introduce a new classification which is an extension of the combination of
these two models.

The new classification enables a better understanding of the level ICT is used and it’s
linkage to the level where its impacts occur. Moreover the proposed model adds to
the literature on ICT value and provided a better understanding of how this value is
created. The first step for the model construction is categorization of ICT
applications.

4.2.3 New ICT classification

ICT is broadly used across the firm. Not only each department separately benefits
from Information Technology, but also the organization as a whole applies specific
ICT applications which are used across separate departments.

These ICT applications cover many different functions and each play a different role
in the organization. With this variety in number and also variety in their effect of ICT
applications, there is a need for a sound classification. In this section ICT applications
will be classified regarding the knowledge perspective as well as their consequences
and effects on innovation (new product development).

The new ICT classification divides ICT into three different categories:
Category One: ICT applications providing knowledge in reach
Category Two: ICT applications providing enriched knowledge
Category Three: ICT applications integrating knowledge

Category one includes ICT applications with the primary goal of increasing extent of
access for individuals or firms. For example internet has enabled firm’s global access.
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Therefore if a firm uses internet, it has increased its access to information. Therefore
use of internet has broadened firm’s access to information.

Category two includes applications which process information and provide rich
knowledge. This might be a first level or second level processing. Firs level
processing includes simple activities such as storage, simple operations, information
retrieval, etc. An example of ICT application for first level processing is a backup
system. Firms retrieve information using a backup system. An example of Second
level process is a decision support system (DSS) which is an interactive software-
based system intended to help decision makers compile useful information.

The last category included applications which combine and integrate knowledge
from different sources within a firm or across firms. A common example is
Enterprise Resource Planning (ERP) which is a cross-functional and enterprise wide
business support system.

As mentioned before the classification is based on ICT roles and what they actually
do in a firm. To better understand the above classification, ICT roles which are show
what each category does at firm level together with examples for each case will be
discussed in the next section. For clarity at the end of the chapter a firm and its ICT
applications will be provided.

4.3 ICT roles

General effect: competitive advantage: Many researchers have found that ICT are the
most important tool for firms obtaining competitive advantages (Kimberly and
Evanisko, 1981; Damanpour and Evan, 1984 in Garrido Azevedo, 2007).
“Competencies are a firm’s distinctive abilities, developed as a result of the
deployment of combinations of individual resources in unique ways, and through
specific organizational routines” (Amit and Schoemaker 1993); (Grant 1991).

“Competencies of a firm are very important and may lead to core competency for a
firm which is unique for each firm. Using these unique competencies firms reach
superior performance (Eisenhardt and Martin, 2000; Teece et al., 1997 in Tarafdar
2007). It is not easy to imitate ones competency because of two reasons: they are
embedded in the firm’s culture and routines (Day, 1994 in Tarafdar 2007) and their
path dependencies to organizational performance are not always transparent
(Barney, 1991; Dierickx and Cool, 1989; Grant, 1991 in Tarafdar 2007).

As wide as its application, ICT technology has diverse impact in a firm. Literature in
this field is rapidly growing in number and each focus on different aspect of ICT. To
classify this literature,

Communication:

One of the most common and central ICT usage is communication (Johannessen,
1994). This role played by ICT applications implies the facilitation and availability of
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communication. Here communication is defined as a two way interaction between
individuals.

Communications using ICT technology can involve one or several IT-supported
media, such as text, voice, graphics, radio, pictures, and animation. Using different
media increases the effectiveness of a message, expedites learning, and enhances
problem solving (Bouwman, Hoof et al. 2005).
Examples of ICT applications which fulfill this role are:

- Internal and external networks (such as tcp/ip, LAN or other networks)

- Electronic Mail

- Web-Based Call Centers

- Multimedia call centers

- Electronic boardroom

- Call centers

- Electronic Chat Rooms

- Voice Communication

- Weblogging (Blogging)

- Electronic meeting systems

- Interactive whiteboards - allows different users to simultaneously write on

the whiteboard
- Screen sharing software - allows different users to work on one document
which is separately visible for every user
- Electronic teleconferencing (video teleconferencing, web teleconferencing)

Communication role of ICT is mentioned explicitly and in numerous studies:

- Sproull and Kiesler define this role as a first level effect of ICT (Sproull and
Kiesler 1991). ICT improves internal and external communication, and
consequently improves the efficiency. This effect is a first -level effect of ICT.
They argue that this role among other first level effects either improve efficiency
or productivity. Improvement on internal and external communication caused by
ICT applications has also been mentioned by Johannessen et al (1994). This role
is also mentioned by Attaran as being critical (Attaran 2003).

- ICT applications in communication are used broadly and very frequently. Barczak
and Sultan (2006), Barczak et al observed that simple ICT tools were used more
frequently tools in NPD project teams rather than more sophisticated and more
complex tools(Barczak, Sultan et al. 2007). Communication tools provided by ICT
are usually very simple and thus user friendly and easy to use. Bardhan et al
categorize one of the ICT applications at project level (project management) is
basic communication technology (BCT) which is appropriate to be used for
simple tasks (not complex) for a project.

Effects:
- These ICT applications enhance communication in two ways. They help

communication availability tools (so increase communication possibilities and thus
increase communication) (Barczak et al, 2007) and also they improve the speed of
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communication significantly (Huber, 1990 in Johannessen 1994) (Barczak et al,
2007). They allow all kinds of communication. These different types are shown in the
Figure 6 below:

Place
Same Different
Video conferencing
A decision room Instant messenger
GDSS Screen sharing
Same Whiteboard Whiteboard
Other real time collaboration Chartroom
o (RTC) tools Internet telephony
£ Other RTC tools
|_
Email
. L Bulletin Board
Different Multishift control center Web-based call center
E-mail
workflow paldion
GDSS
Autoresponder

Figure6: different types of communication Bouwman et al (2005)

- Based on Swanson’s model Yang Et al (2008) mentions that communication
technology such as email, teleconferencing are mentioned to have impact on Product
and business administrative process innovation.

- Communication has also been introduced as one of ICT competencies by Gordon
and Tarafdar (2007). This competency is mentioned together with collaboration
through which they argue that together they influence process innovation. this a
cross-sectional study was held in the field of Greek manufacturing firms that apply
advanced IT, in order to explore which, how and in what level manufacturing
priorities have been adopted.

- faster data collection, processing and faster communication (Garrido, o™ao et al.
2007).

Coordination:

ICT applications provide coordination among different entities. Internally this
coordination is conducted among various departments and even across different
units in one department. Externally coordination is provided with other enterprises
(firms with in own concern or competitors) or entities along the supply chain such as
suppliers and customers.

ICT applications relevant to this role are:
- ICT ordering systems- systems ensuring electronic availability of transaction
activities (ordering, purchasing, delivery)
- Electronic after sales service
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- Collaborative CRM - customer relationship management which links firm to
customers

- The first type of IT system that was developed in the 1980s to improve
communications with business partners was electronic data interchange
(EDI), which involved computer-to-computer direct communication of
standard business documents (such as purchase orders and order
confirmations) between business partners.

This role is becoming more and more apparent because the need for coordination
has increased. Vertical and horizontal collaboration has been increasing in firms. In
order to work efficiently together coordination is essential. It is important to note
that coordination helps different entities to be harmonized and have access to
common and necessary information. In this way each entity has its own existence,
goals and activities separately from the other entities. This does not mean that theses
different entities are integrated together. They are only harmonized rather than
becoming one entity.

Coordination through ICT application is evident in business processes (Attaran,
2003) (Marjanovic 2005). Business processes include several stages where different
entities (units, departments, suppliers or even customers) may be involved in. The
larger the number of these entities the more apparent the need for coordination is.
ICT has enhanced this coordination through various applications and coordination
has been recognized as one of ICT roles.

At project level coordination management has been one of the ICT applications
influencing firm’s performance which is mentioned by Bardhan R. et al (2007).

Effects:

- Drucker believes that the ICT and networking will be the key to organizational
coordination (Drucker 1998).

- They enable collaboration and coordination Bardhan R. et al (2007).
- Coordination is enhanced in speed. (Johansson 1999)

- Facilitation of reuse information (Aral et al. 2006). Reduction on data and data re-
entry (Lai et al., 2005 in Garrido et al, 2007; Corso, 2003)

- Since with the use of theses ICT applications different entities will be coordinated,
there will be a direct impact on the speed of processes such as knowledge creation.

- Speed of responsiveness is also increased, since the information is harmonize and
coordinated more quickly than before (Brynjolfsson 1993) and Garrido et al, (2007).

These two roles are very much related to each other and many authors have
mentioned them together as ICT roles such as Boutellier and Prasad. Some have
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mentioned enhancing coordination and communication as the fundamental role of IT
(T. C. Powell and DentMicallef 1997).

Information:

ICT applications continuously deal with data. It continuously conducts activities on
data. These processing are divided into two: first level and second level processing.
First level processing includes all the initial activities done to data. ICT applications
belonging to this role store, conduct simple operations, protect, update and retrieve
information. After receiving data the initial step is to store it (Johannessen 1999;
Tarafdar, 2007). Simple operations such as ordering, organizing , categorizing,
summarizing, etc follow (Attewell and Rule 1984). In this way the information would
be easily accessible and much faster. Being able to retrieve this information is
another first level process. Security of the data (protection from viruses, external
access, hacking, etc) is essential for any data.

Examples of ICT applications attributed to this role are:

- Stand alone software such as spreadsheet, excel, word, etc

- Databases (including online databases)

- Data warehouses - are repository of an organization's electronically stored
data (adopted from Wikipedia). Data warehouses are designed to facilitate
reporting and analysis (Inmon 1995).

- Anti-viruses

- Anti-hack

- Backup systems

- Electronic signature

- Data encryption software

- Firewalls

EFFECTS:

- ICT has enabled storage of data. With improvement in this technology the storage
capacity has also increased using large data warehouses.

- Security of the data is ensured through ICT applications. This security protects
the data against viruses, hack and external access. This issue if of great
importance since it is related to confidentiality of information which can not be
accessible to all. In addition providing back-ups preserves the data.

- Speed of information retrieval is increased by ICT usage (Huber, 1990 in
Johannessen 1994).

- Because data is digitally stored and categorized, information processes will be
conducted more quickly (Brynjolffsson, 1993).
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- Possibility of knowledge re-use (Corso, 2003)

Automation:

In the informational role I mentioned that there are two types of processing: one is first
level and the other is second level. First level processing belongs to informational role
while the second level processing is what ICT applications belonging to automation role
play. Automation reflects the initial and common definition of technology: to replace
labor by technology. ICT applications belonging to this role conduct activities which
were done by humans before. In other words automation of workflow is what describes
this role best (Barczak et al, 2007). They include complex activities and processes.

ICT applications regarding this role are:

- Decision support systems (DSS) - interactive software-based system intended
to help decision makers compile useful information from raw data,
documents, personal knowledge, and/or business models to identify and
solve problems and make decisions (adopted from Wikipedia).

- Executive information system (EIS) - enterprise-wide form of DSS. EIS help
top-level executives analyze, compare, and highlight trends in important
variables in order to monitor performance and identify opportunities and
problems. They have high quality graphical displays and easy-to-use
interfaces.

- Business Intelligence (BI) - applications and practices for the collection,
integration, analysis, and presentation of business information. It is a specific
kind of Decision support system (DSS).

- CAD/CAM

- Analytical CRM involves capture and analysis of customer data.

EFFECTS:

- increase in speed of processes This will consequently reduce development costs.
[t also shortens the time to market (Johannessen, 1999).

- Automation leads to operational excellence (Hackbarth and Kettinger 2004) and
operational efficiency Malhotra et al. (2005) and Mark and Monnoyer (2004).

- Problem solving capacity is increased (Thomke, 2006)

Automational role has a direct influence on efficiency (Barczak et al, 2007) such as
increase in speed (of any process such as production, delivery, ordering, etc), and
reduction of cost, labor. (Kessler and Chakrabarti, 1996 in Johannessen 1999),
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Informational and Automation roles can be summarized in “processing data” which
is one of the central usage of ICT applications (Johannessen, 1994)

Integration:

ICT tools have the capability to integrate several entities together in order to create a
new body. Different business units across the firm or different entities across the
supply chain (customers and suppliers) may be integrated into one unit towards a
certain goal. This role is of vital importance. I use argument of Vonderembse et al
(1997 in Johannessen 1999) to clarify the importance. They state that in the
industrial age managers’ effort is toward automating specific tasks. In this way they
create islands of automation. Then when each island is proved to be working well,
they integrated these islands. Now this approach is argued that this does not lead to
an efficient result of automation. What is important is to focus on integration initially
before separate automations. Then with careful analysis the automation decisions
should be taken.

- MRP (material requirements planning, and then manufacturing resource
planning) is a software based production planning and inventory control
system used to manage manufacturing processes. Objectives of MRP:

0 Ensure materials and products are available for

0 Production and delivery to customers.

0 Maintain the lowest possible level of inventory.

0 Plan manufacturing activities, delivery schedules and purchasing
activities.

- CIM (computer-integrated manufacturing) is used for manufacturing
processes which includes:
0 means for data storage, retrieval, manipulation and presentation;
0 mechanisms for sensing state and modifying processes;
0 Algorithms for uniting the data processing component with the
sensor/modification component.

MRP and CIM are not very common now bit they are the origins of other
enterprise systems which are more common now. These systems are explained
below.

- ERP- Enterprise Resource Planning is a cross-functional and enterprise wide
business support system. All functional departments that are involved in
operations or production are integrated in one system. In addition to
manufacturing, warehousing, logistics, and information technology, this
would include accounting, human resources, marketing, and strategic
management. Examples of modules in an ERP which formerly would have
been stand-alone applications include: Manufacturing, Supply Chain,
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Financials, Customer Relationship Management (CRM), Human Resources,
Warehouse Management and Decision Support System.

- ERPII -is an open ERP architecture of components. ERP II besides focusing
on enterprise-wide information usage, it also focuses on delivering
information to the individual. This was not primarily possible with ERP.

- Enterprise Application Suite (EAS) - is similar to ERP but uses ordinary
Internet browsers as clients.

- Transaction Processing System (TPS) - This system manages all the
transactions of a firm. It links different departments together. It is focused
only on transactions of firm and not multiple activities (like the above
systems).

- Collaborative CRM deals with all the communication, coordination, and
collaboration between vendors and customers. It links the firm to customers.

EFFECTS

- Because different entities are integrated, knowledge re-use is done more
efficiently.

- Knowledge integration is a result of ICT usage from this role (Johannessen,
1999). This notion is of vital importance for companies since knowledge
integration within companies may result in sustainable competitive advantages
(Grant, 1996).

- Inabusiness process not only creating knowledge occurs but also different body
of knowledge is combined together. Integration role enables recombination of
knowledge (Corso, 2003). This recombination s done more efficiently than when
each unit was performing separately.

Examples of all the roles except the last role (integration) were more or less common
and so they were easy to grasp the meaning of each role. This might nit be the case for
the integration role. Therefore for the sake of clarity I will give an example of ERP
application used in a firm.

Bigfoot Industries Inc. was established in 1978 (www.bigfootrv.com) and has provided
the Recreational Vehicle, Camper and Pull Trailer industry with state-of-the-art RV
equipment. IT manufactures 800 make-to-order units a year. Duplicate data entry was
carried out to standalone sales order, MRP and financial systems. There was no data
integrity and the firm lacked system integrity. This led to creation of excess inventories,
production delays and customer shipping delays. The MRP system and the Sales Order
Entry system adversely were incompatible and influenced the purchasing and therefore
the inventory errors caused problems like delays for production and shipments to
customers.

Now Bigfoot has implemented an ERP system integrating their sales, finance, materials
and production information. As a result duplicate data entry problem is solved.
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Any information is now accessible through one source. Other results of ERP
implementation are: operational benefits, ability to streamline business processes, etc.
Response to shortages is much quicker than before. In short, Bigfoot has connected its
different business units using ERP and it is now essential for its business.

You can see the conceptual model on the next page in Figure 7.
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The left hand side of the model namely ICT categories and their roles have been
discussed. The following section will cover the intermediate effects (collaboration and
R&D), product innovation and productivity.

4.4 Intermediate effects

4.4.1 Inter-firm Collaboration

According to the literature review conducted in the previous chapter (chapter 2) I
introduce two intermediate effects between ICT usage and innovation: inter-firm
collaboration and R&D activity.

The first ICT category’s primary effect is on collaboration. Both communication and
communication enhance collaboration. Collaboration in the model presents two kinds of
collaboration : internal and external, internal collaboration is conducted with
enterprises that are within firm’s concern (such as its daughter) and external
collaboration is defined with competitors, suppliers, customers, public and private
institutions and basically any external group or entity (external to firm).

ICT tools that enhance collaboration are software products that basically support groups
of people who share a common task or goal and who collaborate on its accomplishment.
These applications are called Groupware. Groupware use networks to connect people,
even if the people are in the same room. Examples of groupware are Electronic Meeting
Systems, Electronic Teleconferencing (video teleconferencing, web conferencing).
Groupware are divided into two subgroups of tools: real-time and virtual. Real-time
collaboration Tools (RTC) bridge time and space to make decisions for collaboration on
projects. RTC tools support synchronous communication of graphical and text-based
information. On the other hand Virtual collaboration (e-collaboration refers to the use of
digital technologies that enable organizations or individuals to collaborate virtually.
These tools facilitate collaboration in virtual environments.

=  Web-based systems (many using XML) deliver business applications via the
Internet. Using browsers and the Internet, people in different organizations
communicate, collaborate, access vast amounts of information, and run most of
the organization’s tasks and processes.
- These systems became the basis for collaborative commerce.

ICT Communication tools enable new communication channels through which firm can
collaborate with its partners. For example internet alone provides numerous
opportunities such as email, voice conferencing, etc. Through ICT distance and time
boundaries diminish. Partners across the globe can communicate easily... All four kind of
communication mentioned before synchronous vs. asynchronous and distributed vs.
none distributed. Not only the speed of the process is substantially increased, but the
cost for knowledge transfer also reduces. Not only the enhancement in information
exchange is important but also the coordination among the contributing partners is



crucial. ICT usage has so much influence on collaboration that one of the ICT
competencies proved to be developed by ICT usage is Collaboration (Tarafdar, 2007).

Communication and coordination in an organization enhances collaboration because
they blur the boundaries and create a virtual organization (Bouwman, Hoof et al. 2005).

ICT not only enhances collaboration (through communication and coordination
capabilities) but it also reduces cooperation costs. In addition it increases the
possibilities of potential relations through enabling direct interaction with partners
without increase in cost (Bertschek and Kaiser 2004).

4.4.2 R&D Activity

Another intermediate defined in the conceptual model is Research and Development
(R&D) activity. R&D is a crucial component of innovation, particularly product
innovation. Traditionally the boundaries of R&D were very limited to closed research
and limited interaction with environment in order to generally identify customer needs
and market. These boundaries have been removed. Different kinds of interaction with
environment, customers, suppliers, competitors and research institutes are
continuously conducted. The data should therefore be continuously stored, updated and
retrieved. To be able to reach optimum efficiency and to be able to recombine different
bodies of knowledge ICT helps process and integrate different bodies of knowledge.

In context of product innovation various automation tools have enhanced the R&D
process for product development. Virtual Prototyping and Computer Aided Design
(CAD) have been influential.

Several ICT applications for example CRM integrate customer systems to that of firms’.
This can be considered as an external collaboration between firm and customer. We can
see that integration is influential here. But according to my studies, with regard to R&D
and in the context of product innovation, integration’s role is stronger and more
apparent. Integration in R&D has a broader meaning than in collaboration. In R&D it
involves more than two parties. During a New product development several internal and
external entities’ information is needed along the process. While in collaboration only
two parties can be involved and their system integrated. Corso recognizes three-
dimensional computer-aided design (3D CAD), as one of the tools supporting integration
rather than as a tool adopted in the NPD process since 3D was used to support
technological coordination especially with customers (Corso et al., 2001b, 2000).

4.5 Product Innovation

ICT usage leads to different competencies. One of them is recognized as “innovation”
(Tarafdar, 2007). Therefore ICT usage leads to innovation which is realized as a
competency and is thus very valuable for the firm.
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One of the project competencies for innovation is customer and market relevance of the
outcome (Balasubramaniam et al. 2000, Zeithaml and Bitner 1996 in Bardhan R. et al
2007). This is managed through the ICT application of all three categories. Through
communication and coordination customer collaboration is enabled and enhanced while
the data is stored and processed (e.g. using prototyping and design tools) in an
integrated system linking different business systems of a company together.

Information sources of innovation is mainly (almost 60%) gained through intra firm
relations (Pavitt, 1984) according to study of 2000 British firms Britain since 1945. This
shows the importance of collaboration for innovation. In addition most technological
knowledge is the specific to firms and cumulative in development rather than general
information which could be imitable. This reveals the importance of combining and
recombining of knowledge used in R&D. It further makes the ICT roles belonging to all
three categories more apparent. The unique combination of knowledge is enhanced
through various ICT application usages.

Generally ICT has been related positively to innovation by several other authors (Benko
and McFarlan, 2004; Cooper et al., 2004; Walsh, 2001; Theodoroua, 2008)

4.6 Time lags

Along with the productivity paradox studies and explanation for this paradox was given
by Brynjolffsson introducing the time lag issue. According to his studies ICT investments
don’t pay off immediately. It takes time for ICT investment to impact productivity and
thus judgment on productivity should not ignore the time lag.

These time lags are due to due to learning and adjustment needed after a technology is
adopted or invested in. Any kind of investment in technology (not necessarily) ICT, may
result in time lag before it effects productivity.

Relatively investments in different innovation actives may result in such time lag. The
time lag for innovation investment has not been covered in literature. But possibility of
the existence of this time lag has motivated me to explore it.

Innovation activities include:
- Intramural R&D
- Extramural R&D
- Acquiring knowledge
- Acquiring equipment and machinery

Each of theses activities require time (the adjustment time is relatively larger for some
of the activities). Conducting R&D and investing in R&D may not immediately pay off
immediately. Acquiring knowledge does not need time and can be done in short period
of time but implementation of this knowledge certainly needs adjustment time. When a
new equipment and machinery is bought, training and organizational change cause the
time lag.
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5 Chapter five: Research hypotheses

The conceptual model was presented in the previous chapter. Now to test this model,
several hypotheses will be designed in this chapter. These hypotheses are designed to
test different relations of the new model. Each hypothesis with the rationale behind it is
provided.

5.1 Research Hypotheses

The designed hypotheses aim at different part of the model. In order to be able to test
different parts of the model, hypotheses were built on the basis of the relations between
the modules. In addition general hypotheses testing the relation between several
modules are also presented in order to provide a more general view. However I have to
not that no hypotheses test the inter relation between each set of modules. For example
the interrelation between the ICT roles or the interrelation between the intermediate
effects is out of the scope of this paper and thus no hypothesis is built on the basis of
these interrelations.

Not all the relations in the model are tested, partially due to data constraint and partially
because they were not aligned with the interest of this paper.

H1 and H2 test the relation between ICT usage belonging to different categories of ICT
(category one, category two, category three). For collaboration effect the relevant ICT
category is further broken down to their composed ICT roles. In this way H1.1 and H1.2
are formed.

Hypothesis H3, tests the contribution of intermediate effects on product innovation. H4
is more detailed and tests the link between category one, collaboration and product
innovation.

Next set of hypotheses ranging from H5 to H7 are related to productivity. H5 is designed
to test the relation between innovation and intangible effects of productivity (H5.1).
These intangible effects are broken down to production related and product & market
related effects which for hypothesis H5.2 and H5.3 relatively. H6 tests the relation of
innovation and intermediate effects to productivity (intangible). H7 tests the possibility
of time lags between innovation and labor productivity (financial value).

Finally H8 tests the contribution of ICT usage and intermediate effects to productivity.
This will give a general view about whether ICT enhances productivity.

ICT and intermediate effects

Different ICT applications have different impacts. Communication and coordination
impacts of ICT are predicted to influence firm’s collaboration. The interaction between
various collaborating partners is fundamentally supported by the communication
channels between them and the level of coordination. ICT applications support and
enhance communication and coordination. Thus it is expected that ICT applications

50



belonging to category one to support collaboration. This hypothesis is further broken
down to the role components. So not only are we interested in investigation of category
one contribution to collaboration but also in contribution of each role (composing
category one) to collaboration.

H1: Category one ICT applications are related to collaboration
H1.1: Category one ICT applications are positively related to collaboration
H1.2: Communication role and coordination role (roles of ICT applications from

category one) are positively related to collaboration

Beside category one ICT applications, there are applications which regard to automation
and integration role of ICT. ICT automates processes and integrates knowledge
internally and externally. R&D is closely related to data processing (automation) and
knowledge integration as mentioned before. It is predicted that ICT usage from Category
two and three applications contribute to R&D.

H2: Category two and three ICT usage are positively related to R&D

Product innovation

As mentioned before in the literature two main factors influencing firm’s product
innovation are collaboration and R&D. This relation is tested by the following
hypothesis:

H3: Intermediate effects contribute positively to product innovation

Collaboration is one of the intermediate factors and according to literature is very
important for product innovation. On the other hand ICT usage of category one enhances
the communication and coordination effect needed for an efficient collaboration. It is
interesting to test the ICT usage of category one (communication and coordination role)
and collaboration regarding innovation and to see whether they contribute positively to
product innovation.

H4: category one ICT usage and collaboration contribute positively to product innovation
[t is interesting to test the contribution of product innovation productivity because of
the contradictory result from other research.

H5: Product innovation and productivity
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H5.1: Product innovation contributes positively to productivity (intangible effects)
H5.2: Product innovation contributes positively to productivity (production related
effects)

H5.3: Product innovation contributes positively to productivity (product & market
related

Productivity

Researchers have suggested studying innovation regarding the productivity paradox.
ICT is thought to initially influence innovation and consequently have impact on
productivity. Now what [ am interested in is to test whether product innovation and the
intermediate effects are positively related to productivity.

H6: Product innovation, intermediate effects and productivity
H6.1: Product innovation and collaboration contributes positively to productivity
H6.21: Product innovation and R&D contribute positively to productivity
H6.1: Product innovation and collaboration & R&D contribute positively to
productivity

The intermediate effects influencing innovation may influence productivity as well.
Contribution of each intermediate effect together with innovation as well as
contribution of both on intermediate effects together with innovation is predicted to be
positive.

The time lag between technology adoption and productivity is well apparent in the
literature. Since | am using innovation as an intermediate construct [ am willing to
explore the time lag between innovation and productivity. Technology adoption with
regard to innovation may cause a time lag in showing its effects on productivity.

H7: Product innovation contributes to productivity after a time lag

This research was motivated initially by productivity paradox. In order to deepen the
understanding about this topic the mechanism were introduced as intermediate effects,
which are believe to have positive effect on productivity. To test the simultaneous usage
of ICT and intermediate effects on productivity, [ will test whether ICT usage (in all
categories) together with the intermediate effects influence productivity.

H8: ICT usage together with the intermediate effects contribute positively to productivity
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6 Chapter six: Data Analysis

This chapter discusses the data which will be used for analysis. Primarily explanation of
how the dataset is constructed will be provided. Then the tools and methods used for
analysis are introduced. A section is also dedicated to the methodology regarding the
regression models. Data reduction which is operated on the data is discussed in the last
section of this chapter.

6.1 Data

Data Sources

From the early stage of my research I started to construct a relevant and consistent
database for my research. I had access to various datasets on ICT, Innovation and
Productivity Statistics through Netherlands Central Bureau of Statistics (CBS). Each of
the surveys was sent to multinational companies within the Dutch company during the
time span of about ten years2. Because [ was highly motivated to conduct a sound
analysis and as much as possible careful analysis of ICT usage relation to innovation and
productivity, | opted to construct a panel data including all the above datasets. This also
gave me the opportunity to consider the existence of possible time lags for productivity.

Panel Data Definition

In order to understand what panel data is I will define two types of data: cross sectional
and time series:

Cross sectional Data: Consist of observations on multiple phenomena at one instance in
time. This data set has only one dimension which is the dimension of phenomena.

Time series data: contain observations on a single phenomenon observed over multiple
time periods. This dataset is also one dimensional but its dimension is time.

Panel data: is a combination of the above definitions. It consists of observations on
multiple phenomena observed over multiple time periods is called panel data. Panel
data is known to have two dimensions (multiple phenomena, over several time periods).

Below you can see two examples of panel data in Table 6. The first one (on left) is
balanced panel data and the second (on right) is unbalanced. In the balanced data the
internal network of every firm is observed for every year (2000 and 2001). But in the
second data set for the firm 2 the internal network is only observed for one year.
Therefore this is an unbalanced panel data.

% The range of the years is different for each qoesaire; for ICT 1995-2004, Innovation 1996-2004ia
Productivity Statistics 1994-2004.
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Firm id year Internal Firm id year Internal

network network
1 2000 0 1 2000 0
1 2001 1 1 2001 1
2 2000 0 2 2000 0
2 2001 1 3 2000 0

Table 6: balanced (left) unbalanced (right)

The panel data set | have constructed is an unbalanced panel. Because of the long period
range which the data is constructed from, a number of firms’ data for some measures is
not available for every single year.

Surveys

As mentioned before, | have constructed an extensive panel data using three different
questionnaires over the time span of about 10 years from which information about
Innovation, ICT and Production Statistics of Dutch companies were collected. The
questionnaires used are:

CIS questionnaires:

CIS stands for Community Innovation Questionnaire. CIS questionnaires include five
different waves of CIS2, CIS 2.5, CIS 3, CIS 3.5 and CIS4 which are mainly centered on the
concept of innovation. Each questionnaire is specific for a time span of two years.
Therefore every two years a new CIS questionnaire was developed and sent to Dutch
firms in the Netherlands. The first CIS questionnaire (CIS2) was specific to period 1994
to 1996 and consequently CIS 2.5 for 1996-1998, CIS 3 for 1998-2000, CIS3.5 for 2000-
2002 and CIS 4 for 2002-2004. These questionnaires were developed over the years. A
range of variables such as innovation effects have been added to the original
questionnaire. Also in the early versions of the questionnaire product and service
innovation were completely distinguished were as in the recent waves, product and
service innovation are considered together.

Generally CIS questionnaires include questions about different types of innovation,
innovation activities, collaboration, information sources, and hampering factors for
innovation and also include information about the firm characteristics and its financial
performance.

year 1994-1996 1996-1998 1998-2000 2000-2002 | 2002-2004

ICT questionnaires:
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ICT questionnaires cover the time span of 1995 to 2004. These include questions about
different ICT applications used in a firm, ICT employees, as well as general information
about the firm characteristics and financial performance.

year 1995-2004

PS questionnaires:

PS stands for Productivity Statistics and the PS questionnaires cover the time period of
1993 to 2004. They include questions concerning the outputs (production) and inputs
(production factors) of Dutch companies. These too, include information about firm’s
characteristics.

PS questionnaires were different for different sectors. The following table shows the
various sectors. As you can see the information available for some sectors were not
available for the whole period between 1993 and 2004.

PS
year | 1993-2004 | 1993-|1995- | 1993- 1993- 2001-2004 2000-
2004 | 2004 2004 2004 2004
Sector | Building Retail | Service | wholesale | industry | Development | Transport
Construction

ABR database: This is a database about registrations of firms. Four variables regarding
the registration of firms were used from this database.

Panel Dataset Construction

Construction of the data was done in parallel with the theoretical study, starting in the
early stage of the research. CIS, ICT and PS datasets for various years were to be linked
together to form the final panel database. CIS datasets were used as the reference point.
The reason is because innovation is the link between ICT and PS. ICT investments lead to
innovation and PS datasets show this effect later on. Thus for each CIS dataset relevant
ICT (datasets before the CIS year) and relevant PS (datasets after the CIS year) were
considered.

1. harmonizing Data Sets
The first step was to harmonize different datasets for each set of questionnaires.
Harmonizing was done for CIS and PS datasets. The ICT dataset was harmonized by CBS
and a longitudinal data set was available.

CIS: there were five different datasets including different variables and different number
of observations. These databases were to be harmonized across different years. Thus |
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had to make sure that the number of variables, order of the variables and their content
(ranking, unit of measurement, definition) were identical in all five databases.

CIS Wave Number of variables

2002-2004 206
2000-2002 129
1998-2000 202
1996-1998 336
1994-1996 291

Original CIS datasets

CIS Waves (harmonized) Number of observations Number of variables

2002-2004 10853 98
2000-2002 10638
1998-2000 10750
1996-1998 13465
1994-1996 10664

Harmonized CIS datasets

PS: PS datasets included longitudinal datasets which were provided separately for
different sectors of construction wholesale, retail, industry, services, development
tracking and transport. The first step here was to extract data from each sector for
specific years (each year from 19953 to 2004). Then the PS datasets were produced
which for each year included all the sectors. The final step in this section was to
harmonize the datasets which were now constructed according to year. This was done
by careful checking of number of variables, order of the variables and their content
(ranking, unit of measurement, definition) which had to be identical in all five databases.

Constru- retail Services Wholesale Industry Develo transport
ction (detailhandel) (dienst) trade (industrie) pment
(bouw) (groothandel) tracking
(Speuron
twikkeling)
2004 | 4298 3003 18772 | 7149 9778 225 4685
2003 | 6217 5250 20241 | 9839 10718 205 4799
2002 | 5132 4661 19131 | 9096 10270 177 4748
2001 | 6267 5265 16350 | 9281 10659 208 4575
2000 | 5414 4637 2491 7959 8023 - 4234
1999 | 9318 9886 23244 | 5709 11262 - -
1998 | 90334 9513 23654 | 5368 14219 - -
1997 | 7440 9697 21922 12456 9460 - -
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1996 | 9279 9673 21751 | 4722 11220 - -
1995 | 6502 11117 18857 12612 6315 - -
1994 | 6688 9762 - 11908 6365 - -
1993 | 6744 7598 - 11963 6483 - -

Number of observations in different sectors

Original PS datasets

PS (harmonized) Number of observations Number of variables
2004 47910 103
2003 57269 103
2002 53215 103
2001 52605 103
2000 42758 103
1999 59416 103
1998 61788 103
1997 60975 103
1996 56645 103
1995 55403 103
1994 34723 103
1993 32788 103

Harmonized PS datasets

Note: some sectors did not have information for specific years. These sectors included
services which were only informational for 1993 till 2004, speurontwikkeling for 2001
till 2004 and transport for 2000 till 2004.

2. Linking datasets horizontally:

after CIS, ICT and PS datasets were separately harmonized for each year, I joined
them horizontally together. Because there were five waves of CIS survey and as
mentioned before [ used the CIS datasets as reference point, I created 5 separate
datasets which each were linked databases of CS, ICT and PS. Every CIS dataset was
linked to 6 PS datasets and 5 ICT data sets. In other words for each CIS wave I chose
6 PS datasets of the same CIS year and after, while the linkages to 5 ICT datasets
were made the ICT datasets of same CIS year and before. Before linking these
datasets [ made sure no variables existed with the same name. Otherwise the
variables with the same name in two different datasets would have replaced each
other.

CIS |ABR |PS PS PS ICT |ICT |ICT |ICT |ICT
04 04 03 02 04 03 02 01 00

lcis [ABR |Ps [ps |ps [ps |ps |icT |ICcT |ICT |ICT |ICT |
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CIS | ABR | PS PS PS PS PS PS ICT |ICT |ICT |ICT |ICT
00 03 02 01 00 99 98 00 99 98 97 96

CIS |ABR |PS PS PS PS PS PS ICT |ICT |ICT |ICT
98 01 00 99 98 97 96 98 97 96 95

CIS |ABR |PS PS PS PS PS PS ICT | ICT
96 99 98 97 96 95 94 96 95

3. Linking datasets Vertically:

4.,

Now that the datasets of CIS, ABR, ICT and PS are linked to each other according to
CIS dataset (using as reference for it’s year and also firms or number of
observations), I took the final step to complete the panel dataset. [ appended all five
rows i.e. each row was placed on top of the next row. Before doing so I made sure the
databases with the same time lag to be place exactly under each other. As you can see
in the above rows, the rows have different lengths and differ in number of datasets.
In other word there are some datasets missing. I created these empty datasets (each
variable is placed missing). Then I appended the rows together.

T0=2004

CIS |ABR |PS PS PS ICT |ICT |ICT |ICT |ICT
04 04 03 02 04 03 02 01 00

T0=2002

CIS | ABR | PS PS PS PS PS ICT |ICT |ICT |ICT |ICT
02 04 03 02 01 00 02 01 00 99 98

T0=2000

T=1 | T=2 T=3 T=4

CIS | ABR |PS PS PS PS PS PS ICT |ICT |ICT |ICT |ICT
00 03 02 01 00 99 98 00 99 98 97 96

T0=1998

T=1 T=2 T=3

CIS |ABR |PS PS PS PS PS PS ICT |ICT |ICT |ICT
98 01 00 99 98 97 96 98 97 96 95

T0=1996

CIS |ABR | PS PS PS PS PS PS ICT | ICT
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196 | |99 [98 97 |96 |95 [94 |96 [95 |

T= 0: year of CIS is the t=0 and the reference.
T= p* show the years after the reference year
T=[1 or 2or 3 or 4] show the years before the reference year

T0=2004

T=p3 T=p2 T=pl T=0 T=1 T=2 T=0
CIS | ABR | PS PS PS PS |PS |PS [ICT |ICT |ICT |ICT |ICT

04 empty | empty | empty | 04 | 03 02 |04 03 02 01 |00

T0=2002

T=p3 | T=p2 T=pl T=0 T=1 T=2
CIS | ABR | PS PS PS PS PS | PS ICT |ICT |ICT |ICT |ICT

02 empty | 04 03 02 01 00 02 01 00 199 |98

T0=2000

T=p3 T=p2 T=pl T=0 T=1 T=2
CIS |ABR [PS |PS |[PS |PS |PS |PS |ICT |ICT |ICT |ICT |ICT

00 03 02 01 00 99 98 00 99 98 97 96

T0=1998

T=p3 T=p2 T=pl T=0 T=1 T=2 T=0 T=1 T=2 T=3
CIS [ABR |PS |[PS |[pS |[PS [PS |PS |ICT |ICT |ICT |ICT |ICT

98 01 00 99 98 |97 196 |98 97 196 |95 |empty

T0=1996

T=p3 T=p2 T=pl T=0 T=1 T=2 T=0 T=1 T=2 T=3
CIS[ABR|PS [PS |[PS |[PS |[PS [PS |ICT |ICT [ICT [ICT |ICT

96 99 98 97 96 |95 [94 |96 |95 |empty | empty | empty

Note: For appending the datasets, the datasets of the same time lag should be positioned
on top of each other. Some datasets were not available for example PS is only available
till 2004 and this in the first “row” of datasets which start from CIS 02-04, the first three
datasets were not available. In this case empty datasets (all variables equal to missing)
were constructed to be placed in the relevant place.

To have an overview o f the whole panel data, see Table 7 below.
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PANEL Time lag axis

OVERVIEW T=p3 T=p2

CIS ABR PS PS PS PS PS PS ICT ICT ICT ICT ICT

04 empty empty empty 04 03 02 04 03 02 01 00

CIS ABR PS PS PS PS PS PS ICT ICT ICT ICT ICT

02 empty 04 03 02 01 00 02 01 00 99 98

CIS ABR PS PS PS PS PS PS ICT ICT ICT ICT ICT

00 03 02 01 00 99 98 00 99 98 97 96

CIS ABR PS PS PS PS PS PS ICT ICT ICT ICT ICT

98 01 00 99 98 97 96 98 97 96 95 empty
CIS ABR PS PS PS PS PS PS ICT ICT ICT ICT ICT

96 99 98 97 96 95 94 96 95 empty empty empty

Table 7: Panel data overview
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The number of observations for each row equals to the number of observations of CIS
because we used the CIS data as reference. The command used to join the datasets in
Stata (for the first row) is:

Joinby be_id using cis04.dta, unmatched (master)

The numbers of observations for each row are shown in the table below:

Number of observation

Row 1 (starting from cis04) 10853
Row 2 (starting from cis02) 10638
Row 3 (starting from cis00) 10750
Row 4 (starting from cis98) 13465
Row 5 (starting from cis96) 10664

The following table shows the number of variables for each row.

Number of 98 4 9 65
variables (including firm
id)

Each row consist of 12 datasets from which 1 is CIS, one is ABR, six PS dataset and 5 ICT
datasets. Thus:
Number of variables for each row =98 + 4 + (65*5) + (9*6) = 481

PANEL DATA
Number of observations 56,370
Number of variables 481

Data Consistency

Various approaches were taken to ensure the consistency of data. Because many
changes have been made to a large number of variables, it is not possible to mention all
the changes here but I have chosen examples from CIS datasets.

- Because the questionnaires evolved through time, some questions simply did not
exist in previous waves. Instead of excluding these variables I created these
variables for the datasets that did not have them and of course attributed
“missing” as value to them.
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- Consequently some questions were considered redundant or irreverent in the
recent questionnaires and thus were omitted. In theses cases because the
variables only existed in one or two questionnaires (out of 5, because [ am taking
CIS as an example), the variable was omitted.

Same variables but in different CIS waves had different values. For example type_rd is a
variable that shows what kind of R&D does the firm conduct. It could be permanent, or
incidental. In CIS 96 and 98 three values of 1:permanent, 2:incidental, 3:no R&D were
assigned for each firm while in other waves only two options of incidental and
permanent were given. In addition the number attributing to permanent is 1 in waves
96 and 98 while this option is attributed to number 1 in other waves. Therefore two
steps should be taken. First the values attributed to constructs were harmonized to
permanent and incidental. Then the same value was given to permanent option in all
waves. Tables below show the differences in this variable:

CIS 1996 and 1998

Variable Description

Rd_type Type of R&D 1:permanent
2:incidental
3:no R&D

CIS 2000, 2002, 2004

Variable Description
Rd_type Type of R&D 0:incidental
1:permanent

Solution: I created all values according to CIS 1996 and 1998. Otherwise I had to
eliminate the value “3” by which a lot of the data would be lost. And of course [ had to
change the value 0 to 2 and value 1 would stay the same.

- Some variables are distinguished in detail in some datasets and not in the other.
For example in CIS 1996 and 1998 innovation in services and products are
distinguished while in the other surveys product and services are always
considered together throughout the whole questionnaire. For solution to this
problem, [ integrated the service part of questions in 1996 and 1998 with the
product part.

- Insome cases same variables were measured on different scales. For example
turnover in 2002 is measured as percentage from 0 to 100 while in all other
questionnaires it is measures as percentage but on a scale of 0 to 1.

- Logical relations and simple mathematical operations between different
variables were also checked. For example number of R&D employees should not
exceed total number of employees. Or if a firm does not have R&D activity then its
R&D expenditure should be zero.
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- One of the main issues I came across during the process of panel data
construction was the fact that in STATA missing value is treated as infinity. This
change had to be made to the variables that were constructed while ignoring this
issue. Every combination of several variables would go wrong by ignoring this
assumption. I find it necessary to explain this issue since ignoring this issue leads
to a biased data.

For creating a new variable out of two other variables, a comparison is made
between the two and according to certain if conditions a value is attributed for
the new variable. In this comparison “missing” would be treated as infinity. Thus
in any mathematical comparison missing would be regarded as larger than
numeric value. So if one of the variables is missing, the new variable would also
be stated as missing. And in this was [ would loose one observation. To prevent
this I added if conditions distinguishing whether either of the variables to be
combined is missing or not. [ attributed the missing value (to the new variable)
only if both values were missing. If only one variable was missing, the value of the
“not missing” variable would be placed.

- Inthe descriptive statistics of all the variables, some variables had illogical
values. For example:

Variable Obs Mean Std. Dev. Min Max

total_expend 14485 1321245 1.85e+07 -.0099759 1.16e+09

The minimum amount for total expenditure is a negative number. This is logically
not true. But with the next command I found out that there were only 27 firms out of
56,370 firms that had a negative number for this variable. Therefore the number of
firms with this problem is very limited. This problem could be a typing error,
measurement error, etc. There are other variables with similar problem and in every
case the number of the firms is extremely small compared to the number of the
observations in the sample. You can find a list of these variables in the email
attachment.

Tools and methods

After the collected data were completely cleaned, statistical and econometric methods
were used to construct the model, validate the model, and test the hypotheses. The main
statistical packages used were Stata 10 and SPSS 14 for Windows. Initially I used SPSS
but gradually and according to the investigation that I did, I realized that Stata is more
powerful to be used for Panel data. Therefore I started mastering Stata. But I used both
of these softwares because each was powerful in different operations. For example
factor analysis was done in SPSS while the regressions and error tests were done in
Stata.

The models and methods employed in different parts of the empirical analysis of the
research are discussed in the following chapters.
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6.2 Methodology

Panel data consists of repeated observations over the same units (in this case firms),
gathered over a number of periods. The general linear model used for panel data is the
following where index | is used for each firm and index t is used for time period:

yit= Bit Xit+ Uit (1)

(it measures the partial effect of xi;in period t for unit i. This model is very general and
not suitable for analysis. Therefore more structure should be given to fi.. In addition xit
may be correlated with ui.. But the central assumption for regression is that the X
variable and the error term are uncorrelated (exogeneity). Endogeneity (when x
variable correlates with the error term) results in biased regression estimates.
Endogeneity is considered the fundamental problem.

Two different approaches lead us to a better structure and improve exogeneity. The final
models produced are: fixed effects model and random effects model. These regression
models are based on the following strategy:

We decompose the error term into two components of: firm-specific error vi and an
idiosyncratic error £ it. Thus we have:

Uit=Vi+ &it (2)

As you can see vidoes not include an index for time. It does change over time, where &£t
varies over time.

The standard assumption is that Bi: is constant for all i and t except the intercept
term(verbeek 2006). Now if we combine the two equations of (1) and (2) we can
conclude:

yit= [ Xit+ Vi+ Eit (3)

In this way vi captures all the effects of variables peculiar to i-th firm which are constant
over time. In standard € itis independent and identically distributed over firms in time
with mean zero and variance o2 ¢.

In panel data, the data provides two kinds of information one about between subjects
(firms) and one about within subjects (firms). Therefore two sources of variances can be
derived from a panel data. Whether the focus is on within variance or on between
variance different estimators can be constructed. Two common and suitable estimators
will be explained below: fixed and random effects estimators.

Fixed effects estimation:

Fixed effects model focuses on the answer to the following question:

What is the effect of variable x when variable x changes within subjects (firms) over
time?

The variance analyzed in this model is thus the within variance.
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Fixed effect is derived from equation (3) with one assumption: only if we treat the v; as
N fixed unknown parameters. The logic behind the fixed effect estimator (FE effect) is
explained here. We start from the error component model, equation (3):

yit= [ Xit+ Vi+ Eit (3)
If this equation is averaged over time for each i (between transformation):
yit= B Xit+ Vi+ Eit (4)

With subtraction of (3) and (4) for each t (within transformation) we have:
Vit- ;lit: ) (Xit—;(it) + it - Z’it (5)

As you can see vicomponent of the error term has disappeared and thus we don’t need
the assumption that vi is uncorrelated with x;.. Time constant heterogeneity is not a
problem anymore. This model can now be estimated by FE estimator (pooled OLS).

We subtracted the between variation and only the within variation is left. This is why FE
estimator is also called within estimator.

Disadvantage of this model is that it includes only time variant variables.

Random effect estimation

Random effects model focuses on the answer to the following questions:

What is the effect of variable x when variable x changes within subjects (firms) over
time?

What is the effect of variable x when variable x changes between subjects (firms) over
time?

Therefore this model focuses on both within and between variances.
One advantage of this model over fixed effect is that random effect includes time variant
variables as well as time invariant variables.

Here we assume the intercept of firms are different but drawn from distribution with
mean | and variance 2. These drawings are independent of x;.. This results in random
effects model where individual effect (vi) are assumed to be random. In order to
understand the logic behind the random effect estimator we start from error component
model (3) but including a constant now.

yit= Bo + B Xit+ Vit Eit (6)

In the above equation viis random. Using pooled-GLS estimator leads us to random
effect (RE) estimator. RE estimator combines within and between estimators.

In short:

FE estimator (within estimator): exploits the within dimension of data i.e. differences
within individuals. X variables should be exogenous (uncorrelated with &) but there is
no restriction for correlation between viand xit.
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RE estimator (EGLS estimator): combines within and between dimensions of the data in
an efficient way. One requirement for random effect estimator is for individual error
terms to be random variables and have normal distribution.

Which model to choose from?

These two estimators have their own advantages and disadvantages.
Disadvantage of FE estimator:

- It works only if xitand vi are uncorrelated otherwise FE estimator would be biased.

- FE estimator does not include time invariant variables. On the other hand RE
estimator includes time invariant variables such as sector and the effect of such
variable can only given by RE.

- Fe focuses on within variance while RE considers both within and between
variances.

Disadvantage of RE:

- Itdoes not solve the problem of heterogeneity and only works if there is irrelevant
unobserved heterogeneity.

- Error terms are required to have normal distribution and to be treated as random
variables, whereas this requirement is not needed for FE.

Despite the disadvantages of each estimator, each estimator is suitable for specific
regression. In order to decide which estimator to use, [ used the Hausman Test for each
regression.

The null hypothesis for Hausman test is:

Ho: Coefficients estimated by efficient random effects estimator are same as those
estimated by consistent fixed effects estimator.

After running regression with both estimators and saving the estimates, I conducted the

Hausman test. It is common for P-value or Prob>chi2 larger than 0.05 to use Random
Effect estimator.
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6.3 Data Reduction

Several questions in the questionnaire can lead us to determine the various constructs of
the conceptual model.

Factor analysis consists of several statistical techniques which range from confirmatory
techniques to pure exploratory procedures. This technique was invented by Spearman
(1904) and helps to explain the variability among a larger number of observed random
variables in terms of a smaller number of unobserved random variables or factors.
Because a larger number of variables are reduced to smaller number of variables, factor
analysis is known as a data reduction technique. There are two methods for this
reduction: exploratory (EFA) and confirmatory (CFA).

In EFA any indicator could be attributed to any factor. Therefore there is no underlying
theory to choose certain number of indicators for creating the factors . Here the factor
analysis finds out which indicators create suitable factors and can be grouped together.
Thus method is used when the primary goal is to summarize the data according to factor
loadings provided by the factor analysis (Lewis-Beck 1994). Because the number of
factors are not hypothesized beforehand, all latent variables influence all observed
variables, measurement errors are presumed to be uncorrelated, and often under
identification of parameters in the model exists.

In contrast, CFA assumes that factor analysis is done based on an underlying theory.
Therefore the factor analysis is conducted based on a theory which shows which
indicators are suitable for the specific factor. For CFA the researcher should know the
number of factors in the model beforehand. He can also predict which variables will load
on which factors. In this way it is also possible to investigate whether measures created
to represent a latent variable really belong together(Jae-On and Mueller 1978). As
mentioned before the number and presumed effect of latent variables has been
hypothesized beforehand. The measurement errors may correlate and parameters
should be identified.

For each of the modules in the conceptual model there are several questions in the
surveys that are relevant to be used. Using the literature review (theory) I conducted the
factor analysis. Thus I have chosen Confirmatory Factor Analysis (CFA) as opposed to
Exploratory Factor Analysis (EFA).

There are two extraction methods to conduct Confirmatory Factor Analysis (CFA). These
approaches are called Principal Axis Factoring (PAF or Common Factor Analysis), and
Principal Components Analysis (PCA). PAF is used to explain the common variance
(correlations) of variables while PCA explains the variance between variables. The result
of PAF is always factors while PCA produces components. PAF is commonly used to
measure the latent variable and PCA is commonly used to summarize data. Because |
wanted to have accurate measure of the latent variable rather than summarizing data [
opted for PAF. In PAF the exclusion of unique variance leads to more accurate
measurement.

After the choice of the method the following primary requirements should be satisfied:
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- The variables included in FA should be interval or ratio.

- The sample size should be minimally five times as many as number of variables.
In the panel dataset | have 56730 observations which is much larger than the
minimum required number of 418*5= 2405.

Choice of appropriate factor

The number of the factors produced is equal to the number of the variables. To choose
the most appropriate factor one there are three approaches:

1. surrogate variable where only one indicator is chosen top represent factor

2. factor score: where indicators are weighted by their factor loadings and so
indicators with low loadings are also included

3. summated scale where summation of the scores of all high loading indicators are
calculated. In this case each indicator has equal weight.

The last approach is more accurate compared to the other two and I opted for this
approach.

One of the common criteria used for choice of factor is Kaiser Criterion (or K1 rule). This
criterion is based on Eigen value. Eigen value is a number produced for every factor
which represents the total variance a factor explains. Every variable contributes a
variance of one to the total variance. In order to reduce data a factor should always
explain more than the variance of a single indicator. Therefore the Eigen value should be
more than one for the factor to be suitable. This is what Kaiser Rule indicates.

For each set of variables new set of factors can be created using rotation. In rotation sum
of Eigen values will not change but the Eigen values themselves alter. In this way the
factor loadings of certain factors are affected. Using rotation, factors generated will be
more explainable. This is commonly used when more than one factor has an Eigen value
of larger than one (rotation is not possible when only one factor with Eigen value of
larger than one is produced). There are two choices for rotation Orthogonal and Non-
Orthogonal (or Oblique). In orthogonal rotation the final factors produced are
orthogonal and not dependent on each other while in oblique rotation, the final factors
produced are dependent on each other. It has to be noted that if we use orthogonal
rotation, then a further stage of factoring is not possible. This is because in the first
stage, by using orthogonal rotation, the factors produced are independent and
uncorrelated. Therefore grouping them together would be illogical and in fact
impossible. In addition orthogonal rotation is appropriate for regression analysis on the
factors generated while oblique rotation’s results are closer to practice and reality.
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Because [ have used the second stage factor analysis to create a final factor for each
module, I opted for Oblique rotation. The most common method for oblique is Varimax
and the minimum threshold chosen for this method is 0.3.

Factor reliability

After distinguishing the most appropriate factor, the reliability of the factor is tested.
There are three criterion used for this reliability check: Bartlett's test of sphericity, KMO
measure of sampling adequacy. And Cronbach’s alpha.

Bartlett's test of sphericity: this test compares the determinate of correlation matrix to
that of identity matrix. If these two differ considerably then the factor is reliable.

KMO measure of sampling adequacy(Kaiser 1974): This criterion considers the
correlation and partial correlation of variables to indicate whether these variables are
likely to factor well or not.. In other words a factor should extract at least as much as the
equivalent of one original variable. This criterion is the most widely used (Lewicki and
Hill 2005). The following KMO index is used when considering this criterion for factor
reliability.

KMO-value | Degree of common variance
0.90 to 1.00 | Marvelous

0.80 to 0.89 | Meritorious

0.70to 0.79 | Middling

0.60 to 0.69 | Mediocre

0.50 to 0.59 | Miserable

0.00 to 0.49 | Do not use factor analysis.

Cronbach's alpha (Cronbach): This criterion measures how well a set of variables
measures a single unidimensional latent construct. In case of a multidimensional
structure of data, Cronbach's alpha will usually be low.

J'I\'Ir * lf._.

O (N=1)¢

N is the number of observations, c bar is the average inter-item covariance among the
items and v bar is the average variance.

Alpha ranges from 0 to 1. The closer alpha is to 1, more reliable is the factor. Although

there is no specific number used as reference to good alpha, Nunnaly has introduced 0.7
to be suitable for factor construction in natural and applied science (Nunnaly 1978).
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In short the criterions to be considered (after havening chose PAF method) are:

- Sufficient number of valid observations (limited number of missing)

- Eigen value >1, % variance explained by factor should be as large as possible

- KMO > 0.7, Cronbach’s Alpha > 0.7

- communalities>0.25 (this is driven from the communalities matrix and it shows the
part of the variance an indicator shares with other variables or i.e. the variance the

factor can explain

[ will give a detailed example for the collaboration module. Detailed results for other
factors are provided in the appendix.

Collaboration variables

internal co_within_concern

external co_client
co_supplier
co_competitor
co_private

co_uni

co_public

Description
collaboration with
enterprises within
enterprise group

collaboration with
clients or customers
collaboration with
suppliers
Collaboration with
competitors
collaboration with
private institutes
collaboration
with universities
collaboration with
public and
semi-public
institutes

Valid

22,765

22,765

22,765

22,765

22,765

21,254

33,605

33,605

33,605

33,605

33,605

33,605

33,605

Missing

From the questionnaire there were 7 variables that explained collaboration partners of a
firm. They can be divided into internal and external. I used first stage factor analysis
(method PAF) to construct the first factor. The Factor analysis output from SPSS for

external collaboration is:

KMO and Bartlett's Test

Kaiser-Meyer-0Olkin Measure of
. 0.868
Sampling Adequacy.
Bartle_tt.s Test of Approx. Chi- 51,835.544
Sphericity Square
df 15
Sig. 0.000
Communalities
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Initial Extraction
co_client 0.457 0.505
co_supplier 0.428 0.457
co_competitor 0.346 0.406
co_private 0.429 0.507
co_uni 0.518 0.556
co_public 0.547 0.611

Extraction Method: Principal Axis Factoring.

Total Variance Explained

Initial Eigenvalues

Extraction Sums of Squared Loadings

% of | Cumulative
Factor Total % of Variance Cumulative % Total Variance %
1 3.528 58.803 58.803 3.042| 50.700 50.700
2 0.687 11.452 70.255
3 0.578 9.639 79.893
4 0.488 8.134 88.027
5 0.398 6.639 94.666
6 0.320 5.334 100.000

Extraction Method: Principal Axis Factoring.

Factor Matrix(a)

Factor
1
co_client 0.711
co_supplier 0.676
co_competitor 0.637
co_private 0.712
co_uni 0.746
co_public 0.781

Extraction Method: Principal Axis

Factoring.

a. 1 factors extracted. 4 iterations

required.

Factor Score Coefficient Matrix

Factor
1
co_client 0.203
co_supplier 0.174
co_competitor 0.146
co_private 0.197
co_uni 0.214
co_public 0.268

Extraction Method: Principal Axis

Factoring.

Factor Scores Method: Regression.

Factor Score Covariance Matrix

Factor

1

1

0.864

Extraction Method: Principal Axis

Factoring.

Factor Scores Method: Regression.
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You can see that the KMO for external collaboration is 0.868 > 0.7. Eigen value is 3.528
which is much larger than one and explained 58.803 of the variance. For the reliability
Cronbach’s alpha is 0.866 >0.7. The second stage factor analysis is done in a similar way
grouping the only variable for internal collaboration with the factor generated for
external collaboration. The Cronbach’s alpha is 0.64. This is considered reliable although
it is not higher than 0.7 suggested by Nunnaly (Nunnaly 1978). Because 0.7 has been
considered by Nunnaly reliable in natural and applied science, in management and social
science alpha can be as low as 0.4 to be acceptable. This is because in this field it is very
difficult to specify one specific threshold compared to natural and applied science.

Cronbach’s
alpha- Cronbach’s alpha-
firststage FA  second stage FA
Collaboration variables
internal co_within_concern
external co_client 0.866

co_supplier
co_competitor
co_private
co_uni
co_public

Factor analysis stages are shown on the conceptual model on the next page, Figure 8.
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Figure 8: Factor analysis stages
“V” is one variable created from combination of sdwaedables
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7 Chapter seven: Empirical Analysis results

Motivation: This chapter tests the hypotheses which were designed in the previous
chapter. As mentioned in the previous chapter, H1 and H2 test the relation between ICT
usage belonging to different categories of ICT (category one, category two, category
three) and the intermediate variables. For each intermediate effect the relevant ICT
category was further broken down to their composed ICT roles. Hypothesis H3, tests the
contribution of intermediate effects on product innovation. H4 is tests the link between
category one, collaboration and product innovation. H5 is designed to test the relation
between ICT usages, thus contribution of ICT applications from all three categories to
product innovation. Next set of hypotheses ranging from H6 to H8 are related to
productivity. Product innovation contribution to productivity is tested in H6 and
intermediate effects together with product innovation are involved in H7. Finally H8
tests the contribution of ICT usage and intermediate effects to productivity. This will
give a general view about whether ICT enhances productivity.

First the descriptive statistics of al the variables used and their operationalization is
provided.

7.1 Descriptive statistics

Table below provides the descriptive statistics for variables and factors used throughout
the analysis.
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ICT usage (roles)

Variable Description Observations Mean Standard
Deviation

commu_fac_final Factor - ICT applications used for communication | 18214 .0084567 .7628992
role

coord_ecommmerce_facl Factor representing ICT applications used for 7251 .1060908 .8675978
coordination role

Commu_coord_fac_final Factor - category one ICT (communication and 7251 .030041 .6810449
coordination role)

aut_info_security_maintenance_va | Variable - ICT application used for information 7839 9198877 2714842
role

integration_fac_final Factor - ICT applications used for coordination 6263 -.012345 7623683
role

integration_internal_facl Factor representing ICT applications used for 7839 9198877 2714842
internal integration role

integration_external_facl Factor - ICT applications used for external 7794 -.001387 .8753985
integration role

ict_roles_factor_final Factor - ICT applications of all roles/categories 6263 0.0246369 0.8946628

Intermediate effect

Variable Description Observations Mean Standard

Deviation

collab_fac_final Factor- collaboration 20177 -.0575594 .849413

rd_fac_final Factor- R&D 28967 1.09e-08 7722493

activity_intramural_rd Variable- - intramural R&D 28936 638169.1 1.31e+07

activity_extramural_rd Variable- - extramural R&D 28965 160628.1 2773051
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Innovation

Variable Description Observations Mean Standard

Deviation
innovation_novelty Variable- - percentage of new product (turnover | 31885 .0837623 1567622
of new product divided by total turnover)

Productivity
Variable Description Observations Mean Standard
Deviation
productivity_fac_final Factor - intangible effects 7689 7.22e-10 .6955893
prod_mrkt_related_effect_fac Factor - intangible market related effects 7689 2.29e-09 .8738609
production_related_effect_fac Factor - intangible production related effects 7689 -1.11e-09 .8423229
productivity_labour_deflated Variable - Financial effect (Turnover divided by | 29407 570146.8 2.22e+07
number of employees)
productivity_labour_ps_0 Variable - Financial effect (Turnover divided by | 29397 207788.4 834955.6
number of employees) for time lag 0
productivity_labour_ps_p1 Variable - Financial effect (Turnover divided by | 20198 197904.9 544010.1
number of employees) for time lag 1
productivity_labour_ps_p2 Variable - Financial effect (Turnover divided by | 22481 210125.6 723381.9
number of employees) for time lag 2
productivity_labour_ps_p3 Variable - Financial effect (Turnover divided by | 15295 196467.9 679354.2
number of employees) for time lag 3
Interaction terms
Variable Description Observations Mean Standard
Deviation
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interaction_rd_integ_aut

interaction_collab_co

Variable - R&D, integration role and automation | 2268 1577507 .6374265
role simultaneously
Variable - collaboration and communication, 2647 .134582 .6413197

coordination role simultaneously

Sectors

Variable

sector_service
sector_other

Description Observations Standard
Deviation

Dummy Variable - service sector 56370 .5629413 496027

Dummy Variable - other sector (all sectors 56370 1365265 3433499

excluding service and manufacturing)

Control Variables

Variable

size
age

Description

Variable - log of number of fte employees

Observations

56367

3.857568

Standard
Deviation
1.370614

Variable - age of firm

48208

20.17082

11.60407

Number of observations is 56370. All the above variables are numerical except the sectors which are dummy variables. By looking at the
number of observations for each variable/factor, we can see that the number of observations is quite large.
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Sector distribution

Sector Percentage

Industry_sector 30%
Service sector 56%
Other sectors 14%
TOTAL 100%

Sector division is shown in Figure 8 below.

Figure 8: sector division
1: manufacturing 2: services 3: other
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Sectors:
1. Manufacturing:

2. Services:
reparation and trade of consumer product
hotel and catering
transport and communication
financial institutions
rent and trade of property and non property) goods
public governing, government services and obligasacial insurance
education
healthcare and welfare
environment, culture, recreation and other services
private households with personnel in paid employmen
extra territorial bodies and organizations

3. other:
Agriculture, hunting, sylviculture
fishery
extraction of minerals
production, distribution and trade in electricigtural gas, steam and water

Size variable

Observations Percentage

Number of employees < 500 28402 50%

Half of the observed firms are small firms.



The following graph (Figure 9) depicts the size (number of employees is shown rather than log of employees to enable us to see the
difference better) and firm age.

150
|

100
|

50
|

1 2 3

I neanof emp_fte_ end @@ mean of age

Figure 9: mean of number of employees and firm geresector



Operationalization
- which variables to choose from survey for modules

Measuring ICT roles

As I mentioned in the previous chapter the CFA(confirmatory factor analysis) was
chosen. One assumption to use this method is to have an underlying theory to group the
variables together before conducting the factor analysis. For each ICT role [ have
extracted the relevant and common questions among the ICT questionnaires of years
1993-2005. Based on theory I have grouped them together and then performed the
factor analysis. Below I will explain each role and the constructs used to explain them.

Communication and Coordination role: first and second order FA was used to construct
this role.

Communication: Based on the definitions given in chapter three for communication role,
the ICT applications that are used for communication belong to this category.

The extracted questions which were about an ICT application for communication are
shown in the table below. They all are communication tools through which firms use to
communicate. According to their usage (used internally or externally) they are divided
into two main categories. Internal communication includes the ICT tools which are
primarily used for internal communication. External communication include ICT tools
which are used for external communication with other enterprises, suppliers or
customers.

Internet is one of the variables used. Although internet has broad applications but it can
be argued that major communication in firms is done through internet such as email,
video conferencing.

According to the definition used in ICT questionnaire Internet relates to internet
protocol based networks: www, extranet over internet, EDI over the internet, internet
enabled mobile phones. Thus through the networks communication is done and EDI
which is related to transaction is also done through internet. But I placed this variable in
external communication because the primary indication of the question has been on
communication. More specific and accurate indications of electronic transaction have
been used by set of indicators which [ have grouped under the title Ecommerce.

Variable Description of what it Factor ICT role Second
from ICT  indicates explained explained order
survey by question by question Factor (2rd
(1st stage) stage)
tep/ip Whether firm uses tep/ip Internal communication | Communication
based network communication and
Factor coordination
LAN Whether firm LAN? Communication | g, .tor
NETW_OV | Whether firm uses non- communication
TCP/IP networks
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EXT_NETW communication

Whether firm uses
external networks

EL_INKP e-commerce coordination

Factor

Whether electronic
purchase from suppliers is
possible

EL_VERKP coordination

Whether receiving orders
electronically from
customers is possible

EL_LEVER coordination

Whether electronically
delivery to customers is
possible

EL_SERV coordination

Whether electronically
after sale service to
customers is possible

ICT_SYST coordination

Whether firm has and
electronic order system

Ecommerce All financial and informational electronically mediated exchanges between
an organization and its external stakeholders. (Chaffey, Mayer et al. 2006)

Information and automation: only first order FA was used to construct this role.
Information refers to first level processing, storage, and update which was mentioned
before in chapter three. Several variables from the ICT questionnaires are related to
security (internet, information access security such as encryption, identification system
and digital signature) and several address data maintenance such as using update and
back-up systems. These variables were all combined to form one variable representing
all first order data processing. The reason I did not opt for factor analysis is that the
extent to which a firm uses these variables as not my interest. In other words [ was only
interested in considering whether a firm uses either of these variables or not rather than
being interested in knowing exactly which.

For second level data processing there was one variable which showed whether firm
was automated or not. This indicator covers the second level processing which is done
by ICT application in firm instead of people. Thus by automation, more than data
storage, security and update is done.

Variable from Description of Variable ICT role Second order
ICT survey what it explained by explained by Factor (2rd
indicates question question stage)
BV_SERVR Whether firm Internet security Informational | Information
uses secured and data and
web server maintenance Automation
BV_FWALL Whether firm variable Informational | factor
uses firewall
BV_VIRUS Whether firm Informational
uses anti-virus
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BV_UPD Whether firm Informational
uses update

BV_BACK Whether firm Informational
uses off-site
back-up

BV_ENCR Whether firm Informational
uses encryption

BV_ID Whether firm Informational
uses
identification
system

BV_SIGN Whether firm Informational
uses digital
signature

automat Whether firm Automation Automation
has been variable
automated

Integration role: This role is defined in chapter three and all ICT applications which
connect several entities to unite them belong to this category. A set of variables are
related to this role. By referring to value chain concept [ have divided these two
variables into internal and external integration. Internal integration only considers the
firm itself and it includes all ICT applications which connect several units/departments
of a firm in order to form one entity. By considering Porter’s value chain, each of the
indicators relate to one part of Porter’s value chain.

External integration considers entities outside the firm and along the value chain. These
include suppliers and buyers/customers.

internal system integration KOPP_VRD storage administration system? Integration
KOPP_FAC payment system integration
KOPP_PLN production planning system integration
KOPP_LOG logistics planning system integration
KOPP_MRK marketing planning system integration
external system integration KOPP_KL customers’ business system integration
KOPP_TOE suppliers’ business system integration

integration

Measuring intermediate effects: collaboration and R&D

Collaboration: Two stage factor analysis is conducted. A set of variables from CIS
questionnaire relate to firm’s collaboration partners. Two kind of collaboration can be
defined. One consists of collaboration with partners within same enterprise (within
firm’s own concern). This is the internal collaboration. On the other hand firms interact
and further collaborate with suppliers, customers, competitors and public or semi-
public institutions. These variables are considered as external collaboration.
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Collab
internal co_within_concern collaboration with enterprises within enterprise group

external co_client collaboration with clients or customers 0.866
co_supplier collaboration with suppliers
co_competitor collaboration competitors
co_private collaboration with private institutes
co_uni collaboration with universities
co_public collaboration with public and semi-public institutes
R&D

One stage factor analysis is conducted.

R&D
activity_intramural_rd
activity_extramural_rd

Measuring Innovation

Innovation is defined in two measures of innovation novelty and innovation novelty.
Innovation novelty measures the extent of new products and is define as:

Turnover from new product divided by total turnover

Measuring Productivity

Productivity is considered in two different ways. One is based on productivity statistics

from PS questionnaires and the other is from intangible measures from CIS
questionnaire.

The first measure is labor productivity which is obtained from dividing the total
turnover to the number of employees. Total turnover is derived from the PS

questionnaire but four issues were taken into consideration:

1. Employee statistics were available as fte (full time employee) and number. I
opted for fte.

2. PS datasets which I linked together ranged from 1993 to 2004. The early years

the financial statistics were all based on gilders while in the recent datasets these

amounts were saved as Euros.

3. Because the PS surveys ranged from different time periods, | used price index

deflators to calculate the real financial values. These price indexes were provided

for each year and for each sector separately. Year 1990 was taken as reference

and the price index for each year was produced compared to the previous year,

so for example the price index of 1998=1.3 means that this 1.3 deflator is

calculated based on the deflator of 1997. Price indices are provided on page 79.
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4. These price indexes which were provided at CBS were limited to a number of
sectors.

Except economic effects, intangible effects are also included to have more accurate
results.
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Regression model

According to different hypothesis we construct and run the appropriate regression
model. The basic model followed is:

yie= Bit Xit + Uit + sector_service + sector_industry

where y is the dependent variable, {3 is the coefficient or predictor, x is independent
variable, u is the error term, I refer to each firm and t represents the time period.

We start from the first hypothesis. Two dummy variables of sector_service and
sector_industry which are dummy variables are added to the regression. Firms are
divided into three sectors of manufacturing, service and others. Manufacturing sector is
chosen as reference and thus not included in the regression (any of the other two sector
dummies could have been chosen as reference).

In addition, suitable control variables supported by literature have been added to each
regression.

For each regression Hausman test is conducted in order to decide on FE or RE estimator
to use (previous chapter extensively discusses these two estimators).

Results

In all regression sector dummies are added in order to be able to compare the different
sectors together. Because the main difference is between service and manufacturing
sector, theses two are analyzed throughout the regression results. Adding these
dummies improves each regression model as well.

H1: Category one ICT applications and collaboration
H1.1: Category one ICT applications are positively related to collaboration

Regression model:
collab_fac_final = Bo+ f1commu_coord_fac_final + 2 size + f3age+ [a

org_innov_relations + s multination+ ¢ sector_service + 7 sector_other

Control Variables

In order to improve the regression model, certain control variables are added. Control
variables for each regression model depend on the dependent variable and are thus not
similar in all the regressions. Relevant control variables are added according to
literature, intuition and data availability.

Control variables for collaboration are: size, age, multination and org_innov_relations.
Size is positively related to collaboration (Bishop 2003) . Larger firms have the tendency
to collaborate more. Large firms have resources and facilities (such as in-house R&D),
larger number of qualified personnel for collaboration and are better prepared to
collaborate. So we expect a positive sign for £,. Age however is expected to be

negatively related to collaboration. Younger firms have the flexibility to collaborate
extensively and in different fields of business. The risk they face collaborations is less
than that of large firms. Therefore we expect [33to be negative. Org_innov_relations is a

86



variable which indicates whether there have been new or significant changes in the
relations of firm with other firms or public institutions such as through alliances,
partnerships, outsourcing or sub-contracting. If there is a change in firms’ relations, then
its collaboration is affected. A positive sign is predicted for £ 4. The last control variable

for collaboration is multination. This variable shows whether firm a multinational
company is or not. Multinational firms have access to new markets and opportunities
and are stated in global competition. Therefore they collaborate more and [sis

expected to be positive.

Collab_fac_final

commu_coord_fac_final 0.105
(1.76)
size 0.239%**
(10.42)
age - 0.00525*
(-2.25)
org_innov_relations 0.279***
(4.25)
multination 0.159*
(2.39)
sector_service -0.330%**
(-5.13)
sector_other -0.102
(-0.87)
_cons -0.533***
(-4.38)
N 1610
R-square 0.1241

t statistics in parentheses
* p<0.05, ** p<0.01, *** p<0.001

As we can see from the regression table, commu_coord_fac_final is positively related to
collaboration. The coefficient is 0.105 and positive. However it is not significant.
Communication and coordination together contribute positively to collaboration.
Communication and coordination include ICT applications which enhance these two
roles. Internal and external networks enable individuals and also different firm units to
communicate. Communication through these networks has been extended as well as
enhanced (through speed and reliability). Individuals from different departments within
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the firm and also external to the firm communicate more easily. Communication is the
basic enabler of collaboration but is not the only factor needed. Coordination between
the partners collaboration is essential as well. Electronically available systems
constructed the coordination role in our data base. Existence of these variables in a firm
results in coordination.

Sector wise we can see fro the table that the result only for service sector is significant.
This means that the service sector is significantly different from the base sector which
was the manufacturing sector. Collaboration is more common in manufacturing sector
regarding product innovation. Process of new product development includes many
stages starting from idea generation, to design and production. Firms can collaborate in
each of theses phases. Collaboration with customers occurs in stages before idea
generation while collaboration with suppliers occurs while the product is ready to be
produced and later delivered. Compared to the service sector, where new service (as
product) does not usually involve the aforementioned phases and thus requires
relatively less collaboration. [ have to note that service sector includes industries such as
transport, catering, education, etc (see descriptive statistics). For example in the
transport sector, a new service may be developed through close collaboration with
suppliers. You can see that there not different phases compared to product innovation in
manufacturing sector. In short, manufacturing sector seems to be the most collaborative
compared to the other two sectors.

The result for the sign of the control variables were as expected. We can see that the
result for size and org_innov_relations are highly significant. Therefore these two
variables are strongly related to collaboration. With increase in size firms do have the
tendency to collaborate more. This may be due to their readiness for collaboration. As
mentioned before, larger firms have qualified and sufficient number of employees as
well as resources needed for collaboration. Org_innov_relations shows whether there
has been a change in firm’s partnerships or not and obviously this is strongly related
with whether the firm collaborates or not.

R squared shows the relative predictive power of a model which is a descriptive
measure between 0 and 1. The closer it is to one, the better your model is i.e. it has
greater ability to predict. But the value of R squared is usually very low for panel
datasets where researchers are satisfied will R-square as low as 0.1. It depends where
the “noise” in dataset is and so a result with a "poor" R-squared may in fact contain
much more information than, in another science, a result with an R-squared near one3.
In addition when comparing a dependent variable of one firm at different times we can
explain much of the variation with a few variables while we are comparing the same
variable for different firms, the same few variables will be explaining less. Therefore R-
square for panel data is extremely low, as we will see on other regressions as well.

H1 .1 cannot be rejected and therefore:
Category one ICT applications are positively related to collaboration

% For more information sddtp://www.stata.com/statalist/archive/2003-05/mGRE6.html
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H1.2: Communication role and coordination role (roles of ICT applications from
category one) are positively related to collaboration

Regression model:
collab_fac_final = fBo+ 1 commu_fac_final + 52 coord_ecommmerce_facl + [3size +

[ 4age+ [sorg innov_relations+ ¢ multination+ [7 sector_service + SBs
sector_other

Control Variables

Control variables used are the same as the ones used for the previous regression,
because both regression models have the same dependent variable (collaboration).
Obviously the signs expected for each control variable are also the same as before.

collab_fac final

commu_fac_final 0.0856
(1.02)
coord_ecommmerce_facl | 0.0479
(1.36)
size 0.239%**
(10.35)
age -0.00525*
(-2.25)
org_innov_relations 0.279%**x*
(4.25)
multination 0.159*
(2.39)
sector_service -0.328***
(-5.06)
sector_other -0.100
(-0.85)
_cons -0.543***
(-4.50)
N 1610
R-square 0.1241

t statistics in parentheses
* p<0.05, ** p<0.01, *** p<0.001
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The result from the table shows that ICT applications with communication role and ICT
applications with coordination role each have positive impact on collaboration. This
means that with the increase in ICT usage of either role, collaboration increases.

With more careful look at the table we realize that the coefficient related to
communication role is as twice as large as the one attributed to coordination role. This
means that communication has a larger effect on collaboration (assuming everything
else being equal) than coordination role. This is explainable. Coordination is a sub result
of communication. In other words coordination is a consequent of communication.
When individuals communicate, coordination is formed among them. ICT tools used to
create coordination for example electronic systems for customers, provide the
coordination between customer and the firm through an indirect communication. I used
“indirect” because communication was defined as two way interaction whereas
coordination here results from a one way interaction of customer and firm (as example).

In short, coordination results from communication and cannot be provided without
communication. So among ICT tools used for communication there are tools which
enhance coordination. But because these tools are only one part of communication role
tools, their related role (coordination) seems to be less effective for collaboration.

Sector wise, we have more or less the same result as before. Service sector is not as
collaborative as the manufacturing sector. It is significantly different from
manufacturing. Beside the reasons given in the previous regression result I will add
another reason here. Innovation is the center theme of any business today, be it in the
manufacturing sector or service sector; in other words achieving competitive advantage
by means of innovation. Service sector firms are not an exception and they thrive to be
innovative. They have changed the traditional view where banks and financial
institutions were thought not to be able to innovate. In an analysis of CIS3 (innovation
survey of year 2000-2002) it is conclude that service firms do not collaborate to
innovate. Although larger firms in the service sector were more likely to collaborate, but
still the level of collaboration was lower than that of the manufacturing sector. In short,
service sector don’t seem to collaborate as much as manufacturing sector.

H1 .2 cannot be rejected and therefore:
Communication role and coordination role (roles of ICT applications from category one)
are positively related to collaboration

H2: Category two and three ICT usage are positively related to R&D

Regression Model
rd_fac_final = fSo + 1 aut_info_security_maintenance_va + (32 integration_fac_final +
[3 rd_personnel_fte + [4type_firm + [ssector_service+ [¢sector_other

Control variables

For improving the regression model, control variables regarding rd_fac_final (Research
and development activities) have been added. These variables are rd_personnel_fte and
type_firm. The first one indicates the number of the R&D personnel a firm has (as fte or
full time employment). The larger the number of R&D personnel, larger number of

90



people will be engaged in R&D activities and thus R&D activity of the firm increases.
Therefore the sign for 3 is predicted positive.

The second control variable is type_firm which indicated whether firm is solely an R&D
institute or not. Obviously if the firm is an R&D institution it is predicted to have higher
R&D activities (because this will be its major role) than other firms. S4 are also

predicted to be a positive number.

rd_fac_final

aut_info_security_maintenance_va | 0.210*
(1.97)
integration_fac_final 0.0465*
(2.04)
rd_personnel_fte 0.000682***
(5.00)
type_firm 0.257%**
(6.86)
sector_industry 0.128%**
(3.62)
sector_other 0.205**
(3.07)
_cons 0.127
(1.16)
N 1360
R-square 0.0939

t statistics in parentheses
* p<0.05, ** p<0.01, *** p<0.001

The result from the table show that ICT usage having automation role and ICT usage
having integration role each have positive contribution to R&D activity of the firm. This
result is aligned with the prediction according to the literature review in chapter four. If
the firm does its first and second level processes through ICT application; (i.e. if the firm
is automated) R&D activities will be done faster and will of higher quality. Because for
example simulation applications provide a 3 dimensional environment (more
appropriate for product development) and provide a more specific view of product
being developed. This of course is a huge enhancement in speed as well as quality of
product development.

We defined innovation as combination of set of knowledge. This definition is particularly

important for product innovation. When developing a product you need many sets of
data to be combined (e.g. information from customers demand, number of customers,

91



availability of suppliers, available technologies, etc). Certain ICT applications have the
role to integrate various sets of knowledge across different entities. This of course
enhances the process of product development in R&D department. The more ICT
applications with integration role used the more R&D activity the firm will be engaged
in.

There is a substantial difference in the coefficients of the ICT applications regarding each
role. ICT applications of category two (from model) which have the automation role,
influence R&D activity with a coefficient of 0.2 while ICT application from category three
having integration role have a coefficient of 0.04 on R&D activity. This difference can be
attributed to the frequency of usage of each role. All the activities of a firm are either
first level process or second level process. In almost all the activities of a firm ICT
application are used. Number of first level processes (simple processes such as transfer
of data or security related activities) is not only more frequently used but also they are
the base for second level processes. In other word second level processes can not be
done without the existence of first level processes. This is why the coefficient for
different ICT applications differs significantly.

Sector wise, the coefficient for manufacturing sector is positive and significant. This
means that manufacturing sector’s engagement in R&D activities significantly differs
from service sector. The positive sign shows that R&D activity in manufacturing sector is
much higher than that of the service sector.

The results are positive and significant. H2 cannot be rejected. Therefore Category two
and three ICT usage is positively related to R&D.

H2 cannot be rejected and therefore:
Category two and three ICT usage are positively related to R&D

H3: Intermediate effects contribute positively to product innovation

Regression model

innovation_novelty = So+ f1 collab_fac_final+ 2 rd_fac_final + 3 size + Ssage + Bs
group+ [ process_innov+ [7org innov+ [gtotal_innov_expend+ [9 sector_other +
[ 10sector_service

Control Variables

Our dependent variable is innovation_novelty which is a dimension of product
innovation. The relevant control variables included in the regression model for this
dependent variable are size, age, group, process_innov, org_innov and
total_innov_expend.

Although larger firms may seem to be more innovative in first glance, but smaller
innovative firms are known to be more productive (Acs and Audretsch, 1998) in (Beers
and Zand 2008). Therefore [3is expected to be negative. Older firms have been in a

long learning process and are expected to be more innovative. Therefore S4is expected
to be positive. Group variable shows whether firm a member of a group is or not. If a
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firm is a member of a group then it faces more opportunities (in terms of having access

to resources or availability of suitable partners). Thus it is predicted to be more
innovative. Therefore fsis also expected to be positive. As explained before (in the

product innovation definition) process and organization innovations may lead to

product innovation. Positive sign are predicted for S and £7. The last control variable
added to the regression is total_innov_expend. This variable shows the total innovation

expenditure of the firm. The more investment a firm has in innovation, the more

innovative it can be. Thus Ssgis predicted to be positive.

innovation_novelty

collab_fac_final 0.00795***
(4.49)
rd_fac_final 0.00933**
(3.05)
size -0.0122%**
(-4.90)
age -0.00139%***
(-6.18)
group 0.00643
(1.24)
process_innov 0.00385
(0.93)
org_innov 0.0489***
(11.56)
total_innov_expend 9.15e-10
(1.90)
sector_other -0.0584***
(-3.99)
sector_service -0.0240%**
(-3.52)
_cons 0.204***
(13.85)
N 2308
R-square 0.01804597

t statistics in parentheses
* p<0.05, ** p<0.01, *** p<0.001
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The table shows positive and highly significant results for both collaboration and R&D
with regard to their contribution to product innovation. According to the literature these
intermediate effects are the most important ones for innovation. Collaboration is
conducted in every stage of product development. Firms collaborate with customers,
suppliers and even their competitors. Collaboration brings firms closer to their partners
and consequently results in increase in quality or leads to a new but demanding product.
For example by collaborating with customers, firm becomes closer to customer’s
expectations.

R&D activities may include the whole process of product development except
production. R&D department uses all kind of information (from customers, suppliers,
market, competitors and even other departments of the firm) and conducts tests and
simulations which all result in innovation (improve in quality or completely new
product).

By comparing the coefficients of collaboration and R&D we realize that collaboration has
more influence on innovation. Therefore increase in collaboration (everything else being
equal) increases product innovation much more than R&D activities do. [ have to note
that the result for collaboration is more significant which adds to the strength of its
contribution to product innovation.

Sector wise, we can see that service sector is significantly lower in product innovation
compared to the manufacturing sector. This is because although according to statistical
evidence service sector is innovative (unlike a few decades ago) it is not ahead of the
manufacturing sector except in. Statistical evidence has shown that in few and limited
areas service sector is more innovative than manufacturing sector (Sheehan 2006). In
the table we can see that the level of significance for the service sector is extremely high
so in our case service sector is much less innovative compared to manufacturing,.

H3 cannot be rejected therefore:
Intermediate effects contribute positively to product innovation

H4: category one ICT usage and collaboration contribute positively to product innovation

Regression Model

innovation_novelty = So+ [1 collab_fac_final + 2 commu_coord_fac_final + 3 size +
L4 age+ [sgroup + Beprocess_innov + [7org innov + [gtotal_innov_expend + S
sector_service + ,6’ 10 sector_other

Control variables

The dependent variable in this regression is innovation_novelty which is the same as the
one in the previous regression. Therefore the control variables used in this regression
are also the same as the ones used in the previous regression. The expected results are
also the same as before.

Innovation_novelty
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collab_fac_final 0.0172%**
(9.64)
commu_coord_fac_final 0.0567***
(13.26)
size -0.0376%**
(-19.64)
age -0.000336**
(-2.71)
group -0.00394
(-0.65)
process_innov 0.0129%**x*
(3.66)
org_innov 0.0372%**
(11.65)
total_innov_expend 1.12e-09***
(46.95)
sector_service 0.0333%**
(7.14)
sector_other -0.0497***
(-3.68)
_cons 0.326***
(29.93)
N 462
R-square 0.04445342

t statistics in parentheses
* p<0.05, ** p<0.01, *** p<0.001

The result from the table show positive and significant results for contribution of
collaboration and category one ICT usage (communication and coordination) to product
innovation. Collaboration as discussed before was expected to have the positive
contribution to innovation. ICT applications attributed to communication and
coordination role provide tools that enhance innovation. In order to develop or improve
a product, coordination and communication is needed across several entities. The result
confirms our assumption because the coefficient for this role is positive and highly
significant.

What is interesting in this table is that communication-coordination which represents

ICT application usage from category one, is much more influential for product
innovation than the collaboration. This shows that using ICT tools which enable or
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enhance communication and coordination is very important for product innovation.
Although theses tools are used to enhance collaboration which in turn enhances product
innovation, but the ICT tools of category one alone contribute much more than
collaboration. We can conclude that the ICT tools enhancing communication and
coordination role of ICT are not limited to collaboration enhancement. Therefore they
probably influence R&D or other possible intermediate modules (not existing in the
introduced model). This is stated in the future recommendations.

Sector wise, service sector seems to be much more innovative than manufacturing
sector. This result is contradictory to the previous regression and what we expect.
Service sector is known to be less innovative than the manufacturing sector (with
exceptions in a few areas). Therefore a negative sign was expected for the coefficient of
service sector. Also the “group” control variable was expected to have a positive sign. We
can see from the table that the coefficient for “group” is negative. This may happen if any
of these variables is highly correlated with another variable in the regression. Therefore
[ conducted a test to see the correlation between the variable in the regression. Table
below shows the result. We can see that the service _sector has low correlation (less
than 0.6) with the other variables. The same holds for “group” variable. There is one
other possibility for the unexpected signs.

Among the control variables, group has negative sign which was not expected. Also
service sector is unexpectedly showing positive coefficient. This may happen because of
strong correlation that either of these variables have with other variables in the
regression. Table 8 shows the correlation matrix for the abpve regression. As you can
see there is nor strong correlation between either of factors (strong correlation is
defined as correlation =>0.6).

If we look at the number of observations of the regression we can see that there are only
462 firms involved in this regression. Total numbers of firms are about 57,000 from
which 18,000 are involved in product innovation. Having a sample of 462 is very small
indeed. If this sample is not a very good representative of all firms involved in product
innovation, then the unexpected result is explainable. In order to find out, I compared
the mean (descriptive statistic) of the variables which were included in regression to the
mean of the variables in general. Table 9 on the next page shows the result. The first
table represents all the firms which have product innovation and the second table is our
representative sample (observations which were included in the regression). If we
compare the Mean of each variable in two different tables, we can see that all variables
in the second table have almost the same mean as the variables in the first table.
Collaboration variable is an exception. Mean of collaboration is -0.02 among firms while
the mean for collaboration for firms included in the regression is 0.55. Therefore the
sample is not a good representative.

The reason that the number of observations in the regression is so low is because of the
command used to regress. This regression model was a fixed effect model. Wherever |
was supposed to use a fixed effect model, in order to prevent heteroskedasticity and
autocorrelation, | used the xtgls command. This command uses feasible generalized least
squares. This command allows estimation in the presence of AR(1) autocorrelation
within panels and cross-sectional correlation and heteroskedasticity across panels.
There are two options to be used after this command panels(pdist) specifies the error
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structure across panels and corr(corr) specifies the assumed autocorrelation within
panels. These options should be specified after the xtgls command and are in fact
obligatory rather than options! In each of these options for example in panels() you
allow a certain kind of heteroskedasticity and prevent it in other cases. The same holds
for corr() option. You allow a certain autocorrelation but the rest are prevented. These
two options reduce the number of the observations substantially. In order to avoid
heteroskedasticity and autocorrelation in panel data xtgls is the best choice. There is no
test that remedies or prevents autocorrelation and heteroskedasticity when the
simultaneously exist in panel data. This can be done by extensive programming which is
extremely time-consuming and out of the scope of this paper. Therefore in order to take
heteroskedasticity and autocorrelation into account [ have opted to use xtgls instead of
ignoring these two important issues with regard to panel data.

In short, the result of the table can be taken into account because it has already been
dealt with heteroskedasticity and autocorrelation but on the other hand number of
observations is reduced substantially to a sample which is not completely
representative of all the observations. For now I conclude cautiously that
communication_coordination and collaboration contribute positively to product
innovation but further investigation should be conducted on the two variables that have
unexpected result.
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| innova~y collab~l commu_.. si ze age group proces~v org_in~v t~inno~d sector~e sector-~r

_____________ e e e e e e e e e eememmmemememmeemmmmemememmmmmemmemmemmemmmemmmmmemmmmmmemmmmmemmmmmmm-memmemmmmmemmmmmmmmm——m———————a
i nnovati on~y | 1. 0000
col lab_fac~l | 0. 0457 1. 0000
commu_coor ~| | 0.0781 0. 0516 1. 0000

size | -0.1333 0.3046 0.1369 1. 0000

age | -0.0920 -0.0351 -0.0457 0.0201 1. 0000

group | 1. 0000

process_in~v | -0.0081 0.1903 0.0116 0.2115 0.0757 0.0458 1.0000
org_i nnov | 0.0550 0.1704 0.0778 0.1586 -0.0704 0.0635 0.1957 1. 0000

total _i nno~d | 0.0471 0.0966 0.0098 0.1452 0.0002 0.0301 0.0416 0.0383 1.0000
sector_service | 0.0609 -0.1104 0.1754 -0.1130 -0.2410 -0.0710 -0.1368 0.0584 -0.0465 1. 0000
sector_other | -0.0751 -0.0402 -0.1000 0.0863 0.0797 -0.0078 -0.0275 -0.0202 -0.0133 -0.1701 1. 0000

Table 8: correlation matrix



Vari abl e | Cbs Mean Std. Dev. M n Max

i nnovati on~y | 14533 . 1837721 . 1885133 0 1
coll ab_fac~l | 16116 -. 0228144 . 886889 -.4539622 2.804294
conmu_coor ~| | 1911 . 3112652 . 4906213 -2.152706 1.11539
size | 18799 4.24314 1.40876 -.6931472 11. 39475
age | 15691 19. 86852 11. 52954 1 38
_____________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mmm . m— - - -
group | 18614 . 6554744 . 4752261 0 1
process_i n~v | 16108 . 6112491 . 4874817 0 1
org_i nnov | 16606 . 845598 . 3613446 0 1
total _i nno~d | 5673 379712.7 5373210 0 3. 05e+08
sector_service | 18800 . 4928191 . 4999617 0
_____________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mmm . m— - - -
sector_ot her | 18800 . 0793085 . 2702269 0 1
Vari abl e | bs Mean Std. Dev. M n Max
_____________ e e e e e e e e e e memmmmmemmmmememmmememmmmemm e m e —m—————
i nnovati on~y | 1304 . 163622 . 1981825 0 1
col l ab_fac~l | 1304 . 5571029 1.194083 -.4539622 2.804294
comu_coor ~l | 1304 . 3393152 . 4541446 -2.152706 1.11539
size | 1304 5. 100907 1.121632 2.468479 10. 39622
age | 1304 22.79294 12. 3714 3 38
_____________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mmm . m— - - -
group | 1304 . 797546 . 4019829 0 1
process_i n~v | 1304 . 6273006 . 4837086 0 1
org_i nnov | 1304 . 6763804 . 4680363 0 1
total _i nno~d | 1304 656194. 1 1. 02e+07 0 3. 05e+08
sector_service | 1304 . 375 . 4843087 0
_____________ o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mmm . m— - - -
sector_other | 1304 . 0460123 . 2095921 0 1

Table 9: descriptive statistics for regression of H4.

H4 cannot be rejected therefore:
category one ICT usage and collaboration contribute positively to product innovation



PRODUCTIVITY:
The most common used production function is the Cobb-Douglas production function.
The underlying equation has the general form of:

Y =F (KL) = AKaKerLb
Where:

Y = Output

K =non-IT Capital Stock
Kerr=IT capital stock

L = Labor (fte)

A = Technology

F denotes a function

a and b are positive parameters

Data on capital stocks were not available in the panel data. Therefore K can not be taken
into account. Initially investment could be considered as an alternative. But there are
major differences between capital stock and investment. Investment is change in capital
stock and thus unlike capital is not measured at one instance of time. The variance for
investment can vary significantly for different time periods and thus not reliable to be
used as an alternative for capital stock. As an example, in the 90s investment grew 40%
compared to 1980s while capital stocks declined 1.1% compared to 1980s. This was
because the increasing share of investment in the 90 was due to ICT investment. But ICT
equipments devaluate quickly and capital stock which is the total capital of equipment in
a year declined (Edite Cruz thesis, TU Delft, 2007).

Beside the fact that investment is not a suitable measure for capital, the investment
figures for ICT were available for a few years and were not available in the longitudinal
data.

For hypotheses H6 and H7 productivity which is the dependent variable is measured by
intangible effects. For each regression model in these two hypotheses three measures of
productivity is used. The first measure is a factor (prod_mrkt_related_effect _fac )
representing all the intangible effects. Then productivity is broken down into two
different effect market related (prod_mrkt_related) and production related
(production_related_effect_fac ) effects.

H5: Product innovation and productivity

In order to test this hypothesis first productivity which is a factor measuring the
intangible effect of performance is used. It includes market and production related
effects which in turn will be used as well. Therefore for this hypothesis three separate
regressions will be run: one for productivity (general intangible effect) , one for
production effects and one for product_market effects. The result of regression will be
shown in one table.

H5.1: Product innovation contributes positively to productivity(intangible effects)
Regression Model
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productivity_fac_final = So+ [1innovation_novelty + [2size + S3age + [a
multination + [sactivity_acquire_machinery+ [eactivity_training + 7 market_innov +
[Bsactivity_market_intro + [9 sector_service + [10 sector_other

Control Variables

The dependent variable in this regression is productivity_fac_final which represents the
intangible effects or the intangible changes of firm performance. Control variables
regarding this variable are size, age, multination, activity_acquire_machinery,
activity_training market_innov and activity_market_intro.

Size is the first control variable I will discuss. Larger firms are more productive than
small firms (Grossmann 2007). Large firms are more profitable but less productive
(Majumdar 2004). Larger firms often have access to unique resources and thus can
perform more efficiently. In addition large firms have to be more careful about their
business approach because they often involve larger risks compared to smaller firms.

14 2 is thus predicted to be positive. Contribution of age to productivity is predicted to

be negative. Studies show that older firms are less productive than young firms .So B3
is predicted to have a positive sign. Multination variable indicates whether firm is a
multinational enterprise or not. Studies show that multinational firms are more
productive than domestic ones (Karpaty 2004) (Meschi 2006). [4is thus expected to
be a positive coefficient. Activity_acquire_machinery indicated whether new machinery
was acquired by firm or not. Replacement of labor by machinery is predicted to have a
positive effect on productivity. [ is thus expected to be positive. If a firm trains its
employees, their knowledge and skills are updated and suitable and this is thought to
increase productivity. So s should be having a positive sign. If a firm is involved in
market innovation i.e. if it explores new markets or is active in extending its market, its
productivity should be increased. This is why B7and [sare expected to be positive.

H5.2: Product innovation contributes positively to productivity(production related effects)
Regression Model
production_related_effect_fac = fo+ [1innovation_novelty + B:size + S3age + [4

multination + [sactivity_acquire_machinery+ f[sactivity_training + [7sector_service
+ [sgsector_other

Control Variables

The control variables size, age, multination, activity_acquire_machinery and
activity_training have been explained before and their coefficients are expected to have
positive signs except age.

H5.3: Product innovation contributes positively to productivity (product & market related

effects)

Regression Model

prod_mrkt_related_effect_fac = So+ [1innovation_novelty + [:size + Szage + B4
multination + fBsmarket_innov + Sesactivity_ market_intro + [7sector_service + Bs
sector_other
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Control Variables
The control variables size, age, multination, activity_acquire_machinery and
activity_training have been explained before and their coefficients are expected to have
positive signs except age.

Productivity_fac_final

production_related_effec

prod_mrkt_related_effect_

t_fac

fac

Innovation_no | 0.526*** Innovation_no | 0.400*** Innovation_nov | 0.716***
velty (5.54) velty (3.34) elty (6.31)
0.0164* 0.0329*** 0.00470
size (2.09) size (3.32) size (0.49)
-0.000957 -0.00103 -
age (-1.14) age (-0.94) age 0.00094
1
0.0236 -0.00500 (-0.94)
multination (1.00) multination (-0.16) multination
0.0492
0.236*** 0.381*** (1.79)
activity_acqui | (10.91) activity_acqui | (13.57) market_innov
re_ re_ 0.144***
machinery 0.139%** machinery 0.138*** (5.92)
(5.24) (4.94) activity_market_
intro 0.272%**
activity_traini | 0.155%** activity_ -0.298%*** (11.30)
ng (7.40) training (-10.12)
sector_service -0.128%**
0.0306 -0.214%** (-4.82)
market_innov | (1.17) sector_service | (-4.14)
sector_other -0.198***
-0.214%** -0.290*** (-4.01)
activity_mark | (-9.48) sector_other | (-4.79)
et_intro _cons -0.0119
-0.192%** (-0.21)
(-4.55) _cons
sector_
service -0.182%*x*
(-3.79)
sector_other
_cons
N 3587
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R-square 0.1339 0.1173 0.0793

Table results show positive result for innovation’s contribution to productivity. All
three results are highly significant. This means that product innovation has a positive
and strong effect on intangible measures of productivity. The first regression indicates
the general result. In other words it shows that with an increase in product innovation
(other variables being equal), productivity (intangible effect) of firm increases.
Therefore in order to increase productivity, firm can increase its product innovation. It
can improve the existing products or develop new products. According to the definition
of innovation novelty variable, new products are the ones that are new to firm or new to
market. Therefore even if new products are only new to firm, they increase productivity.

To have a more detailed analysis, two other regressions provide more detailed results.
We can see that although innovation’s contribution is highly significant for
production_related_effect_fac and prod_mrkt_related_effect_fac, contribution to the
latter is considerably higher. This means that product innovation contributes more to
product and market effects rather than production related effects. Product & market
related effects include improvement in quality of new product, increase in range of
product and entrance to new market. Production related effects relate to increase in
flexibility, capacity & decrease in material usage. So with development of new products,
firms increase product quality & range and their market territories.

Sector wise, we can see that service sector has a negative coefficient. This result is
significant in all three regressions and we can conclude that productivity in service
sector is significantly different from that of manufacturing. Productivity on service
sector is much less than manufacturing. There is evidence from CIS3 about this
difference. According to a study based on CIS3 market based services in Netherlands
account for more than 45% of total value added in 2001 (Sheehan, 2006). Although this
is a huge, it is not the majority of share. In addition, many manufacturing firms have
linked their products to services by providing clients with product-services packages
and integrated solutions (Sheehan, 2006). So their share is also included in the 45%. See
Figure 10.
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Source: OECD, 5TI Scoreboard 2003,

Figure 10: Share of market services in Total value, 1980 and 2001

According to the results neither of H5.1, H5.2 &%3 can be rejected. Therefore:
Product innovation contributes positively to productivity y(intangible effects
Product innovation contributes positively to productivity (production related effects)

Product innovation contributes positively to productivity (product & market related

effects)
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Hé6: Product innovation ,intermediate effects and productivity
H6.1: Product innovation and collaboration contributes positively to productivity

H6.1.1: Product innovation, collaboration contribute positively to productivity
(intangible effects)

Regression Model

productivity_fac_final = S0 + f1innovation_novelty + £2collab_fac_final + £3
size + [aiage+ [smultination + [eactivity_acquire_machinery + [racti
vity_training + [s activity_market_intro + B 9 market_innov + £ 10
sector_service + ,6’11 sector_other

H6.1.2: Product innovation, collaboration contribute positively to productivity
(production effects)

Regression Model

production_related_effect_fac = fo + £1innovation_novelty + £ collab_fac_final

+ [3size+ [sage+ [smultination+ [esactivity_acquire_machinery +
[ 7acti vity_training + [ gsector_service + [39sector_other

H6.1.3: Product innovation, collaboration contribute positively to

productivity (product & market effects)

Regression Model

prod_mrkt_related_effect_fac = o + [1innovation_novelty + [ collab_fac_final

+ [3size+ [aiage+ [smultination+ [ activity_market_intro+ £ 7
market_innov + [ gsector_service + [9sector_other
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Productivity_fac_final

production_related_effect_fac

prod_mrkt_related_effect_fac

innovation_novelty 0.516™** innovation_novelty 0.389** innovation_novelty 0.704***
(5.46) (3.26) (6.21)
collab_fac_final 0.04971%** collab_fac_final 0.0539%** collab_fac_final 0.0512%**
(4.91) (4.05) (4.57)
size 0.00737 size 0.0238* size -0.00574
(0.91) (2.33) (-0.58)
age -0.000776 age -0.000826 age -0.000733
(-0.92) (-0.76) (-0.73)
multination 0.0146 multination -0.0153 multination 0.0402
(0.62) (-0.50) (1.46)
activity_acquire_machinery | 0.224*** activity_acquire_machinery | 0.366*** market_innov 0.1427%**
(10.25) (12.93) (5.85)
activity_training 0.131%** activity_training 0.124%** activity_market_intro | 0.256***
(4.92) (4.41) (10.49)
market_innov 0.153*** sector_service -0.292*** sector_service -0.120***
(7.32) (-9.93) (-4.52)
activity_market_intro 0.0243 sector_other -0.207*** sector_other -0.199***
(0.92) (-4.01) (-4.04)
sector_service _cons -0.253*** _cons 0.0246
-0.208*** (-4.14) (0.42)
(-9.20)
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-0.190***

(-4.50)

0.145**

(-2.97)
N 3587 3579 3579
R-square 0.1399 0.1217 0.0844
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Collaboration and innovation each contribute positively to productivity in all three
regressions. The results are highly significant which show the strength of this
contribution. Innovation has substantially higher contribution to productivity than
collaboration. Itis wrong to interpret that collaboration is not effective for
productivity. Collaboration (besides having direct and positive contribution to
productivity) it may have great impact on other factors. Using the conceptual
model (introduced in chapter four) we can mention innovation as an example of
these factors. Therefore the impact of collaboration in firm should not be
underestimated and limited to the above regressions.

By comparing the other two regressions we can see that innovation and has more
impact on product and market related effects than on production while
collaboration contributes to both equally.

H6.1.1, H6.1.2 and H6.1.3 cannot be rejected therefore:
Product innovation, collaboration contribute positively to productivity (intangible

effects)

Product innovation, collaboration contribute positively to productivity (production

effects)

Product innovation, collaboration contribute positively to productivity (product &
market effects)

H6.2: Product innovation and R&D contributes positively to productivity
productivity_fac_final

H6.2.1: Product innovation and R&D contribute positively to

productivity (intangible effects)

Regression Model

productivity_fac_final = S0 + S1innovation_novelty + S.rd_fac_final + B3size +
Lsage + [smultination + [eactivity_acquire_machinery + [racti
vity_training + [g activity_market_intro + £ 9market_innov + £ 10
sector_service + ,6’11 sector_other

H6.2.2: Product innovation and R&D contribute positively to

productivity (production effects)

Regression Model

production_related_effect_fac = fo + [ 1innovation_novelty + S2rd_fac_final +

[3size + [aage+ [smultination + [eactivity_acquire_machinery + [racti
vity_training + S gsector_service + [9sector_other

H6.2.3: Product innovation and R&D contribute positively to
productivity (product & market effects)
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Regression Model
prod_mrkt_related_effect_fac = o + [ 1innovation_novelty + 2rd_fac_final +

B3size + [aiage+ [smultination + [ activity_market_intro + S 7
market_innov + [ gsector_service + [59sector_other
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Productivity_fac_final

production_related_effect_fac

prod_mrkt_related_effect_fac

Innovation_novelty

rd_fac final

size

age

multination

activity_acquire_machinery

activity_training

market_innov

activity_market_intro

sector_service

0.495%*
(5.23)

0.0891%**
(5.78)

0.00742
(0.94)

-0.000717
(-0.86)

0.0198
(0.84)

0.213%%*
(9.79)

0.126%*
(4.73)

0.149%*
(7.12)

0.0149
(0.56)

-0.183%**
(-7.94)

Innovation_novelty

rd_fac_final

size

age

multination

activity_acquire_machinery

activity_training

sector_service

sector_other

_cons

0.374%*
(3.12)

0.0693%**
(3.55)

0.0257*
(2.55)

-0.000840
(-0.77)

-0.00820
(-0.27)

0.363%**
(12.73)

0.119%**
(4.22)

-0.274%+*
(-9.10)

-0.198%**
(-3.84)

-0.272%%
(-4.49)

Innovation_novelty

rd_fac_final

size

age

multination

market_innov

activity_market_intro

sector_service

sector_other

_cons

0.671%*
(5.94)

0.120%**
(6.75)

-0.00831
(-0.87)

-0.000594
(-0.60)

0.0450
(1.65)

0.135%**
(5.56)

0.232%%
(9.40)

-0.0853**
(-3.15)

-0.166%*
(-3.44)

0.0101
(0.18)
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-0.172%**

(-4.11)
-0.156**
(-3.28)
N 3587
R-square 0.1426 0.1206 0.0917
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Innovation and R&D both have positive contributions to firm’s productivity. Innovation
is contributing more to product & market related effect of productivity rather than
production effects. In contrast R&D contributes more to product & market related
effects. Any increase in R&D will thus have impact on product and market related
effects (other variables being equal). R&D unit of a firm combines different sets of
information ranging from customers, other internal units to suppliers and competitors
(market and environment). Using theses sets of information helped firms produce better
products (close r to customer expectation) and enter new markets (with help of
information about technologies and market). So it is logical that increase in R&D
enhances product and market related effects.

H6.2.1, H6.2.2 and H6.2.3 cannot be rejected therefore:

Product innovation and R&D contribute positively to productivity (intangible effects)
Product innovation and R&D contribute positively to productivity (production effects)
Product innovation and R&D contribute positively to productivity (product & market

effects)

H6.3 Product innovation, both intermediate effects and productivity

H6.3.1: Product innovation, collaboration and R&D contribute positively to
productivity (intangible effects)

Regression Model

productivity_fac_final = S0 + [1innovation_novelty + 2 collab_fac_final + [3
rd_fac_final + [assize + [sage+ [emultination+ [~
activity_acquire_machinery + [gactivity_training + [9 activity_market_intro +
L 1omarket_innov + [ 11sector_service + [12sector_other

Control variables

The dependent variable is productivity_fac_final which is the same in regression
H5.1. Therefore control variables are the same as well as the expectation for their
signs.

H6.3.2: Product innovation, collaboration and R&D contribute positively to
productivity (production effects)

Regression Model

production_related_effect_fac = So + f1innovation_novelty + S collab_fac_final

+ Bard_fac_final + [asize + Bsage+ [emultination+ [7
activity_acquire_machinery + [Ssgactivity_training + [9 sector_service + S 10
sector_other

Control variables

The dependent variable is the same as in regression H5.2. Therefore control
variables are the same as well as the expectation for their signs.

112



H6.3.3: Product innovation, collaboration and R&D contribute positively to
productivity (product & market effects)

Regression Model

prod_mrkt_related_effect_fac = S + [1innovation_novelty + 32 collab_fac_final

+ [3rd_fac final + [isize+ [sage+ [esmultination+ [7
activity_market_intro + Sgmarket_innov + [ 9sector_service + [ 1o
sector_other

Control variables

The dependent variable is the same as in regression H5.2. Therefore control
variables are the same as well as the expectation for their signs.
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Productivity_fac_final

production_related_effect_fac

prod_mrkt_related_effect_fac

innovation_novelty

collab_fac_final

rd_fac_final

size

age

multination

activity_acquire_machinery

activity_training

activity_market_intro

market_innov

0.4927%*
(5.21)

0.0353%%*
(3.36)

0.0755%**
(4.67)

0.00217
(0.27)

-0.000638
(-0.76)

0.0142
(0.60)

0.209%*
(9.52)

0.1227%%*
(4.58)

0.0126
(0.47)

0.149%*
(7.11)

innovation_novelty

collab_fac_final

rd_fac_final

size

age

multination

activity_acquire_machinery

activity_training

sector_service

sector_other

0.372%*
(3.11)

0.0444**
(3.18)

0.0509*
(2.49)

0.0201
(1.96)

-0.000734
(-0.67)

-0.0157
(-0.51)

0.355%%*
(12.42)

0.112%**
(3.97)

-0.276%*
(-9.17)

-0.195%**
(-3.77)

innovation_novelty

collab_fac_final

rd_fac_final

size

age

multination

activity_market_intro

market_innov

sector_service

sector_other

0.666**
(5.90)

0.0294*
(2.48)

0.109%**
(5.83)

-0.0136
(-1.39)

-0.000523
(-0.53)

0.0405
(1.48)

0.226%%*
(9.10)

0.135%**
(5.58)

-0.0836**
(-3.09)

-0.171 %
(-3.53)
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-0.183%**
(-7.94)

-0.173%**

(-4.12)

-0.133**

-0.246%*
(-4.03)

3579

0.0312
(0.53)

3579

0.1233

0.0937
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Results from the table show positive and significant contribution of innovation,
collaboration and R&D activity to productivity in all three regressions. First of all I have
to note that the range of dependent variables differs and this matter when making
comparisons about which variable contributes more to productivity. While collaboration
and R&D variables range from -1 to 1 (approximately), variable innovate_novelty ranges
from 0 to 1. So a change of 0.1 for innovation _novelty can be weighed as 0.2 change in
the other two variables. Although in each puff the regressions above, innovation is by far
the largest coefficient already and weighing it higher does not change any conclusion
and well remain the highest coefficient.

We start from the first regression. We can see that product innovation, collaboration and
R&D activity each contribute positively in increase of productivity (intangible effect).
This means that with an increase in any of theses activities, firm’s productivity increases.
If we look carefully we realize that innovation coefficient is much larger than the other
two variables. Innovation is then a very important factor that can enhance productivity.
Many firms feel the need to innovate and the number of firms being innovative has been
increasing in the last decades. Despite this increase, impact of innovation ion
productivity not a clear cut. It is rather a fuzzy issue. From the table we can conclude
that firms with that are involved in product innovation increase their productivity by
increasing intangible and positive effects. By comparing the second and third regression
we can see, like before, innovation contributes more to product & market related effect
rather than production effects.

Firms involvement in R&D activity contributes more to productivity compare to
collaboration. This means that investment in R&D may pay off better (regarding increase
in intangible productivity) rather than collaboration. By extracting results from the
second and third regression we can see how R&D and collaboration actually influence
the intangible effects. R&D activities increase product & market related effects while
collaboration is more influential in production effect.

Sector wise, we have the same result as before. Service sector seems to be less
productive than manufacturing. For more information please see regression result H5.

Among the control variables size was expected to have a positive coefficient and the
result show the positive coefficient in only the first two regressions. To investigate why
size has a negative coefficient in the third regression, I tested its correlation with the
other variables. You can see the result in the Table 10 below.
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sect or ~r

prod_nrkt ~c
i nnovati on~y
col l ab_fac~I
rd fac_fina
si ze

age

mul ti nation

mar ket _i nnov
activity_m-o
sector_ser~e
sect or _ot her

Tabl e 10: correlation matrix

cNeoNoNoNolololoNoNoN o

. 0000
. 1383
. 1200
. 1930
. 0210
. 0180
. 0471
. 1401
. 2065
. 0661
. 0683

. 0000
. 0099
. 0755
. 1513
. 0780
. 0109
. 0564
. 0259
. 1116
. 0087

[clolololoNoleoNaoN

prod_m-c i nnova~y coll ab~

. 0000
. 3696
. 2702
. 0273
. 1266
.0794
. 1827
. 0656
. 0047

rd _fac~I

[cNoloNoNoNolNel

. 0000
. 2286
. 0005
. 0686
. 1097
. 2561
. 2166
. 0395

[cNeoNeoNoNeoNal 1

. 0000
. 0982
. 1583
. 0748
. 1079
. 0657
. 0398

age multin~n market~v activi ~0 sector~e

. 0000
. 0120
- 0.
. 0322
- 0.
. 0523

0081

1861

1. 0000
0. 0286
0. 0453
0. 0172
-0.1192

1. 0000

0. 1997 1. 0000

0. 0380 0.0213 1. 0000
-0.0653 -0.0283 -0.2647 1
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As you can see from the table, all correlation for size is less than 0.6 and thus not high. |
chose for this control variable to remain in the regression because there is a relation
between productivity and firm age. Therefore omission of this control variable was not
wise. One explanation could be the ambiguity of the relation between size of firm and
productivity. This is because usually during the firs few years average productivity of
firms increase but as the firm becomes older this relation becomes more and more
ambiguous (Kok, Brouwer et al. 2006).

H6.3.1, H6.3.2 and H6.3.3 cannot be rejected therefore:

Product innovation, collaboration and R&D contribute positively to productivity
(intangible effects)

Product innovation, collaboration and R&D contribute positively to productivity
(production effects)

Product innovation, collaboration and R&D contribute positively to productivity (product
& market effects)

H7: Product innovation contributes to productivity after a time lag

Regression Model
productivity_labour_ps_p3= fo + [1innovation_novelty + [2size + Bzage+ [a
multination + [sorg_innov_structure + S ssector_service + [7sector_other

In order the possible time lag between innovation and productivity, a financial measure
of productivity is calculated as turnover divided by number of employees (fte). In order
to have the accurate financial values turnover was first deflated according to the price
indexes. These price indexes were different for different years and different sectors.
Because of the huge dataset I was not able to join the dataset having the price indices to
my panel data. Despite setting the memory to maximum level, the operating system did
not allow the link. Therefore average price indices were calculated for each year. This
could be done because the indices across different sector in one year did not
significantly differ. There was also no year as base which indices could be compared to.
Indices were provided to me on a year-by-year basis. This meant that I had to calculate
the price index of each year according to all the previous year. Therefore:

Price index for year t = given price index for year t/price index for year t-1 * price index
for year t-2* ....

The price indices are given below:

Year Average Price
index

1994 1.03000

1995 1.04798

1996 1.06138
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1997 1.08325
1998 1.10064
1999 1.12140
2000 1.16146
2001 1.21294
2002 1.25171
2003 1.27024
2004 1.28697

Control variables

Control variables used for labor productivity are size, age, multination and

org_innov_structure. All except the last one have been used for intangible productivity

effects as well. Positive sign except for age was predicted for them. Another variable
which is influential for labor productivity is org_innov_structure which indicates

whether firm has had organizational innovation or not. Any change and rearrangement

of structure has an impact on productivity. With the introduction of a new product,
organizational structure changes. Firm behavior, culture, short term goal, etc are
partially changed in support of new business strategy. These changes occur to help

increase flexibility and productivity of the firm. Therefore all B except /33 are expected

to have a positive sign.
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productivity_labour_ps_0

productivity_labour_ps_p1

productivity_labour_ps_p2

productivity_labour_ps_p3

Innovation_novelty | -43269.2%** -54487 4%** -5396.2** -3107.7%**
(-10.48) (-12.68) (-3.26) (-5.35)
size 9684.1*** 5277.6%** 15583.5%** -9734,0%**
(9.99) (5.43) (16.16) (-24.17)
age -318.1%** -379.9%** -661.8%** -8018.3***
(-4.82) (-6.29) (-8.94) (-33.07)
multination 59852.3*** 61861.0*** 34029.4%** 236.9
(33.45) (35.14) (16.36) (0.29)
org_innov_structure | 5449.9*** -5395.2%*x* - 5373.8%** 3480.7***
(3.90) (-4.64) (-5.48) (9.05)
sector_service 53665.5%** 20507.2%** 59283.8*** -1541.0
(17.20) (6.88) (18.77) (-0.34)
sector_other -7274.5 -20162.3** -30189.7*** -136735.2%**
(-1.95) (-2.92) (-10.93) (-26.15)
_cons 101603.2%** 129653.6%** 89418.1*** 303866.9***
(18.94) (25.41) (17.96) (88.85)
N 2189 1211 2325 916
R-square 0.01030233 0.01728607 .01433018 .00156963
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In the above regressions productivity is measurahtially. Result from the table show that
product innovation is negatively and significantiyated to labor productivity. Across the
four different regressions we can compare innowéioontribution to productivity. In t=0 (
the same year firms had product innovation) pradifgtdecreases. The coefficient is large
but negative. At t=1, one year after product intimraproductivity is decreasing further. At
t=2 productivity starts to decrease but very slight is not until t=4 that productivity
although still negative, it starts increasing drtioadly.

The negative result can be attributed to all thgtabstock and the investments. Product
innovation requires huge investments in R&D, maehjintraining, technology (including

ICT) , etc. According to the result only in the fuyear firm starts to move toward financial
recovery. Of course this conclusion is only valicesults for more years after product
innovation verify the increase in productivity. Eher investigations (with extension of time
horizon) can clarify the issue. For now we can tathe that although we haven't found a time
lag for when product innovation leads to produtyivive can say that at least for three years
after product innovation, productivity decreasesssantially.

H7 cannot be rejected therefore:
Product innovation doesn’t contribute to productivity after a time lag.

H8: ICT usage together with the intermediate effects contribute positively to productivity
Regression Model

productivity_labour_deflated= o + [1interaction_rd_integ + [ interaction_rd_aut +
[ 3 interaction_collab_co + Basize + Bsage + [esmultination+ S
org_innov_structure + [ gsector_service + [39sector_other

Control variables

Dependent variable in this regression is labor productivity which is the same as the
previous regression. Therefore all the control variables are the same. Positive signs are
expected for all control variables except age.

productivity_labour_deflated

interaction_rd_integ 20292.0***
(4.71)

interaction_rd_aut 20666.2***
(5.21)

interaction_collab_co 7677.2%*
(2.72)

size 38498.0***
(13.91)

age -463.0*
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(-2.45)
multination 5758.6
(1.06)
org_innov_structure 2636.9
(0.66)
sector_service -21322.7***
(-4.25)
sector_other 85982.5%**
(6.78)
_cons -52853.3***
(-3.52)
N 430
R-square .00034146

Three variables are used in this regression and their contributions to them are at focus.
Interaction_rd_integ is a variable that shows the combination of R&D activity with
integration role (category 3 ICT). interaction_rd_aut indicates the co-existence of R&D
activities and automation role (ICT category 2) and finally interaction_collab_co shows
the simultaneous existence of collaboration and communication_coordination role (ICT
category 1). The table shows positive contribution of each of these variables to
productivity. Each coefficient is a large positive number. Therefore the coexistence of
roles and the intermediate effects are important. It is interesting to see that generally
R&D activity together with ICT roles contribute substantially more (larger coefficient)
than collaboration with its relevant ICT role. This I think can be explained due to the
extent of these two activities. For product innovation firms don’t necessarily collaborate
but their R&D department is completely engaged with the process of the product
development. Consequently the ICT tools used for R&D serve larger number of activities.
Therefore coexistence of R&D and relevant ICT applications covers a larger number of
activities along product innovation. In this way they contribute more to productivity
than collaboration.

The distinction between R&D and the two roles (automation and integration) is not
large. They seem to contribute almost equally to productivity.

In short, increase in any of the intermediate effects together with its relevant ICT
applications results in increase in labor productivity.

H8 cannot be rejected therefore:
ICT usage together with the intermediate effects contribute positively to productivity

Summary of Empirical analysis:
The empirical results which were based on the designed hypotheses are given in the table
below. Whenever the result of a regression is significant the null hypothesis is rejected. Null
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hypotheis is based on unequality or absence of correlation. Therefore in each of the
regressions discussed null hypothesis explained the absence of correlation. In case of
significance of result this null hypotheses is rejected. And this means that there is a relation
between the tested constructs. This will be the interpretation of the hypotheses designed to
test the model.

Hypothesis Research result

H1.1: Category one ICT applications are Not rejected
positively related to collaboration

H1.2: Communication role and coordination | Not rejected
role (roles of ICT applications from
category one) are positively related to
collaboration

H2: Category two and three ICT usage are Not rejected
positively related to R&D

H3: Intermediate effects contribute Not rejected
positively to product innovation

H4: category one ICT usage and Not rejected
collaboration contribute positively to

product innovation

Hb5.1: Product innovation contributes Not rejected

positively to productivity(intangible effects)

Hb5.2: Product innovation contributes Not rejected
positively to productivity(production

related effects)

H5.3: Product innovation contributes Not rejected

positively to productivity (product &
market related effects)

H6.1.1: Product innovation, collaboration Not rejected
contribute positively to productivity
(intangible effects)

H6.1.2: Product innovation, collaboration Not rejected
contribute positively to productivity

(production effects)

H6.1.3: Product innovation, collaboration Not rejected

contribute positively to
productivity (product & market effects)

12¢



H6.2.1: Product innovation and R&D
contribute positively to
productivity (intangible effects)

Not rejected

H6.2.2: Product innovation and R&D
contribute positively to
productivity (production effects)

Not rejected

H6.2.3: Product innovation and R&D
contribute positively to
productivity (product & market effects)

Not rejected

H6.3.1: Product innovation, collaboration
and R&D contribute positively to
productivity (intangible effects)

Not rejected

H6.3.2: Product innovation, collaboration
and R&D contribute positively to
productivity (production effects)

Not rejected

H6.3.3: Product innovation, collaboration
and R&D contribute positively to
productivity (product & market effects)

Not rejected

H?7: Product innovation contributes to
productivity after a time lag

Rejected

H8: ICT usage together with the
intermediate effects contribute positively to
productivity

Not rejected

Table 11: Empirical Results

Before moving on to the conclusion chapter, some empirical results will clarify the
constructs regarding the different sectors. From the above empirical analysis we saw
that service sector was less innovative and productive compared to manufacturing
sector. Itis interesting to examine the issue in our dataset over a number of years.

First let’s depict the ict usage across sectors. The following graph (Figure 11) shows the
ICT usage per sector. ICT usage is constructed from ICT roles. If a firm uses either of ICT
applications (attributed to roles) then it has ict_usage. Therefore ict_usage has the value

of 0 or 1.

To be able to show the ict_usage on graph sum of the ict_usage variable is shown on the

Y axis. Sectors are shown on the X axis.
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Figure 11: ICT usage across sectors
1: manufacturing 2: services 3: other

From tehgrpah we can see that service sector uses ICT much more than manufacturing
sector. The difference is quite substantial. Unfortunately it was not possible to depict ICT
usage across time axis for each sector. This is because of the structucture of our panel
data. The data is defined based on CIS years which is every two years starting from
1996. In each of these years, data from several years of ICT are gathered (data attributed
to a few years before every CIS year). Therefore separating ict usage for different years
is not possible. For example year CIS=1996 shows ict usage of firms from 1993 till 1996
and the data for each of these years is not separable. We could not see the trend of ICT
usage across time but this is possible for innovation and prodcutivity.

So see the situation for innovation and prodcutivity.

In the following graphs (Figure 12) we can see that service sector is less involved in
product innovation than manufacturing sector (notice the difference in intervals of y
axis on each graph). The empty space for year 1998 in service sector is due to lack of
data* Generally we can see a decrease in innovation in both sectors. Of course with
extension of years a more reliable judgment can be made. So we can see that Dutch firms
have generally been less innovative since 1998.
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sum of innovation_novelt
200
|

sum of innovation_novelt
100
L

100
|
50
|

1996 1998 2000 2002 2004 1996 1998 2000 2002 2004

Innovation in manufacturing sector Innovation in service sector
Figure 12: Innovation across time

* In order to calculate innovation novelty, percégeaof new products divided by total turnover wakalated.
Turnover of new products was not available for &rim service sector in 1998.
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Now let’s see the trend for productivity. I was not able to calculate prodcutivity for
manufacturing sector due to lack of data>. In following graphs we can see that the
general trend in each sector is an increase in productivity from 2000 onwards. We
concluded from the tables that service sector is less productive than manufacturing
sector. The intervals of y axis which shows the productivity in two graphs are different.
Therefore the bars from two graphs are not comparable. To make the comparison easy
the following table is provided which shows the productivity (from graphs) in numbers.

|
3.0e+06
|

400000

300000
|
2.0e+06
|

200000

mean of productivity_labour_deflated
1.0e+06
|

mean of productivity_labour_deflated

100000
|

0

o
1996 1998 2000 2002 2004 1996 1998 2000 2002 2004

Labor Productivity in manufacturing sector Labor Productivity in service sector
Figure 13: Productivity across time

From the table we can see that except in 1996, productivity of both sectors is
approximately the same.

year 1996 1998 2000 2002 2004
Labor Productivity in manufacturing | 0.1 - 0.18 0.42 0.22
sector

Labor Productivity in service sector | 2.1 3 0.2 0.4 0.5

The following graph (Figure 14) gives an overview for each sector. ICT is more
frequently used in the service industry while productivity (intangible) is highest in the
manufacturing sector.

Innovation novelty is higher is slightly high in manufacturing compared to services but
productivity is much higher in service sector.

So we can conclude that although ICT is more used in service but the innovation in
service in lower compared to manufacturing. We can also conclude that although ICT is
used more in service the productivity is almost the same as manufacturing sector.

Therefore we can conclude:
Although service industry is less innovative and has almost the same productivity (as the
manufacturing) it uses ICT much more frequently than manufacturing.

® In order to calculate productivity, | had to digitlirnover to number of employees. Number of emgeeywas
not available for year 1998 for manufacturing secto
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The following graph (Figure 14) shows ict usage, innovation and productivity for
different sectors. Here intangible effects of productivity are depicted. Intangible effects
of productivity, is approximately the same (just like labor productivity).
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I sum of ict_usage I sum of innovation_novelty,

I sum of prodcutivity_intangible

Figure 14ICT usage, innovation and productivity across sectors
1: manufacturing 2: services 3: other

From these graphs it can e concluded that although productivity of firms in service
sector is approximately the same as those of manufacturing, service sector’s ict usage is
much higher. This makes the service less efficient in using ICT. In other words, the
growth on productivity for service sector is much slower compared to manufacturing
sector.

Brynjolfsson (1993) found out that productivity growth in service sector is slower than
manufacturing® . The reasons mentioned are measurement problems, mainly:
- Many service transactions are idiosyncratic, and therefore not subject to
statistical aggregation.
- Some variable was left out of the equation

To generalize we can conclude that manufacturing sector has made better use of ICT
than service. This is consistent with argument of Roach and he argues that the reason is
that manufacturing faces greater international competition.

® this was concluded regarding ICT investment but same argument is valid here because ICT is used much
more often and it is predicted to enhance productivity more than manufacturing which is not the case.
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8 Chapter eight: Conclusions & Implications

Motivation: This chapter summarizes the findings and contributions of this study. It
starts with the general academic conclusions which are followed by managerial
implications. A discussion is then provided to give a general overview of where this

research stands compared to other studies done in the same field. Later the limitations
of the study are discussed and at the end of this chapter recommendations for future
research are provided.

8.1 Academic Implications

This study was conducted to contribute to the body of literature regarding productivity

paradox and more specifically ICT business value creation. Through comparison of various
models provided by other researchers as well as conducting extensive literature studies, the

following integrated model was provided in chapter four and was consequently tested.

ICT CATEGORIES

Category One

(applications
providing knowledge
in reach)

Category Two

(applications
providing enriched
knowledge)

Category Three

(applications
integrating
knowledge)

ICT ROLES

Communication

INTERMEDIATE

EFFECTS

Coordination

|
|
Informational |
|

Automation

Integration

A 4

Inter-firm
Collabbration

R&D
Activity

Product
Innovation

A 4

Out of eight hypotheses which were designed to test certain part of the model,
surprisingly only one hypothesis (H8) was rejected. In addition all results except only
H1 were significant. Therefore the model seems to be academically valid and reliable.
Rejection of only one hypothesis out of so many the for one specific model is not very
common. The model was of course based on literature study and previous work of many

researchers, but empirical results as we know, are not always aligned with our

Productivity
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theoretical expectations. One reason for having such good empirical result in this
research was the use of panel data. Panel data is a form of longitudinal data.
Longitudinal data include observations of same firms at different times. Longitudinal
data is very appropriate for studying ICT value creation. This is because the time frame
enables the learning effect and organizational changes necessary to exploit ICT
investments and also the flexibility of firms using ICT to be taken into consideration.
Therefore more accurate results can be provided through longitudinal data. The time
range used in this research was from 1996 till 2004.

This research, as mentioned before was conducted to shed more light on productivity
paradox which states that “increase in ICT investment does not necessarily increase
productivity”. From the research that was carried out I conclude that in the Dutch sector
ICT usage has increased productivity and therefore ICT enhances productivity among
the Dutch enterprises. This relationship is enhanced through the roles that ICT
applications play and also the intermediate variables of collaboration and R&D and
through innovation (namely product innovation).

ICT applications cover a broad range of applications in a firm. One contribution of this
study was to provide a useful, theoretical and at the same time practical classification of
ICT application. This classification is based on the various roles that ICT play in a firm.
These roles are communication, coordination, information (first level processing),
automation (second level processing) and integration. This classification includes three
different categories of ICT applications:

Category One: ICT applications providing knowledge in reach. These applications

enhance communication and coordination role of ICT.

Category Two: ICT applications providing enriched knowledge. These applications

enhance information and automation role of ICT.

Category Three: ICT applications integrating knowledge. These applications

enhance the integration role of ICT.

The new classification enables a better understanding of the level in which ICT is used
and it’s linkage to the level where its impacts occur. Moreover the proposed model adds
to the literature on ICT value and provides a better understanding of how this value is
created.

Category one enhances collaboration while category two enhances R&D activities. To be
more specific regarding the ICT roles, ICT tools of category one which enable and/or
enhance both communication and coordination improve firm’s collaboration. Although
empirically this link was not strong (significant) but there was a positive relation
between category one and collaboration. Between the two roles of category one, tools
enhancing communication role were found to be more effective for collaboration than
ICT tools enhancing coordination.

While category one applications influence collaboration, category two and three
enhance R&D activities. Firm using ICT application from category two is called
automated i.e. its first and second level processes are done through ICT applications. For
example simulation applications provide a 3 dimensional environment provide a more
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specific view of product being developed. This of course is a huge enhancement in speed
as well as quality of product development. When comparing the impact of category two
and three on R&D we realized that category three has more influence on R&D. In other
word knowledge integration is more important for R&D than automation of processes.
This shows the importance of knowledge integration. Firms in the manufacturing sector
seem to be more collaborative when innovating (product innovation) compared to
service sector.

Another finding is that the more the firm is collaborative and engaged in R&D activities
the more innovative it will be (with regard to product innovation). The impact of
collaboration is higher compared to R&D activities. Collaboration with different partners
internally or externally leads to higher number of new products. Collaboration brings
firms closer to their partners and consequently results in increase in quality or leads to a
new but demanding product. For example by collaborating with customers, firm
becomes closer to customer’s expectations. R&D activities may include the whole
process of product development except production. R&D department uses all kind of
information (from customers, suppliers, market, competitors and even other
departments of the firm) and conducts tests and simulations which all result in
innovation (improve in quality or completely new product).

Another contribution of this study was the consideration of intangible aspects of firm
performance. In order to examine the productivity paradox, intangible effects of ICT are
often ignored or not at all gathered in datasets. [ had the opportunity to have access to
variables which were indicators of intangible effects. Using these variables I realized
that increase in innovation influences intangible effects. Firms having product
innovation increase intangible effects positively. The impact of product innovation on
product & market related effects are much larger than production related effects.
Product & market related effects include improvement in quality of new product,
increase in range of product and entrance to new market. Production related effects
relate to increase in flexibility, capacity & decrease in material usage. So with
development of new products, firms increase product quality & range and their market
territories.

Firm’s engagement in product innovation, collaboration and R&D enhance its
productivity, regarding intangible effects. Innovation has larger impact on market &
product related effects while R&D improves production related effects more.
Collaboration increases both effects equally.

One other contribution of this study was to investigate the possibility of time lag
between innovation and productivity. Four different periods within eight years were
chosen (every two years from 1996). Innovation was found to have negative impact on
productivity for all four periods. For neither of the four years a positive relation was
found and the time lag assumed for the enhancement of productivity through precut
innovation was not found. However substantial recovery was seen in productivity of
firms in the third year after their product innovation. I cautiously predict that the fourth
year after product innovation, positive results will be shown and consequently the time
lag of four years may exist. In other words I predict that productivity is enhanced
through product innovation after four years and not sooner.
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One important implication of this study is that the intermediate effects together with ICT
application increase productivity. What I mean is that the co-existence of intermediate
effects and the attributed ICT roles enhance productivity. Therefore their co-existence is
essential. To be more specific regarding our conceptual model I conclude that firms
involvement in R&D activities and usage of category two and three increases
productivity much more than firms involvement in collaboration and usage of category
one ICT. This I think can be explained due to the extent of these two activities. For
product innovation firms don’t necessarily collaborate but their R&D department is
completely engaged with the process of the product development. Consequently the ICT
tools used for R&D serve larger number of activities. Therefore coexistence of R&D and
relevant ICT applications covers a larger number of activities along product innovation.
In this way they contribute more to productivity than collaboration.

We have also extensively compared manufacturing sector with service sector. Service
sector is less collaborative, innovative and productive than the manufacturing sector. In
the manufacturing sector process of new product development includes many stages
starting from idea generation, to design and production. Firms can collaborate in each of
theses phases. Collaboration with customers occurs in stages before idea generation
while collaboration with suppliers occurs while the product is ready to be produced and
later delivered. Compared to the service sector, new service (as product) does not
usually involve the aforementioned phases and thus requires relatively less
collaboration. Regarding the sectors, firms in the service sector are generally less
engaged in R&D activities.

According to our results firms in service sector are less innovative compared to the
manufacturing sector. This result is aligned with statistical evidence showing that only
in few and limited areas service sector is more innovative than manufacturing sector
(Sheehan 2006).

Productivity on service sector is much less than manufacturing. There is evidence from
CIS3 about this difference. According to a study based on CIS3 market based services in
Netherlands account for more than 45% of total value added in 2001 (Sheehan, 2006).
Although this is a huge, it is not the majority of share. In addition, many manufacturing
firms have linked their products to services by providing clients with product-services
packages and integrated solutions (Sheehan, 2006). So their share is also included in the
45%.

In short, the conceptual model proposed seems to be reliable theoretically as well as
practically. It shows how ICT influences productivity through innovation. In turn
innovation is influenced by intermediate effects of collaboration and R&D activities.

Sector wise, although ICT is more frequently used in service sector, firms in service
sector seem to be less innovative than manufacturing but productivity of firms in service
sector is almost the same as manufacturing sector. We can conclude that manufacturing
sector has made better use of ICT than service sector. This is consistent with argument
of Roach arguing that manufacturing sector faces greater international competition.

Main Message

Now we will glance back at the research questions proposed in the fist chapter.
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Main Research Questions:
1. Are ICT, innovation and productivity related?

2. What are the mechanisms through which ICT influences innovation and
consequently firm productivity?

The answer to the first question is positive. In fact ICT, innovation and productivity are
correlated. I can conclude that this correlation is positive. Therefore ICT enhances
innovation and consequently productivity.

The answer to the second question is as follow: There are certain mechanisms in the ICT
value creation which enhance innovation and consequently productivity. Two important
mechanisms are collaboration and R&D. Through these two factor, ICT impacts
innovation and consequently productivity.

As a general remark I have to mention that productivity paradox does not exist (at least
not among Dutch firms). This conclusion is derived from extensive empirical analysis
which has supported this study. Several strong points of this study are as follows.

- This study was conducted on panel data thus including many years and is capable of
providing a more accurate conclusion.

- ICT usage was considered instead of ICT investment which is believed (by other
researchers as well) to provide more accurate result.

- Intangible effects of ICT on productivity which are rarely available in datasets was
used to capture more aspects of productivity.

In the next section a comparison between our conclusion and the result of other studies is
discussed.

8.2 Discussion

As mentioned in the first chapter the motivation and origin of this research has been the
productivity paradox. This paper focused on the relation between ICT and productivity
and has consequently added to the body of literature about ICT value creation. In this
section results from other researches regarding the general theme of productivity
paradox is compared to the result of this paper.

Weil has argued that ICT is not a homogeneous entity and has to be broken down into
different categories when studying its relation to productivity (Weill 1990) and (Weill
1992). Although his argument was addressing ICT “investment”, the same holds for ICT
usage. This is because ICT is a broad subject and dealing with ICT as a whole, leads to
ambiguous and controversial results. This paper is aligned with Weil in the sense that
ICT is not regarded as one broad entity.
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Our perspective in this paper can be aligned to that of Clayton et al (2003) and Kollinger
(2005) which mention that performance should be linked to ICT-enabled innovation not
ICT endowment. In other words what firms do with ICT is important rather than
whether they have ICT. In our study we have focused on ICT usage rather than
investment.

Our result is closely related to that of Barua (1995). He used a process oriented
methodology and conducted a two stage analysis of intermediate and higher level
output. He concluded that ICT has significant and positive influence on the intermediate
level. These intermediate level variables are capacity utilization, relative price, inferior
quality and new products. These intermediate variables were then showed to have
impact on output performance. In the current paper we used innovation as the
intermediate variable which indicated new products that firms produce. We further
broke the intermediate level down and investigated ICT relation to variables of R&D and
collaboration. We found positive results between ICT, the intermediate effects,
innovation and productivity in general.

Positive relation between ICT and firm performance, aligned with our results, was found
by many researchers. Weil (1992) found positive contribution of ICT to productivity in
manufacturing sector. Positive relation between several organizational performance and
ICT was found by Mahmood and Mann (Mahmood and Mann 1993). Our result is also
aligned with study of Brynjolfsson and Hitt (1996) concluding that spending has
statistically significant contribution to firm output. Radhann Krishnan et al found
empirical support for the differential business value created by IT along a number of
process oriented dimensions (Radhakrishnana, Zub et al. 2005).

Our conclusion is however not consistent with many studies which have shown negative
results for the ICT contribution to firm performance. Roach (Roach 1988) showed that
output per production worker grew by 16.9% between mid-1970s and 1986, while
output per information worker decreased by 6.6%. Berndt and Morrison (1994)
concluded that there was a statistically significant negative relationship between
productivity growth and the high-tech intensity of capital investments.

With regard to innovation, many studies have shown a positive relation between ICT
and innovation. Gordon et al showed that Information systems can help with
collaboration, knowledge sharing, competitive intelligence, and in many other ways to
help people generate ideas that are both creative and potentially valuable (Gordon,
MonideepaTarafdar et al. 2008). Delgoshaie (2007) showed that each of ICT roles have
positive effect on product, process and organizational innovation.

There are also studies which show a negative relation between innovation and ICT.
Information technology can also hamper innovation (Johannessen, 1994). This happens
if the use of IT generates a segmentalistic culture. According to Kanter (1983)
innovation needs an integrative culture rather than segmantic. On the other hand many
researchers have suggested other main reasons for ICT to hamper innovation such as
information overload.
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With more availability of data at firm level, and the increase in number of studies, better
comparisons could be made. Consequently sound conclusions can be derived from
detailed and statistical analyses.
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8.3 Managerial Implications

This paper has practical implications which are deducted from the conclusion drawn in
the previous chapter. These implications are aimed to assist managers in reaching a
better understanding about ICT usage and its effects in their firm as well as recognizing
possible problems or lacks in their business process preventing them from gaining
optimal results. In addition these implications assist mangers in recognizing the first
step for reaching better results.

1. ICT usage pays off

The long lived paradox of productivity has faded away. The paradox questioned whether
ICT investment enhances productivity. This study conducted on a huge and unique
sample of Dutch firms in a time period of a decade and concludes that ICT applications
do make a difference in your firm’s productivity. So any decision about further ICT
investment should not be hindered because of the doubt in productivity enhancement.
Of course the investment should follow a guideline and be aligned to your firm'’s vision
and goal. So we assumed you know which ICT investment might be fruitful for your firm
and your only doubt is whether to invest or not.

2. There are three ICT categories to invest in

This study introduces a new classification on ICT which is believed to be unique and
practical. It is based on the roles and impacts of different ICT tools. This classification
gives you the right view about what you ICT tools is being used in your firm as what
might have more or less been ignored. Three categories are:
Category one: ICT applications which provide accessibility of knowledge
Category two: ICT applications which enrich knowledge (process data)
Category three: ICT applications which integrate knowledge (by integration of
different activities, units or processes)

3. ICT is a tool to enhance collaboration

You can use certain ICT applications to enhance your collaboration with your partners.
Category one application is most suitable for this goal. ICT applications belonging to this
category enhance communication and coordination in firms. Applications with the
primary role of enabling or enhancing communication enhance your firm’s collaboration
much more than applications with primary role of creating coordination.

4. ICT s a tool to enhance R&D

ICT tools can enhance your firm’s R&D activities. If you are aiming to increase your
firm’s R&D activities, ICT applications belonging to category two and three are the most
appropriate. ICT belonging to category two automate your firm. Therefore first level and
second level processing will be done through ICT applications. On the other hand, ICT
applications belonging to the third category, integrate different units and bodies of
knowledge at your firm. In this was an integrated system is created where R&D activities
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are substantially enhanced. Category three applications are more influential on your
firm’s R&D activities; therefore using more tools from this category is wise.

5. ICT is a tool to enhance product innovation

ICT can enhance your product innovation. Use of ICT enhances product innovation. ICT
enhances different capabilities your firm needs in order to be successful in innovation.
When your firm is involved in cooperation (internally or externally) there are certain
ICT tools that enhance the work efficiency. These support the workflow, communication
and coordination for the cooperating parties. For successful product innovation, ICT
offers many technical tools that help the design process such as prototyping, simulation
tools. In addition different information received from the environment (customers,
suppliers, competitors, market) together with useful and relevant internal information
need to be integrated in order to enhance efficiency and recombination of knowledge for
a new product. The bottom line is that ICT supports different processes and activities
that lead to product innovation.

There are three categories introduced in chapter three of this research. In order to
produce a new product successfully you need to be using all these ICT application. Of
course a right combination is firm specific and contextual.

6. Each set of ICT application plays a different role and consequently has a different
impact on your business.

ICT applications vary in the impact they have. Assuming you have enough information
about your firm and its strategy you can make a decision about which ICT application is
not being used sufficiently. In the context of product innovation, you cab consider two
different activities influential for innovation: collaboration and R&D. If your firm is not
efficient in collaboration and you would like to improve it significantly, the appropriate
ICT tools to is use belong to category one. There is either lack of support for
coordination, coordination or both.

If your R&D performance is poor, the initial ICT tools that can enhance this performance
belong to category two and three. You need to use the correct combination of
automation tools for data processing, maintenance and security as well as internal and
external integration systems such as ERP or CAD,,

7. All three categories of ICT are important

The three categories introduced in this research have different implications for your
firm. Having the right combination of all these three categories is important for both
innovation and also productivity enhancement. Based on your firm’s vision, goal,
strategy and context (industry) you can find the suitable combination. There are two
important remarks to make:

- Whatis important is that ICT applications when used, complement each other.
For example communication and coordination (category one) use different first
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level processing of storage and retrieving (category two). This effect is more
meaningful when numerous ICT applications are used.

- There are several ICT applications which conduct different roles simultaneously.
So they belong to two or all three categories of ICT at the same time.

Taking these two remarks into account, ICT applications are all important and should be
taken into account simultaneously.

8. Innovation investments don’t pay off immediately

Investments in innovation do not necessarily enhance productivity in the same year.
According to this study your firm’s innovations influence your firm’s productivity
negatively and substantially. This negative effect decreases enormously in the fourth
year after product innovations. Thus if you are investing in product innovation, you
should be aware of possible disappointing results for that year and a minimum time lag
of one year before you really see the effect of your investment.

9. ICT enhances productivity by enhancing intangible effects

ICT enhancement in your firm should not only be measured by financial measures such
as productivity but also by comparison of intangible effects. This study showed that
there ate two main intangible enhancements achieved through ICT. One is internal and
related to production process of your firm. By using ICT you enhance the production
process flexibility and capacity. On the other hand ICT impacts market related effects.
These effects include increase in range of products and entry to new markets. In
addition ICT enhances product quality.

Thus when looking for ICT effects, ignoring its intangible effects does not lead to correct
judgment.

10. Manufacturing sector is more innovative and productive

If your firm does not belong to the manufacturing sector, it is very likely for your firm to
be using ICT inefficiently. You should not judge the innovativeness and productivity by
regular figures provided for all sectors. Manufacturing sector is much more intense
regarding product innovation compared to service and other sectors. Productivity, both
economic output and intangible effects are much more enhanced in manufacturing
sector compared to the other sectors.

8.4 Research limitations

This research has been limited from different aspaied has faced several limitations in the
process of its completion. Each of these aspedtbevidiscussed below.
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8.4.1 Scope limitations

This paper was focused on micro economic level (firm level). Although it is very valuable
to have an analysis in this level, the disadvantage is that firm was analyzed as an isolated
entity. The scope of this paper was limited to firm boundaries and any external factor
such as policy and social issued were completely ignored.

8.4.2 Data limitations

Although the dataset used was a panel data, there were limitations regarding the
dataset. Questions on surveys were relatively short and unexplainable. Therefore the
answers of respondents could have been in many cases subjective. For example whether
firm innovates permanently or rarely can have controversial answer for one firm. One
respondent may regard once a year innovation as permanent while another may regard
once a month innovation as permanent innovation.

Another limitation was lack of variables (such as capital and ICT investment). Although
gathering all kinds of variables is not efficient and hardly possible, it still sets a
limitation for the researcher.

The data set included only Dutch firms. Thus the results are only attributed to Dutch
firms. Thus the result can not be generalisable.

8.4.3 Measurement limitations

As mentioned before, answers to questions on surveys may not be reliable and
consistent. Although careful data consistency and data cleaning has been conducted to
prevent these errors as much as possible, no intervention has been done to data.

The price deflators used in this paper were constructed as “average” price index of all
sectors for every year. This average is obviously not an exact measure especially for all
the sectors.

8.4.4 Methodology limitations

In the theoretical section of this paper there has been many limitations. First of all ICT
impact has been captured in a few elements (two intermediate variables and
innovation). In firms ICT impact does not limits to these few modules. The interrelation
between all the modules has been completely ignored. Similarly the interrelations
between ICT categories and consequently ICT roles have been ignored as well. The
backward loop from innovation to ICT or from Productivity to ICT or innovation and
many other possible backward paths are ignored. There is also a possibility of loops in
the model which was not analyzed.

Also in the empirical section, there are many limitations. Use of capital stock in
productivity regressions will certainly lead to more accurate results. Use of
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Simultaneous Equation Modeling, testing many regressions simultaneously can provide
more accurate results. Many part of the model was not tested and the relations between
all modules have not been empirically tested.

8.5 Recommendations for further research

Because of time limitations the introduced conceptual model was not completely tested.
There are many relations between the modules that have to be tested. The hypotheses
tested covered only a limited number of relations. Considering the fact that the model
seems to be sound, it is recommended to test the model thoroughly.

External factor at meso-level or macro-level can be added to the model and their impact
can be further investigated. Contextual analysis and the comparison between different
contexts can also be studied which may lead to interesting and plausible results.
Interrelations between modules for example between different ICT categories or even
ICT roles can be investigated and later on empirically tested. Investigation of possible
loops in the model can be extensively investigated for example the loop from
productivity and ICT roles.

All results can be compared to similar results of other countries. In this way general
conclusions can be drawn.
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Appendix A: Factor analysis overview

The yellow shaded variables are factored togetidevthe blue variables are mathematically
combined together in order to come up with onealde. The purple shade shows the final
factor in each set of variables.
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Coomunicatio
& Coordination
Internal
communication

external
communication

e-commerce

Information &
Automation
internet security
& data
maintenance

Intergration
internal system
integration

Variable

tcp/ip
LAN
NETW_OV

EXT_NETW

EL_INKP
EL_VERKP
EL_LEVER
EL_SERV
ICT_SYST

BV_SERVR
BV_FWALL
BV_VIRUS
BV_UPD
BV_BACK
BV_ENCR
BV_ID
BV_SIGN

automat

KOPP_VRD
KOPP_FAC
KOPP_PLN

Label

LAN?
Niet-TCP/IP-netwerken?

Gebruikt externe netwerken?

Elektronische purchase from supp
El. Receiving orders from customer
Elektronische delivery to customer
El. After sale service to customers?
ICT order-systemen?

Beveiligde webserver?
Firewall?

Antivirus?

Update beveiliging?
Off-site back-up?
Encryptie?
Identificatiesysteem?
Digitale handtekening?

storage administration system?
payment system
production planning system

First_order_factor Second_order_fac

_alpha tor_alpha Third_order_factor_alpha

commu ALL ONE VAR 0.404
commu
commu
commu

commu

coordination 0.71

info ALL ONE VAR
info
info
info
info
info
info
info

auto ALL ONE VAR
integration 0.801

integration
integration

148



external system
integration

Collab

internal

external

R&D

Innovation

Productivity

KOPP_LOG logistics planning system
KOPP_MRK marketing planning system
KOPP_KL customers' business system
KOPP_TOE suppliers' business system

co_within_concer collaboration with enterprises

n within enterprise group

co_client collaboration with clients or customers

co_supplier collaboration with suppliers

co_competitor collaboration competitors

co_private collaboration with private institutes

co_uni collaboration with universities
collaboration with public and

co_public semi-public institutes

activity_intramur
al_rd
activity_extramu
ral_rd

novelty

effect_range_pro
d
effect_new_mark
et

effect_quality

integration
integration

integration
integration
integration

0.769

0.866

0.689
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effect_flexibility 0.69
effect_capacity
effect_material
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Appendix B: Questionnaires

ICT Questionnaire

CONEACEPErsonn
doorckenumer
cornaspondantianummes
ons kenmark
ondarwarp
bigondarhedan

CBE Voorbarg

Frinses Bamrixlaan 24
Pogebus 40049
IO Voorburg

Contact Center CBS
(045) 5370 64 00

BWV-5-27-05
[CT-gebruik bedrijven 2004

Geachte hear/ mevrouw,

Hizrbij zend ik u de vragenlijst ICT-gebruik bedrijven 2004, Bijna alle vragen van deze
vragenlijst kunnen met ezn eenvoudig *ja’ of *neg’” worden beantwoord.

Het CBS verzamell jaarlijks gegevens over de aulomatisering en de epassing van informatie- en
communicatistechnologie (ICT) bij bedrijven. Ditzelfde onderszock wordt ook in de andere landan
van de Europese Unie pehowden zodat de stuatie in Nederland goed vergeleken kan worden met
dig in de ons omringende landen.

Het pebruik van ICT wordt van befang geacht voor de concurrentickracht van het Nederlandse
bedrijfsleven, niet alleen onderling, maar zeker ook ten opzichie van de ons omringende landen.
De uitkomsten van dit enderzock dienen onder meer als referentie voor overheidsheleid en
wetenschappelijk onderzoek en worden ook veehuldig gebruikt door bedrijven en
brancheorganisaties,

Actualiteit van de penoemde pepevens i van groot belang. Tk verzoek u de aangehechte
vragenlijst vodr de daarop vermelde terugeenddatum, ingesvuld te retournsren, Hierbij kunt u
gebruik maken van bijgevosgde retourenvelop.

De uitkomsten van deze en andere enquétes kunt u bekijken via de CBS-wehsite www.chs.nl

Als unaar anleiding van deze enguéte vragen heefl, kunl u contact opnemen met &4n van de
medewerkers van bovengencemd Contact Cenler,

Voor uw medewerking dank ik u bij voorbaat,

Hoopachlend,

Hoofd Sector errfﬂi}ﬁaﬂri.'fmn Voorburg
.' --___

/ ‘_f"’"_.'

L 4

Drs. R.HM. Smulders
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Adreswijziging
Irdien de tenaamstalling enfof adressaring nist comrestis, verzodk iku dit aan het CBS door te gaven, deor daze brief te verbeateran en (sventusel apart
van de vragenlijst) tarug te zenden aan het GBS, Sector Waameming Bedriven Vioorbum, Postbus 4000, 2270 M Vootwung,

Retour zenden van de vragendijst

O de geheirmbouding van de dooru verstrakie gegevens te waarkzngen kuntu de aanschijfbhsf metuw adresgegevans kascheuran. U hoeftalleen de
wragenljst te retoumaran aan het CBS, Ook als u niet alle vragen heeft kunnen beantwoorden, de vragenlijst a.u.b. retourneren.

‘ g

Deze vragenlijst wordt geautomatiseerd verwerkt, Daarom is het belangrijk dat u:
— alke bedragen irvult in duizerdsn sura. Dus bijwohbeakd £ 45 560,61 imullen als I:I I:":I:I EI M},—
- de vragerlijst nist kraukt;
- de vragerlijst imault met zwarte of blauwe pen (géén rods pen en géén vitstift);
— duidelijk schrijft, zander gebruik van kamma's endéf punten;
— een duidslijk kruisje zetin het vak van uw keuzs,
— de vakken op de uiste maniarirsult nl.:
IE is juist ingeuld I;I is miet juistingevuld
— als per ongeluk hat foute vakje is aangekruist, dan most het gesde vakje helermaal ngakleurd waordan.
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Cantraal Bursau woor de Statistiek

Zaotor Wearneming Bedrijfven Yoorburg

Postbug 4000, 2270 JM Voorburg
ICT-gebruik bedrijven

Takfoon: Fax: E-mai
45570400 (070} 337 =M 03 Ihiwé cha.nl

= R D LG A0 Woos
@ g gne porT T ST B
Wi condrolanan of chi odks [n had wans e

AcrtbaartaT

¥ v

Onderwarp:

Daze anqumeha gaatavar de aulomatsaning en de tospassing van ormalie- sncommunicatistechnolkogs (1T) binnsn us bedrfin 2004,
Ditvarkertvan kantocoautomassring &n sosrs vomen van aulbmatissrng Lty administats, planning enlogistiek toten metintarnstgabok, slekdo-
nisch zakererkesr (e-bUEinsss/a-commencs), computerondersiEund productontaerp en geautomatisserda takfooncanirales,

MIET mestellen: fabiaks- &0 procesautomatzsning.

& o New wagan: sanknison wa van bogpasshgls.

Totaal anial werkzams personan van het bedrif DI:":I |:|:||:| Bifvoorbesid 254 als volgt D:l:l IEI
op &1 dacembar 2004 noteren:

Ja Hee
GebLIKE i backl sind 2004 computans? B ] Ala Nee, ga naar vrasg 14,
= 70 Ja, welk pecentags van de warkzama pesoren
maakta b hel Slgsn Wark isgalmeatig 1 gebnik ATOnOSn op hels patalen.
e compubars? % 22,1% als yolgt nobaren: %
! Minkmpa! aans par weak
Ja Hes

GEbnikte s sl sird 2004 aubameats erings-
satemen Yoo het veraerken van Inkoop- el

VErKnOpanisrs? & O | Als Neg, ga nasr viaag 4.
=+ 20 .Ja, was dif BUtDmEHSSNIngssysESm (of sysh- i
) ALmatach gekoppeid asn S2n of mesr 3 i & vl gt
van o volgends automatissringesystamen? ; wartan lor variars T v R vorsarkt
Dagg 3 gm0 At ardars
Inbem &y stesm voar voomaacbeeer O O mmmu'mmwp.um%;um.
Faciurerings- en tetalingssystemen B O
Productis &n logktiaks panningsystamen O | 4 Il dakrmbchs Biamg
Markstingsystemen O O 5 g . i var
mafings
B faaystamsn van kel e ancinss | - P R R e
algan hedrfFconsarn
Biedijfsay atemean van Kanben (amemsrs) § O O
Fazad
& &
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& o cmpaommnanen

Gebnlke ua b=drifi slnd 2004:
E&n drasdinos nien compube retaerk
Ean vas! inkm compuisrnetssrk s
Intranat &

Exfranst®!

I o

Ooods

T Local anas netwaek AR

Tl
Ean aplniamiias malagls Bhasaerdnabeart voor

# Ean havallge uihrading ke hal dnfranet o dardian foagang
el fof fdatan van) hatinmnal an et

o ma

Gebnlke uw bdriff elrd 2004 Inkernet?

=z e, welk s varbinding werd hemf gebrulkt: '
ANaloog mackem (1a de telaloan)
ISDkv e birdirg
SDISL ADSL, 202, 8.d)

Kaksal

Andare hoogaaandigs vaste verbinding '
Diraadiozs verbinding jsatedlst, mobksk baktoon)

Anckrs typen

Wkl percentage van de werkzame personen masakis
bi] Feat ekgen werk regalmatin = gebyulk van
COMpUETs met lesgang ot intemst =9
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I 2004 repsimatig 12 busten s bedrifsyestiging EM
had van daaniitwe lesgang 1 ot het |G T-systeam
wan uw bsaryre

Ja

|

I B I Tl Jul Jf B ]

[T«

DDD% [] ge=n

i

|

Als Mew, ga near vaag 1.

) Magrazndan sniwoord mapatfi

1) Wasrandor st

Fopls huur an asanan wermagee

2 pnirmnl e par meak

) Computars ma lean fegeng ol a-mal btk haschoveing
Snlan.

Afronden op hele getallen.
23,12 alg volgt notsren:

HEGER

) ataan amal ok ot

Lo nganeengoram mn mame ————— P

Wioor walks algemens dosknden gebrulkis s
beedrif edna 200 Intamiet?

Financids transacties 5

Trainireg sn opkfong '™

Markimenitanreg ibiye. prizen) 7w
Oriteargst besklde producendlensten 0

mmml’"l‘g wan eevanaraers
{after sales servics)

Ja

O OoOood

O Oooo 3

51 Epnatesk ontne banklann. Gean PH-bazing.
] Epnotaatis-lamng

) '
L

"8 D han e e alean s solwar,
s, b disa proukian a



Gebnikte ww tadrijl elnd 2004 InkErnet om &
sommunicersn mel cvaheden? 19

= 7 a, bstrod dit het:
Verkiljgen van niormatia
Verkiljgen Pdownioaden’) van brmuliaran

Elkirontzch rstowrnanan van ngevilds
Efmilieran =

Wlledlg elektronizche afrardeling van
ransactes =)

Weks facitalien bood s bedill eind 2004 aan
wha Inernet?

Presantate sigan bedi|f wa wetslts
Warztrakksn van productinformatis 2
Varstrekken van pfsnfomatie=s

‘Elgen pagina' woof vasle kantsns

Elekiranizch afleversn van produckens

mmﬂmn"’ﬂ an ainemes
(aHEr sales Servies)

DiereEn geschikt voor mobisl Inbemest 25

Ja Hae
| Il Alg Hew, g8 naar vrasg 8.
5] Vavqgan wan Fan formul [
U L
| L
Ful
D D Jﬂmm W::mﬁtammmm
i B 9 paveor of
| =] DBawaguTng.
Ja Hae
| 0
D D 243} v producian ian U algan baddf.
Il | I Zammars buiomised pag.
| L
) O A haramed sloan ) gisto produkian Tools sobwana
ek, alo
| O
4 Diermian ¥normet nema moblak Biaanta moar 0ok
| O var Vorman yan dradine ramat zals san FLM. an
gahruemskand van WAP of GRRS.

Healt L bed]f In 2004 ordars 25 anbvandgen
wha ety

=+ 71.Ja, bisdt i sl os mogsikheld de
Hibstorsrds betaling ook cnilne s vokdoen? &

Heell U bedifff I 2004 producken verkoaht aan
arders bedrifvan va dekionizche markiplatsan? =

Hog groot was de omzst 3 garcallasard matordars
onfvangen va ntemet in 20047

— b absoliut bedrag fafronden op 1 (00 swo):
af:

— In procenten van de bk cmzstvan wa bedrf:

Als Mee, ga naarvraag 10

O O O &
O O|O|s

[T LICTT Jooo-
[T

23 pmlusial dakFonisoha boakngan and s anvairgan
ENCUSE RRnIEpDe smalE
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alakironis ch da (mechiightg 1] halsing vamicht.

)
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o veropmrmmon ooy
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~ sl abecluut bedrag (ahonden op 1 000 sLro):

oa

|
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CIS (innovation) Questionnaire

contackpersoon
dearkissnumar
correspomdantionumenar
ons kenmerk

andarvarp
bijzonderhedan

CBS Voorburg

Frivees Beatrixhan 425
Peatbus 40K
2270 M Voorburg

Contact Center CBS
{045) 370 64 00

02230-04-5-BWV
Innovatie-engquéte 2004

Geachie heer'mevrouw,

Hierbij zend ik u de vragenlijst Innovatie-enquéte 2004, Innovatie s de stuwende kracht achter
econpmische vooruitgang en het verbeteren van de concurrent becgnsitie. Het gaat hierbij niet alleen
om het vernieuwen van producten ( goederen of diensten) en bedrijfsprocessen, maar ook om
aanpassingen van de organisatie en marketingstrategiegn, Het belang van innovatie wordt niet
alleen ang'h:end door ondernemers. Ook de ederEsmiv.e en Ewropese beleidsmakers hebben
innovatie hoog op de apends pezet en stimulering van innovatie tot een centrale doelstelling
gemaakt.

Alle idstaten van de Europese Unie zijn verplicht om aan de Europese Commissie pepevens te
verstrekken over innpvatie van bedrijven in hun land (Vercrdening EC 1450/2004). Daartoe is een
Europees geharmoniseerde vragenlijst opgesteld, waarvan de Necﬁ:r landse versie nu voor u ligt,
In deze enquéte wordt informatie verzameld over product- en procesinmovatie en
organisatorische- en marketinginnovatie in de periode 20022004,

Om bedrijven met en zonder innovatie-activiteiten te kumnen vergelijken, vragen we aan alle
bedrijven om alle vragen te beantwoorden, tenzij anders aangegeven.

Actualiteit van de genoemie gegevens is van groot belang. Ik verzoek u de aanpehechte
veagenlijst voor de daarop vermelde teruprenddatum, ingevuld te retourneren. Hierbij kunt u
pebruik maken van bijgevosgde retourenvel op.

Uitkomsten van deze en andere enguétes kunt u bekijken via de CBS-website: www.chs.nl,
Als u naar sanleiding van deze enguéte vragen heeft, kunt u contact opnemen met £én van de
medewerkers van bovengenoemd Contact Center,

Voor uw medewerking dank ik u bij voorbaat.

Hoogachtend,

Hoofd Sector WnWEdﬂjvm Voorburg
o
Drs. B H M. Snulders
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Indien de temaamstelling enfof adressering nist comect ie, verzosek iku ditaan het CBS door te geven, door deze brief te verbstaren en (sventusel apart
wan de viagenlijst) terug te zenden aan het GBS, Sector Waarnaming Bedrijven Vioorburg, Posthus 4000, 2270 JM Moorburg,

Retour zendan van de vragenlijst

Crn de gehsimhouding van de door u verstrekts gegevenate waarborgen kunt u de aanachriffrief met uw sdresgegevens kascheuran. U hosft alleen de
wragenlijst te retourmeran aan het GBS, Ook als u niet alle vragen hesft kunnan beantwoorden, de wragenlijst a.u.b. retourneren.

| e sfuney

Deze vragenlijst wordt geautomatizeard verwerkt. Daarom is het belangrijk dat u:

— alle badragen imvult in duizendiallen euro. Dus bijvoorbeskd € 45 560,81 invullen alg |:| I:I:“:I |:| M]s_

— de vragenlijst nist kreukt;

— de vragenlijst invult met owarts of blauwe pen (géén rods pen en géén vileift);
— duidelijk schrijit, zorder gebruik van komma's en'of punten;

— een duidslijk kruigje zet in het vak van uw keuze,

— de vakken op de juiste manier vkt nl.:

|E| iz juist ingevuld |:| iz mist juist ingevuld

— ala per ongeluk hat foute vakjs is aangekruist, dan most het goeds vakje helerraal ingekeurd worden.
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Centraal Bureau vaor ds Statistiek
Sactor Waarneming Bedriven Voormurg
Foathue 4000, 2270 M Vioaburg

Innovatie-enquéte
Telebon: Fen: E-mall
(045 ST 84 00 (070 297 5002 It @ cbe.nl
BE 5Bl GK Slautel
Gaarme terugrand an woar
in bilgevoegda portije mourensdon.
Wilt U cortralemn of de code in het vensier
Hchibhaare?
¥ ¥

In deze enquite wordt informatie verzamekd over vemisuwingsn kil badrijven inde perieds wan 2002 tot en met 2004, De meeste vragen habben betrak-
king op niswwe of sterk werbaterde goederen of diensten of de tospasaing van nisuwe of sterk vetreterds processen, logistieks of distributismethoden,
Organisatoriache en markstingimmovatiss komen nadrukkelijk in e=n apars viaag aan bod.

U wordt werzocht om alle wiagen te beantwoornden, tenzj anders aangegeven.

Ja Mes
1.4 |2 uw bedriff onderdesl van een concem (grosp van bedrifven)? |:| |:|
Een concam baatast uit twes of meer wettelijk orrechreven b=drijven in +

gemeenzachappelijk sigerdom. Elk bedrijf in hat concern kan verzchillends In welk lard iz het hoofdkartoor van het concemn gevestigd ?
gesgrafizche markien badienen, zeals in het geval van raticnake of regionals
dochterrmasatschappijen, of verschillende productmarkten. Het hootdkartoor |

ia ook onderdes| van het concem.

Alg uw bedriff deel uitnaakt van ssn concem, gelisve u de volgerde
wragen allesn voor we bedrijf in Nederland te beantwoorden. Yosg
geen resuttaten voor dochter- of moedermaatachappijen buiten
MNederland te.

1.2 In welke gecgrafische markten verkoeht we bdriff goederen of disnsten inds
pericals 2002-20047

Lekaal/regionaal binnen Mederand.
Heel Hederlard.

Andere, specifiek gencemds, Europess landen 1.

ooQ s
o000 §

Crerige landen.
1 Het betraeft de vokiende EL- en kandidast EU-larden, alzmede de landen wan de EVA:
B=lgié, Bulgarije, Cyprus, Denarmarksn, Duitaland, Estland, Finland, Frankrijk, Grieksnland, Hongarije, lerland , [talig, Kroatid, Letland, Lischtenatein,
Litouwen, Lumermburg, Malta, Moomwegen, Oostenrijk, Polen, Portugal, Roermenié, Skovenid, Slowa kije, Spanje, Tejechid, Turkije, Verenigd Koninhrijk,
lzland, Eweden =n Zwitzerland.

[ g
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=  Een productinnovatis iz de marktintreductie van nisuwe of sterk verbeterde goederen of diensten wat betreft de tospazsingsmaogelijk-
heden. Bifecorbesld nisuws of verbsterds aoftwars, gebruikswiendslijkhsid, companenten of subsystemen. De innovatie (vemisuwing of
werbataring) most nisuw ziin voor uw badrijf, rraar et dat nist voor uw bedrijfstakcof markt te zjn. Hat maakt nist uit of de innovatis
corapronkelijl doer uw b=driff of door andere badrijven (denk cokaan afnemers en leveranciers) s ontwikkekd,

24

23

24

3 Voor kredistinstellingen: rerte en soortgslijke baten; voor verzekeraars: geboskte brutapremies.

Heett uw biedrijf in de periode 2002-2004 geintrodusesnd:

Goedaran dis voor Gw bedrijf nisuw of sterk verbeterd zijn
Miet mestellen: het doorverkopen van nisuwe goederan die bij esn andsr
bedrijf zijn ingekadht en goederan die alleen esthetische verandsringean
hebben ondergaan.

Diemsten dis voor bw bedriff nisuw of sterk varbetzrd zijn

Wie hesft deze productinnovatias ontwikkeskd ?
Voomamelijk uw bedrijf of andare bsdrijven binnen uw concem.
Llw bedrijf aarmen met andesre bedrijven of instellingan.

Voomarnalijk arders bedripeen of retallingen.

Waren deze productinnovaties (gosderan =n disrsten) i de pericds
20022004

Misuw voor uw markt? U bedriff hesft sarder dan de concurrentan
nieuws of aterk velbesterds gosderen of dienstan
op uw markt gebracht (cok al waren deze
rmizachi=n al op ardere markien beschikbaar),

Alleen nisuw voor uw
bedrijf?

Lhwy bedriff heeft nisuwe of sterk verbetzrde
goedaren of disnsten geintreducsend dis al serder
ahoor concurrenten of uw markt waren gebracht.

Hoevesl bedroeg, in % van uw tomle omzet = in 2004, hat aandsel van elk
van deze grospen:

Mieuw voor uw markt?  In 2002-2004 geintreducesde goederen- an
disnsteninnovaties dis nisuw vaor uw markt

WErE.

Alleen nisuw voor uw
bedrijf?

In 20022004 geintreducssmds geedaran- en
disnsteninnovaties di= allesn nisuw voor uw
badrijf wearan.

Onveranderd of slechts
licht verandard ?

Goedearen en diensten dis in 2002-2004 niet of
nauwelijks zijn verandard {inclusisf doorerkoop
wan nisuwes gosderan of disnaten dis van andere
andemeamingen zijn ingskocht).

Tatale emzst in 2004

Ja

O

0o

Ja

Hee

0l

L]

= 2y Nee, ga naar 3.

Miez het antwoord dat het mesest van
tospazaing iz,

2004 omzetverdeling

11
[I:II:I%

L.
(o]«
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= Prcssinnovatis s de tospassing van ssn nisuw of sterk verbeterd produdtisproces, distributiemetheds of crdersteunsnds activiteit woor
uw goederen of disnaten. De innovatie {(vemisuwing of verbetering) most nisuw zip voor uw bedrijf, maar hostt dat nist t2 zijn voor uw
bedriffetak of rrarkt. Het maakt nist uit of de innovatis corapronkelijk door uw bedrijt of door anders bedrijven (denk ook aan afnemers en
keveranciers) B ontwikksld. Puur organizatorische innovaties vallen hisr nist onder.

g
=
3

31 Hesft uw bedrjf i de parinds 20022004 nisuws of sterk verbetards
methaden in gsbruik genoment

Voor de productie van gesderen of disnsten,
Voor de logistisk (levering of distributis) van ww inputs (gosdersn of disreten),

Voor ondersteunands activiteiten voor uw processsn, zoak ondsrhouds-
ayatermen of aankoop-, boskhoudlundige of caleulatiemsthoden.

O Od
f O OO

3u Nee, ga naar 4.

2.2 Wis heeft deze procesinmovatiss ontwikkekd ?

Voomamelijk uw badriff of andere bedrijven binnen uw corcem,

Kisz hat antwoord dat het meest van

Liw bedrijf saman meat anders bedr of ingtellingsn.
it e g foapasaing iz

B E

Veomarmelijk andere bedrijven of inatallingsn.

w  Order nnovatis-activiteiten wordh verstaan: de aanschaf van machinss, apparsatuur, scfrears en licenties; nisuwbouw en ontwikksling,
opleiding, marksting en R&D, ala deze specifiek gericht warsn op de ontwikkeling endof implamentatis van esn product- of proces-
rreovatis.

Ja HNaa
44 Heseft uw bedrjf rmovatie-activiteiten werricht voor het ontwikkelan en
implarmenteren van product- of procesinnovaties dis in de periode 2002-2004
zijn afgstiroken of dis sind 2004 nog niet waren aijerona? [] ]

= jndien u bovendien bij 2.4 &n bij 34
steeds NEE antwoordde (m.aw. géén
proces- én gddn productinnowatis hesdt
gelntrod uzesrd)

GAAT UNU DIRECT MAAR ml.!.

G in anders gevallen verdsr naar 5.4,
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Hazett wer bedriff in de periode 2002-2004 de volgends nnovatis-
activiteitan verricht:

Eigsn R&D {onderzosk mst eigen perecnaal)
Craatieve werkzaarmheden binnen uw bedrijf om kenniz te vargroten
of toe te passen bij het ontwerpsn wan nisuws an verbetsnds producten
en proceasen (incluzisf de ontwikkeling van aottware),

Uitbesteds R&D
Deazslds activiteitan als hisrkovan, maar verricht door andsrs bedrijven
{wamarondsr anders badripven binnen uw concem) of door publisks of
particuliers crderzoskeorganizatizs an aangakocht door uw ordememing.

Aankoop van machines, apparatuur en software
Aankoop van geavancesrde machinss, appamtuur en computerhard-
ware of -aoftwars tan behosve van nisuwes of sterk verbsterds
producten en processen.

Aankoop van andere sxterne kennis
Aan koop van of icertisovereenkomsten woor cotrooien en nigt-
gepatentesrds uitvindingsn, knowhow en andere vormen van kennis
wan ardere badripeen of crganisati=a,

Opleiding
Initeme of sxterme opleldingsn voor uw personeel specifisk gericht op
de antwikksling snof introductis van nisuwe of sterk verbstards
productan &n procesesn,

Marktintroductie van innovaties
Activitziten voor de marktintreductis van nisuwe of sterk verbeterds
go=deren en disnsten, inclusist marktonderzosk en reclame bijde
productimroductis.

Andere voorberaidingan
Procedures en techniache voorbsraidingan voor de irmplementatis van
niziwe of aterk verbetarde producten en procsesen dis nist N senvan
de eerder gencemde categori=n vallen.

Giesf e=n achatting van de uitgaven in 2004 voor de eerste vier (1 tm 4)
innowatisactiviteiten zoals genoemd in viaag 5.1,

Eigan R&D (onderzosk mst eigen perecnaal)
Bruto boon van RED-personed | bijkomends kesten van bijv. relakosten,
labomatoria, documentsti= en computertijl, imeeateringan in gebowsen
en apparatuur voor RED,

Uitbestade RED
Featen van R&D vitbsstesd binren het concem of aan anders
ondemamirgsn, univarsiteiten, researchinaellingen (zoals TN
in Mederland of in bet buitsnland,

Aankzop van machines, apparatuur en software
Woor zover nist begrepen in uitgaven voor apparatuur vioor RED,

Aankoop van andere sxterne kennis

Totaal van deze vier vitgavencategorieén (1 t'm 4) voor innovatie

-

5]

w

-

-

&

O

]

Zo Ja, hoe repelrmatig

vond de RED bij uw [] deoropsnd
edrijf in de periods

2002-2004 plasts? [ ] incidentesl

1

il

0§

[l

W 7o Ja, vermeld bij 5.2 uitgaven gedaan in 2004,

Kruis aan
Iindien nihil

L LT o001

LT Jo0o-

L LT Jooo- g

LI L] o001

LD AL T Jooo- i
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Ga direct naar vraag 5.4 indien uw bedrijff zelf geen REC-werkzaamhaden
hesdt uitgevoend.

5.3 Hoevesl medewerkars van uw bedriff, n aantal en in arbeidsjaren ®, hebben
in 2004 werkzaarmheden varricht in het kader van RAD7? Aantal medewarkers Arbeidsjaren in
eind 2004
Onderzoskers Wetenadhappelijk cpgekide peracren betrokken

2004
bij het onderzosk, inclusisf de lsidinggevendean in
dat onderzosh. C
Agsistenten Agmisteritan, op hoog niveau meswerkend
met en order suparvigie van de onderaoskers. C

Owverig parscnes| Onderhouds-, secretariaats-, bibliothesk- sniof

kartoorperaonas| dirsct werkerd voor de RED
in uw bedrijf. C
_ — —
LT
Prognoss 2005 Hosves| arb=idsjaren (als ki A) verwacht uin
2005 voor RED in te zstten? C

5.4 Hesft uw bedrif in de periods 20022004 cverhaidasteun voor mnovatis-
activititen antvangen?

Deze vraag betreft ook financile steun in da vom van belastingfacilitsiten,
aubsidise, gesubsidiesrds leningsn en garanties woor lenimgen.

D& vraag heseft geen betrekking op onderzosk en andsre innovatie-
activiteiten die volgens contract volledig woor de overheid zijn verricht.

Lokale of regionale cverhedsn

Mationala overheid (inelusisf agertschappen of minkterias)

OoOQO s
o000 g

Europese Unis (ELI)

Heeft uw badriff deslgencmen aan het vijfde (1998-2002) of zesde
(2005-2008) kaderprograrmrma woor onderzosk en technologische
crtwikkeling van d= EU?

L]
[

N Als & ab=idsjaar telt esn wolijdsmedewsrker die alle werktijd bestesdt aan R&D. Een deshtijdbaan of iemand dis nist alle werktiid bestesdt aan
RE&D slechts mestallen voor sen gedeshts van sen arbeidsjaar, Bijvoorbesk : ssn medewerker dis twee dagen per week bestesdt aan RAD talt woor
25 (0,4) arbsidsjaar
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6.1 Hoe belangrijk waren de wolgends informatisbrormen in de periods 2002 -2004
voor de innovatie-acthvitsitan van uw bedrijf?

(Geaf gan walke bronnen informatie verschalfen voor nigsuve nnovatie-

projecten of bijdrosgen aan de whosnng van bestaands innovatispraiscien.)

Interne bronnan

Binnen uw bedriff of andsre bedripeen binnen uw concem

Commerciéle (markt-) brannen

Leveranciers van apparatuur, materiaken, componsren of sofrwars
Afnernere
Concurrerten of ardere badrifven in uw bedrifstak

Congulants, commercile laboratoria of particuliers RED-instituten

Institutionale bronmen

Universitatten of ardere ratellingen veor hoger ondsrwijs

Owerhalds- of openbare onderzoskainstallingen

Ovarige bronnen

Confersrtiss, beurzen of expoaities
Weterachappslijke tijdschriiten en wak-technizche publicaties

Berospa- an brancheversnigingsn

6.2 Heeslt uw bedrijf in de periods 2002-2004 bij innovatis-acthiteiten
samengewsrkt met andere badrijven of instellingen®

o m =

=}

G

Dit iz het actief samenwerken met andere bediven of nie Feommercidle
inztefingsn op het gebied van innovatis-activiteiten. De parners haebben
niat noodzakslijk baids comme reisel baat bif de samenwering. Deze

vraag hesft gean betrekking ap uithesteding van werzaa mheden zonder

acts s sameanwarking.)

Arders badripeen Brren uw soneem 0 0 00000

Lewverancisrs van apparatuur, materialen, comporenten of softwarns .

PVTTEIEREII 15 b 3 0 0 s 0 T s 0 s o B s R

Concurrentan of andere badrijwen inuwe bedriffstak. . . 00 0 L0000

Consuttarts, commerziéle abaorstora of pariculisrs R&D-instiiaten |, . . .

Univarsitaiten of anders instellingsn woor hegerorderwdja . o 0 0000

Cwerheide- of openbare onderzesheinasellingsn 0 0 00000

6.3 Walk van deze samenwerkingaparners (A-G) vond u het meset waardswol
voor de innovatie-acthiviteitan van uw besdrijf?

Krulz dén vakje aan

Bromiz gebrikt en was!
Lear Belangrijk Enigszine
belangrijk belangrifk

[l

0 I O N A W W

[

Pamer gevestiod in

EHE'R NN mEEE 8

O

b |ndien Nes ga naar 7.4,

]

oo oo ooogod

Miat gabrukt

H E'H NN NEEE W

HNederland Andsr Eure-  Verenigde
pees land ¥ Staten

ODoopooon

A

[0 B Jel Bl I ]

C

[ JRL VT I Ty el T )

E

F

Cherige

| I I VN TSI I |

G

H B B B m mE

4 Heat betraft da volgende EL- en kandidaat EU-larden, alemeds de landen van de EVA!
BalgiE, Bulgarije, Cyprus, Denemarken, Duiteland, Estland, Finlard, Frankrijk, Griskenlard, Hongarijs, lerland, kalié, Kroatig, Letland, Lischtenstsin,
Litouwen, Lusembung, Mahta, Moonvegen, Ooatenrilk, Polen, Portugal, Rosmenid, Slovenié, Slowaklje, Spanjs, Talechid, Turkijs, Verenigd Koninkrijk,
Waland, Zweden en Twitssrland.
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7.4 Hoe belangrijk waren de volgende sffecten van de mnovatie van produstsn

Effectsn van innovatis

(goederen of disnsten) of processen die in de pericds 2002-2004 =ijn
geintroducesnd?

Productgerichte eftecten
Breder assortimeant van goaderen of disnaten

Mieuwe markten of grter marktaandes

Batars kwalitait van gosdaren of disnsten
Procesgerichte effecten

Meaar flaxdbilitait in productis of disnstrerening

Grotere productis- of disnatverlaningscapacitait

Lagere konkoatsn per eenhsid cutput

Minder rmateraal en ensrgisverbruik per ssnheid output
Crverige effecten

Minder milleubalasting of bstere gezondheid en veilighsid

Maleving van regelgsving

OO0 OOO0O0 ood g;
:

B4 Cndervond uw bedriff in de pericdes 2002-2004 belemmeringen waardoor

IIlB.Z

innovatie-activitaitan of -projsctsn:
Zijn afgebraken in het conceptstadium.
Zijn afgebroken na het begin van de activitit of het projsct.

Emstig zijn wartraagd.

In welke mate hebben in de periods 20022004 de volgends factoren ssn
belemmering gevomnd voor uw innovatie-activiteitsn of -projecten of hebben

zij d= beslizzing om niet ta innoveren bsinvioed?
Kostenfactoren
Gebrek aan financiéls middelen in bedrijf of concem
Gebrek aan externs firanciéle middslen

Te hoge innovatiskoatan

Kennisfactoren
Gebrak aan gakwalificesrd peracnesl

Gebrek aan infomrnatie over technolkais
Gebrek aan marktinfomatis

Moaite mist het vinden van samenwsrkingspartners woor nnovatis

Markifactoren
Markt gedomineerd door gevestigde ordememingsn

Anders factoren
Orzekers waag naar innovatieve goadsren of disnsten

Croor esrders innovaties geen noodzaak tot nisuws innovaties

Gesn behosfte aan' belang bij (sigen) innovatiss

Eifad iz waangenamen en was
Sterk Gamatigd Zwak
L] Ll L1
1 Ll L]
L] Ll L1
L] L1 Ll
1 ] ]
L] [l Ll
] | 1
] 1 1
[ [ [
Ja Mes

] |

L] L

] [

Belemmenng iz waarganomen &n was.!
Sterk Bealamme- Zwak
belemme- rand belemma-
rend remd
L1 L L
IZI | C
(] U L
Ll Ll Ll
[ [ [
| L L
L] Ll Ll
L] Ll Ll
L Ll Ll
L] Ll Ll
Ll L L

H

AN e W EREE §ER
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8.1 Hesft uw bedrifl In de pariods 2002-2004:

E=n netrond aangesraand.

Ean Indusities antwerp gedapanesrd.

Esn Fardelsmerk gadsporaer.

Esn autaursrscht vastgelegad.

I =

OOoooz

= Een organisatorischs innovatis s sen varnlsuwing van of sen Ingrijpende vsrandaring In de badrjfEstructuun of managementmstoden
mst aks dosl de benuttng van ksnnis en dasardoer de sfickncy van hst bedrlispraces enval de de kaalltalt van uw gosdarsn en dienstsn
& verbsabaran.

= E&n mankstirginnovate s ds Implementatis van nlauwe of sterk verbeterde produkionbssrpsn -ultvosrngen of verkoopmeahodan am
uw gosdansn en disreten aenirekisliler ba maksn of om nlsUwe markian & werovansn.

101 Healt uw hedrjfin de parkds SE02-2004 de wigends Innovaties

gelntreducaend:

Organlsatorschs
Innavatles

Marksting Innovatles

Misuse of sterk varbstards kennismanagament-
siysBmen am Informatie, kennis an vasrdighsdsn
binren U bsdrf bebar te b nutien,

Een grote verandsring Inde organisatia van uw
bediff, zoals verarderingan i de maragament-
BTSN Of O Sarmenvessging van verschilksnds
aldalingen of activlelEn.

Miste of Ngijpands veranderngsn In U relaties
met andsre bedijyen of Insklingen, bijwobesid
via samanwekingsveibanden, ulthsstading of
onoeraanbesteding.

Ingrijp=reds verandsringen in hat produktontesp
of de werpakkdng van gesdersn of disnstan, andars
dan gebnlkslijks (salzeansjwmardanngan zoak In
e mada,

MigUwe of Nonjpsnd verandsrds verkoop- of
distrbutiemsthoden, zals InEmsterkoop,
franchising, rechistieeies varkoop of distibuts-
licenties,

10.2 Als ‘Organisatorische Innovatles' Zdjn geintraducesrd, hoe belargrijk waren
da volgends sfeckn in de pariocds 2002-2004

Snellara reachs op vragen van klanten of leveranclers,

Bstara kwallel van goederan of dlenstan .

Lagere kosten psr sanhak output.

Mesr werkpla s bi] uw medewsrkers sniof mindsr psrsonssisverioop.

Ji

O

g
z
£

O [l

= ndien Ja: gest 0 10,2 het affect aan

Effec ] is Wasnpennmen an was: il waar-
pRnomen

Stetk Gematigd Iwak

L] Ll [ L]

O O O O

Ll L] ] ]

L L L] L
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11. Economische basisgegevens van uw bedrijf

2002
114 Hoswvesl bedrosg de totale omzet® van ww bedrijf in 2002 resp. in 20047 | " " ‘ | | " | | " ” |ﬂ0ﬂ,-
Cirnzet wordt gedefinissrd als de marktwaards van gosderan en 2004
diensten exclusief BTW, doch inclusief alle cwerige belastingsn.
Varmzk het bedrag in dutzendsn suro.
L D] Jooo-

2002
11.2 Hoswvesl werknemears had uw badriff in 2002 reap. in 2004 in disnst? DDD D]D

Vermeakd het pargarmiddelds. Al dat nist beachikbaar is, dan graag
hiet aantal werknemsra par ulimo opgeven.

L]

=l Voor kredietinatellingsn: rente en soorigelijke baten; voor verzekeraars: geboskte brutopremiss.

WEET] |

raton e || L] L]

E-mail-adrea bedriif (facubtatisf |
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