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ÖZET 

İNOVASYON FAALİYETLERİNDE MÜHENDİSLİK EMEĞİNİN DOĞASI 
 

Salih ÇEVİKARSLAN 
 
Bu tez çalışması, firma bazlı inovasyon faaliyetleri ve mühendislerin Ar&Ge 
çalışmalarındaki rolü üzerinedir. İnovasyon faaliyetleri zihinsel bir emek süreci 
olarak açıklanmaya çalışılmıştır. Bu tez çalışmasındaki amaç herhangi bir 
argümanın doğrulanması veya yanlışlanması değil, bunun yerine ele alınan bazı 
temel soruların cevaplanmasıdır. Bir inovasyonun nasıl yapıldığı açıklanırken 
iki referans noktasından yola çıkılmaktadır. Bunlardan ilki inovasyon 
süreçlerinin organizasyon yapılarıdır. Diğeri ise inovasyon faaliyetlerindeki 
mühendislik emeğinin doğasıdır. Tezin teorik altyapısı iktisat alanındaki 
inovasyon literatürü ve emek süreci teorisindeki inovasyon teorisi üzerine 
kurulmuştur. Tezin amacı dikkate alınarak, metodolojik olarak süreç yaklaşımı 
benimsenmiştir. Bu amaçla otomotiv sektöründe yer alan ve profesyonel olarak 
inovasyon çalışmaları yürüten üç şirkette saha araştırmaları yürütülmüştür. 
Toplamda şirketlerinin Ar&Ge bölümlerinde çalışan yedi mühendisle derinlikli 
mülakatlar yapılmıştır. Bu mülakatlarla beraber saha çalışmalarında yapılan 
gözlemler ampirik verileri oluşturmaktadır. Tez sorunsalının analizi bu ampirik 
bulgular üzerinden yapılacaktır. 
 
Anahtar Kelimeler: İnovasyon, Emek süreci 

 



 ix

University   :  İstanbul Technical University  

Institute   :  Institute of Social Sciences 

Programme   :  M.A. in Economics 

Supervisor    :  Prof. Dr. Hacer ANSAL  

Degree Awarded and Date :  M.A. – February 2006 

ABSTRACT 

THE NATURE OF ENGINEERING WORK IN INNOVATION ACTIVITIES 
 

Salih ÇEVİKARSLAN 
 
This thesis study is a research into firm level innovation activities and the role of 
the engineers in R&D work. The innovation processes is tried to be explained as 
a mental labour process. This descriptive study does not aim at verifying any 
argument, but instead it has its some basic questions that it is trying to answer. 
In describing how an innovation occurs, two reference points are taken. The 
first one is the organization structure of the innovation processes. The second is 
the nature of engineering work in innovation activities. The theoretical context 
of the thesis will be based upon innovation literature in economics and the 
theory of innovation in labour process theory. As to our methodology, a process 
approach is pursued considering the research objective. With this aim, case 
studies are done within three companies, which are professionally engaged in 
innovation activities in the automotive sector. A total of seven in-depth 
interviews are made with R&D engineers of the corporations. These interviews 
together with the participant observations constitute the empirical data. The 
analysis of thesis problematic is based upon these empirical findings. 
 
Keywords: Innovation, Labour Process 
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1. INTRODUCTION 

1.1. Introduction and Objective of the Study 

This thesis study is structured as an extensive research into changing nature of 

engineering work in innovation activities. With the help of in-depth interviews and 

participant observations, the nature of innovation as a mental labour process will be 

tried to be explored. Armed with the critical writings of innovation literature in 

economics and with an eye on vital arguments of labour process theory, explaining 

“how an innovation really occurs” is the main problematic. Taking into consideration 

the physical limits of the dissertation, the borders of the investigation is drawn in an 

“orthodox” manner, which means that the restructuring of engineering labour in 

innovation work is to be caught at the point of innovation activities. 

Before we proceed, the rationale behind our interest in innovation and why we 

prepared such a dissertation thesis should be clarified. In economics discipline, the 

general tendency is that technological innovation is not the object of analysis per se 

but its direct relations to development of industry and economy. Economics has 

traditionally concentrated on capital goods and on homogeneous labour as important 

gradients of production. (Coombs et al, 1996:9) New technological knowledge, 

inventions and innovations are treated to be outside the framework of economic 

models of neoclassical economics, as exogenous variables. Under the traditional 

ceteris paribus assumption, changes in the technological and social framework are 

excluded from consideration and economists concentrated on the traditional factor 

inputs of labour and capital, with technical change as a residual factor. (Freeman and 

Soete, 1997:3) 

Yet innovation, an essential condition of economic progress and a critical element in 

the competitive struggle of enterprises and of nation states, can not be ignored by the 

economists. Scientific and industrial revolutions unavoidably contribute to the global 

industrial revolutions, proliferation of many basic new industries and long-term 
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economic expansions. The high-technology industries of their time improved the 

functional capabilities of society and created new wealth. In the literature, these 

periodic economic expansions are called “Kondratieff long waves”; long, roughly 

half-century phases of development cycles. Schumpeter was one of the firsts who 

suggested that these long waves were due to the introduction of major new 

technologies into the economic system. Despite his admittance of the uniqueness of 

each business cycle due to factors like the variety of technical innovations, the 

variety of historical events such as wars, gold discoveries or harvest failures; he saw 

innovation as the main engine of capitalist growth and the source of entrepreneurial 

profit. (Schumpeter, 1934: xxiv) 

What matters for the core objective of this study is the necessity for being on the 

technology-frontier to enjoy high monopolistic profits for the firm. Hence, although 

it is not per se the primary objective, the innovation activity is the driving force 

behind securing a monopolistic position in the market. Technological innovation 

plays a central role both in improving productivity and developing new products and 

services, and in providing comparative and absolute advantages. (Dodgson, 2000:1) 

Therefore a large proportion of the innovation processes in capitalist market 

economy takes place within firms. (Edquist and Johnson, 1997:58) The mutual 

conditioning between the two should also be noticed. Innovation is essentially 

carried out with the help of substantial R&D layouts by relatively large firms in 

innovative industries. Therein, Schumpeter highlights the importance of 

monopolistic and oligopolistic market structures in creating innovative capabilities. 

(Taymaz and Özçelik, 2003:411) ‘When an economy has many of these 

technologically competent firms, the economy enjoys international competitiveness 

and rapid growth.’ (Kim, 1997:96) 

Some of the extensive empirical research findings showing the importance of 

technological innovation are listed below. (Dodgson, 2000:5) 

1. High technology industries provide the highest rates of growth in productivity 

and employment in manufacturing industry. (OECD 1996) 

2. Trade in high technology goods (requiring high levels of R&D) increased 

from 11%of international trade in 1976 to 22% in 1996. (World Bank 1998) 
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3. High-technology industries in the United States nearly doubled from $215 

billion in 1988 to $420 billion in 1996 (chain weighted in 1996 dollars) 

(Business Week, 31 Mar. 1997) 

4. Technology activities –as measured by R&D and international patenting –are 

statistically significant determinants of export and productivity performance. 

(Fagerberg, 1987) 

5. The returns to R&D investment, both “social” (to society as a whole), and 

“private” (to the firm making the investment), are consistently assessed to be 

high. In a study of seventeen innovations Mansfield et al (1977) found the 

social returns of R&D investment to be 56%, and private returns to be 25% 

6. Technological innovation has played a significant role in the economic 

transformation of the East Asian economies. (Hobday, 1995) 

7. Entire Industries, such as the Swiss watch industry, and geographical regions, 

such as Silicon Valley in California, can be invigorated or depressed by 

technological change. (Saxenian, 1991; Utterback, 1994) 

8. At the corporate level, new products less than five years old account, 

according to one estimate, for 52% of sales and 46% of profits of US firms. 

(Cooper, 1993) 

9. Within the factory, the use of advanced manufacturing technology is 

unequivocally associated with greater productivity, higher survival rates, 

higher wages, and more rapid employment growth. (US Department of 

Commerce, 1994) 

‘Innovation is of importance not only for increasing the wealth of nations in the 

narrow sense of increased prosperity, but also in the more fundamental sense of 

enabling people to do things which have never been done before. It can mean not 

merely more of the same goods but a pattern of goods and services which has not 

previously existed, except in the imagination.’(Freeman and Soete, 1997:2) Above 

all, technological developments mean new ways and kinds of working for the 

masses. Last but not the least, the fact that newly emerging industries concerned with 

generating and distributing knowledge will employ a large part of the working 

population in the very near future should not be forgotten. Hence, the phenomenon of 

innovation truly deserves to be researched within the economics discipline.  
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1.2. Outline of the Thesis 

In Chapter 1, the objective of the study and the rationale behind writing a dissertation 

thesis on innovation is stated. Chapter 2 continues with the theoretical framework; 

the theory of innovation in economics literature and the theory of innovation in 

labour process theory. Chapter 3 is devoted to explanation of the thesis problematic. 

Chapter 4 introduces the reader with the methodology used in the case studies. In this 

chapter, the level of analysis, research design, data collection, the questionnaire, 

sample and the limitations of the methodology will be reviewed. Chapter 5 analyzes 

the empirical findings derived from case study interviews and observations. In 

Chapter 6, the conclusions on the research findings will be commented on. 
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2. THEORETICAL FRAMEWORK 

2.1. Theory of Innovation in Economics Literature 

2.1.1. Definition of Innovation 

At the most general level an innovation can be interpreted as the setting up of a new 

production function. This function describes the way in which quantity of product 

varies if quantities of factor vary. If, instead of quantities of factors, we vary the form 

of the function, we have an innovation. That is to say in the face of an innovation, the 

factors are combined in a new way or new combinations are carried out. As easily 

seen this definition includes both product (a new commodity) and organizational (a 

new form of organization) innovations.*(Schumpeter, 1939) Innovation is a core 

business concerned with renewing what the organization offers (its products and/or 

services and the ways in which it generates and delivers these. (Tidd et al, 1997:14) 

Innovation would include all the following: ‘Using different raw materials or 

economizing on the use of raw materials or energy; improving the design or 

introducing a new way to finance, distribute or stock products and changing the 

management of a small business’. (Dijk and Sandee, 2002:4) ‘Innovation occurs 

when a firm implements a new or improved product or process which is 

technologically novel for the firm, not for the market’. (Taymaz and Özçelik, 2003: 

414) 

 

 
                                                 
* There are three specific arguments for including organizational innovations in the concept of innovation: 

-Organizational changes are important sources of productivity growth and competitiveness and they might also strongly 

influence employment (Edquist, 1992:23) 

-Organizational and technological changes are closely related and intertwined in the real world, and organizational change is 

often a requirement for technological process innovation to be successful. 

-All technologies are created by human-beings; they are in this sense “socially shaped”, and this is achieved within the 

framework of specific organizational forms. (Edquist, 1997:23) 
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‘Innovations are new creations of economic significance. They may be brand new 

but are more often new combinations of existing elements. Innovations may be of 

various kinds (e.g. organizational and technological). The processes through which 

technological innovations emerge are extremely complex; they have to do with the 

emergence and diffusion of knowledge elements (i.e. with scientific and 

technological possibilities), as well as the “translation” of these into new products 

and production processes. This translation by no means follows a “linear” path from 

basic research to applied research and further to the development and implementation 

of new processes and products. Instead, it is characterized by complicated feedback 

mechanisms and interactive relations involving science, technology, learning, 

production, policy, and demand.’ (Edquist, 1997:1)   

Technological innovation is a matter of producing new knowledge or combining 

existing knowledge in new ways-and of transforming this into economically 

significant products and processes. (Edquist, 1997:16) To be commercially 

successful, innovations must create or match markets to technological possibilities. 

(Betz, 1997:118) Christopher Freeman states this neatly: ‘Perhaps the highest level 

generalization that is safe to make about technological innovation is that it must 

involve synthesis of some kind of (market) need with some kind of technical 

possibility.’ (Freeman, 1974:1939) ‘On the one hand, it involves the recognition of a 

need or more precisely, in economic terms, a potential market for a new product or 

process. On the other hand, it involves technical knowledge, which may be generally 

available, but may also often include new scientific and technological knowledge, the 

result of original research activity. Experimental development and design, trial 

production and marketing involve a process of matching the technical possibilities 

and the market. The proffessionalisation of industrial R&D represents an institutional 

response to the complex problem of organizing this matching, but it remains a 

groping, searching, uncertain process. (Freeman and Soete, 1997: 200) 
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2.1.2. Characteristics of Innovations 

Following King and Anderson (2002:2), the characteristics of an innovation are as 

follows: 

An innovation is a tangible product, process or procedure within an organization. A 

new idea may be a starting point for an innovation, but can not be called an 

innovation in itself. 

An innovation must be new to the social setting within which it is introduced (e.g. 

work group, department or whole organization) although not necessarily new to the 

individuals introducing it.  

An innovation must be intentional rather than accidental. If a factory reduced its 

production because of the effect of a heat wave on staff and equipment, this would 

not be an innovative action. If, however, the factory took the same action in order to 

improve product quality or decrease staff sickness, we could describe it as innovative 

(so long as it also met the above criterion of novelty).  

An innovation must not be a routine change. The appointment of a new member of 

staff to replace one who had retired or resigned would not be considered an 

innovative change. The creation of an entirely new post would. 

An innovation must be aimed at producing benefit to the organization, some 

subsection of it, and/or the wider society (whether it succeeds in so doing is another 

matter). Intentionally destructive actions such as sabotage or purely whimsical 

changes are excluded from the definition. 

An innovation must be public in its effects. If an individual introduces a change to 

his or her work, which has no discernible impact on, or implications for, other people 

in organization, it would not be considered an innovation. 

Different characteristics of innovations, as perceived by individuals, which help to 

explain their different rate of adoption, may also be given. (Rogers, 1983:15) 

1. Relative advantage is the degree to which an innovation is perceived as 

better than the idea it supersedes. The degree of relative advantage may be 

measured in economic terms, but social prestige factors, convenience, and 

satisfaction are also often important factors. 
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2. Compatibility is the degree to which an innovation is perceived as being 

consistent with the existing values, past experiences, and needs of potential 

adopters. The adoption of an incompatible innovation often requires the prior 

adoption of a new value system. 

3. Complexity is the degree to which an innovation is perceived as difficult to 

understand and use. Some innovations are readily understood by most 

members of a social system, other are complicated and will be adopted more 

slowly. 

4. Trialability is the degree to which an innovation may be experimented with 

on a limited basis. An innovation that is trialable, represents less uncertainty 

to the individual, who is considering for adoption.  

5. Observability is the degree to which the results of an innovation are visible 

to others. The easier it is for individuals to see the results of an innovation, 

the more likely  

Chaos and order are two prerequisites for a successful innovation to be implemented. 

Chaos is a necessity for generating new ideas. Disorder empowers creative 

individuals and teams to exert discretionary power to leave behind traditional ways 

of doing things and erect in their place new methods. Order helps new methods 

incorporate into consumer markets. ‘Good organization designs, prototypes, raises 

money, builds factories, integrates suppliers, runs logistics, builds sales forces, 

markets, advertises and promotes. Without order, there is no innovation. But without 

the chaotic process, there is no core of value around which order and organization 

can be structured’. Hence, a successful innovation is said to be a harmonious 

combination of the two, without disturbing each other. (Grupp and Maital, 2001: xııı) 

We would be back to this dualistic structure of innovation in the following debates. 

 2.1.3. Types of Innovations  

‘Technological innovation is such a complex process that over twenty-five years or 

so analysts have developed several approaches to explaining its nature and how it 

works. Researchers have posed a series of questions for analyzing the type of 

innovation activity. They ask, for example, whether the innovation’ (Dodgson, 

2000:40) 
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is radical or incremental (Freeman, 1974) 

is continuous or discontinuous-that is, whether it affects existing ways of doing 

things (Tushman and Anderson, 1986) 

has transilience in that it affects existing ways of doing things (Abernathy and Clark, 

1985) 

changes over life cycles (Abernathy and Utterback, 1978)  

is modular-that is, occurs in components and subsystems without addressing the 

subsystem of which they are a part-or architectural that is, attempts systemic 

improvements without great attention to its component parts (Henderson and Clark, 

1990) 

results in the emergence of dominants designs (Abernathy and Utterback, 1978) 

is sustaining and disruptive (Christensen, 1997) 

Technological innovations can be classified as creating economies of scale or scope. 

An economy of scale is a unit-cost advantage in production that arises from technical 

efficiencies in production scale. For example, in the materials processing industries 

(such as steel or chemicals), a larger scale of production can often produce a unit 

volume of material with lower energy costs and lower waste. An economy of scope 

is a production flexibility that allows a producer to market a broad range of products. 

In the food processing or retailing industries, an ability to distribute a wider variety 

of products often creates a larger volume of total sales than smaller competitors can 

achieve. In the 1980s, for example, innovation for flexible manufacturing used 

computers for control of machining processes to provide economies of scope. 

Research continued in the 1990s on flexible manufacturing to create economies of 

scale without losing economies of scope. Previously, most production research had 

been for economies of scale; but in the 1990s, as markets became crowded, 

production research for economies of scope became as important as production 

research for economies of scale. (Betz, 1997:302) 

‘Innovations may take two forms-in the things (products and processes) which an 

organization offers and change in the ways in which they are created and delivered. 

Whilst new products are often seen as the cutting edge of innovation in the market 

place, process innovation plays just as important a strategic role. Being able to make 

something no one else can, or to do so in ways, which are better than anyone else, is 
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a powerful source of advantage. For example, the Japanese dominance in several 

sectors-cars, motorcycles, shipbuilding, consumer electronics-owes a great deal to 

superior abilities in manufacturing-something, which results from a consistent 

pattern of process innovation. The Toyota production system and its equivalent in 

Honda and Nissan led to performance advantages of around two to one over average 

car makers across a range of quality and productivity indicators.’ (Tidd et al, 1997:5) 

Another classification will be based on empirical work at the Science Policy 

Research Unit. (Freeman and Perez, 1988:46) Four types of innovations are 

distinguished: incremental innovation; radical innovation; new technology systems 

and changes of techno-economic paradigms 

1. Incremental innovations: They occur continuously in any industry or service 

activity but at differing rates. They are not generally the result of any deliberate 

research and development activity; but the outcome of inventions and improvements 

suggested by engineers and other directly engaged in the production process or of 

initiatives and proposals by users. Although their combined effect is extremely 

important in the growth of productivity, no single incremental innovation has 

dramatic effects.     

2. Radical Innovations: These are discontinuous events, which are the result of a 

deliberate research and development activity in enterprises and/or in university and 

government laboratories. They may involve a combined product, process and 

organizational innovation. They may trigger the growth of new markets and new 

investments. Their impact in economic terms is small and localized until a cluster of 

radical innovations are linked to create new industries and services. 

3. Changes of Technology System: They are based on a combination of radical and 

incremental innovations, together with organizational and managerial innovations. 

They bring about dramatic changes in technology and affect several sectors in the 

economy or give rise to new ones. 

4. Changes in Techno-Economic Paradigm: This type of innovations include many 

clusters of radical and incremental innovations, sometimes together with new 

technology systems. It has pervasive effects throughout the every branch of the 

economy, changing the input cost structure and conditions of production and 

distribution throughout the system. 
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An innovation is introduced to the production environment when a “performance 

gap”, a mismatch between actual and potential performance of a firm is detected. 

Either the firm finds its performance level unsatisfactory and seeks for an innovation 

to leap frog or it adapts itself to new technologies already existing in the market to 

catch up with its competitors. Quite differently, innovations may be forced on the 

firm by the government. (King and Anderson, 2002: 152) Hence, technological 

innovations have been motivated by technological opportunities or market needs, 

called, respectively, “technology push” or “market pull”*. Market-pull innovations 

most often stimulate incremental innovations, since an established market inspires 

the need. In contrast, technology-push innovations often bring forward radical 

innovations.  

                                                 
*‘Decades of research have proven that the best innovation is user-driven. Many entrepreneurs are 
motivated by frustration with a current product and a belief they could build a better one. They want 
to be able to use their own product. In the ideal innovation culture there is a real harmony of interests 
between customer, employee and leadership.’(Kanter et al, 1997:24) 
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Table 2.1: Drawing upon King and Anderson (2002: 142), below is given typologies 

of innovations with respect to different characteristics. 

Sociotechnical 

systems 

Product and 

Process 

Innovation 

characteristics 

Innovation source 

Technical: 

New products, 

services and 

processes 

directly related 

to primary work 

activity 

Product: 

A new good or 

service 

introduced to 

meet the needs of 

an external user 

or the market 

Programmed – 

Non-programmed: 

Whether or not 

innovation is scheduled 

in advance 

(non-programmed 

innovations can be 

further divided into 

slack or distress types) 

Emergent: 

Innovations based on 

ideas emerging from 

within the 

organization itself 

Administrative: 

Changes to 

social 

relationships and 

communication, 

and rules, roles, 

procedures and 

structures related 

to them 

Process: 

New elements 

introduced to the 

production or 

service 

operations of an 

organization  

Instrumental – 

Ultimate: 

Whether innovation is 

introduced to facilitate 

a further innovation or 

as an end in itself 

Adopted: 

Innovations copied 

from other similar 

organizations, often 

with subsequent 

modifications.  

 

 

Ancillary: 

Innovations 

crossing 

boundaries 

between 

organization and 

environment 

 Radicalness: 

The extent to which the 

change is both novel 

and risky  

 

Imposed: 

Innovations which an 

organization has been 

forced to make by 

some external 

regulatory or 

legislative power 
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2.1.4. Innovation Processes 

‘Innovation is a process, not a single event, and needs to be managed as such. The 

influences on the process can be manipulated to affect the outcome-that is it can be 

managed.’ (Tidd et al, 1997:39) ‘The importance of understanding innovation as a 

process is that this understanding shapes the way in which we try and manage it. This 

has changed a great deal over time. Early models (both explicit and, more important, 

the implicit mental models whereby people managed the process) saw it as a linear 

sequence of functional activities.  

The first, prevalent during the 1950s and 1960s, was the science-push approach. This 

approach assumed that innovation was a linear process, beginning with scientific 

discovery, passing though invention, engineering and manufacturing activities, and 

ending with the marketing of a new product or process. In this model, there are no 

forms of feedback. The model was rapidly shown to apply only to relatively simple 

forms of product, such as petrochemicals. 

From the early to mid-1960s, a second linear model of innovation was adopted by 

public policy-makers and industrial managers in advanced capitalist economies. This 

was the demand-pull model. In this model, innovations derive from a perceived 

demand, which then influences the direction and rate of technology development. 

Kamien and Schwartz (1975:35) argue that in this model, innovations are induced by 

the departments that deal directly with customers, who indicate problems with a 

design or suggest possible new areas for investigation. The solutions to any problems 

raised are provided by research staff. 

The limitations of such an approach are clear; in practice, innovation is a coupling 

and matching process where interaction is the critical element. Rothwell provides a 

useful historical perspective on this, suggesting that the nature of the innovation 

process has been evolving from such simple linear models(characteristics of the 

1960s) through to increasingly complex interactive models. (Table 2.2.) 

The third model, the coupling model, integrating both supply-push and demand-pull, 

was centered around an interaction process where innovation was regarded as a 

logically sequential, though not necessarily continuous process. (Rothwell and 

Zegveld, 1985:50) The emphasis in this model is on feedback effects between the 

downstream and upstream phases of the earlier linear models. The stages in the 

process are seen as separate but interactive. 
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New models (the fourth and fifth generation innovation models, as Rothwell calls 

them) have incorporated the feedback processes operating within and between firms. 

The high level of integration between various elements of the firm in innovation is 

captured in the fourth-generation, “chain-linked model” of Kline and Rosenberg 

(1986), which shows the complex iterations, feedback loops, and interrelationships 

between marketing, R&D, manufacturing, and distribution in the innovation process. 

The fifth-generation innovation process includes the growing strategy and 

technological integration between different organizations inside and outside the firm, 

the way these are being enhanced by the “automation” of the innovation process, and 

the use of new organizational techniques, such as parallel rather than sequential 

development. (Dodgson, 2000:41)  Electronic databases, simulation modeling, expert 

systems, artificial intelligence, and virtual reality prototyping will be essential tools 

of the innovation process. Just as automation revolutionized mass production in 

factories, the automation of innovation has the potential to revolutionize knowledge 

production.  (Dodgson, 2000:214) The fifth-generation innovation process concept 

sees innovation as a multi-factor process which requires high levels of integration at 

both intra-and inter-firm levels and which is increasingly facilitated by IT-based 

networking. Although such fifth-generation models appear complex, they still 

involve the same basic process framework. (Tidd et al, 1997:29) 
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Table 2.2: Rothwell’s five generations of innovation models 

Generation Key Features 

Fist/second Simple linear models-need pull, 

technology push 

Third  Coupling model, recognizing interaction 

between different elements and feedback 

loops between them.  

Fourth Parallel model, integration within the 

firm, upstream with key suppliers and 

downstream with demanding and active 

customers, emphasizing on linkages and 

alliances 

Fifth Systems integration and extensive 

networking, flexible and customized 

response, continuous innovation 

 

Rogers puts the main steps in the innovation development process as (Rogers, 

1983:135) 

Recognizing a problem or need 

Basic and applied research 

Development 

Commercialization 

Diffusion and adoption 

Consequences 

 

1. Recognizing a problem or need: One of the ways in which the innovation 

development process begins is by recognition of a problem or need , which 

stimulates research and  development activities designed to create an innovation to 

solve the problem/need.  

2. Basic and applied research: Most technological innovations are created by 

scientific research activities, although they often result from an interplay of scientific 

method and practical operations. The knowledge base for a technology usually 
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derives from basic research, defined as original investigations for the advancement of 

scientific knowledge that do not have the specific objective of applying this 

knowledge to practical problems. Scientific knowledge is put into practice in order to 

design an innovation that will solve a perceived need or problem. 

3. Development: Development of an innovation is the process of putting a new idea 

in a form that is expected to meet the needs of an audience of potential adopters. This 

phase customarily occurs after research but prior to the innovation that stems from 

research. 

4. Commercialization: Innovations often result from research activities; they thus 

represent scientific results packaged in a form ready to be adopted by users. Because 

such packaging of research results is usually done by private firms, this stage in the 

technology development process is called commercialization. Commercialization is 

the production, manufacturing, packaging, marketing and distribution of a product 

that embodies an innovation. 

5. Diffusion and adoption: Perhaps the most crucial decision in the entire innovation 

development process is the decision to begin diffusing the innovation to potential 

adopters.   

6. Consequences: The final phase in the innovation development process is the 

consequences of an innovation. Here the original problem/need that began the entire 

process either is or is not solved by the innovation. Often new problems/needs may 

be caused by the innovation so another cycle of the innovation development process 

is set of. 

In this study, the innovation processes, which occur at the level of individual firms, 

will be investigated. A technological innovation begins with invention and moves 

into development and design. The first goal after invention is to stage a technology-

feasibility demonstration of the invention to show that the invention works. The next 

step is to improve the working of the invention enough to show that it can perform in 

an application; thus creating a “functional prototype”. Then the working of the 

invention is improved further to show that it has the features, safety and size to work 

in a product or service; this is called the “engineering prototype”. Next, the 

invention-embedded product, process, or service is designed for a salable good or 

service; “engineering design”. The last step is to redesign the product, process or 
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service into a form that can be produced in volume at quality and cost targets; 

“manufacturing design”. To sum up; 

1. A technology feasibility demonstration of an invention shows that the innovation 

works. 

2. A functional prototype shows that the invention performs well enough for a 

market application.  

3. An engineering prototype shows that an invention has the features, safety, and size 

to be designed as a product for the market application. 

4. An engineering design embeds the invention into a designed product, process, or 

service that can be sold into the market. 

5. A manufacturing design redesigns the product, process, service for production in 

volume and quality and cost targets. 

Thus, technological innovation begins with invention of a new product concept, but 

then proceeds in stages of developing the product and the production. That is why 

technological innovation is expensive. (Betz, 1997:99) 

In the literature, (Betz, 1997:99) two general forms, which correspond to incremental 

or discontinuous innovations, are put forward for the innovation processes:  

A cyclic innovation process for incremental innovations 

A linear innovation process for radical innovations 

The cyclic innovation process occurs in the product development cycle of firms 

whereas the linear process for discontinuous innovations occurs in corporate research 

laboratories, in universities, in government laboratories, and in new high-tech start-

up companies. The cyclic process adds technological improvements to existing 

technologies. It is cyclic in nature because all products have finite life times. More 

recently, this procedure has been called the “product realization process” in order to 

emphasize the importance of computer-based tools in engineering design and 

development. On the contrary, the linear process creates new technologies from new 

science. A new firm may organize around the new products, and venture capital is 

raised to start the firm. 
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The innovations that are based upon new scientific and technological knowledge are 

the results of original research activities for which we use the abbreviation R&D 

(research and development). R&D is a key source of competitiveness, but it is 

difficult to organize and manage. This difficulty reflects the broad range of 

objectives of R&D, the different kinds of skills and personnel involved in it, the 

difficulties in measuring its outcomes, and the increasing challenge of globalization. 

(Dodgson, 2000:82) A major mechanism by which firms learn about technology is 

through their internal R&D efforts. Learning is thus, to a significant extent, a 

function of the size and focus of R&D budgets, and the strategies for their direction 

and management. (Dodgson, 1996: 54) Since our survey will be done within the 

R&D departments of individual firms with an attempt to understand how an 

innovation occurs, a general format for R&D projects should be given. 

The stages of R&D projects are (Betz, 1997:186): 

1. Basic research and invention 

2. Applied research and functional prototype 

3. Engineering design and testing 

4. Product testing and modification 

5. Production design and pilot production 

6. Initial production sales 

Stages 1 through 3 are usually  called “research”, while stages 4 through 6 are called 

“development”; thus arose the name “research and development”. Basic research is 

the original investigation for the advancement of scientific knowledge and the main 

objective has nothing to do with applying this knowledge to practical problems. In 

contrast, applied research directly aims at solving practical problems. Last but not the 

least; an important remark should be made on a frequently encountered confusion in 

the literature. ‘Invention is the process by which a new idea is discovered or created. 

On the contrary innovation occurs when a new idea is adopted or used’. (Rogers, 

1983: 138) Technological innovation is the invention of new technologies and the 

development and introduction into the market place of products, processes or 

services based on the new technologies. ‘An innovation in the economic sense is 

accomplished only with the first commercial transaction involving the new product, 
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process system or device, although the word is used also to describe the whole 

process.’(Freeman and Soete, 1997:6) ‘Invention results in knowledge. Innovation 

results in commercial exploitation of knowledge in the market place.’ (Betz, 1997:3) 

‘The most important body of work on the process of innovation comes from the 

Minnesota Innovation Research Program (MIRP) led by Andrew Van de Venn. The 

MIRP evidence did not support the notion of linear progression through a sequence 

of distinct stages. Instead, they draw out from their longitudinal data thirteen 

components of the process, which were common to most or all of their cases. These 

are organized into three broad phases: the initiation period, the development period, 

and the implementation/termination period. Within these phases, components do not 

occur sequentially; rather there is a great deal of cycling back and forwards, and 

overlap between them’. (King and Anderson, 2002:158) While implementing a 

process approach, our study will also take care of this disorderly structured nature of 

innovation. 

Here are the thirteen components of the process observations from the Minnesota 

Innovation Research Program: (King and Anderson, 2002:159) 

Initiation Period 

1. Most innovations have a long gestation period prior to initiation. 

2. Internal or external shocks “trigger” initiation. 

3. Plans are developed, more to “sell” the idea than as realistic scenarios for 

development. 

Development Period 

4. The initial idea proliferates 

5. Setbacks and mistakes are frequently encountered 

6. Criteria of success and failure often change during the process 

7. Organizational members participate in the innovation in highly fluid ways. 

8. Senior managers and/or investors intervene in the process throughout 

development. 

9. Relationships with other organizations develop during the process and shape its 

course. 
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10. Innovation participants often work with external organizations and agencies to 

build infrastructures for their innovations 

Implementation/Termination Period 

11. During the innovation, the “new” and “old” are linked and integrated. 

12. The innovation process stops at implementation or is terminated through lack of 

resources  

13. Attributions of success or failure are made, though are often misdirected. 

2.1.5. Organization of Innovation Activities 

‘Much of the literature recognizes that organizational structures are influenced by the 

nature of tasks to be performed within the organization. In essence, the less 

programmed and more uncertain the tasks, the greater the need for flexibility around 

the structuring of relationship. Examples include production, order processing, 

purchasing, etc. -all of which are characterized by decision-making, which is subject 

to little variation. Indeed, in some cases these decisions can be automated through 

employing particular decision rules embodied in computer systems, etc. But others 

require judgment and insight and vary considerably from day to day- and these 

include those decisions associated with innovation. Several writers have noted this 

difference between what have been termed “programmed” and “non-programmed” 

decisions and argued that the greater the level of non-programmed decision-making, 

the more the organization needs a loose and flexible structure.’ (Tidd et al, 1997:309) 

Three distinct ways to organize research are proposed in the literature (Betz, 

1997:262): 

1. Divisional laboratories reporting to business units 

2. A corporate-level laboratory 

3. Both divisional laboratories and a corporate-level laboratory 

Ordinarily, research in divisional laboratories is focused on next-product model 

design and on production improvement, whereas research in corporate laboratories is 

focused on next-generation product lines and on developing new businesses from 

new technology.  On the other hand, the kind and number of research units may 

depend on the size and diversity of businesses in a firm. A single-business small firm 
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will likely have only an engineering department. A medium-sized firm will likely 

have an engineering department and divisional laboratories. A large, diversified firm 

will likely have engineering departments and divisional laboratories in business 

units, and a corporate laboratory for all businesses. Some factors like type of activity 

undertaken, scale of research, need for functional integration and recruitment/labour 

and other cost considerations affect companies’ decisions about the extent to which 

R&D is centralized or decentralized. (Dodgson, 2000:58) 

Type of activity undertaken: When the research is more basic and likely to have 

longer-term implications for the firm, there are advantages in having strong links 

with corporate headquarters, where longer-term strategic business decisions are made 

and where speculative research can be “protected” from the more immediate 

demands of business decisions. When the research is more applied or advanced 

engineering is being performed, there are advantages in decentralized links with 

divisions, which are closer to the customer and can better respond to their 

requirements.  

Scale of research: Centralization of research is attractive when there is the need to 

achieve economies of scale-for example, when it is necessary to create a “critical 

mass” of researchers for a particular project, or to utilize expensive research 

equipment. When communication between research groups is important, there are 

advantages in co-location in central R&D. 

Need for functional integration: When it is important to have strong links with 

other functions, particularly with manufacturing and marketing, then decentralization 

of R&D has advantages. 

Recruitment/labour and other cost considerations: Decisions about R&D 

structures can be influenced by locational and managerial efficiency questions. So, 

for example, certain regions may be famous for their researchers in a particular field, 

or be closely located to important customers, and this may affect companies’ 

decisions about locating research.(Silicon Valley would be a classic example) 

Specific considerations of the needs of the key individuals, such as the ability to 

access to the expertise of particular scientists, or effectively to utilize the limited 

availability of highly skilled research managers, may also affect decisions about the 

location of R&D. 
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‘One of the major trends seen in the organization of R&D in the 1990s was an 

increasing move towards decentralization. The aim of this move was to make R&D 

better targeted to immediate business needs. The danger in this move is that it 

underemphasizes the importance of longer term, more speculative R&D that provide 

the opportunity to create new markets, and give the customers what they did not 

know they wanted. Historically, there has been a cycle of centralization and 

decentralization and this may well be repeated, as the recognition of the benefits of 

the centralized research returns.’ (Dodgson, 2000:83) 

‘An “innovative organization” implies more than a structure; it is an integrated set of 

components, which work together to create and reinforce the kind of environment, 

which enables innovation to flourish.’ (Tidd et al, 1997:305) After several 

observations of the organization of research in many firms over a long period, many 

researchers have concluded that there is no single best answer to the question that “is 

there a best organization for research? However, the influence of research 

organization on research activity is clear. Research organization consisting only of 

decentralized divisional labs encourages a short-term focus, mainly on the current 

businesses of the corporation. Therefore, in this form, management must provide 

special attention to focus on long-term issues. In contrast, research organization 

consisting only of a corporate research lab encourages long-term focus, but at the 

cost of short-term relevance. Accordingly, in this form, management must pay 

special attention to make its research relevant to the current businesses of the firm. 

(Betz, 1997:263) 

If an organization is specialized on technology development projects, such as an 

R&D laboratory, a formal process for formulating, selecting, and evaluating projects 

is usually established. Senior management sets research priorities and business 

directions according to the adapted technology strategy of the firm. Middle managers 

then define project requirements, around which they and technical staff generate 

research ideas. Technical staff then drafts R&D proposals that are sent to middle and 

senior management, who select which projects to fund. Funded projects are 

performed by technical staff and monitored by middle management. Senior and 

middle management review project portfolios periodically and select research 

projects to terminate or to continue into development and implementation, based on 

technical progress and commercial importance. 
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‘Research management has to be sensitive to the aims and needs of different kinds of 

R&D activities. Firms have different control structures for different kinds of research 

activity. The classics study of innovation management in the 1960s showed how 

firms were organized in “organic” or “mechanistic” forms according to their aims. 

Organic forms are associated with the encouragement of flexibility and initiative and 

the avoidance of prescriptive communications channels and authority. They have a 

community structure of control and devolved technical authority. Mechanistic forms 

are associated with hierarchical control, authority and communications, demand for 

obedience, and very precise definitions of methods. These are two ideal types of 

organization, but subsequent research has shown the advantages for innovation of 

organic forms, where there is a high degree of technological complexity.’ (Dodgson, 

2000: 62) 

The support of top management for innovation is especially important for top 

management controls the resources and rewards within the organization. In 

supporting R&D, the management should have a clear set of technology and business 

strategies, which provide criteria for selection of R&D projects. (Betz, 1997:100) In 

addition, several researches have demonstrated that an extrinsically motivated state is 

less conductive to creativity than an intrinsically motivated state. (King and 

Anderson, 2002:50) Democratic, participative styles of leadership, high discretionary 

power, flat structures with permeable boundaries between subdivisions, climates, 

which are playful about ideas, supportive of risk taking, challenging and tolerant of 

vigorous debate, affect creativity positively. (King and Anderson, 2002:50) ‘High 

discretion is consistently related to creativity at work, both through the motivating 

effects of a sense of control over one’s own work and by removing hierarchical 

barriers to trying new ideas.’* (King and Anderson, 2002:132) ‘But we must be 

careful not to fall into the chaos trap-not all innovation works in organic, loose 

informal environments or “skunk works”-and these types of organization can 

sometimes act against the interests of successful innovation.’ (Tidd, 1997:305) 

Therefore, a detailed examination of the relevant factors mentioned above may help 

predict the level of innovativeness of an organization. 

                                                 
*’At 3M, managers have adopted the 15% rule: 3M’s folks can devote up to 15% of their time to 
projects of their own, without seeking approval from or even bothering to tell managers what is they 
are working on’. (Kanter et al, 1997: ıx)  
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2.1.6. The Differences and Discrepancies between R&D Departments and 

Business Units 

In this subsection of the thesis, the differences and discrepancies between the R&D 

departments and business units will be explained in order to achieve a better 

understanding of organization of innovation activities. At fist, if a successful 

innovation derives from a delicate balance between exploiting technical possibilities 

and satisfying market needs as proposed, how can we strike this balance? ‘R&D is 

generally a long-term investment. Even the shorter product developments take two to 

three years from applied research to development. The longer developments from 

basic research usually take ten years. Thus, R&D is fundamentally “strategic” in its 

planning horizon. Since much of innovation is about uncertainty, it follows that 

returns may not emerge quickly and there will be a need for “patient money”. This 

may not be always easy to provide, especially when demands for shorter-term gains 

by shareholders have to be reconciled with long-term technology development plans. 

(Tidd et al, 1997:308) In contrast, business units are always under the quarterly profit 

accounting system, focused principally on the current year’s business. Business units 

are fundamentally “operational” in their planning horizon. Yet, if an operational 

component is not included in R&D strategy, it will not integrate properly into the 

business unit’s planning horizons. Conversely, if business units do not have strategic 

long-term planning horizons, they have strategic difficulty in integrating the R&D 

units’ plans.  

Another differing characteristic is that, organizationally, the R&D laboratories are 

expense centers and the level of R&D expenditures depend on many variables, such 

as the rate of change of technologies on which the corporate businesses depend, the 

size of the corporation and levels of effort in R&D by competitors. In areas of 

rapidly changing technology, firms tend to spend more on R&D as a percentage of 

sales than do firms in mature core technologies. (Betz, 1997:273) That is to say, they 

do not directly produce income, whereas the business units directly produce income. 

This can lead to arrogance by the business units toward the R&D organizations, 

making it more difficult for R&D to elicit support and cooperation from the business 

units. 

‘The characteristics of products from the R&D center and business units also create 

important cultural differences in the organizations. Business units’ products are 
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goods and/or services sold to customers of the firms, whereas R&D center products 

are information, understanding, and ideas that must be communicated internally to 

business units and then embodied into goods and services. This can generate cultural 

differences on how the different organizations value “ideas”. The R&D unit must 

place a higher value than the business unit on the “idea” of a future product, whereas 

the reality of the business unit is focused on the existing products, not as ideas, but as 

real objects in the marketplace’. (Betz, 1997: 267) 

‘Finally, the methods of the organizational units differ, with the R&D unit valuing 

scientific and engineering methodology and principles that result in “pushing 

technology” from the opportunities of technical advancement. In contrast, the 

business unit, with its direct contacts with the market, will be primarily interested in 

“market demand”, meeting the needs of the existing markets.’(Betz, 1997:266) 

Therefore, the inner logic of the contemporary economic system- mainly focusing on 

short-term profitability in already existing markets- continuously comes up against 

serious problems in creating a healthy environment for innovation. As it is expected, 

huge corporations that are able to stand against this inner logic at the expense of 

short term profits, with the expectation of monopolistic profits in the following 

periods could devote big funds and human power to innovation whereas small ones 

with insufficient financial resources face the threat of being driven out of the market. 

2.2. Theory of Innovation in the Labour Process Theory 

From this point onwards, a very brief summary of historical perspective on the 

development of capitalist mode of production within the literature of labour process 

theory will be followed. Two points should be made clear before we continue with 

our theoretical debate. The first one is that we benefit from the literature in the labour 

process theory, because as it will be explained in more detail in the methodology 

section, in our survey we will pursue a labour process approach to innovation 

activities. Secondly, we suggest that the dominant economic systems of the time, 

technological development level; labour processes and patterns of division of labour 

in production bring forward different types of innovation processes and organization 

structures in innovation. That is why we present a general description of the general 

characteristics of and dominant trends in the mode of production in specific periods; 
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in order to trace evolutionary changes to innovation processes in its historical 

progress. 

2.2.1. Some Basic Arguments of Labour Process Theory 

As a historical mode of production, capitalism is based on the generalized production 

of commodities for exchange and profit. Raw materials are transformed first into 

products for use and under the specific context of capitalism into commodities to be 

exchanged on the market. (Thompson, 1989: xııı-xv) So to say, the distinctive 

features of this mode of production are the process of creating of surplus value and 

realization of profits. Hence, under capitalism historically structured as a price and 

exchange system, production is both a material and social process. That is why the 

mainstream ideas of economic theory-neutrality of science and technology 

(ignorance of mutual conditioning between forces of production and relations of 

production), the inevitability of hierarchy and division of labour, linear progression 

of production systems toward a relatively satisfied and integrated workforce- are 

challenged by political-economists from the beginning. To illustrate, Meiksins 

suggests that the technical division of labour and forces of production can not 

override the social organization of production and the valorization process, that 

something innate within technology can not overturn the capitalist labour process. 

Again, according to Meiksins, instead of seeing technology as an independent force, 

it may be more accurate to point out how technology accommodates to the existing 

division of labour. (Meiksins and Smith, 1996:10)  

Historically, the construction of capitalism itself as a price and exchange system 

brings forward two necessities: simultaneous control of the price of labour power-

wages- and the price of commodities by the entrepreneur. To achieve the ultimate 

goal of realizing and securing profits, these two requirements point to the same 

direction: “attaining maximum control over the labour process”. This thesis can 

alternatively be read as an attempt to investigate this struggle over the control of the 

labour process in innovation activities. 

2.2.2. The First Industrial Revolution 

For the predominant factor in the competition between rival capitals and also in the 

struggle between capital and labour was the price, the immediate answer put forward 

was traditional top-down forms of organizing work. The first task was gathering 
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together workforce and dictating working time and place. ‘During the first industrial 

revolution between 1780 and 1850-steam power being the main driving force (Grupp 

and Maital, 2001: xiv) -, subcontracting and putting-out systems were replaced by 

internal contracts establishing direct authority over work. The main management 

problem was the control of recalcitrant labour, the establishment of factory discipline 

and industrial time rhythms.’(Warhust, 1998:104) ‘The cost of the new machinery 

necessitated putting the machinery in a central factory and hiring people to come to 

the factory and attend the machinery. The workers were then paid for their time. 

Since these inventions were used in a factory organization, factory-based industries 

changed societal organization from the guild of feudal organization of production 

into modern capitalistic forms of production. People left farmland and moved into 

cities to find employment in the new factories. Capitalist owners and managers 

became “bosses” and peasants “labour”. Societal structure altered from aristocracy 

and peasantry to management and labour.’ (Betz, 1997:48) 

In this “manufacture” phase of capitalist development, subordination of the working 

class, hierarchy and division of labour appeared to be the persistent features of any 

production organization not only in the name of technical efficiency but also of 

accumulation of capital. (Thompson, 1989:57) No conscious attempts of technology 

development or recruitment of professionals by the industry for this specific purpose 

can be mentioned for the period in spite of the apparent dominancy of the emergent 

technologies over the rapid economical development. Basic research and even 

technological applications remained to be personal activities sustained in an amateur 

manner and the whole task was the utilization of newly bourgeoning technologies in 

the service of the industry.  

2.2.3. The Second Industrial Revolution 

 The second industrial revolution, between 1880 and 1930-caused by the invention of 

the dynamo and electricity (Grupp and Maital, 2001:xiv)-, backed by a new wave of 

technological revolutions and enlarging markets, brought about big corporations and 

mass production of standardized goods. (Warhust, 1998:104) Previous period’s 

persistent features are supplemented by homogenization of tasks and widespread 

deskilling on all levels of productive and unproductive labour for workers’ skills are 

normally an obstacle to the full utilization of the means of production by capital. 
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(Thompson, 1989:118). Babbage principle is taken to its logical limits. In order to 

exert absolute authority over the labour process, to degrade and so “cheapen” labour, 

mental and manual labour is severely separated; remaining core work tasks are 

standardized and fragmented. ‘The division of labour has been carried to certain 

fundamental operations beyond which it must wait upon a transformation of the 

technology.’(Littler, 1996:91) Working classes are stripped of their discretionary 

power while all mental work is taken from the shop-floor to the planning 

departments. With the advent of the technology, formal subordination of labour-by 

the agents of capitalists: foremen or senior workers- is followed by real 

subordination of labour; incorporation of science and machinery imposing specific 

forms of organizing labour on workers within the expanded scale of production. 

(Thompson, 1989:xv)  

In concomitant with the incorporation of above mentioned Taylorite principles to the 

production process, this era simultaneously witnessed engineering occupation as we 

know today coming to the scene. Engineers have always been at the centre of the 

development of industrial capitalism and present trends suggest that, if anything, this 

is becoming even more true. (Meiksins and Smith, 1996:3) From the beginning, they 

played a pivotal role in the development of productive forces and in the design and 

implementation of organization settings. At the same time, engineers as part of 

mental labour, assume responsibility for separating direct production workers from 

any engagement with formally designing and managing their conditions of 

production. (Smith, 1999:189) Therefore, these technical and scientific workers, in 

performing their technical functions, are also performing the function of reproducing 

the conditions and the forms of domination of labour by capital. (Thompson, 

1989:228) Taylorism is enshrined in the occupational ideology of engineers, 

irrespective of the particular context or way in which their jobs are designed. 

Accordingly, in an effort to eliminate uncertainty and human error in production, 

substituting machinery for workers where possible or if not, increasing control over 

production was always on the agenda of engineers. (Smith, 1999:191) While taking 

an active part in formal subordination of labour by organizing production processes, 

by keeping workers under surveillance and by dictating production specifications and 

instructions, it will not be an exaggeration to suggest that engineers are the main 

agents of real subordination of labour. In a natural manner, engineers legitimize the 
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introduction of new technologies and the way they are incorporated in the eyes of all 

wage labour, including themselves. (Thompson, 1989: 228) 

However, what was in hand was a two-edge sword. There was a contradiction 

between the necessity for attaining maximum control over production activities by 

management and at the same time relying on engineers for securing and maximizing 

profits. Creative and non-creative aspects of technical work are hard to separate that 

Taylorite principles can not be fully introduced to engineering work. ‘Technical 

labour is inherently uncertain and ambiguous, requiring an artful management of 

creative and rather intelligent and autonomous individuals. The most immediate 

outcome of this management problem is reciprocated trust relations and an 

operational authority through which they can determine the timing and techniques of 

their work.’(Warhust, 1998:12) In an environment of operational efficiency, 

engineers see themselves as the only rational players of the workplace, only serving 

the corporate, free from power relations. Interpreting themselves as neutral 

technocrats, they believe in relying upon only “scientific knowledge” (generally 

Taylorite principles) for making decisions. 

The Second Industrial Revolution has also witnessed the incorporation of the 

innovation activities under the roof of industrial organizations. The inclusion of 

science into the functions of the business, in the corporate research laboratory, was a 

key event in institutionalizing scientific technology in society. ‘With an inventive 

career extending into the twentieth century, Thomas Edison embodied transition 

from the “great individualists”, of which he was certainly one, to the large scale 

R&D laboratories, that he helped to establish.’ (Freeman and Soete, 1997:198)  The 

first industrial research laboratories were created in new technologies of the electrical 

and chemical industries. In addition to the GE example, many other now-famous 

corporate laboratories in the U.S. were begun in the early twentieth century, such as 

the DuPont Laboratories, Bell Labs of AT&T, the Dow laboratory, GM’s technical 

center, and many others. Industrial laboratories were also established in Europe, such 

as I.G. Farben and Siemens. (Betz, 1997:256) Henceforth the approach was not one 

of putting into practice the results of scientific developments for the sake of capital, 

but of exerting a total control over the entire innovation process from the start to the 

end. In a way, the innovation activities are tried to be merged with the production 

process itself in an effort to divert the development of technological changes into a 
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path desired. Obviously one other objective was to warrant sustained technological 

change to secure high monopolistic profits. To achieve these goals, professional 

engineers are begun to be employed in research and development departments 

established by big corporations. 

However, innovation activities carried out by these professionals may be considered 

the darkest part of a fuzzy picture for the management. Ambiguity and uncertainty 

inherent in technical work are multiplied in the case of R&D activities and make it 

impossible to manage. Nearby engineers responsible for technology management are 

supposed to have a huge discretionary power to engage in research activities 

successfully. 

‘Taylorism and Fordism as forms of work organization are constrained by certain 

economic and technical limits and carry coordination and control costs. In particular, 

Taylorism and Fordism are set within a certain pattern of product markets and inter-

capitalist competition. In the late 60s and early 70s it began to look as though the 

accumulation of labour problems plus the shift in production markets, necessitating 

greater flexibility and with an emphasis on quality and reliability were creating a 

crisis for Fordism.’(Littler, 1996:102) ‘The present Ford dilemma was illustrating the 

essential tension in the capital/labour relationship-a tension between the need to 

regulate and dominate the production process versus the need to maximize the 

creativity and reliability of wage labour against a backdrop of competitive market 

pressures, technological developments and management/workers relations.’(Littler, 

1996:103)  

2.2.4. The Third Industrial Revolution 

Then comes the third industrial revolution, characterized by decentralization, flexible 

production, new technologies-rapid advances in robotics, computers, software, 

biotechnology, new materials and microelectronics (Grupp and Maital, 2001:xıv)- 

and new management strategies aiming at a flexible and overall utilization of human 

resources. (Warhust, 1998:104) The shift from energy-intensive mass and flow 

production systems to information- intensive flexible production systems, based on 

microelectronics affected all industries. (Freeman, 1990:74). The technological 
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background mediating this paradigm shift are computers*, highly flexible, 

increasingly automated machines powered with micro-processors to produce 

volumes of products in enormous variety and nearby new generations of surveillance 

technologies enabling management to have an omni-present eye on the shop-floor. 

As price ceased to be the predominant factor in exchange and non-price factors, such 

as reliability, quality and design assumed a larger significance, this has placed a 

heavier emphasis on worker cooperation and worker commitment. (Littler, 1996:91) 

‘In place of command and control structures designed to enforce rigidity and 

compliance, the new production systems call for management that offers facilitation, 

guidance and coordination between self-managing groups of employees who are 

capable of looking after the details of production themselves.’(Smith, 1999:207) 

Traditional virtues of work, reliability, performance and obedience are replaced by 

new norms of self-managing, team-working and multi-skilling. Thereby, technical 

and professional labour’s experience of work could be argued to be the new 

benchmark for all employees in the workplace. There was a clear recognition that the 

success or failure of a national economy depends on the way in which technical work 

is organized, and the relationship between technical workers and other elements of 

the production process. (Meiksins and Smith, 1996:7) 

That is exactly the starting point of this dissertation. Following this paradigm shift, 

then naive innovation activities are begun to be carried out in millions of dollars 

worth high-tech laboratories or independent research centers by thousands of highly 

competent R&D engineers. New and improved materials, products, processes and 

systems, which are the ultimate source of economic advance, are intensely developed 

in R&D departments. An ever increasing portion of government budgets and firms’ 

financial resources are devoted to technological capability building.** High invention 

and diffusion rates of new technologies, necessity for timely responding to rapidly 

changing consumer preferences and facing the competitive pressures from the 

relatively high-tech firms of lately industrializing countries made multi-national 

                                                 
* ‘Nothing is a more fitting example of smoothly running modern capitalism than the 
computer.’(Kraft, 1979:1) 
** Some big companies spend in the neighborhood of $1 billion a year on research and development. 
At Pfizer that amounts to upwards of 17% of gross sales. (Kanter et al, 1997: vıı) 
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corporations* give technology management of the highest priority. Being aware of 

the dematerialization trend in new information-intensive economies and a shift of 

axis of competition from price to non-price factors, this research is intended to shed 

light onto firm-level innovation activities by looking at changing nature of 

engineering. These mental labour processes are anticipated to be the benchmark of 

all kinds of labour in the very near future and so a detailed exposition of innovation 

is hoped to help interpret the whole picture while filling an often neglected gap in 

economics literature. Henceforth, controversial arguments on the nature of this 

paradigm shift and their relevance to our thesis problematic are to be given. 

                                                 
* ‘Bigness of course does have its benefits, and synergy is one of them. When researchers shop their 
ideas around the company, strange and unexpected marriages of convenience occur. Technology from 
lighting and lasers became the basis of a new X-ray detector. Coating and machining techniques 
created for the aircraft engine business were applied to power generators. But it is difficult for us to 
match the speed and the vitality of the small entrepreneurial companies. Bigness breeds bureaucracy, 
and emphasis shifts from speed to control, and from serving the customer to serving the bureaucracy. 
Over the last few years, GE has engaged in an ongoing struggle to clear away bureaucracy and keep 
new barriers from forming.’(Dr. Lewis S. Edelheit, General Motors, Senior Vice President in Kanter 
et al, 1997:104) 
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3. THESIS PROBLEMATIC 

3.1. Introduction 

In describing innovation processes, we will have two reference points. The first one 

will be the organization of the innovation processes within the R&D departments. As 

we have discussed in the section of theory of innovation in labour process theory, the 

organization structure of the labour process has a direct effect on the nature of work. 

However, if we are to explain how the labour process of R&D engineers is 

structured, these questions should be answered: When and how is an innovation 

initiated? How is an innovation process structured and assessed? What kind of a 

division of labour within the innovation activities is carried out? What are the 

intrinsic mechanisms of team work? How is coordination and communication within 

the R&D departments sustained? The responses to these questions given by our 

interviewees, and their analysis will be debated upon under separate sub-topics. 

Besides, the organization structure of the R&D departments of case-study firms will 

again be commented on in this analysis section, because together with some technical 

details, some normative knowledge like the approaches of the R&D engineers to the 

organization type and its effect on the nature of innovation activities will be 

discussed in this section. 

Our second reference point will be the nature of R&D engineering in innovation 

activities. The intrinsic mechanisms of R&D engineering can be studied by looking 

into two distinct aspects of it: software and a hardware aspect. The software aspect 

refers to social organization of the innovation teams, leadership structures and modes 

of control and cooperation. The hardware consists of the technology as material or 

physical objects utilized throughout innovation activity. In our thesis problematic and 

later in the analysis of the case study interviews, these subjects will be investigated 

under different topics with the aim of a better comprehension of innovation process. 

The mutual conditioning between the two should always be kept in mind. While 

utilized technology conditions the way in which work is organized, organization 
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modes have a direct effect on the choices of employed technology. Our debate 

continues with the theoretical discussions on our problematic. 

3.2. Organization of the Innovation Process 

On the importance of change in control strategies, ‘Andrew Friedman differs from 

Braverman, who argues that Taylor’s basic principles then and now define the 

fundamentals of organization of the labour process and that the human relations and 

work humanization schools (which correspond to Friedman’s “responsible 

autonomy”) simply deal with worker adaptation to the ongoing production process as 

that process was designed by industrial engineer. The difference, then, is in their 

interpretation of the relative significance of work humanization strategies. 

Braverman subsumes work humanization to the basic strategy of control, seeing it 

only a short-run and often cosmetic variation. ‘New management strategies of so-

called flexibility attempt to accomplish the same objectives that the old bureaucratic 

ones based on rationalized labour did-controlling wages and limiting labour’s control 

of the work process.’(Warhust, 1998:127) ‘Friedman reifies it as an entirely different 

approach to organizing the labour process. Although it often seems that certain 

experiments with work teams have progressed far enough in generating team 

autonomy to warrant being labeled a different strategy, it is these significant 

examples that have been terminated due to their threat to management 

control.’(Zimbalist, 1979:xxı)  

Another criticism directed to the proponents of the post-bureaucratic organization is 

their belief in that new horizontal forms of coordination have replaced rather than 

complemented more traditional vertical divisions of labour and command structures. 

(Warhust, 1998: 17) According to the criticizers, ‘what is happening in many 

workplaces is the emergence of a dual structure which combines the search for 

innovation with enhanced financial operational accountability. Methods of 

coordination and accountability therefore become more complex, but vertical 

structures remain the backbone of the organizations. Given that horizontal forms are 

largely project-based and temporary in nature, they prefer to refer them as a “shadow 

division of labour” that cuts cross and supplements vertical structures and 

hierarchies.’(Warhust, 1998:17)  
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We have previously stated that this study can alternatively be read as an attempt to 

explore the struggle over the control in innovation work.  In the case of the 

innovation activities, what is in hand is the “management of unmanageable”. The 

hierarchy structure, coordination* and command channels will be pictured- and they 

will be explained under separate topics in the analysis part of our survey- in order to 

see whether a radical transformation in modes of organization of innovation 

processes has ever been experienced.  

In addition, founding interactive work-teams** to generate creative working 

environments is a frequent practice applied for technology development. ‘One of the 

most powerful resources for enabling rapid development is the use of cross-

functional teams, which contain representatives of all the disciplines involved in the 

innovation and which have the autonomy to progress the project. Teams of this kind 

are not formed simply by grouping people together; successful practice involves 

extensive investments in team building, providing them with the necessary training 

to solve problems, to manage conflict, to interact with outside stakeholders, etc.’ 

(Tidd et al, 1997:256) 

However, an alternative approach to the phenomenon of teamwork is quite possible. 

‘While some controls have been lightened, new normative ones have often been 

introduced whereby management asks for and rewards conformity to behavioral 

rules, for example, those governing attitudes and action inside the team.’(Smith, 

                                                 
*‘In the modern world, knowledge-not labour, raw materials, or capital-is the key resource. 
Communication networks, the means by which we obtain and share knowledge are therefore critical 
determinants of success and failure. Unless researchers network, they cannot create a product or bring 
it to the market. What makes these networks work? At DuPont, we hire primarily technical people: It 
is easier for technical people to learn about business than it is for business people to learn about 
technology. As a result, our people have a lot of mobility within the company, and newcomers often 
find themselves migrating through various positions within a business, from business to business, or 
from research in a business to research in a corporate lab. Along the way, people naturally build 
relationships that lead to networks of allies and mentors’. (Dr. Joseph Miller, Chief Technology 
Officer and Senior Vice President, Research and Development, DuPont in Kanter et al, 1997:79) 
** ‘We are continually organizing cross-functional innovation teams that include representatives from 
research, marketing, manufacturing, engineering and service, as well as vendors and customers. Under 
usual circumstances, members of such teams work in a single location. We are most effective if we 
have our team members sitting-as we say-around a coffee pot, even if that requires spending a few 
months in a Wisconsin motel in the dead of the winter. 

In some case, however, the requisite groups were scattered around the globe: The people responsible 
for overall design were in Great Britain; manufacturing was scheduled in Hungary; and the group that 
would develop the electronic ballast was in Ohio. The team members worked together, bridging the 
physical distances with regular phone calls, e-mail, video conferences and extended visits in one or 
another of the project locations’. (Dr Lewis S. Edelheit, General Electric, Senior Vice President in 
Kanter et al, 1997:101) 
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1999:211)* ‘It may be more accurate to speak of an enlarged number of 

interchangeable tasks for engineers carried out by substitutable labour, or a broader 

scope of skills not higher ones. Being a good team-member is not genuine skill being 

sought, but rather worker attitudes and personal characteristics most useful for 

company profitability. However, team-working may well create opportunities for 

restructuring the labour process in ways that undermine traditional skill 

hierarchies.’(Smith, 1999:207) Thereby clarifying the intrinsic mechanisms of team-

work and their effects on the labour process in innovation is another focal point in 

this dissertation. 

3.3. The Nature of Engineering Work in Innovation Activities 

First Braverman’s rejection to “upgrading thesis” should be presented as a 

problematic. Upgrading thesis is that ‘new technologies washes away boring, 

routinized dirty jobs and erects in their place interesting, challenging and clean ones’. 

(Zimbalist, 1979: xi) In “Labour and Monopoly Capital” Braverman opposes this 

claim drawing from his theoretical and empirical work. (Braverman, 1974) For 

instance, technology advocates propose that ‘computer technology offers the 

possibility of a radical break with the Taylorist tradition of work organization, 

moving toward more skilled ** and rewarding jobs, and toward workplaces where 

learning is encouraged and rewarded. Learning is the new form of labour.’(Warhust, 

1998:27) However, as a historical reality, ‘it is clear that even computer 

programming itself has experienced a steady process of fragmentation and 

routinization while programmers as a group have experienced a rapid deskilling. 

***These trends call into question the major claim of technology advocates that 

increasingly sophisticated technologies in the workplace create jobs that are better 

than those they place. Programming’s transformation into software production shows 
                                                 
*’To paraphrase Foucault, in team-based work regimes, every “prisoner” becomes a “warden” and 
every “warden” a “prisoner”.’(Smith, 1999:212)  
** Skill is based on knowledge; the unity of conception and execution and the exercise of control by 
the work force and all these three aspects will be interrogated within our case studies. (Thompson, 
1989:92)  
*** ‘Computer will be to administrative workers, even at lower and middle management, what the 
assembly line was to manual employees’. (Thompson, 1989:80) 
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that even the most complex work can be trivialized and improved machinery does 

not automatically mean better jobs.’(Kraft, 1979:17) 

Alternatively, researchers put forward a cyclical pattern for successive periods of 

enhancement of skills and widespread deskilling. Revolutionary advances in 

technologies bring forward new job categorizations and extensive upgrading of 

skills. In the course of time, knowledge of new technology is accumulated in the 

hands of the management leading to similar patterns of sub-specialization and 

fragmentation of enhanced skills. Finally, a much wider range of human skills and 

intelligence are incorporated into machinery at a minimal cost waiting for a new 

round of technological development-just as in the case of microprocessors and 

computers. To exemplify engineers, long-celebrated CAD/CAM technologies at first 

strengthened their discretionary power, but eventually resulted in machine pacing, 

extended hours, task fragmentation and loss of autonomy.  

One of our problematic here in this dissertation is a multi-sided interrogation of these 

alternative theories in order to see whether they are verified in the process of creating 

new technologies. It would definitely be a fruitful experience to observe the relation 

of R&D engineers to technology hardware in an innovative environment for a total 

understanding of skill formation and utilization in R&D engineering work. As an 

exemplary case, engineers’ experience with CAD/CAM technologies, design and 

drawing programs should certainly be examined. It should be once more highlighted 

that we follow the footprints of labour process theory and the main objective in 

analyzing upgrading thesis or engineers’ relation to technology is coming up with the 

nature of innovation process itself. 
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4. METHODOLOGY 

4.1. Introduction 

The following part of the dissertation will be devoted to the methodology that is to be 

employed throughout the case study research. There are three reasons why we prefer 

to do case study research to explore innovation process. We are basically after “how” 

and “why” questions and case study research is an appropriate way to get the 

answers. We as the investigator have no control over the events and we aim to 

observe the processes as they really are. Lastly, we focus on a contemporary 

phenomenon within some real life context and this makes doing a case study research 

possible. Hopefully, the case study will allow us to retain the holistic and meaningful 

characteristics of innovation process as a real life event with the help of its ability to 

deal with a full variety of evidence-documents, artifacts, interviews and observations. 

(Yin, 1989:13-14) 

4.2. The Level of Analysis 

Three levels of analysis for studying innovation can be distinguished. (Dijk and 

Sandee, 2002:5) 

1. The macro or policy level, promoting (or discouraging) innovation and innovation 

diffusion. 

2. The meso level or the level of the business support system and how technological 

development and innovation is influenced at that level. 

3. The level of the enterprise or a cluster of enterprises where the actual development 

and diffusion will take place. 

This thesis study deals neither with state policies or national systems of innovation 

nor with innovation webs comprising innovative firms, independent research centers, 

universities and their interrelatedness, but as has already been stated aims at tracing 

the innovation process “where the actual development and diffusion will take place”. 
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Definitely, the level of the analysis will be the innovative enterprise to answer the 

question how an innovation occurs. Innovation and change are attempted to be 

understood in particular contexts with the help of individualistic explanations, and 

the utilization of qualitative methods such as depth or semi-structured interviews, 

participant observations and analysis of documentary materials. (King and Anderson, 

2002:6) 

4.3. Research Design 

A research design is the logic that links the data to be collected (and the conclusions 

to be drawn) to the initial questions of a study. Every empirical study has an implicit 

if not an explicit research design. The five components of a research design are a 

study’s questions, its propositions if any, its units of analysis, the logic linking the 

data to the propositions and the criteria for interpreting the findings. This study does 

not pose speculative propositions but instead has some essential questions, which are 

listed in the previous sections. As already stated, the unit of analysis will be the 

innovative firm itself. The logic linking the data to the questions and the criteria for 

interpreting the findings will be the same for each and every case and implicit in our 

questionnaire and analysis of the findings so that it will be possible to make 

comparisons between the cases. (Yin, 1989: 27-29) 

‘A complete research design, covering the five components described above, in fact 

requires the development of a theoretical framework for the case study that is to be 

conducted. The use of theory, in doing case studies, is not only an immense aid in 

defining the appropriate research design and data collection, but also becomes the 

main vehicle for generalizing the results of the case study.’ (Yin, 1989:40) That is 

why a review of the relevant literature and a general theoretical and historical 

framework are presented at the beginning of the study. In a way the questionnaire is 

evolved in the process and the logic, linking the findings of the case studies to the 

theoretical context is structured.  

The first task is to determine the theoretical context and model specification 

mediating our case studies. The immediate question is on generalization of 

innovation theories. Keeping in mind the fact that specific types of innovation vary 

with respect to antecedents, development and impact, producing general theories 

may easily lead to oversimplification of the field and misleading universal 
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explanations. In contrast, if we attempt to introduce a different theoretical context 

and to pursue a different methodology for every real case, it would be impossible to 

cope with this already complex and fragmented area. Following this line of thinking, 

this dissertation is intended to help a more generalized understanding through the 

accumulation of context specific evidence and to challenge grand, universal models 

rarely bearing resemblance to factual cases. (King and Anderson, 2002:145) 

The next discussion should be on utilization of a model. We often come across with 

models in the literature that have too much in common. ‘Firstly they are largely or 

solely based on theoretical speculation, rather than observations of real innovation 

processes. Second, they are normative; they seek to describe how innovation 

normally occurs, a trap we should avoid. Third, they describe the process as a 

sequence of development stages, each of which must be passed through in turn’. 

(King and Anderson, 2002:151) The main danger about a general model is the 

idealization of it for all types of innovation. However, the attempt to avoid prior 

commitment to any theoretical model does not mean that the provision of a research 

design and sticking to it in the preparation of the research papers, interviews and data 

analysis are essential in order to make comparisons across our cases and innovation 

types for a better understanding of the context. (King and Anderson, 2002:160) 

4.4. Data Collection 

‘Evidence for case studies may come from six sources: documents, archival records, 

interviews, direct observation, participant observation, and physical artifacts. The use 

of these six sources calls for slightly different skills and methodological procedures. 

For each case, the investigators generally collect such documents as project 

proposals, interim reports, and working papers, completed manuscripts and reprints, 

correspondence between the research team and its sponsors, and agendas and 

summaries of advisory committee meetings. These documents are used in 

conjunction with other sources of information, such as interviews of the research 

team and observations of the research project’s activities and work. Only when all of 

the evidence produces a consistent picture, is the investigator satisfied that a 

particular event has actually occurred in a certain manner.’ (Yin, 1997:pp 84-86) 
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4.5. The Questionnaire 

In the appendix, case study interview questions will be written down. It should be 

specifically noted that the questions are in fact posed to the investigator, not to a 

respondent. The questions, in essence, are reminders to the investigator regarding the 

information that needs to be collected and why. In some instances, some specific 

questions may also serve as prompts in asking questions during case study interview; 

however, the main purpose of these questions is to keep the investigator on track as 

data collection proceeds. (Yin, 1997:76) The interview is designed as one of an open-

ended nature. There are questions, which ask respondents for the facts of a matter as 

well as for the respondent’s opinions about events. In addition, some questions ask 

the respondent to propose his or her own insights into certain occurrences so that 

such propositions may be used as the basis for further inquiry. (Yin, 1997:89) This 

questionnaire -the derivation of which is undoubtedly a vital part of the dissertation- 

is based upon our thesis problematic, and the analysis of the answers given to the 

case study questions will be made under the topics, which will again correspond to 

the debates handled under the thesis problematic section. Throughout the analysis, 

the answers will be presented on an integrated basis. When necessary, striking 

discrepancies between the interviewees will be highlighted. 

4.6. Sample 

The case studies are made within three companies all in the automotive sector. 

Automotive sector is chosen, because it is one of the rare sectors in Turkey where 

one can observe serious and professional innovation activities. Innovation in 

corporations of different sizes differentiates in many ways, ranging from decision 

patterns and leadership structure to funding schemes and modes of division of labour. 

In our study, corporations of varying sizes-one small, one middle-size and one big 

company- but from the same industry will be investigated in order to see the 

differences and similarities between the ways they carry out their innovation 

activities. Here the ultimate goal is not to determine the effects of the size of the firm 

on the type and the form of the innovation activities, but to develop a general 

understanding of innovation itself.  
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4.7. Limitations 

Before the 70s, the general tendency in innovation studies was conducting some kind 

of a variance research, a type of data gathering and analysis that consists of 

determining the covariances among a set of variables, not considering their time 

order. The variables related to more innovative and less innovative organizations 

were tried to be detected. A radical break with the methods of traditional research 

types is experienced with the introduction of “diffusion research”. This was some 

kind of a process research, a type of data gathering and analysis that seeks to 

determine the time ordered sequence of a set of events by looking at the innovation 

process within the organizations. (Rogers, 1983:356) 

It should be admitted that such an in-depth approach limits our analysis to a smaller 

sample of organizations. Restricted data could easily prevent us from making 

immediate generalizations on the research results. However, in place we gain a 

greater insight in tracing the nature of the innovation process in each organization. In 

a way, we will have learnt “more about less, rather than less about more”. 

Considering our main research objective and insufficiency of this type of studies in 

both number and comprehensiveness especially in a developing country context, a 

process research is much more appropriate. (Rogers, 1983:358)  
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5. CASE STUDIES 

In this chapter the company profiles of the case study firms, introductory knowledge 

on their R&D departments and the empirical findings derived from case study 

interviews and observations will be given. We will begin with the biggest company 

in the sample; Ford Otosan, continue with the middle size one; Argen and end with 

small size company; BIAS Engineering. 
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5.1. Ford Otosan 

5.1.1. Company Profile 

Ford Otomotiv Sanayi A.Ş. was established at the end of the 1950’s and in 1966, 

launching Turkey’s first mass-produced automobile Anadol; Otosan laid the 

foundation of the Turkish automotive sector. In 1977, Ford and Otosan signed a 

licensing agreement as Ford Otosan. The agreement gave Otosan the right to produce 

and sell the D-1210 Ford trucks and the transit series, as well as to manufacture the 

engines for the Anadol and the Transit. Engine plant at Eskişehir, İnönü, founded in 

1979, began mass-production in 1982, and it was again Otosan which, using modern 

manufacturing methods, produced Turkey’s first diesel engines. Turkey’s first small 

diesel engine ERK too was an Otosan product. 

Today, according to the Ford Otosan engineers, they have the technology and know-

how to design a complete vehicle for the Turkish automotive industry. The company 

also manufactures vehicle components as well as moulds and machines utilized in 

the production In the recent period Ford & Koç partnership has approved a major 

investment program totaling 950 million dollars which include three new products (V 

184/5 Transit, V 227 Connect, H 298 Cargo Heavy truck), two new engines (Puma 

2.5 DI replacement, Ecotorq Heavy Truck Engine) and a new plant (Kocaeli plant, V 

184/5 Export to Ford of Europe/ Capacity Increase). Here are the some milestones of 

the company: 

1928 Vehbi Koç initiates Ford Dealer  

1959 Otosan was established (Istanbul Plant) 

1966 First Turkish Automobile – Anadol 

1971 Ford Truck & Transit Series 

1977 License Agreement with Ford 

1982 İnönü Truck (Cargo) & Engine Plant 

1983 Ford equity participation (30% Share) 

1993 Escort production in Istanbul 

1997 Ford and Koç Group Share Equalization (41%) 
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1998 Kocaeli Plant – Ground Breaking Ceremony 

2001 Kocaeli Plant – Transit Job #1 

2002 Kocaeli Plant – Transit Connect Job#1 

2003 İnönü Plant – New Cargo Launch 

Our case study is carried out at Kocaeli Plant of Ford Otosan, founded in 1998, and 

where the Product Development (PD) Department is located. The main departments 

of the company are PD, management, new projects, finance, marketing and sales 

departments. The ownership structure of the company is such that 41% belongs to 

Koç Group, 41% belongs to the Ford Co. and the rest is open to public. For the year 

2010, 2 % of the total annual sales is aimed to be allocated to R&D, but for now, no 

such policies are pursued.  A total of 6000 workers are employed in Kocaeli Plant; 

4986 of them are blue collar and 1004 are white-collar workers. The graphic and 

figure below show the education status and average work experience of the 

personnel.

 

Figure 5.1: The education status and average work experience of the personnel. 

5.1.2. Product Development Department 

Product development (PD) department was formed in 1961 to handle all PD 

activities. Today Ford Otosan PD group can develop almost a complete vehicle in 
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house. Engineers utilizing the state of art engineering tools (i.e. CAD/CAE and rapid 

prototyping) to develop parts and systems, simulating crash tests or cooling 

performance, gained extensive knowledge and experience from countless hours and 

kilometers of vehicle and engine testing. In 1998, Ford Otosan PD group got 

involved in a unique vehicle development project with Ford: Transit Connect. The 

project involved a major co-development work with Ford PD group and number of 

PD members involved reached 349 with 7 PhD, 55 MSc, 236 BSc and 51 technical 

staff. Engine development group is just finalizing design and development of a brand 

new engine family employing most advanced engine technology for the new heavy 

truck that truck development group has been working on for the last couple of years. 

These are the sub-departments of the department and their capabilities: 

Engineering Tools 

Engine Test Cells 

Emission Testing 

Component Testing 

Materials Characterization and Failure Analysis 

Vehicle Testing 

Vehicle Performance Measuring Equipments 

Fatigue Test Rigs 

Durability Rig Test Laboratory 

NVH Test System (Head Acoustics) 

Material Laboratory 

CAE 

Workstations 

Durability Analysis 

Full Vehicle NVH Analysis 

Safety Analysis 

CFD Analysis 
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Design Studio 

Concept development  

Digital Modeling 

A-class surfacing 

Clay generation & modeling 

Rapid prototyping 

Color & harmony analyses 

Craftsmanship 

Design aid (buck) manufacturing 

Moreover, below are some of the R&D activities of the department: 

Projects – EC funded projects (Integrated Projects) 

GREEN (IP) – Green Heavy Duty Engine 

CERC – Future - Ultra-Low Bio-Diesel Engine Technology 

Projects – Local Projects with Universities 

ITU – 9 projects, 11 professors, 10 research assistants 

METU – 4 projects, 5 professors, 4 research assistants 

BOUN – 2 projects, 3 professors, 1 research assistants 

Projects – Consortium Projects 

Development of Fuel Cell Technologies to Produce Clean Energy 

Hybrid Electric Vehicles – HEV Connect 

Navigation System - Telematics 

Implementation of Turkey’s First In-Car Navigation System 

Modeling of Driver Behaviors in order to Prevent Accidents 

Production of Transit Connect Hood Plate with Magnesium 

Development and production of PEM type Fuel Cell Components and Investigation 

of Today’s Hydrogen Technology 
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Conferences – Organized and Sponsored by Ford Otosan R&D 

ICAT 2000 

ICAT 2004 

Conferences – Attended 

UTES 2004 – V. National Clean Energy Symposium 

SAVTEK 2004 – Defense Technologies Conference 

OTEKON'02 – Automotive Technologies Congress 

OTEKON'04 – Automotive Technologies Congress 
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Figure 5.2: Organization chart of Ford Otosan PD Department 
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5.1.3. Analysis of the Case Study Interviews 

Case study interviews are made with three R&D engineers from the PD Department; 

one product development engineer of fifteen years experience in R&D departments 

of various corporations, one recently recruited design verification engineer and one 

from the R&D coordination unit who have been working for Ford Otosan for three 

yeas. Once again, the answers to our case study questions will be given on an 

integrated basis. 

5.1.3.1. Organization Structure of the R&D Department 

 The Ford USA inspires the administrative organization. The top management of the 

PD department at Ford Otosan consists of vice managing director in charge of R&D 

and four managers. Chief program engineers and project managers fill the middle 

management positions between the top management and PD engineers. Nevertheless, 

especially the organization of the middle management is open to restructuring with 

respect to the requirements of the different innovation projects. 

A vertical division of labour and a bureaucratic, hierarchical structure apparently 

dominate the organization type of the PD department; if we take the risk of 

exaggerating, an organization type reminiscent of the military. We observe that- and 

this is highly approved by our interviewees- long-celebrated Fordist paradigm 

succeeded in reproducing of itself at the level of innovation activities. As far as 

possible, the management deliberately avoids delegating its power and privilege of 

making decisions to the workers. Nearby just as Fordist mode of production does it at 

the shop-floor, PD engineering work is sub-divided   to the point the nature of the 

work done and the level of the technology make this possible. Under these 

circumstances, comprehending their work in its totality and so exerting control and 

discretionary power become an impossibility for engineers. 

Our interviewees asserted their belief in that such kind of an organization structure 

stems from the conscious attempts of the management to regulate the labour process 

in line with the benefits of the corporation rather than from the huge size of the 

company. This shows that the size of the company is not an obstacle to the 

reformulation of the organization of the PD department. They think that an 

alternative innovation policy can (and should be) conducted in an “amateur” manner 

if they want a much healthier environment to be created. As a radical solution, they 
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suggest that PD department should be separated from the factory and organized as an 

autonomous organization. Yet, management has taken no serious precautions to 

overcome these problems. 

5.1.3.2. Organization of the Innovation Process 

Initiating an Innovation: High-level innovation studies are initiated by Ford 

Europe. The Ford companies all over Europe, be they in England, Germany or 

Turkey, submit proposals to engage in these studies. Relatively low engineering 

wages and the funds acquired from the state give Ford Otosan an advantage over its 

competitors. For Ford Otosan to initiate innovation studies, acquiring these state 

funds is the critical point and so the projects are selected regarding TUBİTAK, EU 

and EUCAR policies, vision and road maps. The prospective projects are presented 

to the vice managing director and are evaluated by the Board of Directors. Before the 

project is started, the Board of directors gathered three times. In the process, 

academicians from the universities are contacted with and it is decided upon whether 

the project will be carried out within the company or it will be outsourced. At this 

point, we should state that private sector opts to collaborate with public sector only 

for large-scale innovation projects, but not for small ones like let us say chassis 

development. The reason is there is a general belief that working with the public 

sector slows down innovation and market severely punishes lagging behind. The 

motive of the private corporations in working with universities is prominently to 

benefit from their rich technological facilities that they do not want to invest in for a 

single project.  

Rather than as a response to market conditions or technical possibilities, innovation 

is perceived to be an instrument to keep up with competitors. This approach is 

directly related to the Ford’s strategy of establishing itself as a follower. The Ford 

Company that is centered in US, as a rule of thumb- and Ford Otosan is no exception 

to that- never attempts to innovate a product or process, which is totally new to the 

market. The marketing department firmly observes the innovation activities of the 

foremost automotive companies and the latest products are reverse engineered. 

Structuring the Innovation Process: The PD department, which corresponds to a 

typical R&D department in the conventional use of the term, does R&D work. 

However, in Ford Otosan, there is a distinct unit established within the PD 
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department which is directly working on the formulation of the work flow and which 

is responsible for doing coordination and communication between the innovation 

teams; R&D coordination unit. This unit sets the formats of the work packages, 

which include the requirements of the innovation projects, innovation teams, and 

their leaders who will be in charge and their respective missions, project schedules, 

project budget and how it will be allocated. Planning of innovation is taken from the 

PD department as a whole and it is given to a professional managerial unit that is 

organized separately within the company. This unit also contacts with the 

universities and does outsourcing of some of the projects. 

A methodology is developed for the huge innovations, which is: 

Literature survey 

Collecting data on parts 

Determining the targets 

Preparing the project budget 

Design 

Simulation 

Prototype Production 

Prototype Tests 

Reporting 

Structuring this methodology is the responsibility of the industrial engineers. If there 

is any suspicion that this structure is an obstacle to the innovation studies, it is 

reformulated. The engineers believe that it is a good systematic, which accelerates 

innovation. The systematic is well defined and the engineers are recruited to the 

required positions. Nevertheless, although it is really hard, a group of engineers 

asserts that it has its weaknesses and so a new chain of events should be organized if 

the management wants to obtain better results. This is vital in that it does have a 

direct effect on the labour process itself. 

Assessing the Innovation Process: If the innovation is a new-generation 

technology, it is assessed by the Ford-Europe center. Projects of medium and small 

size are assessed by innovation team leaders and project coordination group at Ford 
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Otosan. The innovation team leader first assesses new ideas. If they mainly concern 

components or sub-systems, then the managers make this assessment. If they are 

radical ones, which propose alternatives to the older parts or systems as a whole, we 

should climb up the hierarchy ladder to the vice managing director. Selecting the 

criteria on which the judgment is based is an engineering study on its own, which 

combines comparative analysis and computer simulation with cost reduction aspects. 

If the innovation projects are ended in patents, the PD engineers are rewarded with 

extra premium. 

 Periodically, the twelve sub-units of the PD department prepare three months 

progress reports. At project meetings that are held every six months the level of the 

progress is evaluated and forthcoming period of six months is planned. Lastly, the 

project editors supervise the innovation in every twelve months. Financial matters 

and recruitment of PD engineers can be taken care of by the team leaders without 

consulting with the managers. Marketing is an important unit in assessing the 

innovation. However, if the innovation in consideration is totally a new technology, 

marketing is partly excluded from the process, because no signals coming from the 

market can ever be observed. We additionally observed that whereas large-scale 

innovations are technology push, small development project are market-pull. 

The role played by these administrative workers radically differs from those of their 

counterparts abroad. They have the responsibilities for supervising the PD engineers 

and organization of the innovation activities. Their number and responsibilities have 

risen in time with the size of the company. However, engineering work itself and the 

very content of innovation work are out of their scope. As to their job, business wise 

dominates technical wise and this rule can be generalized to the whole company. PD 

engineers carry out innovation work and in doing that, the technicians assist them. 

Even the project leaders are not able to deal with the details of technical work. 

Consequently, whereas the management rigidly determines the generic form of the 

innovation work, labour process itself can not be totally controlled. The lack of 

technical knowledge prevents management from exerting a total control over 

engineering labour- for if a PD engineer works hard and long enough on a specific 

part of a project, s/he becomes the one who knows most about his or her work in the 

department. As clearly seen, this is directly related to the complexity of the work 
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done and relative insufficiency of the technical knowledge accumulated in the hands 

of the management. 

Division of Labour: Employing three hundred PD workers enables the management 

of Ford Otosan to carry out a detailed division of labour. The descriptions of the 

work tasks are well documented, but the very content of them are newly fulfilled 

since the management has not gained enough experience for yet to comply with these 

formulations. The engineers do the part of the innovation project which is assigned 

by their managers and which is usually in their expertise area. 

On engineering basis, work of PD engineers does not show much diversity. The 

mobility of engineers between different tasks throughout a project is not something 

desired by the management for they are recruited with respect to their specialization 

field. Additionally they are trained on their specialization fields; they attend to 

seminars and work with professional consultants. Considering all these, devoting 

their labour time to anything other than in their expertise areas is regarded by the 

management to be a waste of the investment in their education. Yet in a given 

ordinary working day, engineers find themselves in a position to deal with many 

kinds of jobs ranging from sales engineering to marketing. However, the workers do 

not take these non-technical jobs as an enriching compliment to their engineering 

identity as they are not carried out on a planned, conscious basis. Engineers say that 

the relation between these technical and non-technical aspects of their jobs can not be 

made to build a meaningful whole so they impede instead of complementing each 

other. 

Team Work: For every project, innovation teams are formally set up. Project team 

leaders are chosen among the managers who at the same time take part in the 

administration. To begin with, workflow is planned and then the team leaders 

appoint team members to respective positions. They are selected with respect to their 

workloads, experiences and specialization fields. There are barely sub-structures 

within the groups, especially for software production.  After that, all innovation work 

is done on an integrated basis.  

Yet the reality is much more complex than that. Coordination- the soul of team work- 

is wounded just from the beginning and this causes teamwork to lose its meaning. If 

an interactive environment can not be created between the engineers where they can 
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share their knowledge and experience, and communication between the workers 

holding different positions at the hierarchical ladder is impeded just like in our case, 

setting up a team is nothing but putting PD engineers together. One of our 

interviewees claims that project teams resemble an assembly line; engineers are 

simply done with their part of the project and pass it to the next station. 

Coordination & Communication within the R&D Department: PD department at 

Ford Otosan is in a separate building where all PD engineers work together so they 

always have the opportunity to get into contact individually with each other. Project 

teams have daily regular one hour meetings – which are not thought to be 

monotonous- and all managers come together once in every week. Sending e-mails is 

a widespread way for communication between the engineers. Besides, a computer 

network has been established for communication and coordination in ongoing 

projects. In compatible with the design verification schedule, any engineer enters 

his/her design to the network, which is open to everyone in the project and shares it 

with colleagues. Suggestions are made on the required tests and modifications. 

Engineers thereby work on the same project simultaneously criticizing and helping 

each other.  

 A so-called “open door policy” is claimed to be pursued within the department, 

which means that you can speak to anyone anytime on anything, but this is not the 

case in reality. Above mentioned bureaucracy and strong hierarchy, inhibit the 

emergence of cooperation and communication within the engineers and between 

them and their managers. In this environment, all engineers act as if they work 

individually although they seem to be organized in teams. 

5.1.3.3. The Nature of Engineering Work in Innovation Activities 

The Impact of Organization of the Innovation Process on R&D Engineering: In 

the world motor vehicle industry, technological development follows a stable path at 

a moderate rate. Based on a tradition and experiences of nearly one and a half 

century, The Ford Company reached a point where it systemizes not only production 

methods but also technology development activities. The PD engineers share a 

common ground when saying that producing essentially commercial vehicles 

impedes radical innovations and so unique, new ideas to emerge.  
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However, the engineers think that there is, at least formally, a democratic, rewarding 

and supporting environment for generating new ideas. To a certain extent, 

management is said to respect technical workers’ autonomy in doing their work. 

They believe that otherwise engineers could neither give feedback to the 

management nor solve the problems encountered in innovation activities. The 

management is always ready to welcome suggestions on innovations and to compare 

the proposed alternative products and production methods with the already existing 

ones.  

Our respondents argue that in order to do qualified engineering work, the first 

requirement is to be engaged in huge and original innovations instead of routine PD 

projects. Besides, division of labour in these innovation activities should not be 

carried to the point where engineering job loses its meaning and integrity. The PD 

engineers do not reject the idea that their work necessitates a solid engineering 

background. The PD engineers are encouraged by the management to get new 

qualifications in their own fields. They are given support to continue with their 

master or doctorate degree education. The company is pursuing a consistent policy in 

this regard and does not avoid covering such education costs. The seemingly 

intensity of “on the job training” is fair enough. Nevertheless, it is clear that there is 

still too much to do in order to achieve the desired specialization level. They add that 

the ratio of the PD engineers who are really engaged in qualified engineering work to 

the total do not exceed fifteen or twenty percent. Moreover, they call most of the 

engineers as “excel engineers”, because they spend a big portion of their workday 

with routine work, using basic package programs like excel. This situation points out 

that owing to the division of labour, a discrete stratum is created within the PD 

department, which directly works on high-level innovation work whereas the 

majority of engineers are stripped of their discretionary power and their work is 

routinized and degraded. 

Actually, the PD engineers are on a continuous basis provided with adequate 

physical facilities and opportunities to develop their profession. In this regard, 

software, CAD and education on quality are priorities. They attend certificate 

programs and seminars. Furthermore, working with consultancy firms abroad enables 

them to benefit from their experiences. Management regards these education 

programs as a reward and motivation factor for their workers. However, engineers 
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are having a hard time relating this education to the actual work they do. Generally, 

except from our privileged stratum, the engineers do not feel the need for 

sophisticated education programs to carry out their regular work. In addition, 

generally again, due to the inexperience of the management, these education 

programs follow rather than precede related innovation projects. The interviewees 

claim that this problem will be overcome, as more and more experience will be 

gained in innovation. 

The interviewees could not readily refute the assertion that the regular work of PD 

engineers can be done by anyone with less technical training. For example reporting 

of innovation activities is easily assigned to technicians. One of our respondents even 

claims that one of the seemingly most important reasons why PD engineers could not 

be replaced with technicians is that they do not have the knowledge of a foreign 

language. If we put it in a more modest way, workers should rather possess a general 

understanding of the related discipline, but they are not supposed to be deeply 

specialized in their fields. That the corporation is not generally looking for 

experienced engineers who have the expertise gives us clues to the nature of R&D 

engineering done. When they feel the need, specialist engineers often with a 

doctorate level are recruited for critical positions, but R&D work is tried to be carried 

out with inexperienced, young and substitutable engineers as far as it is possible. 

Rather than theoretical research, accumulated practical knowledge and experiences 

mean much more for a successful innovation. In Turkey, and Ford Otosan is no 

exception to that, accumulation of innovation work and technical knowledge is 

highly dependent upon individuals. Therefore, when they resign their job or they are 

retired, all know-how is completely lost. This reveals the fact that systemizing R&D 

can not be achieved in Turkey. 

The Impact of Technology Utilization on R&D Engineering: Among the basic 

technologies, which mediate technology development processes, one may enumerate 

many software programs, pre-design package programs, CAD (computer aided 

drawing) and design programs, modeling programs for the systems, vehicle 

simulation programs, rapid prototyping technologies, experiment and test apparatus, 

CAM (computer aided manufacturing) and CAE (computer aided engineering) 

technologies. 
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Instead of exploiting distinct technologies at different times according to the 

requirements of the innovations, division of labour within the department is defined 

with respect to the different technologies that PD engineers continuously work with. 

To exemplify, there are computer aided designers or system designers who are just 

employed to perform these parts of the different projects whatever the very content 

of the innovation is. Among three hundred PD engineers, only seventeen of them are 

responsible for CAE work. The intensity of the technology usage rises with the 

education status and expertise of the engineers. We should add that, restricting 

engineers to specific technologies means restricting their job to predetermined 

borders and this may easily have negative effects on innovation if integrity of work is 

an essential part of success.  

There is a divergence of opinions of the interviewees on the debate whether these 

new-generation technologies degrade their work or not. The general tendency among 

the PD engineers is to praise their professional in its relation to the high-level 

technologies when compared to production engineering. They accept that any given 

regular working day of someone on the assembly line is no different from the other 

days and production engineering is no exception. In contrast PD department and 

hence the PD engineers are thought to renew themselves with every new project and 

every incorporated technology. They particularly think that technologies like CAD 

help engineers to economize on their time. Thereby, they take the advantage of being 

rid of unpleasant, boring work. Basic engineering work is incorporated to the 

machines in modules so that they can spend their time doing creative engineering. 

However, in the case of computer aided analysis and computer-aided engineering, 

the very same forces of technology apparently affect in the opposite direction. The 

technical complexity of these new-generation technologies allows mental capabilities 

of the engineers to be absorbed by the machinery. By means of that, they are limited 

within the borders of software programs and their autonomy and control over work is 

severely restricted, which makes their labour easily substitutable.  Many engineers 

believe that the very standardization and fragmentation experienced in production 

will eventually reproduce themselves in R&D work as technology develops in the 

course of time. This standpoint of engineers reminds us the theory of a cyclical 

pattern for successive periods of enhancement of skills and widespread deskilling 
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with the evolution of technology. The very same technologies, which once exalted 

engineering, are now accused of degrading it. 

These high-level and ever-changing technologies unavoidably make engineers work 

under a certain amount of pressure. The PD engineers make a continuous effort to 

adapt to revolutionary advances in technology and this necessity puts them under 

stress. Anyway, the respondents think that this is the way it should be since Ford 

Otosan is in a follower position. Lastly, they believe in that the most important 

reason that causes this stress factor is relatively low know-how accumulation. The 

engineers have the right equipment in their hands, but they are not satisfactorily 

educated about using them. 

Unity of Conception and Execution: Initially, conception and execution in 

engineering work were clearly separated from each other. Now there is a conscious 

attempt to reunite these two aspects of engineering. A group of engineers 

simultaneously designs and produces prototypes. In this respect, the dominant 

patterns of division of labour and functionality of engineering are being redefined. 
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5.2. ARGEN 

5.2.1. Company Profile 

Argen is founded in 1972 as a representative firm, which supplies some special 

equipments for ship industry and test equipments of internal combustion engines. In 

the following years, some products are began to be home-produced and lastly in 

1994 the company started “vehicle engineering and design” services and “second 

grade vehicle production” activities. Second grade vehicle production means 

carrying out required adaptation work on ready-made vehicles and making them 

ready for different uses. Since 1994, Argen has established new solutions for 

commercial and passenger vehicles of many international automotive brands. 

In 2000, Argen moved to its new factory in İstanbul, Tuzla that is located on a 5.000 

m² closed and 15.000 m² open area and started to carry on its activities thereon. The 

factory has five montage lines and a body building production capacity of 6000 

vehicles/year. Today, Argen is employing 138 experienced staff and using modern 

montage, planning and control techniques. There are two shareholders and one of 

them is the general director of the company. Argen meets the demands of body 

building and supplementary adaptation in automotive industry with its trained man 

power, products, and services which are designed with innovation logic and which 

have high quality and competitive prices. The company essentially does the 

adaptation work of and/or produces minibuses and vans, compact vans, VIP vehicles, 

special vehicles (i.e. ambulances, taxis, road assistance vehicles), and components 

and kits (i.e. seats , safety belts, side sliding windows, electrical doors). Argen does 

not simply produce the vehicles but carries out design, prototype production and 

montage. The main departments are marketing, product management, human 

resources, accounting, IT, production, quality control and PD. 

Argen has had ISO 9001 Quality Assurance System Certificate since December 

2001. The firm makes serial body building manufacturing as described under 

MVTTAR (Motor Vehicles and Trailers Type Approval Regulation-), RVMMI 

(Regulation of Vehicles Manufacturing, Moderation and Installation-) and under 

TSE (Turkish Standards Institute). The vehicles, which they manufactured as a 

second grade automotive industry company, are delivered to the clients with 
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Conformity Certificate based on Type Approval Certificate received from TSE on 

each brand/base vehicle.  

Recently Argen has accelerated its overseas marketing and sales activities of second 

grade completed vehicles to EU and the EU candidate countries. Today Argen 

exports body built Mercedes Sprinter, Mercedes Vario and Iveco Daily vehicles, 

which are suitable for EU norms, to the countries like Germany, Belgium, Sweden, 

Switzerland, Romania, Denmark, Ireland and Finland. 

5.2.2. Product Development Department 

The PD department at Argen is directly responsible for the conceptualization and 

application of the appropriate solutions on the vehicles manufactured by major 

automotive industry so that the vehicles are prepared for different uses. In doing that, 

the department is under the obligation to comply with the regulations and legislations 

of home country or of importing country if the product is exported. When the design 

works are completed, type approval and competent manufacturing certificate are 

obtained for every vehicle model by applying the Ministry of Industry or Turkish 

Standards Institute (TSE). Equally, if the vehicle is going to be exported, the 

department works together with authorized approval unit of related country and gets 

approval of them.  

There are five R&D engineers, two designers and two technicians employed in the 

department. As a corporation policy, 7% of total annual sales is devoted to 

innovation activities. When we closely examine the ongoing projects, we can easily 

say that most of them bear the characteristics of what is called to be an innovation. A 

product or service, which is based on new technologies, is invented and then 

introduced to the market with the aim of commercial exploitation. At the time of the 

interview, there were three groups within the PD department each working on 

different projects. Their responsibilities change with every new project. The sub-

teams’ principal works include 3D design, electrical-electronical design, setting test 

mechanisms and performing tests, and following up regulations and legislations. 
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These are the engineering capabilities of the PD department: 

Computer aided 3D design and molding simulation 

Complete engineering documentation (component pictures, montage sketches and 

process pages) 

Homologation unit following Turkish and European automotive legislations 

Rapid prototyping works and tin plate shaping 

Clay model forming 

PD workshop for prototype vehicle and component production, 

Molding /Model workshop for thermoform components (plastic and polyurethane), 

Carpenter workshop 

Welding workshop 

In addition, here are the test capabilities of the department: 

Vehicle performance and durability tests, strain gage applications 

Data Gathering Applications (i.e. A/C and heater performance, noise level 

measurement ) developed by Argen 

Various test apparatuses and systems developed for component durability and fatigue 

tests 

Torque and power measurement devices at different capacities 

Performance and durability tests for internal combustion engines and electrical 

engines 

5.2.3. Analysis of the Case Study Interviews 

Case study interviews are made with two R&D engineers from the PD Department; 

one is the head of the department with twenty years of experience in R&D work of 

which eight years at Argen and the other is an R&D engineer who has been working 

for ten years in the company. 

5.2.3.1. Organization Structure of the R&D Department 

Three administrative engineers who work in coordination with each other lead the 

PD department of Argen. Tough they have different responsibilities; they 

occasionally get involved with each other’s projects. The PD department comprises 

three sub-teams managed by these innovation leaders. 
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The organization of the PD department is said to have a flexible, horizontal structure. 

The R&D engineers do not suffer from the disadvantages of an institutional, 

bureaucratic organization. Our respondents add that such kind of a management 

policy is clearly appropriate to the nature of R&D work. The management believes 

that this is the way it should be because if you are not able to formulate the workflow 

exactly, you should not depend on rules imposing a hierarchical structure on your 

employees. Uncertainty and ambiguity in innovation work necessitates mutual 

interdependence between management and employees and this situation calls for a 

democratic organization type. 

The respondents state that the size of the company is a reason why the department is 

organized in such a way. The management does not feel the threat of loosing its 

control over the work and the employees. Because they have always the chance to 

keep an eye on the R&D engineers and there is no need for a separate middle 

management. However, considering his experiences, the administrative engineer says 

that this democratic structure arises more from the conscious policies of the top-

management than from the relatively small size of the corporation. 

5.2.3.2. Organization of the Innovation Process 

Initiating an Innovation: The way an innovation is initiated at Argen directly points 

to the economical aspects of the phenomenon. All engineering capabilities and 

technical possibilities are used to satisfy a market need. At the outset of the each 

innovation project, the customer makes a general description of the demanded 

product. At this stage, the first information on material, structure and functionality of 

the innovation should be given to the R&D engineers. Thereafter, the engineers have 

several meetings with the customer to set down the details of the project. What 

follows is several engineering analysis of infant project and preliminary tests to 

guarantee as much as much possible that the final innovation will be consistent with 

EU standards and safety rules. 

Obviously, in the first place, innovation for such a company is something market-

oriented to be sold to a customer to get profits. Therefore, market-pull characteristic 

of innovation dominates technology-push characteristic. Generally, the customers 

have made their own market research long before they contact with Argen. Still, 

Argen in times sets out to work on innovations for prospective markets and 
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customers and in those cases, marketing department takes the responsibility of 

matching the technical possibilities with an identified market need. 

Structuring the Innovation Process: The three administrative engineers of the 

department plan the work of R&D engineers. The workflow of an innovation project 

is structured, divided into work-packages and assigned to the employees. In Argen 

the administrative engineers are also the ones who are superior to the others 

regarding experience and engineering knowledge. Relying on these technocratic 

advantages, they formulate the labour process of the R&D engineers. 

The methodology of innovation activities is given below. 

Market Search and Evaluation - Customer Demand and Evaluation 

Determination of Work Description 

Concept Design Creation and Visuality 

Design Works and Confirmation of Design 

Prototyping 

Tests and Validations 

Engineering Publication 

First Sample Preliminary Design 

Continuous Production 

This approach has been established on the philosophy of treating demand as a 

function of performance, time and cost. It emphasizes the dual nature of innovation: 

technical and economical. Although this methodology includes some kind of 

flexibility, the procedures are well defined and are replicated for every innovation 

project. The management says that irrespective of their own will, they are pushed 

into this line of events in order to comply with the standards and to achieve a 

minimum acceptable quality level. 

Assessing the Innovation Process: The project leaders assess innovation projects 

and the experienced team leaders evaluate the work of R&D engineers. These team 

leaders do engineering and management work concomitantly. During weekly 

meetings of the PD department, they make their comments on the work of other 
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engineers. Finance department also participates in these meetings and takes its role in 

the assessment of the projects.  

The unique new ideas, which are the core of innovations, emerge generally from 

experiences, which means that this is a subject of accumulation of know-how. 

Whether it is a radical design or an ordinal development project, gained experiences 

and know-how pave the way for a better conceptualization and problem solving 

capacity.  These ideas are assessed altogether under the control of the project leader. 

The important point here is the scale of the raised idea. If it is believed to have huge 

implications on the innovation, all departments and the general manager evaluate its 

applicability. Otherwise, the engineer is asked to verify his/her idea and its feasibility 

is assessed within the department. The criteria employed in the assessment of these 

ideas are most importantly standards and regulations, cost factor and feasibility and 

sustainability. Any idea can be put into use but the problem is the solution’s 

sustainability. 

Division of Labour: Under general responsibilities, the work of R&D engineers 

shows much diversity. As much as possible, the engineers are tried to be worked on 

their specialization fields. Nevertheless, employing a limited number of R&D 

engineers does not allow such kind of a detailed division of labour. On occasion, the 

employees are assigned to jobs, which are not in their profession. 

Throughout an innovation process, there is occasionally a mobility of R&D staff 

between the tasks. If the innovation leader feels the need, any engineer’s duty can be 

redefined. The interviewees say that these revisions are frequently experienced in the 

recent period. This is whether because of customer demands or of legislations and 

regulations which are going under a rapid change. 

The management is insistent that the limits of authority and responsibility of their 

employees’ are only determined by their capabilities and potential, which is always 

open to refinement. They do not regard this division of labour in progress as having a 

static nature. In fact, innovation projects, which require multi-disciplinary 

engineering knowledge and having a handful of engineers worked on them, prevent 

the management from imposing a strict division of labour on their employees. 

Team Work: The R&D engineers are always organized in work teams in innovation 

projects. The administrative engineers together with the top management set these 



 66

work teams. The R&D staff is selected to the teams with respect to their engineering 

capabilities and spheres of interest. These are project-based structures, which are 

reorganized for every innovation. The engineers’ specialization fields are taken into 

consideration while selecting to the teams and they are assigned to jobs, which are in 

their profession. 

The interviewees claim that instead of individually working, organizing in teams 

supports multi-skill work. The administrative engineer asserts that when working in 

teams, information flow within the engineers is much more easier which means there 

is a real intercorrelation. The other respondent adds that as a team member since you 

share responsibility with your colleagues, you do not feel that much stress. 

Additionally processes are shortened and collectively, mistakes can be readily 

distinguished.  

Coordination & Communication within the R&D Department: Coordination and 

communication within the PD department is the responsibility of the administrative 

engineers. During the weekly meetings of the department, which are led by three 

managers, all staff is welcome to make their comments on the ongoing projects and 

to share their opinions on the latest developments. Nearby, innovation teams working 

on a specific project gather a few times in a week to evaluate their accomplishments 

and shortcomings. In essence, innovation is more dependent upon coordination than 

on anything else. All R&D engineers work in the same building all through the day 

and consult with each other frequently. Being in close contact with the colleagues is 

of great benefit to all. 

5.2.3.3. The Nature of Engineering Work in Innovation Activities 

The Impact of Organization of the Innovation Process on R&D Engineering: 

We are given two reasons why R&D engineering should be considered as a fulfilling 

job. First innovation is not a conventional, routine work. Quoting from our R&D 

engineer:  ‘Starting an innovation is like getting a new job’. Secondly, the engineers 

are given the opportunity to deal with any kind of work. There are no rules that 

prevent engineers from working on innovation projects, which are not in their 

profession. However, in relation to these two situations, there is one main problem: 

time limitations in innovation projects. The R&D department is under an obligation 

to fulfill their responsibilities in time. Therefore, the engineers can not commit their 
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time to carrying out a detailed innovative research, which has no short-term 

economic return. Equally, if the department has to economize on time, the engineers 

should work in their specialization fields, which mean that work should be routinized 

and standardized.  

The respondents share the view that employees frequently have the chance of 

utilizing their theoretical background and engineering education. However, the 

management says that they generally can not afford to educate the R&D staff on the 

specific innovation projects. This problem again arises from the time limitations and 

the immediate solution put forward is the education of the staff by the experienced 

engineers. Anyway, the R&D engineers attend to yearly education programs and 

getting assistance from the Chamber of Mechanical Engineers is among the plans of 

the management. The management intends to extend the scope of these programs, 

but in the first instance, they have to overcome limited staff problem. There is no 

such policy like rewarding engineers for they get new qualifications but this gives 

them a big advantage in wage-bargaining for the next period.  

To some degree, the management respects technical workers’ autonomy and the right 

to control their own work. On some occasions, they enjoy the freedom to assign and 

assess their work. The management seems to find out that in innovation activities 

there is nothing more detrimental to labour productivity than imposing engineers the 

way work will be carried out. Hence, they content themselves with making a rough 

description of the customer demand and try as hard as possible to set engineers free 

to do their own work. Afterwards they struggle to strengthen the coordination 

between the R&D engineers and enjoy the outcomes of their intelligence and 

imagination. 

The management declared that the idea of employing less-qualified workers in 

innovation activities who do not have sufficient technical knowledge is untenable. 

The essence of their work is transferring customer demands together with standards 

and regulations to the computer, in a way “realizing ideas and concepts”. This duty is 

yet hard enough to accomplish for the employed R&D engineers that replacing them 

with employees of less technical expertise and experience is out of question. 

The Impact of Technology Utilization on R&D Engineering: The specific 

technologies used are engineering software programs (e.g. CATIA), design and 



 68

drawing programs (AutoCAD) and test set-ups (performance and bodywork tests), 

which are prepared home or outsourced. In a routine daily work of nine hours, the 

R&D engineers spend six or seven hours with these technologies. This intense 

relationship with advanced technologies is taken as a very rational necessity of their 

job. 

Among the respondents, there is a consensus on the qualifying effect of advanced 

technologies on engineering work. According to them, the view that these 

technologies routinize engineering is totally wrong. Instead, technology helps you to 

save on time with which you can improve your understanding of and develop a 

multi-sided view into the problems encountered in innovation. The engineers’ 

personal experiences support their position on this matter. They believe that they 

have hardly ever experienced machine-pacing, speed-up and task fragmentation just 

because of technology. While technology empowers the creativity of engineers, it 

raises the chance of applicability of their conceptual designs. In a way, technology 

appears as a tool, which sustains the unity of conception and execution in innovation 

work. 

The employees are continuously motivated to adapt themselves to the latest 

technologies. The management observes that the R&D engineers do not complain 

from this requirement in innovation work and do not work under this stress. They 

add that R&D work is not something that you can do from eight to five for a living 

so that you should really devote yourself to your work. This is one of the priorities of 

the management in recruiting new employees. 

The Unity of Conception and Execution in R&D Engineering: The administrative 

engineer states that even if they had wanted it, they would not have accomplished to 

separate two mainstays of innovation: conception and execution. At Argen, design 

engineers concurrently create the prototypes of their designs. Conceptual data and 

what you will arrive at solely with these data are severely limited that putting your 

conceptual designs into execution comes to be a necessity. Experiences show that the 

rate of success in simulations does not exceed 70 %, so that all calculations should be 

verified. Definitely, no other specialists are employed for this specific purpose. 
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5.3. BIAS Engineering Company 

5.3.1. Company Profile 

BIAS Engineering Company is founded in 1997 in Ankara and does technical 

projects and marketing of high-tech engineering products in R&D sector. The 

company has two offices, one in Ankara METU Technopolis and one in İstanbul 

Altunizade. Bridging the gap between universities and industry, they define 

themselves as “ancillary sector in R&D”. Top-notch corporations of Turkey in 

sectors ranging from military industry and automotive to durable goods and 

manufacturing industry are provided with high-level engineering solutions in various 

fields. 

The company is specialized in marketing of CAE (Computer Aided Engineering) 

software; simulation and analysis programs, measurement and test systems  

(durability and life tests, data gathering systems, test and measurements on vibration, 

noise, shock and dynamics), providing technical assistance and education, and 

especially in doing engineering projects. Three shareholders own the company and 

there is no foreign partnership. There are no departmental divisions within the 

company and the work is done on an integrated basis. Hence, keeping in mind the 

specialization field, the corporation as a whole may be taken to be a “Technology 

Development Department”. There are twelve workers employed of which ten are 

engineers and two are secretaries. Two of the engineers have a BS in aerospace 

engineering, all others in mechanical engineering. Most of the engineers have a 

master level degree in their fields, only one with a doctorate level. Below is the 

organization chart of the company: 
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Figure 5.3: Organization chart of the BIAS Engineering Company  

5.3.2. Analysis of the Case Study Interviews 

What follows is the analysis of the responses given to the case study interview 

questions. The two interviewees are one mechanical engineer and the general 

manager of the company, who is also a mechanical engineer. 

5.3.2.1. Organization Structure of the R&D Department 

Organization structure of the company (At this point we should remind that the 

company as a whole is taken as an R&D department) is not perceived to be 

hierarchical by both the managers and the employees. Rather horizontal coordination 

structures and flexible modes of division of labour are claimed to dominate the 

labour process. In the theoretical context, it was asserted that democratic, 

participative styles of leadership and flat structures with permeable boundaries 

between subdivisions affect creativity and hence innovativeness positively. (King 

and Anderson, 2002:50)  Yet aside from the leading positions they hold in the 
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hierarchy, the managers’ technical expertise in their work may easily lead to a 

misperception on the part of the staff. Technocratic rationality imposes itself and 

rationalizes the way work is organized.  

The impact of the size of the company on every aspect of carrying out of an 

innovation is clear. Smallness offers the opportunity to move much faster and 

flexible, flexibility in working hours, flexibility in the relations with the consultants 

and so on. The management dwells upon the fact that they do not suffer from losing 

control over their workers in such a small company and in that respect, a much more 

productive environment is created. If the wages are paid according to the evaluation 

of the performances of R&D engineers and performance evaluation requires 

technical competence and special time devoted to each and every engineer as in this 

case, the vitality of setting up of a small project team is revealed. 

 Despite the admittance of the ineffectiveness of huge, bureaucratic organizations, 

such kind of a restructuring is highly desired by the management. The reasoning is 

that the clients, which are usually large companies, avoid taking risks, which is 

always there in an innovation, and reject bargaining about any subject. They know 

the importance of financial subjects to the small companies and always demand the 

most for the least possible payments. Being small is a negative psychological factor. 

In addition to that, despite the threat of losing control, the management desires to 

employ a widened workforce specialized on every related field, ranging from law to 

finance. They think that this is the only way to secure their competitiveness in this 

area. From this point of view, that they lust for getting an ISO 9001 certificate is 

meaningful, although this will burden the all employees with so much 

documentation. 

5.3.2.2. Organization of the Innovation Process 

Initiating an Innovation: The general manager says that engineering projects are 

often initiated by submitting proposals to the companies that outsource the project. If 

within many foreign engineering firms, BIAS is the only local company, which 

submitted a proposal to outsourcing firm, this gives an advantage over the others 

since engineering labour in our country (when compared to abroad, hence the price 

proposed) is relatively cheaper. Besides, references from reputable companies, 
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exemplary projects previously done, financial sufficiency of the firm and the 

qualifications of the personnel are the influential factors on the selection of the firm.  

At this point, BIAS has some complaints about the way firms that outsource the 

research get into touch with them. The argument is that the contracting firms do not 

pursue a systematic approach to innovation and contact BIAS when they face with 

problems they could not foresee and solve. Therefore, they could not have a chance 

of taking part in innovation from the beginning and it becomes much harder to adapt 

to the ongoing project. Nearby, it is stated that the clients are seldom clear about 

what the problem really is and what they want BIAS to do for them*. The project 

proposals generally lack the necessary technical details. As we have mentioned in the 

theoretical context, for many of the corporations, business units severely dominate 

R&D units or the way innovation activities are carried out. Of course, this is directly 

related to the unsystematic approach, which perceives innovation only as a cost item 

that they are ready to burden in order to secure their competitiveness, and to the 

relative weakness in innovation knowledge and experience in our country. 

All innovation studies are begun with an extensive literature survey. Before and after 

submitting the proposal, related research papers on Internet or engineering magazines 

are thoroughly searched. The resources of Society of Automotive Engineers are 

stated to be of good use. This period is also the first time to get in touch with the 

consultants for preparing the project proposals and planning the following work. 

Structuring the Innovation Process: Before the project is started, the three 

shareholders of the company prepare a flow chart in general. The flow chart includes 

the work packages, - namely, a detailed description of the duties of the staff- time 

schedule, the names of the employees who will be in charge of these work packages 

and their responsibilities. This is the part where the mainframe of the work is planned 

and it should be highlighted once more that it is totally the responsibility of the 

management. 

                                                 
*‘After 40-odd years of working in application and mission oriented research, I have come to believe 
that the customer for technology is always wrong… I have seldom, if ever, met a customer for an 
application who correctly stated the problem that was to be solved. The normal statement of the 
problem is either too shallow or short-term… What really happens in successful problem solving… is 
the redefinition of the problem…’ (Frosch, 1996:22 in Betz, 1997:267) 
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The experience gained by the general manager during the years he spent in 

TUBİTAK played the pivotal role in structuring the mainframe of the work 

packages. The generic form of these packages is taken from KOSGEB. In these 

packages are predetermined how the project is started and ended, how it will be 

conducted, how long it should take, what the inputs and outputs are and which 

technologies should be utilized. The general manager and project leader prepares 

them together. The project leader is chosen according to his/her technical expertise 

and experiences. The relation with the clients is another influential factor. 

Roughly, we can talk of a common sequence of events for every innovation that are: 

Literature Survey 

Inspection 

Testing  

Computer Aided Analysis (Preparing a CAD file, Mechanic Simulation and              

Structural Analysis) 

Optimization 

Reporting 

The nature of the work done, specific technologies used and social modes of 

organization all together are said to necessitate such kind of a line of events. That 

computer-aided analysis includes preparing a CAD file, doing mechanic simulation 

and structural analysis is directly ascribed to the nature of the technology hardware. 

Moreover, this format as a whole follows from the way labour process is socially 

organized. 

Assessing the Innovation Process: The project leader, who is generally one of the 

shareholders, assesses the innovation process and supervises all the staff. The project 

leader struggles for conforming to the flow chart and the time schedule. He also takes 

part in submitting the proposal and he is the one who approves project expenses. 

When necessary, he gets in touch with the consultants and the clients. Thereby, the 

vitality of the role played by the leader all throughout the project is obvious. 

Through an innovation, original, unique ideas emerge in a natural manner. 

Brainstorming comprising all team members is done, but not in a systematic, 

conscious way. Here in these brainstorming activities, everyone in the project group 
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is given a chance of offering their own suggestions. The applicability of these ideas 

is assessed again by everyone drawing upon scientific arguments and technical 

knowledge. Financial feasibility and technological capability are the criteria used in 

deciding which ideas will be put into use and which ones will be ignored. 

Division of Labour: A detailed division of labour is a distinctive characteristic of 

the innovation work. There are seriously put disciplinary divergences. The engineers 

are asked to decide on their specialization fields and career plans that should be for 

the good of the company. If the interests of the employees and the company do not 

intersect, the firm finds itself in a difficult to position to impose on its personnel its 

own managerial priorities. 

To employ ten engineers specialized in various fields is thought to allow such kind of 

a division of labour. For instance, while an engineer is responsible for dynamic 

simulation, another one is responsible for fluid mechanics. In progress, what exists is 

a disciplinary differentiation, but not a sectoral one. A new sectoral division of 

labour is intended for the future on condition that the firm has the opportunity to 

enlarge and to deal with numerous innovation activities. 

The specialization fields are taken into consideration by the management and they 

are not violated. Throughout the process, the work packages and the duties of the 

engineers remain the same. The answer to the question whether the engineers are 

assigned variable work tasks for every each case or not, was a simultaneous yes and 

no. Every innovation means new work tasks for an engineer, but always in his/her 

own professional field. 

An engineer does not have a detailed idea of what his associate sitting next to him is 

really working on. All he knows is what he should draw upon his associate’s work to 

continue with his own part. There is generally only one person, most probably the 

project leader, who comprehends the whole work but in a rough manner. This is 

important in pointing out that division of labour is taken to its logical limits as much 

as possible. This approach is ascribed by our interviewees to the nature of the work 

done, the impossibility for engineers to engage in all stages of work due to their 

limited technical expertise. 

Team Work: In any project, the R&D engineers are organized in work teams. The 

team members are selected with respect to their technical capabilities, current 
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workloads and convenience of their logistic positions. These are just project-based 

structures that will be reorganized for any new project. Joining the project teams 

while the work is on the way neither is a common practice nor is prevented. There 

are no sub-structures within the groups yet, though it is an enlarging company. 

Rather than engaging in many interchangeable tasks and requiring a broader scope of 

skill, organizing in work teams is argued to lead to qualified work. In this way, the 

engineers are said to have a chance of doing in-depth researches in their own fields. 

The team leader is the one who is responsible for communication and coordination 

within the group. 

Coordination & Communication within the R&D Department: The project 

leaders direct coordination and communication within the department. The Internet 

appears to be the most useful device for this purpose. The project discussion forums 

and joint studies are easily conducted on the Internet and this renders particularly the 

presence of the consultants abroad unnecessary. Regular telephone calls and common 

meetings are other ways of coordination and communication. As an original 

application to communicate with the clients, an Internet page is prepared and they are 

supplied with a password in order to follow the progress of the project on the 

Internet. Furthermore, the consultants are encouraged to devote their half an hour 

every day to writing down what they were occupied in that day. 

5.3.2.3. The Nature of Engineering Work in Innovation Activities 

The Impact of Organization of the Innovation Process on R&D Engineering: A 

creative, democratic environment is believed to be supplied to the engineers so that 

they have the opportunity to fully utilize their engineering education, experiences 

and most importantly, their discretionary power. In this respect, the engineers can 

develop themselves in every aspect of their job.  

On a regular basis, they are assigned to modal projects in order to cope with the 

problems they will face when they take their parts in real projects. Working with 

professional consultants in the projects generally from the universities or well-known 

companies abroad help in educating firm personnel. Besides being clients, the 

universities are considered the foremost business associates and consultants. Doing 

intense reverse engineering studies is another method for the engineers to keep up 

with the latest technologies. Every year, once or twice, the R&D engineers are sent 
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abroad by the firm to follow the latest developments in their respected fields. There, 

they are given an education on the last versions of the computer programs of which 

they do the marketing in home country. The engineers are invited to take part in 

conferences and seminars. In these seminars and conferences, stands aimed at 

prospective clients are opened and presentations on the latest innovation studies are 

made. 

The claim that the regular work of R&D engineers can be done by anyone with less 

technical knowledge and training is definitely rejected both by the management and 

the engineers. Working on innovation activities seriously forces the limits of the 

engineers. Adapting to the latest technological developments and unexpected 

problems in any innovation study is said to be out of question for anyone who is not 

technically competent enough.  

Within the firm, the management does not have such a policy to reward its 

employees for they get new qualifications. The claim is that creative nature of work 

and the way it is organized offers the personnel the opportunities to develop their 

skills. These opportunities are regarded to be a reward in itself by the management 

because in this way, the engineers get around doing degrading, boring work. 

As a last point on this subject, the employees do not suffer from mental strain just 

because they have to work with advanced technologies all through the day. An 

endless effort to adapt to advanced technologies and to renew technical knowledge 

may easily end in a stressful working day. Nevertheless, doing technical and non-

technical jobs together in BIAS relieves engineers of their anxieties and enriches 

their jobs. All engineers in BIAS, including managers, work in this way, by doing 

engineering and marketing together. The formula is; sell the product, provide 

technical assistance and use it in your own work. 

The Impact of Technology Utilization on R&D Engineering: BIAS is basically 

working on computer aided drawing (CAD); computer aided engineering (CAE) and 

testing. The specific technologies mediating innovation activities are computers, 

software technologies, test instrumentations, sensor technologies, finite element 

analysis, data and signal processing technologies and engineering package programs. 

All R&D engineers are certainly dependent on specializing in these technologies and 

in a routine daily work; they spend most of their time utilizing them. 
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There is a striking difference between the approaches of the general manager and the 

R&D engineer interviewed to the effects of using these specific technologies on 

routinizing engineering work. The general manager asserted his belief in inevitability 

of routinization in engineering work He claims that standardization, machine pacing 

and task fragmentation are seriously experienced by all R&D engineers today, and 

these are the direct results of computer aided engineering applications. However, he 

adds that labour time saved with the help of these technologies may compensate 

engineers for the degradation of their work. From the perspective of the engineers, he 

argues, the point is the ability to devote their surplus time to their self-improvement 

in their profession. 

On the contrary, our second respondent, instead of accusing computer applications of 

standardization in their work, states that they enhance creativity and discretionary 

power in their work. Though the same computer programs are used regularly, these 

programs are continually developed in themselves. That is why particularly the 

knowledge of engineering software should be renewed on a regular basis and this 

necessity avoids routinization of engineering work. The function of the computer is 

merely providing the engineers with the required data. As before, critical decisions 

are taken drawing upon classical engineering knowledge. A computer is nothing but 

a device that you give inputs to get the desired outputs. 

The Unity of Conception and Execution in R&D Engineering: To the extent that 

the R&D engineers have a part in the applications of the results of their innovation 

studies by the clients, we can talk about a unity of conception and execution. 

Distinctively different from abroad where the exact content of the work is agreed 

upon by the two parts, in Turkey the employer firms want the R&D engineers to deal 

with work until it completely ends. Thereby such kind of a unity of conception and 

execution is not a decisive strategy, but a contextual necessity. The R&D engineers 

are asked to make suggestions on the production methods of the developed products 

or on new product development processes. 
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6. CONCLUSION 

In the concluding section, the same format that we based our analysis of the case 

studies on will be followed. 

6.1. Organization Structure of R&D Departments 

The type of the organization mode is bound up to two factors: Whether autonomy of 

engineers is seen as a threat to management control and to the size of the R&D 

department. To begin with, proffessionalisation of the administrative structure and 

setting up a bureaucratic hierarchy within the department is put into practice by big 

companies in the name of rationalization. The difficulties faced in managing a huge 

labour-force foster these firms to carry out a vertical division of labour. As to our 

case study Ford-Otosan PD department, a management form reminiscent of Fordism, 

this is essentially designed for and within production environment, is reestablished. 

As much as possible, R&D engineers are stripped of their engineering identity and 

they are left with their restricted work packages. 

In small and medium-size companies, being small is something that can be turned 

into an advantage by establishing a more flexible and horizontal organization 

structure. As management sees some degree of autonomy not as a threat to its 

authority over its employees, the R&D departments are able to be managed in ways, 

which are much more respectful for an innovative environment. Definitely, it is quite 

possible that management will develop a negative approach to self-management even 

there is no threat of losing control over labour process in relation to the size of the 

firm. 

6.2. Organization of the Innovation Process 

Initiating an Innovation: The first observation on the initiation period of an 

innovation that we would like to attract attention to, is the unsystematic approach 

pursued by our case-study companies. Behind this perception lies taking technology 
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development activities primarily as a cost item and the inability to connect them with 

the long-term profitability of the company. Hence, we can argue that they do not 

have a long-term technology strategy. One other factor is the inadequate financial 

positions of the companies, which prohibit them from covering huge R&D costs. 

However, besides all these reasons, a systematic for initiating an innovation seems to 

be established only when the companies are able to overcome their weaknesses in 

innovation knowledge and experience.  

The R&D engineers and even senior management are kept away from determination 

of the prospective projects. Frequently, only the top management decides upon which 

innovations the R&D department will be involved in. In choosing innovation 

projects, the dominant behavioral rule is risk avoidance and the references on which 

the decisions are based are market conditions and competitors’ possible responses. 

Hence, under normal circumstances, innovation for private sector is as far as possible 

stripped off its technical characteristics such as technological possibilities and 

engineering capabilities and merged into the traditional businesses of the company. 

Structuring the Innovation Process: If we are to give a general format for a typical 

innovation process: 

Literature survey → Inspection and data collecting → Determining the targets → 

Preparing the project budget → Design and CAE → Simulation → Prototype 

Production → Tests → Optimization → Reporting 

This methodology with its peculiarities corresponds to a given social organization 

and division of labour. The engineers are employed on different steps of this line of 

events. If we are considering a huge company, structuring this methodology is a 

separate responsibility generally assigned to industrial engineers. They are expected 

to make improvements in order to achieve better results in innovation. We can assert 

that the R&D departments have achieved a guiding standard in innovation workflow.  

 Planning the labour processes of the R&D engineers is taken very seriously by the 

managements and totally reserved for them since this is the only stage where the 

management can exert a total control over the work of engineers. Since certainties 

inherent in innovation do not let the management to monitor and direct every phase 

of an R&D project, they desire at least to structure the general format of these 

phases. If the size of the company allows for such kind of detailed division of labour, 



 80

planning of the labour process is assigned to a professional department established 

for this specific purpose. This reminds us taking of all mental work from the shop-

floors to the planning departments during the second industrial revolution with the 

aim of homogenization of tasks and widespread deskilling. 

Assessing the Innovation Process: In our case-study firms, innovations are assessed 

by the project leaders, whose vitality in every step of the project is apparent. These 

middle managers take care of engineering and management work together. Taking 

part on both sides of work enables them to exert a better control over the engineers. 

Alongside R&D departments, marketing departments fulfill a lead-role in the 

assessment of the innovations.  

Division of Labour: A detailed division of labour especially with respect to 

disciplinary divergences is a frequently encountered characteristic of the R&D 

departments. The managements at this point have a tendency to regard enlargement 

of their R&D departments or increase in the number of the innovation projects they 

are working on as an opportunity to further the extent of this division of labour, 

although this means missing the integrity of work on the part of engineers. Even 

when it is necessary, making engineers work on fields other than their specialties is 

considered to be a waste of time and labour by the managements, which is in total 

contrast with the working habits of the R&D departments abroad. Engineers are 

supposed to concentrate on their own work and only the innovation leader 

comprehends the whole innovation but unavoidably in a rough manner. 

Nevertheless, the nature of innovation work freely violates and cuts cross the borders 

of this division of labour based on engineering disciplines and it does so prevalently 

by making marketing or sales engineering a part of the engineers’ jobs. But since this 

feature of innovation is continuously sought to be repressed by the management, 

such jobs, which will otherwise sustain the holistic nature of innovation, come as a 

forced-labour instead of as a compliment to technical works. As a last point on this 

subject, primarily the size of our case-study firms appears to determine the extent of 

ongoing division of labour with managements forcing the limits as their staff become 

crowded.  

Team Work: Organizing innovation teams is a conventional practice in R&D 

departments. These are generally project-based structures, which are to be 



 81

reorganized for every innovation. The managers, who are nominated to the head of 

the project groups by the administration, lead these work teams. Then this project 

leader picks out R&D engineers s/he will work with and this team carries out the 

innovation project. 

At all levels, qualified, high-skill work is identified with specializing and studying on 

a restricted area instead of with a broader scope of skill requirements. Hence, since 

working in teams gives rise to this sort of skill formation, R&D engineers have a 

positive attitude to teamwork. However when we examine managements’ stance on 

teamwork, we can easily argue that its praiseworthy attributes referred in the 

literature, like enabling multi-skill work, are ignored. Instead, it appears to be a 

normative control method whereby management gains the control of the labour 

process. Organizing teams is some kind of a division of labour. Engineers are 

recruited to these teams and then, they are supposed to carry out their assigned tasks, 

nothing more. 

Coordination & Communication within the R&D Department: In our all case-

study companies, the R&D engineers are gathered together in a department with the 

aim of creating a working environment where they can freely coordinate and 

communicate with each other. Innovation is something that is born out of the 

network between the engineers. Gathering all R&D staff together is in managements’ 

interest also since this offers them the opportunity to dictate working times and 

rhythms. We can easily find parallels between this policy and establishing of factory 

systems for production in the name of higher productivity and efficiency. In R&D 

departments, administrative engineers in charge of innovation projects act in place of 

production engineers or supervisors. 

The most common way of linking up all engineering capabilities and knowledge is 

regular innovation team meetings. Our interviewees confirm that many of the 

brilliant ideas ended up with successful innovations first appear in these meetings. 

Here the engineers are given a chance to evaluate each other’s work. It also 

represents a good opportunity for the management to control innovation process on 

the way. 

We should also emphasize the importance of the latest developments in the 

communication technologies for the communication and the coordination of R&D 
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engineers. Especially, the emergence and widespread utilization of Internet in the 

recent years make it easier for them to work together and to share their experiences, 

although they are far in space. Specifically for the international players in the global 

market, this technology-based change means the internationalization of the 

innovation activities. To exemplify, the R&D department of any given corporation 

can easily contact and work together with the research laboratory of a university in 

another country. 

Despite these conscious attempts of managements to enhance coordination of R&D 

staff and technological developments in communication technologies, both parts 

readily accept that the current situation is far from an ideal one. Bureaucracy and 

hierarchy inherent especially in the organization types of big corporations prevent a 

healthy environment emerging. Besides, managements seem to have too much to 

learn about organization skills for creating more effectively interlinked R&D 

departments.  

6.3. The Nature of Engineering Work in Innovation Activities 

The Impact of Organization of the Innovation Process on R&D Engineering: 

The first of our deductions on the nature of R&D engineering will be that 

Braverman’s deskilling thesis- by which we mean the managerial conscious attempts 

to degrade R&D engineers’ work with the aim of gaining the control of the labour 

process- is not readily verified in the case of innovation. The engineers are supposed 

to possess an engineering degree from a reputable university of the country and a 

solid engineering background in order to be employed. They are encouraged to 

continue with their master and/or doctorate programs, attend in-firm education 

programs, seminars and benefit from the chance of working with the experienced 

consultants. The managements are surely aware that innovation requires continuous 

education and limiting engineers’ capabilities has more negative effects on 

innovation itself than on anything else. So they do not refrain themselves from the 

fulfilling of these requirements. Managements regard these activities as a reward and 

motivation factor for their employees. 

Nevertheless, the engineers querulously assert that even though a democratic, 

supporting and rewarding environment is generally supplied, they suffer from 

degradation and deskilling in their job. Highly demanded engineering knowledge is 
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undermined in time. One possible explanation is market conditions and requirements. 

As already stated, the rate of change of technologies on which the corporate 

businesses depend has a direct effect on the engineering capability formation. Under 

the specific conditions of our developing country context- a relatively moderate rate 

of technological development in the automotive sector both locally and globally and 

a limited market share-, the experiences show that radical innovations are not 

adequately rewarded by the market. Nearby, most of the corporations do not posses 

the required financial positions to cover huge financial costs and time limitations on 

the R&D projects compel them to evade carrying out R&D work with imponderable 

outcomes. Naturally, this severely limits the number of radical innovation projects 

where engineers appreciate doing qualified work while using their discretionary 

power. In this respect, the ones who are employed in such projects correspond to a 

small percentage in R&D labour and emerge as a privileged, exclusive group in the 

given division of labour. Rather than management, monotony in innovative work 

wounds upskilling in engineering labour. 

Second, another shortcoming in skill formation is weak connections of the R&D 

departments to the production. In our case study corporations, R&D departments 

work in isolation and engineers do not have much experience in production. 

Engineers are thereby short on improving on every aspect of their job, especially 

application of their improvements on products and processes in production area. 

Moreover, unavoidably this has some drawbacks on technology development work. 

The Impact of Technology Utilization on R&D Engineering: The technologies 

fundamentally used in innovation are CAD, CAM and CAE technologies, computers, 

software technologies, test instrumentations, sensor technologies, finite element 

analysis, data and signal processing technologies, package programs for engineers, 

vehicle simulation programs and rapid prototyping technologies. The R&D engineers 

spend a major part of their workday using these technologies. The general practice is 

that the engineers do not utilize these technologies at different times, but division of 

labour is carried out with respect to technologies that engineers heavily specialized 

on. The influence of such a division of labour on the degradation of work is clear. 

In R&D departments today, skill prevalently refers to computer-based skills. 

Innovation work is steadily computerized and above all, R&D engineers are expected 

to develop their computer skills. This has a dual effect on R&D engineering. It is 
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obvious that engineers are coerced into adapting to new technologies in computers, 

which upgrades their profession. Day by day, they are to upgrade their knowledge of 

computer programs to keep up with the latest developments. Nevertheless, 

computerization in R&D work generally exemplifies real subordination of labour 

perfectly. We observed that some of the classical engineering attributes are 

incorporated to the computers under the form of basic package programs 

substantially utilized in R&D work. That is the reason why most of the engineers 

who do not belong to high-ranking engineering stratum are called “excel engineers”.  

Although diverse arguments are put forward among the engineers, on whether new 

technologies routinize engineering or not, there is a partial consensus on that they 

wash away boring, routine work and provide engineers with extra labour time, which 

can be diverted to deepening in innovation projects. The problem then is that how 

this surplus-time will be allocated. If engineers make use of their free time by 

building-up their skills like dealing with non-technical aspects of their job, then we 

can talk of upgrading of engineering skills with the help of new technologies. On the 

other side, if management responses with increased working hours or workloads, we 

are faced with a totally different outcome. As we see again, utilization of technology 

is no free from power relations. Besides, developments in the software technology 

lend support to thesis of a cyclical pattern for successive periods of enhancement of 

skills and widespread deskilling. Resting on the first evidences, the interviewees 

anticipate that intensive usage of computers in innovation will eventually result in 

loosing autonomy and control over work. 

The Unity of Conception and Execution in R&D Engineering: The unity of 

conception and execution is an essential part of a successful innovation. If a simple 

definition is to be given, innovation is principally the realization of concepts and 

ideas. Managements are not indifferent to this reality and strive to employ their staff 

on these two spheres of innovation. Designers are asked to get involved in 

production of the prototypes in order to see their deficiencies and make 

improvements. Actually, this conscious strategy of the managements follows from 

the technocratic requirements and market needs. In innovation, the border between 

conception and execution is indefinite that it is not possible to separate them exactly. 

As regards market needs, if innovation is an outsourced one, customer for the 
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technology insists on carrying out the project to the end together. Hence, willingly or 

unwillingly, R&D engineers take part in the application of the innovations.  

The size of the company and the degree of the division of labour is also an important 

factor in determining the extent of the unity of conception and execution. Small and 

medium-size firms do not have a chance of dividing their limited R&D labour 

between these areas. As to our Ford Otosan case, although they had the required 

number of R&D employees and experience in such kind of an organization type, in 

the course of events, they quit this policy and turn their hand to reuniting of 

conception and execution. With this aim, they are struggling to empower their 

feedback channel from production to the PD department. 
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APPENDIX 

The main problematic of this thesis study is:  

1. How are innovation activities carried out at firm level? 

The first level questions, which are intended to help us answer our main question, 

are given below: 

1.1. What is the firm profile? 

1.2. What are the vital decision patterns in an innovation? 

1.3. What is the structure of leadership and control? 

1.4. What kind of a division of labour is there in an innovative organization? 

1.5. What are the intrinsic mechanisms of team work? 

1.6. What is the role of creativity in innovation? 

1.7. How are new ideas generated and implemented? 

1.8. What role does the use of a specific technology play in innovation? 

1.9. Is there routinization in innovation activities? 
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These are the second level questions, which will be asked during the interviews 

in order to get answers to our first level questions: 

 

Interviewee’s 

Name: 

Surname: 

Title: 

Department: 

Tel: 

E-mail: 

Address: 

Date: 

 

 

 

1.1 What is the firm profile? 

 

1.1.1. When is the corporation founded? 

1.1.2. Where is the corporation located? 

1.1.3. On what kind of products and services is the corporation specialized? 

1.1.4. What is the ownership structure of the company? 

1.1.5. What are the main departments of the organization? 

1.1.6. What is the total number of workers employed? 

1.1.7. How many engineers are employed overall? 

1.1.8. How are the personnel allocated among the departments? 

1.1.9. How many engineers are employed in technology development department? 

1.1.10. Are there sub-divisions within the technology development department? 

1.1.11. If there are, how are R&D personnel allocated within the divisions? 

1.1.12. What are the responsibilities of these departments? 

1.1.13. What is the total annual sales revenue of the corporation? 

1.1.14. What percentage of total annual sales revenue is devoted to innovation 

activities? 
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1.2. What are the vital decision patterns in an innovation? 

 

1.2.1 How and when is an innovation process initiated? 

1.2.3. Is it regarded to be a response to market conditions or competitors? 

1.2.4. When is the process terminated? 

1.2.5. How and by whom are vital decisions in innovation taken? 

1.2.6. Is it just the realm of administrative workers? 

1.2.7. Do mediocre R&D engineers actively participate in the discussions on which 

decisions are based? 

 

1.3. What is the structure of leadership and control? 

 

1.3.1. How is an innovation process assessed in the process? 

1.3.2. What is the role played by finance and accountability in this assessment? 

1.3.3. What is the structure of the leadership? 

1.3.4. What is the role played by the innovation leaders? 

1.3.5. Are there horizontal and flexible or traditional vertical divisions of labour, 

command and control structures? 

1.3.6. What is the impact of the size of the company on carrying out of an 

innovation? 

1.3.7. Does a huge organization unavoidably necessitate a bureaucratic organization? 

1.3.8. If any, which steps are taken to avoid bureaucratic structuring? 

1.3.9. What are the communication and coordination channels? 

1.3.10. How are they organized? 

 

1.4. What kind of a division of labour is there in an innovative organization? 

 

1.4.1. How and by whom are job descriptions set? 

1.4.2. Is there a rigid description of work tasks characteristic of the organization?  

1.4.3. Is there a mobility of R&D staff between tasks throughout the process? 

1.4.4. Are job descriptions redefined and is a new division of labour introduced? 

1.4.5. Are engineers assigned variable work tasks for every each case or are they 

employed in their expertise area? 
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1.5. What are the intrinsic mechanisms of team work? 

 

1.5.1. Are R&D engineers organized in work teams or do they work individually? 

1.5.2. How are work-teams organized? 

1.5.3. On which criteria is the selection of the team members based? 

1.5.4. Are they project-based or permanent structures? 

1.5.5. Are there sub-structures within the groups? 

1.5.6. What kind of a division of labour is there within the group? 

1.5.7. Does organizing in work teams lead to engaging in enlarged number of inter-

changeable tasks or instead of a broader scope of skill requirement, does team-work 

help proliferate multi-skill work? 

1.5.8. What are the ways of coordination and communication within the teams? 

 

1.6. What is the role of creativity in innovation? 

 

1.6.1. How often are necessary opportunities introduced for R&D staff to fully utilize 

their discretionary power? 

1.6.2. Is there a suitable environment created to utilize their theoretical background, 

engineering education and experiences? 

1.6.3. Are the R&D engineers trained for the specific innovation activities they are 

involved in? (e.g. attending to seminars, consulting experts, reverse engineering 

applications…) 

1.6.4. Is there a total respect for technical workers’ autonomy or is their work 

assigned and assessed in a rigid manner? 

1.6.5. Is there a unity of conception and execution? 

1.6.6. Can the regular work of R&D engineers be done by someone with less 

technical training?                                                                                                                                   

1.6.7. Is getting new qualifications encouraged and rewarded throughout the 

company? 

1.6.8. How are the experiences and requirements of workers in and outside the R&D 

department shared? 
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1.7. How are new ideas generated and implemented? 

 

1.7.1. How do the unique new ideas leading to radical innovation emerge? 

1.7.2. Is there a democratic, rewarding and supporting environment for generating 

new ideas? 

1.7.3. How are they assessed? 

1.7.4. What are the criteria used when deciding which ideas will be given a chance 

and which ones will be ignored? 

1.7.5. How do workers out of the R&D department participate in idea generating? 

1.7.6. If they do, how are they encouraged? 

 

1.8. What role does the use of a specific technology play in innovation? 

 

1.8.1. Which specific technologies mediate technology development processes? 

1.8.2. What is the relation of R&D engineers to CAD, CAM technologies, design and 

drawing programs? 

1.8.3. Do they enhance their creativity and enrich their jobs or routinize engineering 

work? 

1.8.4. Are there standardization, machine-pacing, speed-up and task fragmentation? 

1.8.5. Do these new generations of technologies mean mental strain all through the 

day for engineers? 

 

1.9. Is there routinization in innovation activities? 

 

1.9.1. Can we talk of a common sequence of events for every innovation? 

1.9.2. Do specific technology usage and social modes of organization replicate 

themselves for different kinds of innovation? 

1.9.3. If they do, what impact does it have on the creativity of R&D engineers? 

1.9.4. If there is routinization, is it most likely due to specific technologies utilized or 

modes of organization? 
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