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Foreword

It is a welcome development that the researches carried out by
Dr. Jyoti Sharma and Dr. Supran Kr Sharma, with financial support
from the Indian Council of Social Science Research, are being brought
out as a book titled “Technological Changes in Manufacturing
Organisations: A Study of North-West States of India”.

This volume reflects the outcome of the extensive studies
undertaken by the authors on the different aspects of the technological
changes which have taken place in the functioning of manufacturing
organisations.

A particularly pleasing aspect of this book is that the outcome of
the analytical studies has been brought out in easy to understand
language which would make this work of considerable interest not only
to those engaged in the manufacturing sector but also to those in other
sectors which are still in the process of adopting new technologies.

This work should also go a long way in providing useful inputs for
the regulatory and other concerned agencies to draw up relevant

GOVERNOR
JAMMU & KASHMIR

RAJ BHAVAN SRINAGAR - 190001



approaches for speeding up the process of technological changes. In this
context, it is to be noted that the analysis undertaken by the authors
brings out how technological innovations lead to changes in the
organisational systems and processes and how the same affect the future
of the organisations as well as the functioning of their employees.

I believe that this useful book would be of considerable interest to
the academia, researchers and to the professionals in the industrial sector.

10th June, 2016



PREFACE

The technological changes in an organisation is a tricky issue, as
when it comes to successful implementation of technological changes, a
number of complex internal and external factors play a crucial role.
Accordingly, the present attempt has been aimed to get an insight
relating to different aspects associated with technological changes at two
levels, i.e., viewpoint of organisations and employees. The manuscript
entitled “Technological Changes in Manufacturing Organisations: A
Study of North-West States of India” conducted with the financial grant
of ‘Indian Council of Social Science and Research’, New Delhi is a
modest attempt to get an understanding in this direction. The
composition of the book has been carried out with the assumption that
technological changes do not revolve only around the production
machinery but also go around the expertise of organisation in context of
managing that change. This management of technological change
stretches from management of people, their reactions, apprehensions
relating to security, hardships, nature of work, etc. to the management of
organisations’ systems, process, operations, structure, etc.

Synthesising prior research on different models relating to
technology acceptance, the contribution has developed a theoretical
framework in mandatory settings that represents the cumulative body of
knowledge generated over the years from the research relating to
different technology acceptance models. Multidimensional analysis of
the research problem using constructs that are sufficiently reliable and
validated in Indian context have been estimated. The attempt has
advanced both knowledge and understanding of the relevant literature
through an empirical technological acceptance model which assesses the
individual’s technology acceptance behaviour in case of Indian
manufacturing sector. The book would enhance its utility for
practitioners of not only manufacturing sector but also for other
different sectors which are on the way of technology adoption and
adaptation.

The technological change scenario in the world in general and
Indian economy in particular in the present era has been described in the
first part of the book. While, the second part of the book throws light on
the employees’ perspective relating to various aspects of technological
changes adoption and adaptation. Whereas, the third part of the book
gives the description about the employers’ perspective relating to



technological changes in the organisations. Lucid and coherent
applications of relevant multivariate techniques of data analysis
including, Discriminant Analysis, Cluster Analysis, Confirmatory
Analysis and Structural Equation Modelling would facilitate those who
do not have mathematical aptitude or knowledge required to understand
the logic and steps of conducting data analysis.

Lucidity of style and simplicity of expression have been our twin
objectives and every effort has been made to take readers of this book to
a new voyage of research problem by using it as a learning tool.

Dr. Jyoti Sharma

Dr. Supran Kumar Sharma
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In the modern economic theory there are not only four factors of
production, namely, capital, raw materials, land and labour for
production and economic growth but technology, which was earlier was
considered as the part of capital, now also has emerged as one of the
distinct but significant factors of production in. It has been considered
as one of the key strategic factors that contribute not only to business
success but also considered as the engine propelling economic
development. These technological developments are engendering new
businesses, transforming old ones and redefining the rules of
competition and success. Accordingly competitive success is
increasingly going in favour of those organizations that can absorb,
apply and coordinate new technological developments quickly. Keeping
this in view, business organizations are constantly responding to the
factors of increasing global competition, changing workforce, complex
work environments, and external pressures from governments,
competitors, environmental groups, suppliers, and customers by
changing the way to do business (Manz, 1992; Manz and Stewart, 1997;
Walton, 1985). In view of it technology adoption and adaptation are also
considered to be among the most critical elements for a firm in order to
gain competitive advantage and developing firm’s internal capabilities,
(Khamba and Singh, 2001).

However, there is also sufficient evidence to show that those five
decades of protected industrial regime and license raj (vested interests
and bureaucratic hurdels) has resulted in technological retrogression in
Indian industry across the board (Ahluwalia, 1991; Ghosh and Neogi,
1993 and 1996; Neogi and Ghosh, 1994). Learning from the experiences,
the Indian industry has emerged to an extent from the shell of the license
raj and started seeing investment in R&D as means to survive and
succeed in the long run. Further with liberalization, the importance of
variables like technology in explaining efficiency have also increased,

1
Introduction
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as firms need better technology in order to compete (Pack, 1988).
Consequently, the use of technology has grown at a phenomenal rate
within business organizations (Jick and Peiperl, 2003) to reap those
advantages. Nonetheless, it needs to bear in mind that the present day
advancement in technology is a result of chain of painstaking research
and improvisation not only relating to the process but also the way the
term technological change has been defined and conceptualized. It
makes it imperative to understand the nature of technological changes.

1.1 Nature and Dimensions of Technological
Changes

Technology development is a term significantly studied from
different dimensions in social science? However, still a commonly
agreed upon definition of the concept does not exist. For a very long
time, the theoretical core of mainstream economics, provided by the
neo-classical school, treated technology as a ‘manna from the heaven’,
or at best, as Joan Robinson puts it, ‘as created by God and Engineers’
(Archibugi and Michie, 1995). The main reason for lack of precise and
concise definition is that technology is multidimensional (Rosenberg,
1982) and therefore, it cannot be pinned down by any simple definition.
The researcher like Mansfield (1968) in the way of conceptualisation of
term technological changes stated that “technological change is the
advancement of technology, which often takes the form of new methods
of producing existing products new designs which enable the production
of products, with new characteristics and new techniques of
organization, marketing and management.” Further, Stoneman (1995)
said that technological change could be defined in numerous ways. The
concept contains improvements in products, production process,
material and intermediate inputs and management methods (e.g.
introducing just-in-time) in the economic system. From the plethora of
view on technology, which have been developed over a period of time
by various researchers and social scientists, two perspectives to define
the technology can be identified, namely, narrow-broad and a
micro/macro dimensions.

The narrow-broad dimension refers to the kind of elements that are
included in the concept of technology. Narrow definition of technology
includes only codifiable information that exists in the patents, manuals
and machinery involved, while technology viewed in a broad sense
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consists of both codifiable and non-codifiable (or tacit) elements
(Cantwell, 1991). The codifiable part includes patented blueprint and
other types of explicit knowledge and information embedded in patents,
manuals and machinery, while the non-codifiable part includes the tacit
(Polanyi, 1976) individual skills and organizational routines (Nelson and
Winter, 1992) related to the conditions of production. The codifiable
part of the technology is the result of deliberate research and
development activities and can be seen as the output of R&D wing,
while the non-codifiable part is the result of the experience and the
learning that takes place in the firm operates and can be seen as a ‘side-
effect’ of everyday business activities taking place predominantly but
not exclusively in the production wing (Itami, 1987).

The micro/macro dimensions refers to whether technology is
examined at a firm, industry, country or international level. Technology
at macro level refers to the standards, practices and technological know-
how that is embedded in the various institutions, such as, universities,
research centres, business firms, government organizations and so on.
At the micro level and with the help of resource-based view of the firm,
technology can be seen as a firm specific intangible resource (Hall, 1992,
Itami, 1987) that is embodied in a number of physical and/or human
organizational assets (Penrose, 1959). These two dimensions are not
independent as the more tacit elements includes in the concept of
technology, the more specific it becomes (Cantwell, 1991). Similarly,
technology has also been defined as a package of technical information
required to set-up, operate and improve upon productive facilities
required in the production of a good and service and in broader sense, it
can also include procedural and organizational information required in
the process of production (Sahu, 2006). Although technology is
commonly perceived as a physical tool used for any resource
transformation, it is in fact a combination of four basic components,
namely, facilities (technoware) abilities (humanware); facts (infoware)
and frameworks (orgaware). All of them dynamically interact and
together accomplish any transformation operation (Sahu, 2006).
However, it is pertinent to mention here that the process of
conceptualisation of technological changes is not only complicated one
but equal complexities are also present with the process through which
an economy or an organization adopt and adapt to technological changes
which warrants a deep insight into it.
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1.2 Framework of Drivers of Technological
Progress

Over the years, various schools of thought have made contributions
on the nature and problems of industrial and economic development.
Capital formation has long been taken as the major cause of economic
development. Not only was it the belief of classical economists that
productivity increases when capital per worker is increasing, but it was
also the common opinion of economists in 1940s and 1950s that only a
shortage of capital inhibits industrial development. However, capital
formation alone has failed to drive forward economic development.
Technological changes then widely identified as a major factor in
industrial development and economic growth, particularly as a result of
studies by Solow (1957), who found that 87.5 per cent of the growth of
the United States (US) economy during the period 1909–49 was due to
productivity enhancement, largely attributed to technological change,
with only 12.5 per cent of growth being attributed to increase in capital
per worker. Similarly, Abramovitz (1956) studied the US economy
between the periods of 1869-1878 and 1944-1953 and found that
technological change has accounted for a high proportion of the growth
of real national income. Massell (1960) claimed that the increase in
productivity of the US manufacturing industry during the period 1919–55
was attributable more to the technological change than to increased
capital investment. According to his estimation, 90 per cent of the
increase in US output per man hour was to be attributed to technological
progress and only ten per cent to increase in capital investment which
was also consistent with Solow’s computations. For developing
countries also there are some similar evidences available. Ho (1972)
estimated that 62 per cent of the increase in agricultural output and 55
per cent of the increase in non-agricultural output in the period 1951–65
in Taiwan were attributable to technological changes. However, the
competitive advantage in R&D was almost exclusively with the
developed economies though of late emerging countries has also
increasingly involved in R&D and innovation with active involvement
of both public and private sectors.

In view of this, there are many contextual drivers which mediate
between the materialisation of efforts of the developing and developed
economy. Openness to trade, Foreign Direct Investment and
international communication through the diaspora, other networks, and
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various media all serve to expose an economy to technologies and
applications of technologies that may not have been exploited
domestically. Exposure does not, however, guarantee that these new
technologies will spread and grow within the domestic economy. Too
often technologically sophisticated processes or products are limited to a
few major centers or foreign-owned enclaves. How far these
technologies diffuse within a country is determined by its technological
adaptive capacity, that is, the quality of its labor force and the business
environment (including access to finance) in which firms operate and
are able (or unable) to start up, expand, and reap the financial rewards of
their new-to-the-market innovations. However, the speed with which a
country absorbs and adopts technology depends on many factors,
including the extent to which a country has a technologically literate
workforce, a highly skilled elite; encouraging investment climate that
promotes investment and permits the creation and expansion of firms
using higher-technology processes; permits access to capital; and has
adequate public sector institutions to promote the diffusion of critical
technologies where private demand or market forces are inadequate.

1.3 Technological Competitiveness in India:
Status and Factors

Although Indian government has been initiating changes in
industrial and trade policies since 1991 and every industrial policy is
emphasising on the development of indigenous technology, efficiency,
preservation and adaptation of imported technologies appropriate to
national priorities and resources, yet left much to be done. The import
strategy of the Indian government is one of the policy factors which
fostered the development of a wide range of industries and hence,
helped in absorption and accumulation of technological learning.
However, India could not create internationally competitive
technologies to produce for international markets, inspite of the
achievement of self-reliance in technologies for local production and
consumption owing to the policy of import-substitution. Although the
range of activities of various R&D institutes like Central Manufacturing
Technology Institute, Council of Scientific and Industrial Research,
Central Mechanical Engineering Research Institute, Central Power
Research Institute, etc., is quite wide, yet resource constraints with
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respect to budget, staffing and equipments limit their effectiveness in
both quantitative and qualitative terms (UNIDO, 2005).

Further, human resource development and technology in case of
India has not been flourished and fallen short as compared to
counterparts. The availability of scientists and engineers also demands
attention in case of India. Lack of high quality human resources and rich
stock pool of engineers and scientists have taken the innovation to back
seat. India’s position on this front is not very encouraging as can be seen
from Figure 1.1.

According to Global Competitiveness Report 2012-13, India scores
better than all BRICS nations on availability of scientists and engineers,
however as compared to the population, the country has one of the
lowest ratios of scientists and engineers per million people (refer Figure
1.1). Part of this shortage may be attributed to the lack of quality higher
education institutions. There have been serious institutional gaps in
promoting industry-research institutions interaction. This has been
exhibited through its poor score on university-industry collaboration on
R&D. As per the Global Competitiveness report, 2012-13, India has got
51st rank and its position on this front is not inspiring one among all the
BRICS countries except Russia. Further, as per the report, India’s
capacity for innovation has also been lower than that of other BRICS
countries except Russia.

Besides, due to the absence of inflows of new and advanced
technologies little incentive, direction and capability to update the
existing technologies has taken place in case of India. Based on official
statistics, R&D expenditure is just 0.9 per cent of GDP. India is still far
away from its many counterparts including China which has spent 1.83
per cent of GDP as R&D expenditure (refer Figure 1.2). Though India
has spent more than countries like Brazil on R&D but still a long way
has to go as nations like US are spending 2.7 percentage of their GDP
on R&D. This percentage although has gone up in case of India, yet it is
higher in other countries which leave much to be desired.
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Figure 1.1: Rank Position of Selected Economies on Technology
Parameters

Source: Global Competitiveness Report, 2012-13

Process technology is another factor which comes in the way of
increasing the competitiveness of the Indian industries. India has the
technical ability to achieve a high level of precision, but Indian firms are
unable to produce quality products due to lack of supporting
technologies, such as, precision measuring, material engineering and
process control. The defect rates of final products at many occasions are
5-10 times than that of Japan and those of US and 20 per cent of the
firms have equipments which are more than 20 years old, therefore, are
obsolete (UNIDO, 2005).
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Figure 1.2: Comparative Analysis of R&D as Percentage of GDP in
2011 across the Selected Countries

Source: Global Competitiveness Report, 2012-13

In this way, except few solitary achievements, there is evidence
that a long way has to be travelled to attain technological
competitiveness by Indian industrial sector. The disjointed policies in
India with lack of focus have resulted in a weak innovation system and
underutilisation of research capabilities. The Indian economy in general
and industrial sector in particular is making attempt to reduce the
technological gaps existing in the developed and developing countries
and at some places these initiatives are delivering the results which these
initiatives have promised, but that too at some cost. The organizations
are confronted with many challenges with respect to technology
adoption, diffusion and acceptance behaviour at the workplace due to
which desired results are not being realized. In this context, various
theoretical frameworks have been proposed to understand the
technology adoption, diffusion and acceptance behaviour. The
understanding of some of such models is very much required in order to
get an insight about the various adoption and adaptation practices
relating to technological changes at the workplaces.
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1.4 Theoretical Frameworks in the Context of
Individual Adoption and Acceptance of
Technology

A body of research carried around individual-level adoption
behaviour has been referred as research on technology adoption,
technology implementation and technology acceptance. Research in this
area has predominantly been based on two streams. The first stream is
Rogers’ (1983) Diffusion of Innovation (DOI) theory while the second
stream is the socio-cognitive theories based on Fishbein and Ajzen’s
(1975) Theory of Reasoned Action (TRA) including Davis (1989)
Technology Acceptance Model (TAM) and Ajzen’s (1991) Theory of
Planned Behaviour (TPB). Although each model differs, they contain
the central concept that an individual’s belief and attitudes are key
determinants of technology usage. A snapshot of these theories is
presented below for a better understanding of individual behaviour of
technology adoption and acceptance.

1.4.1 Diffusion of Innovations’ Research
It is based on the premise that individuals adopt innovations at

different times and it is possible to map and estimate rates of adoption
across populations (Rogers, 1995). This theory was developed in context
of Information Technology (IT). DOI recognises that individuals, social
groups and IT itself may influence the speed and extent to which newly
introduced IT is adopted. Rogers (1985) showed five perceived
attributes of the IT related to IT adoption, namely, relative advantage,
compatibility, complexity, triability and observability. They showed that
rate of adoption of an innovation is positively related to the perceptions
of relative advantage, compatibility, triability and observability, while
negatively related to perceptions about the complexity of a system. The
theory also identified five adopter categories including innovators (very
early adopters), early adopters, early majority, late adopters, and
laggards (very late adopters) which resemble a normal distribution in
population.

1.4.2 Social Cognitive Theories
The models including Theory of Reasoned Action (TRA),

Technology Acceptance Model (TAM) and Theory of Planned
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Behaviour (TPB) of social cognitive theories have provided researchers
with a theoretical framework to guide many of the studies which sought
to predict and explain end-user adoption and acceptance of IT (Agarwal
and Prasad, 2000; Brown et al., (2002; Chau and Hu, 2002; Venkatesh,
1999; Plouffe et al., 2001). However, it is necessary to note that TRA,
TAM and TPB are not the only social-cognitive models that have been
utilised by researchers over the last two decades of IT adoption. Other
models include Social Learning Theory (SLT) (Henry and Stone, 1997)
and Triandis’s (1979) Theory of Interpersonal Behaviour (TIB) (Gagnon
et al., 2003) have also been proposed and utilised by the researchers.
However, according to a number of researchers like Mathieson et al.,
(2001); Riemenschneider et al., (2003), the TRA, TAM and TPB have
been the most popular and well-supported intention models or cognitive
behavioural decision theories for helping to explain intentions and use
of IT. Researchers like Davis (1986); Szajna and Scamell (1993) purport
that earlier these models were used to detect and uncover potential
barriers to a successful implementation so that an organization can make
necessary changes and avert the possibility of technology failure.
However, it will not be out of context to mention here that despite the
reasons for believing the performance of socio-cognitive models, the
usage of TRA, TAM and TPB may suffer when applied to the prediction
and explanation of mandate technology usage behaviour.

1.5 Dynamism of Technological Changes
The technological change paradigms are aimed at increasing the

competitiveness of the organization. However, there are various factors
which can inhibit or facilitate in the technology adoption practices of the
organization and can determine the technology orientation of the
organization. Even the history of industrialisation has also shown that
change in the technology has brought not only some avenues in the form
of performance of tasks with few individuals but also poses some
problems both at individual and organizational level. The side effects on
operating policies, priorities of a work system, physical features of the
workplace, employee groups, work tasks, job design, organizational
structure, knowledge and skills required, values, attitudes and behaviour
of the employees are prominent features of these schemes of
rationalization in an organization. In this context, research has indicated
that study of employees’ attitude is important since positive perceptions



Introduction 11

of change can enhance the implementation of these organizational
initiatives (Lines, 2004; Armenakis et al., 1999) and are considered to
be one of the significant decisive determinants for both the creation and
destruction of organizations’ efforts initiated for technological changes.

With this backdrop in mind, the present research has been triggered
because of two reasons. Firstly, the wave of technological changes
worldwide is so severe that no organization can reap the optimum
benefits without paying attention on it. Secondly, the existing research
relating to the study of dynamism of technological changes in
manufacturing organizations from both the employees and
organization’s perspective in case of this part of India is very rare. So
with an aim to make dent in the existing literature, the study is designed
broadly with the objective to understand the various dimensions of
technological changes at two levels, i.e., at organization level and
employees’ level.

1.6 Chapter Scheme
To analyse the various aspects, the study has been arranged

systematically into following nine chapters including the present one:

Chapter one deals with the introduction and accordingly, highlights
conceptual framework, drivers of technological competitiveness and
status of technological competitiveness in case of India. Chapter two
provides survey of literature pertaining to study and discusses some
theoretical and empirical issues associated with the present area of
research. Whereas the next chapter, deals with need and objectives
followed by research methodology and limitations of the study.

Chapter four has been divided into two sections. Section I
discusses the socio-economic attributes of employees and technological
characteristics carried out in organizations. While Section II makes an
attempt to explore the dimensions of supportive behavior of
manufacturing organizations.

Divided into five sections, Chapter five gives an overview of
various models of measuring the users’ acceptance for technology in the
Section I. Whereas the theoretical underpinning of technological
acceptance model have been highlighted in the Section II. Further,
issues relating to the validity of various constructs used have been
addressed in the Section III. Section IV presents results of technology
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acceptance model with application of structural equation modeling.
Whereas, the state-wise comparison of technology adoption behavior of
the employees has been carried out in Section V.

The employees’ segmentation on the basis of their perception
relating to supportive orientation of the organizations has been laid out
in Section I of Chapter six. This is being followed by the discussion on
the correlates of supportive orientation of the organizations carried out
in Section II.

Further, the seventh chapter of the study purports to get insight
about the various issues associated with technological changes from
organizations’ perspective and is comprised of six sections. Section I
puts light on the characteristics of sampled organizations followed by
Section II which throws light on the technological characteristics of the
organizations. Further, triggering factors for resistance among the
employees with respect to technological changes have been discussed in
Section III. Whereas discussion on perceived barriers and benefits
aspired with technological changes have been carried out in Section IV
and Section V, respectively. Section VI specifies about the correlates of
technology orientation of the organizations. Finally, the last chapter is
based on the main findings flowing from the study alongwith valuable
suggestions and policy implications for better management of
technological changes in the organizations.
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