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Abstract:

Construction workers are an important resource in a country where housing is a desperate
need and an unaffordable proposition for millions and where housing buiit by the
organized sector serves only a marginal population. Much therefore depends on the
workers’ know how and skills to produce affordable and quality housing. In a country
like India, where traditional home building technology is being fast replaced by building
technology from the west, it is essential to know how and to what extent is this change
imbibed by these producers of housing- the construction workers. How do people become
construction workers? How and where do they learn and train? What are their sources of
new technology? What are their systems and conditions of operation? These questions
become significant if this resource has to be trained and deployed not only for improving
quality of construction but also to actively involve them in the alleviation of the state of
technology, diffusion of much needed technology innovations and development of a
powerful and effective grass root level resource to upgrade the housing conditions of the
country’s poor. This dissertation pursues these issues with the aid of a study of skilled
construction workers in the Pune region of India. It ends with a conceptual model to help
overcome some drawbacks of the present system and points to other related issues that
need immediate consideration in the interest of overall development of the home building

industry.



Resumé

Les travailleurs de la construction sont trés importantes dans un pays avec des sevéres
problémes de logement, un pays dont les services de construction organisés ne deservent
q’une population marginale et ou devenir proprietaire c’est n’est pas une option
abordable pour des milliers de personnes. Alors, la production des logements abordables
et de qualité, va depender de I’habilité des magons. Dans un pays comme [’Inde, ou la
technologie de la construction est rapidement remplacée par des techniques provenantes
de I’Ouest, c’est essentiel de savoir comment et dans quelle messure, sont les magons
ceux qui proposent le change. Comment devient-on un magon? Comment et ou obtienent-
ils leur entrainement? Quelles sont leurs resources de technologie? Quelles sont leur
systémes et conditions d’opération? Ces questions deviennent importantes si les resources
doivent étre entrainés et diffusés, pas seulement pour ammélliorer la qualité des
constructions mais aussi pour les faire participer de I’amméliorement de la situation de la
technologie, de la difussion des innovations technologiques, dont il y a une grande
necessité, et le development d’un puissant resseau pour I’amméliorement du logement
des pauvres. Le propos de cette these c’est I’étude des magons qualifiés de la region de
Pune. Ca finie avec un model conceptuel pour aider a supérer des problémes du systéme
de transfert de technologie actuel et avec une discussion des autres aspectes qui

concernent le development de I'industrie du logement.
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Chapter 1: Introduction

1.1 Introduction:

Diffusion of modern knowledge into traditional societies has been the greatest challenge
in the developing countries in this century. On the one hand, industrialization,
mechanization and its sophistication are becoming realities of human enterprise the world
over, while on the other hand, traditional systems, cultural values and customs, and
conservative attitudes dominate most societies and their psyches. But the modern and
traditional worlds are not watertight compartments. In fact, they deeply influence each
other. Knowledge flows from both sides to both sides. But it is the flow of knowledge
and introduction of systems from the modern to the traditional world that presents
conflicts, poses difficulties and necessitates review of the situation time and again.
Construction industry- especially the home building industry in developing countries has
been the forte of traditional craftsmen and skilled workers. India is an excellent example
of a full fledged, mature and highly evolved traditional home building industry. Till date,
except for a small percentage of architects-engineers built housing, majority of the
housing stock is produced by traditional construction workers- masons, bricklayers,
carpenters, tile layers etc. But traditional industry does not imply a segregation of these
workmen, their tools, techniques, and materials of construction from those of the modemn
world. A slow but sure absorption of modern techniques and materials- innovations in
every sense- has taken place. In some cases, it has been so smooth and total that modern
processes have become a part of the vernacular. The wide spread use of reinforced

concrete, the familiarization with the basic power tools or the introduction and



stabilization of entirely new professions of plumbers and electricians are obvious
examples of adoption to changing times and technology.

A wide gap exists in the housing produced along with the materials, tools and techniques
used for it- and the research and development done in this field by institutional and
industrial laboratories. Most innovations have remained in labs; research and
development activities have ended up as academic exercises. The government, along with
numerous other semi and non-government organizations has attempted to diffuse research
through various means- training centers, vocational institutes, informative and
promotional publications, awards, etc. But their effect, or perhaps their reach and
influence, seems to be extremely marginal.

With such a background, it becomes important, or in fact, imperative, to investigate this
issue of transfer of knowledge, change acceptance and transformation. The profession of
construction workers today is in a state of flux. On one side, he is still engaged in
handicraft- long, timeless and laborious ways of building; while on the other, he has to
cope with the changing times- changing materials, changing markets and thereby
changing demands on his profession. But seemingly, he has evolved a way to adopt. A
stone chiseler and a crane operator are both realities in today’s India.

So, to understand the phenomenon of technology and innovation diffusion in a traditional
system, what would be more appropriate than the study of these very people who are the
target users' of the new knowledge- new materials, tools and techniques- the construction

workers- the traditional home builders.

* Target users could differ for different technologies. Architects, Engineers, Civil contractors etc. could be
the target users in some cases. Refer to this issue in Chapter 6.



How do they operate? Where and how do they train themselves? What are their sources
of knowledge? What are their sources of innovations? How and why are innovations
accepted and rejected? How does technology and innovation diffuse in their system?
These are some of the valid questions that need to be asked and investigated. This study
will pursue these questions for an identified sample of these workers and attempt to
evolve an overall picture of the mechanisms of operation, development, adoption and
evolution from this studied sample. Explanations would be sought to the observed state of
affairs in consideration with the social, educational, economic, and professional
circumstances of these workers. This would then be used to identify and generalize on the
issues and conflicts involved in knowledge transfer from modern to traditional societies
and to comment on the process of transformation of societies and cuitures in the wake of

industrialization.

1.2 Research Question:
What is the general state and process of absorption of building technology and
innovations by skilled construction workers in the Pune metropolitan region in India?

What are the factors influencing it?

1.3 Hypothesis:
Technological advancement and innovation introduction is closely linked to workers’
system of operation, their accessibility to technology and innovations and their social

background.



1.4 Rationale:

In developing countries, where housing shortage is a characteristic feature and
government and semi government organizations actively provide mass housing, the
choice of technology for such schemes is always an issue of debate. Proponents of
alternative technologies, local technologies or industrial technologies each justify their
point of view. But many a times, results with any of these technologies are far from
commendabie. Many studies of such labeled technologies have generaily found them to
be incompatible with the local conditions and lifestyle. This is not only a matter of
cultural adaptability as may be popularly thought, but issues of a more practical nature
are involved. The repair and maintenance of the structure, additions and modifications
required to it, its replicability and the economic and resource feasibility and availability
are all realistic issues in addition to intangible aspects like its social image and
acceptability that need to be considered before making the choice of technology. With the
shift in the policy of providing housing from the provision of built houses to the
provision of developed land for owner built housing, the responsibility of the choice of
technology has shifted from the providing agency to the user/ home builder. This means,
houses would be built with materials and by workers readily available in the market and
affordable to the client. Construction workers available in the market thereby become a
major and valuable resource along with materials and equipment for construction. This is
more so in low-income group settiements and most of the informal housing where
professional technical assistance (architects and engineers) is virtually absent and

unaffordable and in its place construction workers are responsible for the buildings in a



large way. In such a scenario, the housing built is a product of the workers’ expertise. If
the physical quality and efficiency of this housing is of any concern, it is important to
gauge and upgrade the quality of this resource responsible for its production. How is this
resource created? What is its quality and potentials? What is its modus operandi? Such
questions become important in this regard.

It is also evident in this scenario that only that technology that is known to the average
construction worker is going to be used for building the majority housing stock. This is
also true for most of the formal housing too, where known and prevalent technology is
preferred to innovations.

It is a common observation that technologies developed in labs never reach the field. A
major reason of this gap in the technology transfer is the lack of conversance of the
construction workers with such technologies. It has to be realized that any innovation can
be only delivered effectively through the system of practicing construction workers. To
develop any strategies thereof, it is imperative to first understand the prevalent systems of
technology absorption, the factors influencing them and also the very nature and extent of
innovations and changes absorbed by this group.

To emulate members of higher social or economic order is 2 common human tendency. It
holds good even for the choice of construction materials and technology used for building
houses. To have a special technology for a particular class of people thus amounts to
branding that class of a particular social or economic order and is seldom welcome by the
members of that class. Given a choice, the use of materials and techniques available in
the open market are used, not only due to circumstantial compulsions but also by choice.

This is enough to say that alternative technologies cannot be accepted unless they become



a part of the marketplace technologies. In effect, the market technologies are the real
mass housing technologies. A prudent attitude therefore would be to enrich these
technologies and also their delivering agents- the workers- and ensure the better
understanding, quality and efficiency of these technologies despite losses of the same
during the diffusion process. For this process too, the understanding of the construction
workers, their technology sources, their comprehension of various technologies, their
systems of acquiring and using technologies and training for them, the merits/demerits of
these systems and the potential of this human rescurce of the home building industry is
essential.

Very little research work has been done on construction workers with respect to
technology absorption. Detailed diffusion studies have been done by economists,
sociologists, anthropologists and geographers. For various industries, including
agriculture? such studies have been a source of immense academic and application value.
Similar studies for the building industry, especially the housing sector,’ are hardly found.
Whatever studies are done lack the relation between the workers’ social background,
work methods, employment types, educational background, position in the construction
activity and the building industry as a whole on one hand, and their accessibility to
technology and innovations along with its absorption and diffusion, its effect on the work

and working environment, its appropriateness and viability etc. on the other. Only this

? Some studies have been done for technology transfer in large construction projects such as dams,
irrigation canals, industries, roads, ¢tc. These though are not enough to assess the situation of the housing
sector of the construction industry. Also these studies mostly concentrate on technology transfer to
engineers, contractors and other people higher on the hierarchy ladder and very rarely consider construction
workers as a subject of study. In addition, the cases are studied in the light of technology transfer from first
world to third world countries rather than transfer within the indigenous industry.

3 It is acknowledged that the housing sector cannot be considered in isolation for such a study and that
transfer process often operates across the sectoral boundaries. It is only meant here that this sector, in spite



correlation can fully explain any phenomena at the workers level. How does the transfer
system operate, how are the system and the effectiveness of the transfer process related to
each other, what factors affect the rate of technology transfer and innovation introduction
and acceptance, where does a worker stand in the hierarchy of technology accessibility
and absorption are questions that need to be answered. Workers are the actual users of
technology and, by number, the largest user group (refer table 5 in appendix). Therefore
their role as agents of transfer rather than mere recipients also needs investigation. Their
feedback on innovations and a possible contribution towards making some are
overlooked. The study of technology transfer and diffusion could be only complete with
the study of the transfer and diffusion process that takes place at this level, which in ail
probability is the level of the last actual user of technology. The proactive role workers
do and could play not only in technology and innovation transfer, but also its evolution

could be identified.

1.5 Methodology:

The method adopted for the study can be broadly explained as a study of selected
samples of construction workers. The sample represents most of the variables found in
this category. A thorough study of each sample with respect to the relevant topics
mentioned hereto is made. It is supplemented by observations and inferences of other
related studies and also by conversations with professionals (architects and engineers)

working in the field. Data is classified into various tables and inferences drawn about

of being the largest component of the total building indusiry activity and revenue and customer wise, has
not been the focus of any such study.



identified aspects of workers’ systems. Trade wise observations are also made. Broad

inferences are drawn from the overall study at the end.

Data Collection: A large part of the data consists of conversations with workers on

relevant topics. Supporting data comes from literature and interviews with practicing

architects and structural engineers*. The conversations are informal, without any

questionnaire. This is necessary since the nature of queries and information sought differs

for different trades in the construction process as they do with each individual case of the

workers. The following list is a fair generalization of the topics discussed in the course of

the conversations:

L.

N

hed

o

Family background, education, social position, family lifestyle

Life in the hometown, construction practices there, changes in these factors over time
Family occupation/ occupations of other members of the family

Reasons for the choice of this profession, initial training, the learning and practicing
process, working conditions, tools, materials and processes then, nature of work then
Changes over time in all the above four factors, the process of knowing about and
adopting these changes

The subsequent changes in other factors like working time, efficiency, payment etc.
Acquisition of allied skills like material estimation, quantity checking, bill
preparation, use of different units of measurement, understanding of drawings, etc.
Routine work, any kind of work done different than the routine job, the experience of
doing and learning that job, difficuities in acquiring any skill and learning a new job

The process of becoming a mistry



10. The workers working under him, their skills, their training, the passing of
information from him to them

11. His contacts with the others in this profession, the nature of interaction with them,
his interaction with suppliers of materials, tools etc.

12. His reading of the prevailing market conditions and their effect on his work.

Apart from asking for information, a number of things are judged during the conversation

without his knowing. These include:

I. Conceptual understanding of a technology or material

2. Attitude towards the profession

3. Attitude towards change

4. Professional and personal aspirations and the perceived way to fulfill those

5. Attitude towards new technology

6. Creative capacity

7. Willingness and capacity to take risks/ tread new paths

8. Self confidence

Conversations were roughly laid out in the order of the above list. Sometimes, they would

follow a different course but covered all the listed topics nevertheless. In order not to

make the speaker conscious of what he says, conversations were not taped nor were notes

taken while speaking. The entire conversation was written down along with comments

and notes later in the day.

Samples: An intensive investigation of less number of samples rather than an extensive

survey of a large number was the strategy adopted. A sample size of thirty workers was

* The literature reviewed for background studies and recorded in the accompanying literature review
provides the guideline for data coliection and analysis. Most of this literature is presented in the



finalized after initial sample testing of ten workers. The home building activity was
divided into six major trades viz. Concreting, masonry, carpentry, fabrication, flooring
and painting, and electrification and plumbing. A sample size of five workers per trade
was considered adequate based on the range of possible variables in the sample type
(electrification and plumbing are grouped together and a sample of a total of five workers
taken for the group; similarly flooring-tiling and painting are represented as a group
though workers for all four trades are always different. A sample size of 5 was considered
unnecessary for these trades for a limited number of significant variables in the workers
characteristics).’ Each worker in each trade was selected so as to cover the maximum
variables in the five samples.

Variables: The regions of origin of workers, their age and years of experience and scope
of exposure, their source, period and nature of training, their nature of employment, their
skills and particulars of technique used, the nature and scale of work, their work history,
their family background and profession, their education and social position are all
variables and a good mix of each was sought in the selected samples.

A short set of questions was prepared to assess the characteristic that the sample
represented. Repetitive samples were discarded.

Cross check samples: One sample from each trade, other than the five already selected,
was chosen as a sample for cross checking observations made and inferences drawn from
the collected data. This was to demonstrate the validity of observations and to put to rest

any apprehensions about generalizing the observations made from a restricted number of

accompanying literature review.
$ Also refer to table 6 in appendix for a comparison between the strength of these workers as compared to
workers in the other four trades

I0



samples. Samples for cross checking were randomly selected without a prior screening of
their characteristics.

Allied data from architects and engineers: A chosen sample of architects and engineers
was interviewed. The topics of discussion during these interviews were experiences of
training workers and passing a technology, assessment of the capacity and state of
workers, factors affecting innovation adoption by architects and engineers, sources of
innovations for them, the academic and the practical sides of the construction field,
tendering systems, contracts and role of builders, their role in technology development
and dissipation, etc. Architects and engineers were chosen on the basis of their work.
Only those who had experimented with alternative technologies or had actively trained
workers were considered. An architect representing the majority of conventional
architects was also included in the sample.

Classification and Analysis of data: The data collected through conversations with
workers is classified under the following heads: Personal and family background,
Professional training, Comprehension and allied skills, Work team, Entry into and choice
of profession, Employment, Source of innovation, Acquisition and use of innovations,
etc. Various sub heads like changes experienced by traditional workers, employment and
source of innovation, source of informal training, nature of self-input of workers, etc.
classify the data into further details. The basic classification is done separately for each
trade. Further classifications are not based on trades but are correlations between various
characteristics listed in the basic classification. Tables are used to record the

classifications. The classification is numerical. The number of workers prescribing to a

11



o particular sub heading is recorded for each trade. Characteristics not represented in this
classification are separately recorded.
Interpretation and Inferences: Inferences from the analyzed data are recorded. By
supplementing these with the overall understanding of the field from literature and field

experience, interpretations are made.

1.6 Scope and Limitations:
The following factors determine the scope and limitations of the study:

1. Region: The present study is restricted to the metropolitan region of Pune in the
state of Maharashtra in western India.® Although minor variations would be
observed in other regions on account of differences in economy, local markets,
kind of work demanded, professionals available etc. on a broader level, the study
would still hold good.

2. Number of samples: A restricted number of samples (30) might be inadequate for
observations based on statistics but the methodology is thereby evolved to suit
intensive study of a few samples rather than an extensive study. The relevance of
extensive study is fully appreciated, yet for the restrictions of time, resources and

scope, the sample size is restricted and the methodology aitered.

¢ A few samples are from towns beyond this area within a range not more than two hundred km. These
. were included due to some specific projects employing innovative techniques not easily found in the Pune
region.

12



3. Number of trades: Six trades are identified to represent fully the home building

activity. Apart from these six, trades such as earthworks, glazing, etc. and
specialty skills are also needed for house construction. But the six trades covered

constitute the major and the basic trades required for homebuilding.

. Reliance on oral information as told by workers: A major part of the dissertation

is based on conversations with workers. There has been no crosschecking of
information given by the workers about themselves and their work. Most of the
information is assumed to be true unless suspected. Subjective information is

classified separately under ‘self report’.

. Not checked for all innovations: Each trade has a number of aspects that could

come under the broad umbrella of ‘innovation’ as defined hereunder. The present
study though does not follow the absorption of all or any specific of such
innovations. [t concentrates on innovations of a generic category as exemplified
hereunder:

Concreting: ferrocement

Masonry: any type of new masonry blocks, panel systems or new methods like
stonecrete

Carpentry: any new types of boards, new tools, new hardware

Fabrication: new tools, new sections

Flooring: new materials, new techniques of fixing, new tools

Electrical: new devices, new wiring and conduiting materials, new fixtures
Plumbing: new piping materials, new fixtures, new storage and waste disposal

devices.

I3



6. Limited mostly to residential construction workers: Some other buildings may
have worker types that are not typical to residential construction. e.g. a centrally
air conditioned office building will have teams of workers working on ducting,
cabling etc. which are specialized jobs not found in residential construction. Itisa
rare occurrence that these workers will find employment in the residential sector
of the construction activity. So they are not considered. But it is recognized that
the techniques used and learnt in such non-residential projects do have some
impact on the residential sector and the workers working for it. This aspect is not
studied here due to limitations of time and resources and also the scope of the
study.

1.7 Dissertation layout:

The dissertation is presented in seven chapters:

Chapter 1: Introduction: Introduces the topic and its rationale, poses the research
question, and states the methodology.

Chapter 2: Literature review (Factors affecting innovation diffusion)

Chapter 3: Building- trades in the Pune region: A brief commentary on the state of
building technology and construction workers in India and Pune and description of
identified building trades and practices in the study region.

Chapter 4: Classified data, observations and inferences: Brief profiles of selected samples
and data from the conversations with the workers classified into different categories with
a brief explanation of each category and its relevance. Observations from the classified

data and inferences made thereof regarding each of the aspect identified for classification.

14



. Chapter S: Tradewise discussion: Observations and inferences for each of the six trades
from the classified data.
Chapter 6: A discussion with field professionals: Views expressed by architects and
engineers on various issues relevant to the research
Chapter 7: Diffusion and Workers- Present and Future: Findings on the relationship
between technology and innovation diffusion and workers based on the research
conducted for the dissertation followed by a conceptual model to overcome some
drawbacks of the current situation
Apart from the seven chapters, an abstract in English and French, a table of contents, an

appendix, and a bibliography accompany the dissertation.

1.8 Definitions:

1. Technology: Technology includes materials and techniques and tools (product
and production technology) used for specific tasks. In the context of this
dissertation, the tasks, and thereby the scope of the term technology, is restricted
to building technology and associated trades. It also implies technical know-how
and immaterial aspects like concepts and organization’.

2. Innovation: Any new material, technique or tool is included under ‘innovation’.
Innovation does not necessarily have to be a completely new invention but may
be a modification or an improvisation on the existing material, tool or technique.

(Refer 1.6 for examples)

7 Also refer to Drewer’s description of technology in the context of construction: Drewer, Stephan.
' "Technology for Development”. Mimar: Architecture in Development. No. 38, March 1991.

15



. Transfer: Transfer is understood as a state when a worker understands the
properties and applications of a technology and can use it without assistance
(except in case of technologies that have professional guidance as an integral
requirement e.g. structural design)

. Worker: For the purpose of this dissertation, only skilled workers (also referred to
as ‘mistry’) are considered under ‘workers’. There is no age or experience limit
but it is essential for the worker to be currently working in the trade. Due to the
nature of the building industry in this part of India (and generally all over the
country), there are no women in this category. Hence, worker refers to a male
worker by defauit.

. Trade: A building profession involving practical construction skill is referred to as
trade. Six trades are identified for the dissertation, viz. concreting, masonry,
carpentry, fabrication, flooring and painting (finishing items), electrification and
plumbing (services).

. Traditional technology: Technology that has evolved over the years from the
family traditions of Indian construction professionals (skilled workers- craftsmen)

is referred to as traditional technology.
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Chapter 2 : Literature Review : Factors affecting innovation diffusion

The issue of diffusion of innovations has been of interest to researchers in many fields.
This study is carried out for different purposes and serves different goals. It could be
undertaken to understand development of production systems in industry or agriculture,
to design promotion methods for innovations, to look at the interrelationship of
technology and human resources, to gauge the economic growth of a nation, to study the
influence of political and social factors on development or to understand culture and
tradition and change. For architects, it could provide insights into the process of
acceptance of innovations in general, and buildingr innovations in particular and give a
broad idea of the multitude of factors involved in such a process and thereby caution
them against working in isolation from the ground realities of the field. A large body of
literature is available on the subject of diffusion of innovations. It is in the form of
research reports, case studies, literature reviews, proposed models, new theories etc. A
large portion of this research is done by geographers, sociologists and economists,
although this type of research was first initiated by anthropologists; economists have been
more interested in the impact of technological innovations on growth and development,
confining diffusion studies to a particular industry (Cohen, 9). Very little research is done
by professionals in and about the construction industry, although a few case studies in
other researches are about building innovations. It could therefore be safely said that an
understanding of this very important phenomenon of the process of growth and
development in the building industry is lacking in building professionals, and that there is

no "architectural perspective” on the subject.
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The following chapter is a review of the broad literature on the subject of innovation
diffusion. An attempt has been made to represent views on the topic from significant and
relevant fields. Whenever possible, examples relfated to the building industry are favored,

but at the same time cases are drawn from fields as diverse as agriculture and computers.

2.1 Definitions

Innovation:

Rogers and Shoemaker define innovation as "an idea , practice, or object perceived as
new by an individual. It matters little, so far as human behavior is concerned, whether or
not an idea is objectively new as measured by the lapse of time since its first use or
discovery. It is the perceived or subjective newness of the idea for the individual that
determines his reaction to it. If the idea seems new to an individual, it is an innovation
(Rogers and Shoemaker, 19).The above definition is applicable to what is commonly
termed as a consumer innovation. Malecki defines firm or technological innovations as "
new production inputs, machines, processes, and techniques adopted by firms or
entrepreneurs for their own use" (Malecki, 1). Nelson defines innovations as the process
by which new products and techniques are introduced into the economic system.
Successful innovation results in the capability of doing something that could not be done

before, or at least not so well, or so economically (Nelson, 339).
Diffusion:

Scholars in different fields have defined diffusion in different ways. For anthropologists,

"Diffusion is the process, usually but not necessarily gradual, by which elements or
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Scholars in different fields have defined diffusion in different ways. For anthropologists,
"Diffusion is the process, usually but not necessarily gradual, by which elements or
systems of culture are spread; by which an invention or a new institution adopted in one
place is adopted in neighboring areas and in some cases, continues to be adopted in
adjacent ones until it may spread over the whole earth” (Kroeber, 139). Sociologists view
"Cultural diffusion (as) the concept widely found in sociological literature to symbolize
the process by which inventions become adopted by society" (Bowers, 826). More
specifically, for them, " ... the process of diffusion may be characterized as the
acceptance over time of some specific item-- an idea or practice, by individuals, groups
or other adopting units, linked to specific channels of communication, to a social
structure, and to a given system of values, or culture” (Katz, 240). Today, this could be
considered, in sociology, as a classical definition of diffusion. Within the social sciences,
each discipline tends to emphasize certain elements involved in the diffusion process.
The meaning of process in this context is the way in which the diffusion of a
phenomenon proceeds from one adopting unit to another. Implicit in such definition of
process is the emphasis on explanation of the cause that influence the acceptance of a
phenomenon (Cohen,5-6). Geographers have looked at spatial and chronological aspects
of diffusion. But they fail to acknowledge the fact that space and time are elements that
are external to the diffusion process while social, economic, cultural, psychological or
other behavioral factors are the endogenous causes of acceptance, rejection and spread of
innovations (Cohen, 13).

Generalizing the above definitions, the process by which an innovation spreads within a

social system is called "diffusion”. An innovation, however, diffuses within a social
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system through its "adoption” by individuals and groups. Diffusion and adoption are thus

closely interrelated even though they are conceptually distinct. (Dasgupta, 21)

Adoption:

Adoption too has a variety of definitions and differences generally occur regarding when
is adoption said to have taken place. Adoption could be defined by a date, degree or
magnitude as its measure. Generally, it could be said that "The growth in popularity of a
new idea within the society of its origin (then) comes under the heading of "adoption” ,
"acceptance”, or some similar term, whereas the passage of an idea across ethnic
boundaries is usually refereed to as its "spreading”, "borrowing", or "diffusion" (Barnett,
291).

2.2 Factors affecting diffusion

Diffusion is affected by a number of diverse factors. Studies have concentrated on one or
more of these factors and gauged their effect on the process of diffusion. All have
acknowledged the presence of numerous factors affecting diffusion other than those
considered in that particular study. Diffusion could thus be understood in a broad sense
but never could be predicted or represented by a formula. But time and again, studies
have led to, and therefore agreed on some recurring factors which play a significant role
in the diffusion process. Broadly, these could be grouped as social, economic, political
and cultural factors as well as characteristics of the industry and adoption unit and the

characteristics of the innovation itself. A brief review of each is presented here under.

Social:
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According to Nelkin, a stable and well-established system may be particularly resistant to
social change (Nelkin, 97). Adoption and diffusion patterns differ in different societies.
Patterns differ for different innovations even within the same society. Many aspects of a
social system are studied to understand their effects on diffusion. Among these, structural
characteristics and systems of beliefs and values are the two main types. Structural
characteristics comprise of caste structure, leadership structure, structure of activities and
attitudinal structure. Dasgupta also mentions "reference groups” as an influential factor in
a social structure. A reference group is a group to which an individual relates himself as a
part or to which he aspires to relate himself psychologically. e.g.: kin groups, friendship
groups, work-exchange groups etc. Reference groups, depending on the importance the
individual adopter attaches to them may have great influence on his thinking and
behavior. A study in a village found that a farmer’s adoption of recommended farm
practices was influenced by the adoption rate of his friends, relatives, and work-exchange
groups (Dasgupta, 95).

Various models to explain innovation diffusion in a social structure are proposed.
Dasgupta cites one such model in the context of diffusion of agricultural innovations in
India. According to this model, first few members in a social system are so innovative
that they adopt the innovation almost immediately after they come to know about it.
These early adopters influence the other members of a community to adopt the
innovation as they interact with them. After the innovation is adopted by a few farmers,
they influence a few others, who, in turn, offer new stimulus to the remaining ones.

(Dasgupta, 21). This is termed as "interaction effect”.
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Rothman has further identified "opinion leaders” among any society and hypothised that
the likelihood that an innovation will be adopted by a larger population is increased if it is
first utilized by smaller group of opinion leaders. He cites an example of Carlson's study®
of how the new math became part of the curriculum of schools in Allegheny County,
Pennsylvania’ (Rothman, 24-25). Opinion leaders are often characterized by higher social
status, more education, greater media exposure, more contact with change agent, and
more openness to innovative ideas. (Rothman, 26). Other than playing the role of strong
influences in the diffusion of innovations, Rogers states that by way of higher -status,
more cosmopolitan opinion leaders, new ideas enter a system ; the more cosmopolitan the
opinion leaders are, the greater is their influence. The role of opinion leaders in the
rejection of an innovation is also exemplified in case of construction industry by Nelkin.
Opinion leaders oppose an innovation when their interests are jeopardized. "When a new
and less costly building technique would disrupt the construction industry, one can rely
on the opposition of those building interests that would be disadvantaged, (but not on the
advocacy of those who might benefit from cheaper housing)". In the presence of
powerful spokesmen for old technologies and the absence of effective ones for the new,
promotion of relative merits of alternative technologies is rendered difficult if not
impossible"(Nelkin, 99-100).

Influence of social aspects gradually acquire political undertones. Political decisions, and

interests, go a long way in influencing acceptance or rejection of innovations. As Nelkin

% Carlson, Richard O. "School Superintendents and Adoption of Modern Math: A Social Structure Profile”,
in Matthew B. Miles, ed., Innovation in Education. New York: Teachers College, Columbia University,
1964.

? Five superintendents closely associated with one another introduced the new approach in 1959. As a resuit
of their example and contacts with other superintendents, an additional 10 schools adopted it in 1960. Then
12 more schools tried it in 1961. By the end of 1963, 38 schools were employing this altogether different
method of teaching mathematics.



forces which shape it, but more about the way community decisions are made" (Nelkin,

14).

Political:

The effect and strength of political factors is best illustrated in the case of the CIPT
(Civilian Industrial Technology Program) proposed to the US federal government in 1962
and subsequently scrapped in 1963. CIPT was proposed on the basis that the construction
industry's problems were becoming acute, the gap between technological potential and
actual building practice was widening and a growing market was bringing greater
challenge and opportunity. At the same time, building industry was fragmented, there
was no single agency responsible for building science and technology, and research was
limited by available funds and personnel. So the CIPT proposed to encourage and support
building science and technology centers, evaluate new building materials, components
and concepts, study probable course of future technological progress, and improve
dissemination of information on building science and technology.'®

This program however was seen as a threat to private enterprise and the advantageous
prevalent state of affairs by many, and hence naturally came under severe criticism.
Arguments ranged from the assessment of the construction industry as "lagging" being
wrong ( Nelkin, 56) and ill founded to the program potentially upsetting the "delicate free
enterprise mechanisms (Nelkin, 43) and interfering with the competitive balance in

industry (Nelkin, 61). Nelkin profiles the position many organizations and professional

!9 Subcommittee on Deficiencies of the Committee on Appropriations, House of Representatives, 87th
Congress, Second Session, Hearings on Supplemental Appropriations Bill, August 1962, p. 48-49.
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associations took on the issue and how they found themselves in contradictory
positions'". The strong opposition from Congressmen is hinted to be rooted in the mutual
vested interests of politicians and businessman. '? Private engineering firms did not want
government competition (Nelkin, 67). All these factors converged politically to reject the
CIPT which was seen as a "critical social need” by its supporters.”

The relationship between technology, politics and social problems is thus subtle and
complex. Wallace Sayre and Bruce Smith have described a "spectrum of readiness”,
examining social problems according to the degree to which they are both politically and

technologically ready for solution (Nelkin, 74)."*

Cultural:

" Associations like the BRAB and AIA were in an awkward position. Their clients- the builders- were
opposed to the program while the associations were supposed to be the progressive force in industry. A
number of engineering associations refused to take a position- they were sensitive to the relationships of
their members to industry, and tended to take politically safe positions which protected these relationships
(Nelkin, 65).

'2 The state of Ohio ( Congressman Bow's constituency- he was a very strong, vocal and influential
opponent of the CIPT) ranked first in the nation in the no. of employees in the stone, clay and glass
products industries- especially ceramic wall and floor tiles. These industries, concerned about public
control of technological innovations in materials development, took an active part against CITP. They were
threatened by the possibie development of competitive materials as a result of a Govt. R and D program.
Since the installation of bricks and tiles is labor intensive, innovating material requiring less labor would
pose a significant threat. (Nelkin, 55)

' Glenn Beyer, director of the Center of Housing and Environmental Studies at Cornell University and
Gordon Fisher, associate dean of engineering at Comnell University supported the program on factual and
sound arguments, but in vain. (See Arguments for and against the CIPT, Nelkin, 71)

' Political influence is cited as one of the factors of the failure of India's program for village education
through satellite TV. The greater political clout of urban India directed the technology to be used for
entertainment programs rather than developmental communication which was its original objective (See
Bhalla, 194-208 and 244).
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Cultural values and their effect on acceptance or rejection of innovations is studied with
respect to agricultural innovations. Dasgupta cites two sets of values- traditional and
modern. Familism, fatalism, passivism, sacred orientation, conservatism, and orientation
to the past are considered traditional values while ;c.cientisnl, risk orientation, business or
profit orientation, rationality, secular orientation, political consciousness, achievement
motivation, deferred gratification are considered modern values (Dasgupta, 88, 91). It is
also observed that modern values are on the rise as the boundaries of value systems
between rural (considered traditional) and urban (considered modern) societies are

blurred in the present times.

Economic:

Economic profitability of an innovation plays a major role in adoptio of innovations.
According to Linstone and Sahal, the more profitable the innovation, the greater the rate
of diffusion (Linstone and Sahal, 59). Dasgupta notes that risk, complexity and lack of
compatibility rather than cost are the main reasons for the rejection of inovations by the
non-adopters. Economic profitability of the innovations do not necessarily stimulate their
adoption (Dasgupta, 40). But for technological innovations, in most cases, it is economic
considerations by the adopting units that determine when to adopt and the rate of
adoption. Firms will not adopt any innovation uniess the expected returns on their
investment (monetory and human and social resources) are going to be atleast equal to
those that are available, if the resources would be invested in conventional or alternative

use. He further cites Edwin Mansfield"> who demonstrated that the rate of adoption

!5 Mansfield, Edwin. "Technical Change and the Rate of Immitation"”. Econometrica, XXIX (1961), 741-
66.



among industrial firms depends mainly on the profitability of accepting an innovation and
the size of the investment required (Cohen, 21- 23). (Also see Relative advantage' on the

following pages).

Communication:

According to Trade, dissemination of information is clearly the basic cause of diffusion.
Information could be disseminated through various means and the sources from which
target populations receive information are varied too. Dasgupta classifies information
sources into institutional or formal and non-institutional or informal. They could also be
classified as personal and impersonal ; impersonal covering the print and the non-print
mass media. Sources could be classified according to their location with respect to their
users as cosmopolite and localite. Dasgupta mentions that early adopters and opinion
leaders are the main users of cosmopolite sources while the late adopters usually get
informed by localite sources.

But spread of information alone does not ensure adoption. Credibility of the sources to
the users is an important factor in the process. Credibility is defined as the degree to
which (users) trust particular sources of information to be accurate and useful for their
purpose'®. Who uses what sources of information depends on individual profiles but is

certainly influenced by education and access. Cohen states that both mass media and

16 A method to measure farmers perception of source credibility is to ask to list/ paired comparison/ ask
about source of information. they used for the innovations adopted- the credibility is determined by the
frequency with which they are used.(Dasgupta, 113-114)
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interpersonal relationships affect diffusion, especially when individuals are adoption units
but when the adoption unit is large enough, very little is known about the role of
information and communication media and of personal interaction in affecting the
decision to adopt an innovation.

In case of technological innovations, where information is highly technical and essential
to a firms appraisal of costs and relative advantages of the innovation, adoption of
technological innovations lags years behind the initial receipt of information because of
the need for information of a highly specialized nature. Also, cost and technical personnel
are important factors for adoption of technological innovations, so firms may not have
resources even if they willing to adopt (Brown, 157).

Adoption processes and factors influencing them differ when the adoption unit is an
individual or a firm.'” They also differ when an innovation is a consumer or technological
one. Though social, political, economic and communication factors affect both categories
of adoption units and innovations, some factors are unique to each type. Characteristics
of the adopting firms, industry and the innovation itself profoundly affect the rate and

pattern of adoption of technological innovations by firms.'®

Diffusion agency:
Brown argues that the traditional belief that adopters have an equal opportunity to adopt
could be challenged and it could be argued that in many cases it is egregiously and

purposely unequal. Accordingly, adoption takes place within a constraint set established

' The adoption unit is defined by the item that is undergoing diffusion.(Cohen, 14)
'* Characteristics of the innovation also play an important role in consumer innovations, but the
characteristics considered for these innovations may differ from those of technological innovations.
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by government and private institutions. Unless some government, entrepreneurial or non-
profit organization makes the innovation available at or near the location of the potential
adopter, the adoption units will not have the option to adopt in the first place. Once this is
in place, promotional communication strategy of the agency and the resulting awareness
in the adopters will be the consideration. Also, access of the adopter will depend on the
cost of innovation, the ability of the adopter to raise capital and the sources available to
him to do so. Further, the adopter's proximity to infrastructure relevant to using the
innovation will play a role in his ability to adopt. Thus, adoption will be affecied by the
ways in which relevant resources are made available or allocated to the adopter, both by
propagators of the innovations and the society at large, as well as the adopter’s ability to
utilize these resources, which itself may be a societal product. This approach to
innovation diffusion shifts the focus to the diffusion agency rather than the adopter

(Brown, 8,9).

Characteristics of the firm:

Brown has mentioned three major characteristics of firms that affect adoption. Firm size
is believed to be the most prominent characteristic having a bearing on adoption of an
innovation as well as on many other characteristics. Large firms have advantages over
smaller firms in adoption of technological innovations because they have greater ability
to raise capital, to bear cost of the innovation and bear to take the risk of failure. They can
also better afford the managerial and technical specialists often needed to evaluate the
innovation and implement it. One might thereby infer that adoption takes place first by

larger firms and is consequently followed by smaller ones. But though size sequence of
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adoption of innovations holds true for high cost innovations , it might not be true for low
cost innovations. (Meyers and Marquis)"®. This suggests that firm size might operate
more as a threshold than as a scale for adoption. The threshold size of firms may vary for
different technologies.(Brown, 156).

The second characteristic is the aggressiveness and innovativeness of a firm's
management. Brown refers to Malecki and Waite20 observing that, medium size firms
are more aggressive and innovative as they have more incentive to grow and improve
their competitive position. Time taken by a firm to make a decision regarding adoption/
rejection also depends on the kind of management. The more alert the management about
the innovation, the shorter the time taken (Nabseth, 7).

Level of information in the firm about the innovation is the third characteristic. As the
CITP proposal observed, medium and small firms generally cannot employ technical staff
to review, evaluate and apply the technical information effectively (Nelkin, 108) and this
hampers the adoption process.

Other than these three characteristics, competition among firms initiates adoption. Early
adoption takes place because some firms wish to gain advantage over their competitors.
Intra industry competition is one of the causes of the bandwagon effects associated with
the sharply rising middle portion of the S curve of diffusion (Brown, 155).

Adoption of innovations in different industries follow different patterns and processes.

The nature of the industry determines the type of innovations made for it as well as

' Nabseth and Ray cite examples from their study of smaller firms taking lead in the introduction of a new
process (see Nabseth and Ray, 308).

 Malecki, 1975, 1977, Waite, 1973. Brown illustrates this point with the advertisements for Avis

automobile rental company which proclaim "We try harder’ because of their number two position behind
Hentz in the car rental business.
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attitudes and factors concerning adoption. Building industry is unique for a number of

reasons. Its characteristics are therefore solely reviewed here under.

Characteristics of the industry:

As Nelkin has rightly observed that in housing industry, technology is largely based on
practical experience rather than on research. The character of technology in the building
industry emphasizing craft methods rather than science based techniques operates against
innovation. Industrialized techniques are not only commercially disruptive but they
threaten the assumption that building methods are developed through a long history of
empirical experience. An important obstacle to change is that inefficiency and costly
design are rewarding to the many diverse segments of the industry. There is little
incentive for technological competence which might lead to cost reduction; indeed there
is a certain stake in maintaining inefficiencies, particularly in the view of the industry's
highly competitive character. The introduction of new technology would upset the highly
competitive balance (Nelkin, 97). No single group is responsible for building science nor
is there an interdisciplinary, industry wide, scientific tradition, scientific literature, or
professional corps. (Nelkin, 106)*'. With this background it is interesting to read a

statement by Whitlock? stating that a building research program already existed in the

' According to Nelkin the attitude of any industry to technological innovation could be gauged from the
amounts it spends or scientists and research engineers it employs. He quotes figures from Beyer (Beyer,
Glenn, H. Housing and Society. New York: Macmillan, 1965.) about funds actually spent by each industry
on R and D in 1956 as: construction $ 24,100,000, chemical $ 517,700,000, electrical equipment $
461,000,000, machinery $ 390,300,000, aircraft $ 269,900,000 and from National Science Foundation
(National Science Foundation. Scientific and Technical Personnel in History, 1960. Report 61-75,
Washington, D.C.: GPO, 1961.) about the number of scientists and research engineers employed by various
industries in 1960 as: construction: 2000, chemical: 36000, electrical equipment 62600, machinery 28200,
aircraft 64000. (Nelkin, 8,9)

Z Douglas Whitlock was the founder of Structural Clay Products Institute, a $260 million industry, eleven
of whose member companies and contributing associates were from Ohio. He was a personal friend of
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industry, but it was somewhat hidden owing to competitive relationships that led to

secrecy on matters of innovations. (Nelkin, 62).

Characteristics of the innovation:

In addition to all the factors mentioned hereto that affect adoption of innovations, the
innovation itself is responsible for its acceptance or rejection. Studies have shown that
while certain innovations are quick in their spread, certain ones take a long time; others
die out- not necessarily due to the factors external to the innovations, but due to the very
characteristics of the innovations themselves. As a result, it is difficult to formulate a
typical model for the diffusion of all innovations. Innovations of a similar type too show
varied degrees of diffusion on account of differences in some of their individual
characteristics. Dasgupta, while reviewing literature on the diffusion of agricultural
innovations, has identified some inherent characteristics of innovations that affect its
diffusion. But he mentions earlier that diffusion rates of innovations are affected not so
much by their real characteristics as by the way they are perceived by (users) who are
their potential adopters (Dasgupta, 28).

Utility (importance of the need fulfilled by the innovation), communicability (ease with
which the usefulness of the practice can be communicated), immediacy of results,
complexity of innovation, cost involved in use, and the ideation involved in use (whether
or not it is possible for the potential adopter to understand and visualize the extent to

which each component of the innovation contributes to the desired result ) are major

Frank Bow, having worked with him in Republican politics. He was also an officer in the Building
Products Institute and the Producers' Council. He had tried to keep out federal government of R and D
activities through a long time series of behind-the-scene activities. With much backing from the
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factors affecting adoption of any innovation. These are more or less similar to the ones
identified by Rogers and Shoemaker:

Relative Advantage:

Relative advantage can be explained as the importance of the need fulfilled by the
innovtion. It could be measured by the economic profitability of the innovation, though
the advantage may not be always perceived in economic terms by the adopters (see
Dasgupta, 32-33). Also, there are a number of problems in judging relative advantage in
terms of economic profitability. Firstly, since old and new technologies are never the
exact equivalents of one another, it is difficult to compare unit prices directly. Cost
effectiveness implies minimum cost per unit of utility - which again is difficult to
measure (see Stern, Ayres and Shapanka, 123, 124). Secondly, profitability changes for a
new process over time and for a given firm. This is because innovations improve over
time and factor unit prices change- often in favor of the innovation™**.

Compatibility:

Compatibility is perceived in terms of its consistency with existing values and practices.
A distinction could be made between physical compatibility (degree which an innovation

is consistent with existing practices relating to economic activities) and cuitural

construction industry, and his successful articulation of traditional concems of the industry about
government intervention, he proved a very influential opponent of the CITP (Nelkin, 55.60).

 Brown argues that innovation is a continuous process, in contrast to the assumption implicit in most
diffusion research that the innovation is a set, non-changing phenomenon (Brown, 154). It shold be also
noled that slowness in adoption is encouraged by continuity of the innovation process so that leaders in
introducing the process may be followers in its profitability (Nabseth and Ray, 303).

** Examples of this would be newer computers which are far more improvised than their predecessors yet
much cheaper.
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compatibility (degree to which an innovation is consistent with existing values, beliefs,
habits, and tradition in a social system).

Complexity:

It refers to the complexity involved in the perception and implementation of an
innovation. An innovation which is relatively simple to understand and use diffuses
quickly.

Trialibility:

It is also referred to as divisibility. It is the degree to which an innovation can be tried out
by a user on a limited scale before deciding to adopt it. In most cases, especially for
medium size and/or capacity adopters, trialibility of an innovation is important because
the feeling of insecurity in trying something new is minimized. Trial gives an
opportunity to evaluate the innovation in terms of feasibility and applicability to the
user's situation. Hence it is observed that more triable innovations diffuse faster*”.
Demonstration projects, pilot programs, modeling of new roles of behavior, free samples
are all analogs to trialibility (Rothman, 25).

Observability:

It is the degree to which the results of an innovation are observable, demonstrable and
communicable to the users. It is similar to demonstrability and communicability.

Apart from the characteristics mentioned above, there are other aspects of an innovation

that influence its diffusion. The nature of the innovation- whether it is an addition to”®, or

3 Also see Rothman, p. 23

% Referring to blending of traditional and new technologies, Bhalla emphasizes the importance of the
knowledge of the nature and characteristics of traditional activities/ technologies with which new
technologies are to be integrated. The use of new technologies should improve the efficiency of these
practices without radically altering the associated skill and input requirements for a proper fusion into the
traditional economic and socio- cuitural practices. (Bhalla, 246)
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an improvement of, or a replacement of an existing technology / product, its implications
on the existing practices and systems?’, the cost of introducing and using the innovation
etc. all affect the diffusion process®®. As per the conventional investment theory, the rate
of diffusion ought to be greater for additions and slower for replacements. In case of the
latter the industry already has a sunk cost to be amortized or written off. Old facilities are
more readily displaced than newer ones. Thus, the innovation constituting a displacement
of functioning facilities, and particularly of less old functioning facilities, would have to
be more profitable than the innovation constituting an addition to functioning facilities
(Brown, 155).

Other Factors:

Many other unclassified factors affect the diffusion process too. Dasgupta suggests a
significant association between the level of adoption of a village and its access to
extension agencies, urban centers, mass media; population size and literacy; non-human
resources such as availability of electricity, equipment and transportation; and

organizational, leadership and caste structures (Dasgupta, 98).

7 The state of Ohio ranked first in the nation in the number of employees in the stone, clay and glass
products industries- especially ceramic wall and floor tiles. These industries, concemed about public
control of technological innovations in materials development, took an active part against CITP. They were
threatened by the possible development of competitive materials as a result of a government R and D
program. Since the installation of bricks and tiles is labor intensive, innovating material requiring less labor
would have posed a significant threat. (1-55)

2 Robertson classifies innovations as: continuous innovations like fluoride toothpaste, menthol cigarettes
or annual new model automobile changeovers which are merely alterations of a product and have the least
disrupting influence on established consumption patterns; dynamically continuous innovations involving
creation of a new product or alteration of an existing one if not involving new consumption patterns- these
have more disrupting effects than continuous innovations- electric toothbrushes, electric hair curlers and
the Mustang automobile would be the examples; discontinuous innovations involving the establishment of
new consumption patterns and the creation of previously unknown products- examples would be television,
computers and the automobile (Robertson, 7)
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Neighborhood effect and hierarchical effect have been mentioned by Cohen to be
responsible for diffusion of an innovation (Planned Regional Shopping Centers- PRSCs-

in this case). He explains these effects as follows:

Neighborhood Effect:

Other things being equal, the closer a potential adoption unit to the source of innovation,
or to another unit that had already adopted the innovation, the greater the probability that
it will adopt before potential adopters that are further away (Cohen, 14).

Hierarchical Effect:

If one defines a base for a hierarchy, be it size, social status, or any other criterion, the
higher the ranking of a potential adoption unit in that hierarchy, the greater the chance of
adoption before units that are lower on the hierarchy (Cohen, 15).

He further shows in his study on the spread of PRSCs in the US that it indeed followed
the hierarchy of size of cities.

Brown mentions institutional effects. According to him, societal concerns give added
importance to some innovations that otherwise might have sat on shelf and reduce the
importance of other innovations thereby influencing not only the diffusion but also the

choice of innovation to be diffused® (Brown, 155).

2.3 Diffusion and the building industry:

* e.g.pollution control innovations are preferred over innovations involving high levels of pollutant
emission.
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Although, prima facie, buildings, or more specifically, houses built today look different
than those built thirty years ago, the effect of innovation has been minor. A closer look
will reveal that what has really changed are accomplishments of materials suppliers and
equipment suppliers (e.g.: gypsum wall boards, synthetic wood fiber boards,
improvements in quality and durability of finishing material, and improvements in
heating systems, plumbing supplies, kitchen equipment and lighting). In so far as the
accomplishments of the people who design and build homes (structure and the adjustment
of the structure to suit the needs of the occupants), there has been very less innovation
(Rassweiler, 44). Some aspects unique to adoption and diffusion of innovations in the
building industry are discussed here under:

Rassweiler argues that the building industry has never employed scientists for research
nor has it invested in experimentation. It has been no match for other industries which
have made at par and integrated research and development activities with production,
sales and finance (Rassweiler, 45,46). Technical obstacles: no past knowledge base; no
scientific literature publication for dissemination of new knowledge; no trained scientists.
Commercial obstacles: fragmented nature poses difficulties for funds required for
experimentation, incentive creation to improve building as profit makers are far removed
from the building itself, divided responsibility of or the characteristics of the finished
building and how it will be constructed, high costs of getting innovations accepted and
used in the field. Large percentage of profits go to organizations that are deliberately
temporary in nature - as a resuit, there are no long term investors for even a period of 5 to
10 years which is the time generally required for any innovation to develop and yield

profit. Size and sophistication of building companies is far too small than that required.
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To initiate and get value of the innovations. The product (house) is such that it cannot be
factory made and shipped over a large geographic area; also regional needs and

specifications differ and building locally with local techniques and materials is cheaper.

2.4 Diffusion studies:

Numerous studies on the diffusion of innovations in various fields have evolved into
scientific and empirical methods of data collection, analysis and interpretation of the
subject. A theory of diffusion has been evolving with contributions from numerous
researchers and field workers. If not as a complete theory, diffusion is understood with
the help of its characteristics and patterns on a much larger generalized scale.

Attempts to plot the cuamulative proportions of adopters of an innovation over time within
a social system have shown that the resulting curve assumes the form of an S shaped
growth curve. This is called the diffusion curve.®

The curve starts with a gradual rise denoting the adoption by innovators in a system. It
further rises but slightly, when early adopters adopt the innovation through interaction
with innovators and by observing the results of its use by the innovators. Gradually, over
a period of time the late adopters, who are a large majority in the system, adopt the
innovation. This is the period which is reflected in the upward slope of the S shaped
diffusion curve. After the majority of the farmers of the social system have adopted the
innovation, only a few hard core resisters are left who have not yet adopted the practice.

At this stage the second point of inflection of the diffusion curve is reached, and the

% See Dasgupta, p.21
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upward slope comes to an end. The remaining part of the curve now has a more gentie
slope until all intended users adopt the innovation.

Diffusion rates are often measured in terms of proportion of firms using the new
technology as compared to those using the old (Brown, 153). Diffusion studies carried
out in different fields and with different foci have led to different findings. Broadly, these
findings could be classified into two categories (Cohen, 14): findings that are descriptive
of how an innovation spreads and findings that are explanatory and that identify and
explain the role of factors that affect the course of diffusion®". It should be noted here that
research on the diffusion of technologica! innovations has tended to give more attention
to the characteristics of the innovation itself and of that of the adopting firm, whereas the
consumer innovation tradition has emphasized communications or information flow
process (Brown, 153).

But any kind of diffusion study is an intricate and difficult yet interesting undertaking
since the spread of a phenomenon is often selective. Many factors are involved in its
explanation and it is beyond anybody to account for all. But once certain factors are
identified or are hypothesized to influence the course of diffusion, it is important to
examine their effect on the spread. Only in such a way can a meaningful body of theory
on diffusion be built and be related to the theories of change (Cohen, 5).

The significance of any kind of diffusion studies, be it diffusion of technology, consumer
products, behavioral and operational practices, etc. is best summarized by Cohen.
"Diffusion studies, especially concerned with the spread of innovations, are assumed to

be necessary for understanding a major phenomenon in human life, namely change.....

3! Neighbor hood effect, hierarchical effect, logistic curve would be examples of descriptive findings while
behavior of firms, relative advantage, trialibility, etc. would be examples of explanatory findings.
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We speak today about technological change, social, economical, and political changes as
well as changes that occur in the environment. In this study, change is assumed to be the
phenomenon of acceptance of new modes of behavior or new ways of doing things. Thus,
society can be said to have experienced change if its technology, institutions, customs or,
in general, its ways of life are different at one point of time than at the other.....It is the
author's belief that change always implies a process of diffusion of a new phenomenon,
be it material or non material. Thus, learning the ways by which a phenomenon spreads,

or fails to do so, can contribute to a better understanding of the process of change”.

(Cohen, 4,5)

2.5 Models of Diffusion:

Based on the case studies and theories of innovation diffusion, some models of diffusion
processes have been proposed. Dasgupta cites a four stage diffusion process. As per this
process, explained for agricultural innovations, first a few innovative farmers try out and
adopt the innovation after its introduction. These farmers are called tnnovators. They are
characteristically prosperous and venturesome enough to be able to take the risk of trying
out an innovative idea or practice. Following this, a larger group, but still a small
minority in the village, is influenced by the innovators to adopt the recommended
practice. These people termed as early adopters are not too different from the average
farmers of a village although they are often respected for their farming ability and
successful and discreet ideas and practices. Because of their respectability, they serve as
role models for other farmers who seek opinion and advice on farming matters from

them. Consequently, a large majority of farmers are influenced by early adopters to adopt
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innovation. These are termed as late adopters. Finally, the diffusion process slows down,
and the proportionately few remaining farmers gradually adopt the innovation. These
laggards are a small group taking the longest time to adopt (Dasgupta, 22-26).

Adoption or rejection of an innovation can also be explained at the level of an individual
adopter. At this level, adoption process is a decision making process involving a period of
time during in which an individual goes through a number of mental stages before
making a final decision to adopt an innovation. The widely accepted sequence of stages
in this process is: awareness of the existence of an innovation, interest, evaluation trial,
and complete adoption’? (Dasgupta, 43-45). But it is not necessary for all adopters to go
through all the five stages. Especially, late adopters may skip some stages learning from
the experrience of earlier adopters. But it is observed that generally, most adopters go
through all the stages of the process (refer accompanying figure).

Nabseth and Ray outline the process of adoption for a firm (refer accompanying figure).
The first stage of this process is the entry of the first information about a technique. Then,
more amd more facts come in from various sources- suppliers, competitors, trade and
research associations, or indeed the companies own research and development work.
Soon, the awareness stage is reached. Subsequently, plentiful information leads to
systematic evaluation. A study to assess the value of the new technique with regard to the
firms circumstances is carried out. This is the consideration stage. If the decision is to
install the technique, adoption takes place. Adoptions at micro-level add up to diffusion

at macro-level (Nabseth and Ray, 6).

% Cited from: North Central Subcommittee for the Study of Diffusion of farm Practices. How Farm People
Accept New Ideas. Ames: lowa Agricultural Extension Service, 1955.



Based on the research on innovation diffusion, attempts have been made to formulate

promotion strategies for new products and technologies.

2.6 Afterword:

Models proposed and factors identified are mostly based on empirical studies. It has been
acknowledged by many researchers and scholars on the subject that these differ for
different cases. A wide background is created by the available literature to base new
studies on and each new study in turn adds to this knowledge base with its particular
observations and interpretations.

Building industry has been under utilized as a sector for diffusion studies for various
reasons, but it does not imply its insignificance. Diffusion studies in the building industry
are not only valuable for sociologists, economists or management scholars, but would
serve as a valuable database for the industry itself. Product manufacturers and suppliers,
building technology research institutes, and architects and planners would not only be
more aware of their prescriptions but would also have an aid to make strategies to
promote them. The crucial issue of lab-to-land for any new product or technology would
be one step ahead in finding an effective mode to achieve its goal.

The literature review gives an idea of the intricacy and multifacatedness of the
phenomenon of diffusion. For the purpose of this thesis, it will help to identify specific
study areas regarding diffusion of building technology and innovations and to formulate

methodologies for data collection, organization analysis and interpretation.
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Chapter 3: Building Trades in the Pune Region

3.1 State of Building Technology in India:

If modern building technology is defined as “the practical use of resources for the
development of tools that permit specialization of labor, mechanization of production
processes and transportation systems, discovery of new forms of energy, standardization
of parts, components, or sub assemblies, mass production of goods and services, and
automated control systems (Shah 21)”, the current technology employed in the building
industry in India, at least in most parts, is backward. Scarce capital, ample labor,
continued use of traditional technology, small enterprises, temporariness of work and
contractual relationships characterize building industry here. Due to the seasonal pattern
of work, variations in local geographical conditions and reguiatory guidelines of
governing bodies, unique needs of projects, constraints on financial resources, and lack of
indigenous R and D for this field, the building industry has not been able to modernize
much as compared to the other industries. Abundance of manpower vis-a-vis scarcity of
finance has encouraged and supported the development of a labor-intensive technology
(refer to tables 4, 5, and 6 in the appendix). Vaid also cites the social linkages of
technology as a reason for the constrained growth of building technology. Low order of
technology draws lower or no skills, pays low wages and draws mostly the
underprivileged. Studies show that most construction workers come from the lower
castes, which are educationally and economically deprived (see NICMAR and table in
annexure). Housing needs and the means to get them fulfilled are varied for different

clients based on economic and sometimes social class. Accordingly, it is not possible to
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achieve economies of scale for a limited number of homebuilders. Different scale and
type of housing providers are needed for fulfilling different demands of different client
groups. Lower order of technology is cheaper and easier to use. A large setup, or
financial and organizational outlays are not necessary for all agencies providing housing.
As a result of all the above factors, entry in the building industry is easy, and small firms
with scanty resources and limited technical and financial capabilities proliferate. Small
firms with no execution capacity of their own, encourage the practice of sub contracting
work, which along with lower wages justify the continued use of archaic methods of
construction. The traditional image of building construction is that of a series of manual
activities, which is true to an extent even today. But at the same time, today, the demands
of economy, accuracy, quality, and timely completion of projects and use of new building
materials has made mechanized operation, sophisticated plant and instrumentation, and
superior construction techniques necessary. Correspondingly, a need of higher level of
skills of the workforce is becoming more obvious (Shah 21), ail the more so in the

rapidly growing urban metropolises.

3.2 Construction Activity in the Pune region:

Pune is a fast growing metropolis the in the state of Maharashtra, in western region of
India. It is located at a distance of 180 km from Mumbai. Due to its proximity to Mumbai
and its location on the prime transport routes linking other parts of the state and the
country, many industries have established themselves in its industrial areas. It is also a
center for learning. As is characteristic with most large cities in the country, Pune has a

dense and crowded core. Lack of space in the core area has pushed new development on
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the outskirts of the city. The city has outgrown its corporation limits. Uncontrolled,
informal and illegal building activity has taken place in these fringe areas. Dwelling units
built in the city are of various types. There is a large market for builder- developer
constructed flats in medium rise buildings (3 to 10 floors). Single-family independent
bungalows are also built. Informal housing is characterized by single or muitifamily
single or multistoried permanent (pucca) dwellings of modest sizes. The various agencies
responsible for the development of the various types of dwellings are described later in
the chapter. With the increasing population the demand for living is increasing day by
day. Since demand is always greater than supply the builder dictates the market and
keeps prices higher than the normal level. The builder is not compelled to operate
optimally, to adopt sophisticated techniques to improve productivity through skill
formation, and thus control the price rise. Also construction costs are much lower as
compared to land costs, thereby reducing the investment required for construction. As a
result many medium to small size firms can operate in this field. These firms tend to
organize their operations on a relatively smaller scale using relatively less capital and
more labor. Consequently the technology used is labor-intensive small-scale technology
(see Kumar).

Small contractors do not hire construction workers permanently. For lack of continuous
work and limited duration of work for each trade the most common method of
recruitment of workers is through labor sub-contractors. Labor sub-contractors are people
who provide only hand tools and workers and act as a link between builders and workers.
There scope of work does not include providing materials and equipment. Kumar has

stated two methods of engaging labor sub-contractors. 1: the building contractor pays a



lump sum amount to the labor sub-contractor supp_lying labor. The lump sum is based on
a piece rate. The sub-contractor pays laborers after retaining his own margin. 2: building
contractor decides number of laborers required and wages of workers of different trades.
Accordingly he forms a wage bill including the labor sub-contractors margin. Workers
may pay a commission to the labor sub-contractor in both the cases in exchange of
employment received. The system of working through a labor sub-contractor helps
workers to move within the local markets to overcome intermitent work availability.
Unskilled and semiskilled labor uses this system the most. Masons and concrete workers
are among the skilled workers who use this system more frequently. Most of the other
skilled workers are freelance.

This chapter gives a general idea of the construction activity according to the different
trades involved. The construction activity is divided into six trades mentioned earlier in
the first chapter for the sake of ease of communication to the reader. It should be noted
while reading this chapter that that everything mentioned herein is a broad generalization
and represents the construction practices and situations in most instances. There would
naturally be exceptions to the case. Also the type of construction activity described here
is prevalent in a wide range of buildings- from expensive bungalows to one-room houses.
Most slum dwellings would not fall under this category but most of the buildings in the

informal settlements would show remarkable similarities in the construction process.
3.3 Construction workers:

As mentioned earlier, construction workers are either recruited by labor sub contactors or

are directly employed by the builder/ client. Although workers employed by the sub
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contractor have the advantage over the independent workers of finding jobs through him
without searching for them in the market, none of them are employees of the sub
contractor or the builder. In this regard, all workers are equally unsure of continued
employment. The main reasons cited for builders and contractors not employing workers
permanently are (Kumar) I: limited duration of work 2: discontinuous demand 3: shifting
worksites. As a result, earnings are lower than other industrial workers.”® The economic
condition of most workers is poor and characterized by meager wages, greater number of
dependents and lack of education and training. Holidays are not paid nor do they have
any paid leave. Work on the sites is demanding for trades like concreting. A lot of
exhaustive physical labor is involved. A typical working day starts at 8/9 a.m. and ends
around 6 p.m. with a one-hour break for lunch. Workers continuing work in the nights
with no extra wages, is not uncommon. Working conditions on the sites in many cases
are not appropriate or adequately safe. Workers are often exposed to rain and sun. There
are no safety measures taken neither by the employer nor by workers themselves. Even
minimum safety gadgets like boots or helmets are not provided. Accidents sometimes
lead to death. Many workers work with minimum tools that are not in proper conditions.
Kumar reports of many workers suffering from physical ailments. He also reports fast
aging of construction workers.

Construction workers are not organized under trade unions due to the discontinuous and

shifting nature of their employment.

¥ Kumar states the individual monthly eamnings of construction workers in Pune ranged from Rs.2000 (US
$46.5) to Rs.3000 (US $ 70) in 1995. He further states that 60% to 80% of the eamings are spent on food
and fuel while 5% to 10% are spent on smoking, betel and tobacco chewing etc. Income speat on drinking
is not disclosed by workers.



3.4 Producers of Housing:

Housing production may be attributed to three large-scale types of building agencies viz.
builders (building contractors), Government or other institutions and individual clients.
Builders:

These form the bulk of the private sector housing producers. It is very difficult to
describe a builder. Characteristically a person teaming up with a financer to buy land,
build on it and sell the flats (ownership kind residential units in a building) is termed as a
builder. Although a builder is responsible to buy land, make building plans, get them
approved and construct them, it is the financer who plays an important role. Typically he
is interested in getting returns and therefore may not be committed to this trade if
something else pays more dividends, stalling the construction project as a result. The
person teaming up with the financer may be an experienced building supervisor or a
building contractor or even a first time entrepreneur. Other than these types, there are
builders committed to and established in the trade. They are usually large enterprises, are
dependable and may also be known for their quality of construction.

Government and other agencies:

Government agencies, organizations like the railways, army, navy, air force, telephone,
banks, and insurance agencies, and a large number of companies in the private sector
build housing or even townships for their employees. Cooperative societies formed by
various groups also build apartments. While some of the Government agencies may have
their own civil works departments, others engage professional agencies- architects and
contractors- for construction.

Individual clients:
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Private houses ranging from large bungalows to modest one-room houses or even
multistoried buildings are butlt by individual clients without engaging a builder. A
building contractor may be engaged directly by the client or in case of small jobs workers
maybe directly employed. Sometimes a worker takes up the responsibility of constructing
the entire house and engages other required agencies for various jobs thereby acting as a

contractor.

3.5 Trade 1: Concreting:

Reinforced Cement Concrete (RCC) is the most widely used form of concrete. Single
storied one-room structures to multistoried buildings all use RCC as their structural
component. Many elements of a building are built in RCC. These include foundations,
beams, columns, floors, roofs, weather sheds, lofts, stairs etc. RCC has been a technology
that has been in use for the last fifty years. The technique has been so widely used that it
has nearly become a vernacular technology. But unfortunately, in the process, despite
wide use, the technology has declined in quality and proficiency instead of improvising
and sophistication. The safety factor of 3 in the design of RCC is a major factor in its
wide adoption. Despite poor quality, inferior materials, improper execution and absence
of technical design, RCC rarely fails as a structure. In fact, this apparent invincibility has
made people perceive RCC as the strongest and the most permanent material for
construction and hence the popularity. Alongside has developed a notion of prestige
associated with building with RCC, especially in the lower income groups.

Cement, sand (fine aggregate), coarse aggregate, and steel are the basic materials

required. 43 or 53 grade gray cement is the most commonly available. It is interesting to
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note though that 53 grade cement is preferred for any application by most- most of whom
who are clueless about its technical qualities but are convinced that a higher grade cement
is more permanent and durable and therefore the first choice. Coarse aggregate is locally
available from quarries™. Usually 25mm to 30mm size is used. Mixing different sizes is
not a necessary practice. Fine aggregate (sand) is obtained from riverbeds. Steel is mostly
recycled steel. Graded steel is only used by quality conscious and economically well
placed builders.

A typical RCC work begins with casting of foundations and columns followed by beams
and slab. The work can be sub divided into a number of activities like bar bending,
erection of scaffolding, laying of reinforcement, erection of formwork, and concreting.
Each activity is done by a different team of workers. Bar bending starts much ahead of
the actual concreting. It is a tough physically demanding job. Usually a single bar bender
is employed with one or two assistants. Bending also includes cutting of bars to the
required sizes. Bending is done on site on the ground and a wooden bench with the help
of a heavy hammer and a chisel. Bar benders work for the full day in the open. A bar
bender may or may not be able to read or understand the drawings and tables of the
engineer. The site supervisor orally expiains him the job in terms of number of bars and
their lengths and shapes.

Shuttering for the concrete is erected by a separate set of workers®. The person
responsible to erect the formwork for all the RCC components is called a carpenter. He is
the only skilled worker needed for the entire operation. He is required to understand the

depths and positions of beams and columns and accordingly put the formwork in place.

* Stone available in the Pune region is basalt.
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The matenal used for formwork is usually wooden planks except for slabs where steel
plates are used®. Hence the name carpenter. The carpenter also lays and ties the
reinforcement. The carpenter should thus be able to understand drawings and read the
numbers (many carpenters are illiterate except for reading numbers) In this respect,
erecting formwork for staircases is perceived as the most difficult task as it involves some
calculations to be done by the carpenter.

Shuttering material is mostly wooden planks supported by bamboo or wooden posts®”.
Steel plates of size are used for slabs. Steel plates are made of a steel sheet fixed on a
steel frame of 25Smm x 25mm angle sections. Steel plates ensure easy removal, prolonged
use and better finishes than wooden planks but most of the times have bulging or
depressed surfaces on account of rough handling and inadequate gauge of the steel sheet
used. Wooden planks are more flexible as they can be cut to required sizes and shapes.
The supporting bamboo or wooden posts too can be cut whenever necessary. But to avoid
cutting, they are made available in lengths of 2.4m ~2.7m which is slightly shorter than
the usual room heights. Bricks or stone tiles are placed under them to lengthen them
when needed.

The cut and bent bars are placed on the formwork by the carpenter. Bars are tied to each
other by binding wire®. Pieces of coarse aggregate are placed under the bars to act as
stools for the required cover.

Concreting is a major activity. Concreting of slabs especially is considered the most

important activity in the building process. Concreting of the slab starts with a small pooja

% Shuttering is owned by a shuttering contractor who leases it to the builder/ client or by the builder
himself. Carpenters or concreting workers rarely own shuttering.

% Wooden planks cover remainder areas not covered by steel plates. Joints and gaps are filled by
newspaper.



(God worship) and is done at a stretch except for very big slabs where it may be done in
parts. A concrete mixer tied to a bullock cart or a jeep is brought to the site. The mixer is
a simple machine with a rotating drum wherein all ingredients are manually pored. The
rotating drum mixes the ingredients and pours the mixture on the ground. From there it is
filled in ghamelas® and carried over the head to the place where it has to be poured.
There is a particular method of pouring concrete in slabs. The concrete is thrown on the
slab with a swirl of the ghamela so as to spread evenly on the surface. A plate vibrator is
used to compact the poured concrete while a rod vibrator may be used in some instances
for columns and beams. There are many sites where compacting is manually done by a
hand compactor and a steel rod. Also, concrete mixers are only used for slab work. For
all other work, concrete is mixed manually on the ground. For small and low cost
construction, even concrete for slabs is hand mixed. Proportions of different ingredients
are by volume and measured on site in terms of number of ghamelas and buckets of
water®’.

Casting of slabs can be also taken up at night to avoid the sun or in some cases traffic.
Curing of slabs is done by maintaining a thin film of water over the slab by building
small bunds of mortar. Other RCC work is cured by occasionally watering it with a
bucket of water or a hosepipe where available.

A big team is needed for concreting jobs. The job does not require skilled workers and
the major part of the job is transporting material- raw material to the concrete mixer and

mixed concrete to the place of pouring. A large number of women are involved in this job

% Entire steel shuttering is expensive and therefore hardly used.
38 If desired by the client, for concealed wiring, electrical conduits are laid by the electrician at this stage.
% A ghamela(s) is a shallow metal container/ pan @38mm in diameter and 110mmdeep.
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too.*! In case of carrying concrete to upper floors, a scaffolding of bamboo and wooden
planks tied by ropes is erected for the workers to stand on and pass the ghamela from
head to head. The whole process of concreting is well synchronized and each member of
the team knows his/ her role. It is a team effort unlike any other skill and hence the team
leader needs to be sure of the participation of his team members in all projects. As a
result, teams are formed on the basis of family relations, and old home place
acquaintances. Large groups of unskilled laborers come from Karnataka and Andhra
Pradesh for this job and are mostly tribal called ‘Wadaris’. Men and women both work in
the team. Wadaris are characteristically nomadic, wandering in search of work from one
city to another, physically tenacious, uneducated and illiterate, prone to addictions like
drinking and tobacco chewing and non-conversant with the local language. They do not
lead settled lives even after earning a fair amount of money. Other than Wadaris, teams
from other poorer states like Orissa too do concreting work. Local concrete workers are
lesser in numbers as compared to these migrant teams.

Thus the entire RCC work requires four kinds of workers- the bar benders, the carpenters,
the concreting workers and the workers to erect the scaffolding. The concreting workers
are the largest group and are mostly employed through a sub contractor (refer 3.2).
Carpenters may be directly engaged. Carpenters are paid on a daily basis @ Rs. 200/- to
Rs. 250/~ (US $ 4.6- 5.8) per day while their helpers are paid @ Rs. 125/- to Rs. 150/-

(US $ 2.9- 3.5) per day. Concreting workers are paid @Rs. 125/- (US $ 2.9) per day. The

* While the size of the ghamela may not differ much from site to site, the size of the water bucket does, so
that the proportion is only approximate.

! Concreting and masonry are the only building trades that employ women as unskilled laborers. No other
trade has women workers- skilled or unskilled.
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Typical RCC construction of residential building

The process of concreting




team leader of concreting workers may charge a lump sum amount based on the amount
of work and then pay his team members on a daily basis.

RCC is a technology that depends on qualified structural designers for its use. But today,
there are many instances where RCC is used without employing any qualified people.
Most of these works are done on the basis of the carpenter’s or the contractor’s know
how. Even when qualified designers are employed, they restrict their role to deign
consultancy without than on site work. Supervisors, either qualified or non-qualified are
the responsible for the site work. Workers have no reason to care for accuracy and
quality of work unless it is strictly demanded of them. Few engineers go to the
construction sites, fewer check everything and instruct the workers, and fewer still
demand strict compliance with proper procedures and quality standards. As a result,
mistakes like shifting of column positions, and defects like honeycombing of concrete,
exposure of reinforcement due to inadequate cover etc. are not a rare occurrence.
Engineers who go on sites restrict their role to checking slab reinforcement* Sometimes

they may be present during casting of slabs.

3.6 Trade 2: Masonry:

Masonry of sun dried mud bricks or stone has existed since a long time. Masonry was
either done in mud or lime mortar. Making lime for mortar was a long and laborious
process. Masonry was mostly structural, carrying the weight of the floors and walls
above. As a result, wall thickness often exceeded 300mm and may reach up to 1000 mm.

Walls were plastered on both sides. When burnt clay bricks were used, brickwork could
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be left exposed on the exterior faces. In such instances, decorative patterns in brickwork
ornamented the facades of buildings. Masonry was a principal building profession and it
was a family occupation. Traditional mason families still exist and some even have their
descendents continuing the profession today.

Materials for masonry have undergone a change. Cement mortar has completely replaced
lime mortar. Brick sizes have changed. Today, burnt clay bricks are the chief raw
material.230 x 105 x 75 mm is the standard size of the brick used today. Bricks are
manufactured in local kilns or are got from nearby areas in the region. Brick is the
cheapest building material with costs @ Rs. 900- Rs 1200 (US $ 20.9- 27.9) per thousand
bricks. Special bricks made for exposed brickwork are more costly (@ Rs. 4000- Rs 7000
( US $ 93- 162.8) per thousand bricks) and have a limited market. Bricks are made out of
a wooden mould and are hand compacted and hand cut. They are fired by a traditional
process that has no sophisticated equipment to regulate temperature or heat flow. As a
result, bricks are not exact in size, do not have smooth surfaces, and are not uniformly
fired. But since most brickwork is plastered, the defects in the bricks don’t matter a lot. It
is debatable whether the practice of plastering allows for imperfect bricks or whether
imperfect bricks have made plastering necessary. In case of the newly introduced 150mm
wide bricks (called thokla bricks) plaster is indispensable. These bricks were introduced
as a result of the local authorities granting permission to build 150mm thick external
walls for houses. As these bricks save on material cost and space, they became popular
among builders. But as mentioned earlier, the inferior quality and the use of single brick

for the wall, makes them unusable without plaster.

2 The cost of correction compared to the cost of letting the mistake pass may discourage a contractor to
heed to the engineer’s advice. Also, the “let it be” attitude of both, the contractor and the engineer may

54



Concrete block masonry has also gained acceptance in the market but the process has
been slow. Concrete blocks were introduced to overcome the drawbacks of brick
construction like non uniformity of bricks, small size of bricks and therefore the large
quantity required, more number and thickness of joints, etc. But despite these
disadvantages, brick construction is still popular and favored equally by both, clients and
workers. A study in Pune showed that bricks were the favorite walling material of 75%
builders in the city, while 25% used both bricks and concrete blocks. No builder was
found to use only concrete blocks in his work*. Even 66% architects and engineers
recommended only bricks while the rest gave a preference to bricks. Most importantly, it
was found that masons purposely worked slowly with concrete blocks to prove its
disadvantage in speed and economy. They also increased the plaster thickness for
concrete block masonry. The resistance was found mainly due to the blocks being heavy
and cumbersome to handle (Khatkhate, 96). Alternative materials like foam concrete
blocks or fly ash bricks are also available but their use is seen only in exceptional cases.
With the introduction of RCC as a structural material and its use as a structural frame,
most masonry work has been relieved of its load carrying duties. Infill walls are very
common. This has led to the reduction of wall thickness. Stone masonry has been reduced
to masonry in foundations and plinths or some decorative elements*, as it is costly and
unnecessarily heavy and space consuming®. Load bearing structures are built too using

burnt brick masonry.

make them ignore the mistake even after identifying it.

> This is especially true after the introduction of 150mm wide bricks.

“ Compound walls, retaining walls, built landscape elements and some other auxiliary elements could be
done in stone masonry too.

*S Engineer Vishnu Joshi has designed and devised a new technique for building thinner stonewalls. This
technique termed as stone concrete uses medium size stones on the outer face of a poured concrete wall.
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But with the change in materials, the technique of masonry has not changed much. A
mason works independently with one or two helpers, either male or female. A mason
works for 8 hours a day from @ 9.00 am to 6.00 pm (with a lunch break). On an average,
a single mason can build approximately 5 sqm. of half brick wall not exceeding 3 m in
height in a day. For most projects, one mason is enough to complete all the brickwork.*
The mason does only the skilled job in the process. He lays bricks and mortar ensuring
plumb and level for the whole masonry. Helpers do all the rest of the work. One helper
mixes the mortar and carries it to the mason in ghamelas as and when required. The other
helper carries bricks (on his/her head) to the mason. Thus, the mason has a privileged
position in the team and the others are subservient to him. It is no wonder then that the
mason is reluctant to teach a helper any skill if the latter wishes so. There is a
considerable wage difference in a mason’s wages z-lnd those of his helper. While a mason
earns @ Rs. 200/- to Rs. 250/- (US $ 4.6- 5.8) per day, his helper earns @ Rs. 125/- to
Rs. Rs. 150/- (US $ 2.9- 3.5) per day (women helpers eamn @ Rs. 100/- to Rs. 125/- (US
$ 2.3- 2.9) per day). But there are masons who informally train an apprentice on their
work sites. This is not a systematic teaching and usually depends on the apprentice’s
capacity to observe the mason work and to reproduce it when given a chance with
occasional comments and instructions from the mason. A mason may ask his helper to do
a small part of his job while he is taking a break for tea or chewing tobacco, etc.*” This is

the method by which most of the present masons have acquired their skiils.

This wall thus has a smooth inner finish and a stone face exterior. The thickness could be reduced to as low
as 200mm. One of the workers studied in the sample for masonry uses this technique.

% Brick work being the major component of any building

7 Woman helpers are never asked to do such jobs and made apprentices.
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None of the tools used for masonry have changed or improved even for masonry with
new materials like concrete blocks. Much of quality and accuracy depends on the skill of
the mason and there are limits to the accuracy of manual skills. As a result, walls are
seldom plain, in perfect plumb or level. The quality of bricks is rarely to a level where it
can be more or less waterproof and weather proof. Plastering thus more or less becomes a
necessity rather than choice. An average of 25 mm thick plaster from the inside and
35mm thick plaster from the outside is applied. Internal plaster is finished with neeru
while external plaster could be sand face or any other rough texture. Masons also do the
plastering work. Hand tools like trowel and wooden float are still the only tools used for
plastering work. Masonry work has neither undergone any mechanization nor
sophistication.

H.G Wells writes “The chief ingredient in this particular house wall is the common brick,
burned earth, and but one step from the handfuls of clay of the ancestral mud hut, small
in size and permeable to damp. Slowly, day-by-day, walls grew tediously up, to a melody
of tinkling trowels. Everything in this was hand work, the laying of the bricks, it is a
dabbling of the plaster, the smoothing of the paper, it is a house buiit of hands and some I
saw were bleeding hands- just as in the days of the pyramids when the only engines were
living men. The whole confection is now undergoing incalculable chemical reactions
between its several parts. Lime, mortar, and microscopical organisms are producing
undesigned chromatic effects in the paper and plaster; the plaster having methods of
expansion and contraction of its own, crinkles, and cracks; the skirting, having absorbed
moisture and now drying again, opens its joints; the rough cast coquettes with the forest

and open chinks and crannies for the humbler creation. I fail to see the necessity of (and
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accordingly, I resent bitteriy) all these coral -reef methods. Better walls than this, and
better and less life -wasting ways of making them are surely possible” (Wells 66-67). The
condition in India is not very different. But still, brick masonry is the cheapest, fastest
and the easiest way to build in this region.

Apart from masonry, masons also do jobs like laying simple flooring (shahabad stone
tiles or marble mosaic tiles), building kitchen platforms (of kuddapa stone sheets and
brick masonry), and waterproofing of roofs (brick bat coba type). As a mason is
proficient in executing most of the major items in house construction, some masons also
take up jobs of constructing the entire house. For items like roofing (usually sheet roofing
in such cases) other professionals are engaged by the mason. Thus the mason here
becomes a contractor working beyond his trade skills. This type of work has a major

clientele in the low-income formal and informal housing.

3.7 Trade 3: Carpeatry®

Carpentry is a traditional skill. Before the advent of RCC, wooden post and beam
structures with mud or brick infill walls®were prevalent. Roofs too were primarily made
of wood and covered in clay tiles. The most commonly available wood in this part of the
country was teak, babul, etc. Carving of wooden columns, brackets, arches, doors and
windows was a common form of ornamentation. Most of whatever little furniture the

houses had was wooden and carved. But wood became more and more rare and hence,

*® Workers making wooden shuttering for RCC work are also called carpenters. These are not considered
here though. They are represented in the thesis under concrete workers, although they rarely do the actual
concreting. The reason for not considering them under carpentry is that their skill and type of job is very
different from that discussed here and there is very little overiap of working methods or working conditions
in the two.

“ Structural systems could differ in wooden structures. Composite structures with load bearing walls and
wooden posts and beams were very common.
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costly, and soon had to be abandoned as a construction material. Also, the new option of
RCC overcame to a large extent the disadvantages and limitations of wooden structures.
Wider spans, taller structures were possible. The termite and rotting problem of wood, its
susceptibility to fire, its demand for regular maintenance was no longer the
considerations for RCC that was more robust.

Wood, today, is a major material for interior finishing and furniture. Solid wood is now
replaced by plywood, block board, particleboards, etc. though wooden members may be
used where affordable®. The more recent market entrants are MDF boards and gypsum
boards. Finishing of wooden surfaces has subsequently changed to laminates, veneers or
paints. The most common wooden elements to be found in a building today are doors and
windows, partitions, cupboards and most of the other furniture. Tools for carpentry have
undergone a change too. Traditional carpenters have a large repertoire of tools. Almost
all of these traditional tools still remain in use, especially by carpenters trained under
family traditions of the trade. The replacement of hand driven tools by power tools is the
major change that ha taken place. Power saws, drills, molding machines etc. are being
used even by traditional craftsmen. Joinery has undergone some changes. New adhesives
and hardware are introduced in the market every now and then.

Carpentry, traditionally, was a family profession. Traditional carpenters are found in
every region of the country, as carpenters were one of the twelve ‘balutedars’" that each
village had. But among all, carpenters from Rajasthan are the most well known and

sought after for their finesse and prompt work. Rajasthan is a state where building crafts

0 Wooden members are usually in the sizes of 25mm x 25mm to 100mm x [00mm. Bigger sections could
be available from sawmills. Wooden planks are nearly out of use. Lipping strips ranging from 3mm x
[2mm to 3mm x 50mm are also available.

59



have excelled over centuries. Carpenters here belong to the caste of carpenters and enjoy
a unique and important position in the building activity. These carpenters are also
ironsmiths and masons. Thus they are a major agency in house construction. Being
ironsmiths, they also make and repair their tools. But most of the carpenters have
shunned their masonry skills and restricted themselves to carpentry. Carpentry is less
laborious than masonry and has a better social image. Ironsmithy has slowly dwindled as
a profession as fabrication replaced it. Consequently the iron smithy skills of carpenters
are restricted to manufacture and repair of some of the tools for their own use. Carpenters
from Rajasthan migrate to many cities throughout the country in search of work. Working
in cities implies better earnings, better exposure and better social status back home.
Distress migration is less visible in carpenters, especially from this state. The major
change that the migrant carpenters encounter is a change in material- from wood to ply
wood. The behavior of plywood and the technique of using it are both different from
solid wood carpentry. But, interestingly, tools do not change. Newly arrived carpenters
work under an already settled mistry till they learn the craft. Some may continue to work
under the mistry while some may leave and form a team of their own. Nowadays, not
only traditional carpenters but other people from Rajasthan too migrate to cities and train
themselves under traditional mistrys to become carpenters. All help each other to find
work or employment and help the ones having bad times. Team members live together in
a place usually provided by the team leader. But Rajasthani carpenters are a closed group.
No carpenter or apprentice from other regions is accepted in the team. Team leaders meet

each other once in a month and keep track of each other but there is no contact with

5! The 12 balutedars were twelve trades needed by a village. One family practicing each trade lived in the
village and catered to its needs. They were entitled to a portion of the yearly crop from the landlords in



carpenters from other regions. Rajasthani carpenters also have a unique style of working.
They usually live on their work sites and work from early morning till late night. They
cook their food there too. A majority of the carpenters are nondrinkers. They migrate to
the cities without their families and thus have no commitments other than their work.
They take turns to go back to their native villages once or twice a year for a month or so.
Usually these carpenters are conscious of the qualities that make them popular in the
market and strive to be the best among all. Most of them hold the carpenters from other
regions in contempt, especially the local carpenters.

Local carpenters (including those from other parts of Maharashtra) lack the team spirit of
carpenters from Rajasthan. They are a little inferior skill wise (though some may be
equally or more skilled). They have an 8-hour working day. Also, drinking and the
resulting absenteeism are not uncommon.

Today, there are many first or second-generation carpenters. Carpentry is also taught in
industrial training institutes (ITT). Carpentry is a profession that could be practiced
individually or as a team. Both, a single carpenter and a large team, are available. Almost
all jobs are executed on site and carpenters rarely have workshops of their own®>. Usually
all carpenters execute all kinds of carpentry jobs; specialized practice is rare®. Carpenters
charge their fees as a percentage of the total cost of material used. The percentage may

range from 25% to 40% of the entire material cost, including cost of finishes and
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