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Abstract   This paper, based on two engineering industry SME case studies, traces the 

origin and process of technological innovations enabling the development and 

introduction of new products leading to market expansion and enterprise growth. The 

study throws light on how entrepreneurs played a decisive role in recognizing market 

opportunities, building up crucial in-house technological capability, supplementing it 

with appropriate external assistance, to carry out technological innovations. A constant 

interaction with its customers is in-built into the system. As a result, the SMEs could 

achieve successful product innovations leading to their gradual growth, over time. 

Finally, based on the observations and inferences derived out of the two cases, a 

theoretical construct of the growth of innovation in SMEs is postulated. This is done 

linking the three stages of their development: (i) start-up and stabilizing, (ii) building up 

technological capability and implementing innovations; and (iii) opening up of new 

markets resulting in firm growth. 
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I. Introduction 

 
In the current competitive world, it is imperative for Small & Medium 

Enterprises (SMEs) to be technologically innovative as well as to exhibit 

improved economic performance on a sustained basis (Jain and Kiran, 2012). 

Innovation is considered a central determinant of longer-run success and failure 

for manufacturing firms (Utterback, 1996). For SMEs, a greater innovation 

capacity is considered a counterbalance for their greater vulnerability in a 

globalized business environment (Hoffman, et al., 1998). Particularly, 

manufacturing SMEs must continuously improve their manufacturing processes 

in order to ensure their long-term sustainability and growth (Lagace and 

Bourgault, 2003).  
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However the pertinent issues are: (i) What prompts an SME to innovate? (ii) 

How does an SME initiate and carry out innovations? (iii) How does the 

innovation carried out by an SME facilitate its economic performance and 

growth? This is because innovation is a multi-faceted effort caused by a diverse 

set of factors leading to different possible results (Lin and Chen, 2007). These 

issues assume added importance in an emerging economy like India where 

SMEs are known for operating within different kinds of constraints 

(Government of India, 2010). Accordingly, the present study makes an attempt 

to throw light on the causal factors, the process of undertaking innovations and 

their dimensions, and finally, their outcomes, in terms of impacting the 

economic performance and growth of firms, based on two case studies of 

engineering industry SMEs in Bangalore city of India. The advantage in a case 

study is that, though qualitative, it explores and analyzes a case in-depth 

(Krishnaswamy, et al., 2006). Therefore, it can adequately illuminate the process 

and outcomes of technological innovations in SMEs (Krishnaswamy et al., 

2014).  

A description on the definitions of two key concepts, namely, “technological 

innovations” and “SMEs”, adopted for the present study is in order. 

“Technological innovations” are defined to comprise both product and process 

innovations, whether new (to the industry) or improved. Technological 

Innovation for the purpose of this study is defined as follows: Introduction of a 

process or a product new to the economy of the particular developing country 

regardless of whether it is used before elsewhere (Cooper, 1980). It includes all 

modifications or adaptations of processes or products however minor they may 

be within the developing country context and the deformation covers the 

processes and products which a firm masters and implement the design and 

production of the goods that are new to them (Mytelka, 2000). Innovation 

activities are broadly classified as either incremental or radical. A cumulative 

series of minor changes or introducing minor improvements to previous 

products/processes is called incremental innovation, whereas an abrupt major 

change or doing something markedly different from what the firm has done 

before to its product/process is called radical innovation (Lin and Chen, 2007). 

“SMEs” are defined as the manufacturing enterprises with an investment in plant 

& machinery not exceeding Rs.100 million, as per the MSMED Act, 2006 of 

the Government of India (Ministry of MSMEs, 2015). 

 
Research Setting 

In any SME, the key decision maker and therefore the focal point of interest 

is the entrepreneur (in the case of individual proprietorship), managing partner 

(in the case of partnership), or the Chief Executive Officer (CEO) (in the case 
of private limited companies). Considering this, we have concentrated on the 
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entrepreneur/managing partner/CEO, his perceptions of the need, nature and 

processes of the technological innovations and how the organization has adapted 

and implemented his ideas regarding the innovation and of the route to firm 

performance. The authors had detailed interactions with the entrepreneur CEOs 

and head of the technology group, but bulk of the information was obtained in 

the interviews with the entrepreneurs and supplemented by in-house 

publications, technical documents, and on the spot discussions with technical 

and supervisory personnel. The case study protocol used consisted of questions 

on the history of growth, characteristics of the industrial sector, management 

problems, views on what causes growth, whether innovation helps growth, 

whether technological innovation was supplemented with organizational and 

marketing innovations/changes, nature and problems of innovation management, 

and the need and willingness to interact with other organizations for innovation. 

The detailed interactions were transcribed by the authors themselves, which 

formed the basis for case development and case analysis.  

In an SME the perceptions of the entrepreneur about the strengths and 

weaknesses of the enterprise and his cognition of threats and opportunities in the 

environments have a considerable influence on the success of the enterprise. 

These were captured through interview data, case analysis and information from 

the entrepreneur in the form of a cognitive map. The cognitive map is a picture 

of the perceptions of a decision maker about a decision problem or situation. 

The cognitive map offers a holistic picture of the perception of the decision 

maker (Krishnaswamy et al., 2006). In the cognitive map, the links are 

represented as lines and the perceptions as nodes. The value of the nodes 

increases as one moves up the diagram and the top node has the highest value to 

the decision maker. The nodes with a large number of links are the critical ones. 

Furthermore, cognitive map helps in understanding how an SME is guided by 

the entrepreneur towards success and growth. This insider’s view supplements 

the facts of the case collectively. We have developed cognitive maps for both 

the case studies to establish the relationship between innovation and firm growth 

(as represented by the growth of sales turnover). 

The two case studies were conducted by the authors themselves. For both the 

two cases, two visits each were made to corroborate the details gathered in the 

initial visit. The interviews were of two hours duration each time. A description 

on the selection of the two SMEs for the case study is appropriate: The authors 

wanted to study the SMEs which did considerable innovations and grew rapidly 

in comparison to others. Accordingly, we picked up two SMEs in the 

engineering product industry of Bangalore, which registered above average 

innovation sales (as a percent of total sales turnover) and above average sales 

turnover growth during 2001/02-2005/06 (from the data gathered for an 
empirical research study). We have undertaken the two case studies with the 
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objective of understanding the processes of innovation, the role of the 

entrepreneur in this process, and the impact of the innovation on firm growth. 

 

 

II. A Brief Literature Review 

 
Innovation has long been considered the key factor for the survival, growth 

and development of SMEs (Raymond and St-Pierre, 2010). In a dynamic and 

competitive global economic environment, SMEs, which exert a strong 

influence on the economies of many countries through their ability to innovate 

new products and processes, are considered the engine of economic growth and 

technological progress (Bruque and Moyano, 2007). In such an environment, 

SMEs must continuously seize new opportunities in order to sustain a 

competitive advantage, and their capacity to develop new products through 

innovation is in the very core of their value creation (Hurmelinna-Laukkanen et 

al., 2008).  

However achieving effective innovation is a complex and formidable task. 

The ability of SMEs to meet growing customer expectations is largely based on 

their ability to innovate and deliver new products at competitive prices 

(O’Regan et al., 2006). There is a strong need for new product development in 

SMEs as it leads to market differentiation and serves as a major opportunity for 

innovative SMEs in competitive markets (Jain and Kiran, 2012). Therefore, 

innovation is a key driver of sustainable competitive advantage and one of the 

key challenges for SMEs (O’Regan et al., 2006). Growth, success and survival 

all depend on the ability of firms to innovate on a sustained basis ((Varis and 

Littunen, 2010). As innovation is generally considered a pre-requisite for a 

firm’s survival, success and growth, a growing number of studies have been 

conducted to determine what drives it, and what a firm achieves out of it. 

However, despite a growing amount of empirical literature to deal with these 

issues, research that encompasses all the relevant constructs in an integrated 

manner remains rather limited (Rhee et al., 2010). In particular, there are two 

pertinent issues in the context of SME innovations: (i) Why and how SMEs 

undertake innovations? How does the entrepreneur/CEO plan, direct and 

implement innovations within a firm? (ii) What are the final outcomes of such 

innovations? How does it impact on the firm performance? 

Regarding the first issue, some empirical studies have focused on firm level 

resources and brought out that it is the firm level competence, and 

entrepreneurial background and motivation which together prompt SMEs to 

undertake innovations (Ciemleja and Lace, 2008; Radas and Bozic, 2009; 

Griffiths and Webster, 2010). But Pitt et al. (2006), Kaminski et al. (2008), and 
Zeng et al. (2010) have found that the complexity of innovation processes has 
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led to a tremendous growth in the use of external networks by SMEs. These 

studies indicate that neither firm level competence nor customer pressure alone 

will suffice to drive an SME to undertake innovations. Furthermore, in the 

Indian context Bala Subrahmanya et al. (2010) and Bala Subrahmanya (2013) 

have revealed that innovation will emerge successfully only when a technically 

competent firm is able to identify and respond to customer requirements by 

completing its internal technical strength with external technical support (either 

from its own customers or other agencies) to improve existing or develop new 

products/processes.  

What are the achievements of SME innovations? How do these innovations 

impact SME performance? Innovation helped the Estonian SMEs to improve 

their performance in terms of market share and diversified range of goods and 

services (Lumiste et al., 2004). Innovation output had a positive impact on the 

growth of sales turnover of SMEs in Germany (Engel et al., 2004). Oke et. al., 

(2010) brought out in the context of manufacturing SMEs of UK that there is a 

positive link between innovation and sales turnover growth in SMEs. Coad and 

Rao (2008) revealed that innovation is of crucial importance for a handful of 

‘superstar’ fast-growing SMEs relative to the rest. Innovation sales significantly 

influenced the sales growth of firms in Bangalore (Bala Subrahmanya, 2013; 

Bala Subrahmanya, 2015). Bianchini et al. (2015) indicated that the relationship 

between growth and innovation is likely to be higher for firms which are active 

in all layers (R&D, product and process innovation, acquisition of embodied and 

disembodied knowledge) relative to firms that only perform one or two of these 

activities. Thus, empirical studies, though differ with respect to the role, process, 

outcomes and impact of innovations on firm performance, they have broadly 

brought out the significance of both firm (organizational) level competence and 

external (market related) networks to carry out product as well as process 

innovations, which in general have a positive influence on firm performance and 

growth. 

A broad theoretical framework: A firm which has organizational/internal 

resource capability as reflected in the age and size of the firm, age and technical 

qualification of its CEO, will be able to perceive its customer requirements and 

market competition, and respond to it adequately, by seeking and exploiting 

external support (particularly, interaction and assistance from its customers) to 

carry out process/product based incremental/radical innovations. The successful 

implementation of such innovations will lead to a steady increase in the share of 

innovated products in total sales, thereby leading to an increasing penetration of 

the market and firm growth (Figure 1). The case study development, discussion 

and case analysis to derive its inferences are done within this broad theoretical 

framework. 
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Figure 1 Theoretical framework for innovation and growth of SMEs 

 

 

III. Technology Environment for SMEs in Bangalore: A Backdrop 

 

Bangalore, the capital city of Karnataka State in India, is nicknamed as the 

“Silicon Valley of India” due to a relatively heavy concentration of engineering, 

electronics and Information & Communication Technology (ICT) industries in 

the country. Bangalore is considered one of the 46 “global hubs of technological 

innovation” (UNDP, 2001) and it is one of the reputed technology cities in the 

world (Rogers, et al., 2001). Bangalore has a relatively high concentration of 

engineering industries and SMEs, historically in India (Bala Subrahmanya et al., 

2002). Bangalore has many internationally renowned educational and research 

institutions and R&D centres of MNCs (DST, 2010). It has a significantly high 

presence of technically qualified entrepreneurs in SMEs, particularly in 

engineering industries (Bala Subrahmanya, 2005).  

In addition, Bangalore has several SME supporting institutions for technology 

transfer/assistance such as Karnataka Council for Technology Up-gradation 

(KCTU), Technology Resource Centre (TRC), regional branch of National 

Research Development Corporation (NRDC), and Central Manufacturing 

Technology Institute (CMTI). Further, Bangalore has several active SME 

associations under the umbrella of Karnataka Small Scale Industries Association 

(KASSIA), which is considered an apex association of SMEs in the state. 

KASSIA in turn has 47 sector specific Bangalore based SME associations as its 

members (KASSIA, 2015). These associations facilitate periodic interaction and 

exchange of information among its members, among others. All these represent 

different components of the “ecosystem” of Bangalore for SMEs which would 

have contributed to the “technologically vibrant environment” for SMEs in the 

city (Bala Subrahmanya et al., 2014).  

Added to all these, within the engineering industry, Bangalore has a strong 

presence of engineering industry comprising both public sector and private 

sector enterprises, including MNCs and SMEs (Bala Subrahmanya and Kumar, 
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2011). Therefore, we strongly feel, Bangalore can offer a fertile ground for 

carrying out in-depth case studies on engineering product SME innovations. 

Accordingly, we have chosen two SMEs for exploring and discussing the 

innovation process and outcomes. 

 

 

IV. Basic Features of the Three Engineering Industry SMEs 

 
Table 1 Basic features of the two engineering industry SMEs in Bangalore 

Name of the SME  Precitec Hygienic Air 

Year of origin 1978 1992 

Nature of firm 
organization 

Partnership firm Partnership firm 

Age group & education 
of partners 

65 to 70 years; engineering 
graduates 

50 to 55 years; engineering 
diploma holders 

Previous work 
experience 

Worked in CMTI, Bangalore 
& Mysore Kirloskar 
Company 

Worked in a large company 
in Chennai and FLAKT India, 
a Swedish MNC, in 
Bangalore 

Location Peenya Industrial Estate Adugodi Industrial Area 

Final products 

Standard machines, special 
Purpose machines, insitu 
machines, attachments and 
modular units. 

Air pollution control 
equipment. 

 

We have covered two engineering industry SMEs, namely, Precitec, and 

Hygienic Air for case study and analysis, and their profiles are presented in 

Table 1. Both the SMEs were started by first generation entrepreneurs. Precitec 

was established in 1978 and Hygienic Air was established in 1992, thus the 

former was more than three decades old whereas the latter was about two 

decades old at the time of conducting the study. Both of them were partnership 

firms. The CEOs of the two SMEs had previous work experience: while the first 

worked in a technical research institute, the second one worked in a large 

company. The CEOs of both the SMEs have technical education backgrounds 

and were in the age group of 50 to 70 years. Thus the CEOs of the SMEs were 

technically knowledgeable and fairly experienced, and therefore were 

considered appropriate and capable to describe the process and outcomes of 

technological innovations.  

The two SMEs are into the manufacturing of different engineering products: 

the first one was into the production of various kinds of machine tools, whereas 

the second one produced air-pollution-control equipment. Thus the end products 
of the two SMEs are used in the day-to-day activities of firms / organizations / 
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institutions. Therefore there is a considerable scope for interaction with their 

customers for product feedback, etc. 

 

 

V. Case History, Case Analysis and Cognitive Maps 

 
With the basic understanding of the two SMEs, we present the individual SME 

case history, followed by a case analysis leading to the development of cognitive 

maps of the CEOs. As mentioned earlier, the cognitive maps are developed to 

provide a holistic picture of the perception of the CEO with respect to the 

initiation and carrying out of innovations and growth activities.  The case 

histories are presented in a terse and stepwise manner in order to achieve brevity. 

 

1. Case History of Precitec 

 
Mr. H.K. Sridhara and Mr. S.Y. Rao (both engineering graduates) established 

Precitec as a partnership firm in 1978 with four employees. Both the partners 

had worked in the Central Machine Tool Institute (CMTI), and Mysore 

Kirloskar, machine tool company for over twelve years and had rich experience 

in machine tool design and development.  

Being technocrats, they set up an exclusive design centre right from the 

beginning. In 1984 they started manufacturing and developing custom built 

cutting machines for larger enterprise. They made design proposals against the 

initial orders/enquiries. After several interactions and discussions with Precitec 

technical team for any changes or modifications, the designs were finalized.  

Initially their concern was productivity. Innovating work on the components of 

these specific designs was to meet other customer expectations to establish itself 

in the industry.   

Since 1987 Precitec started specializing in the development and building of 

special purpose machines (SPMs): In situ machines, CNC machines, Finning 

machines, modular units, assembly machines, specialized tooling & boring bars. 

They developed and built several machines for the first time in the country, 

which are import-substitutes, adopting state of the art technology.  With the 

commencement of developing and producing SPMs, the firm concentrated on 

developing and innovating the designs for different new models.  The initial 

impetus for developing new models was the machines from Bharat Heavy 

Electricals limited (BHEL), (a Public Sector Undertaking [PSU]) and their 

operational problems. Precitec designers/production engineers studied the 

machines and operations and jobs to be handled and operated with BHEL. Then 
they developed special parts and attachments to meet these operational 

requirements. Thus the incremental innovations were more through “learning by 
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doing”. In this effort the experience of the partners and their connections with 

CMTI became very handy. It led a number of large scale enterprises like, TVS, 

Prakash Industries, Brakes India, Ashok Leyland, Larsen & Tubro, MICO, 

Fenner India, Steel Strips & Wheels, etc. into their fold. In the 1990s, they 

started catering to the needs of PSUs like BHEL, Bharath Earth Movers Limited 

(BEML), Steel Authority of India Limited (SAIL), etc. On an average, about 40% 

of their output was absorbed by these PSUs. 

The strategic need for complete testing and certifying the performance and 

quality of their machines was met by CMTI laboratories. Sometimes these tests 

were carried out either in laboratories or in situ. Precitec identified and grabbed 

each opportunity induced by the market or customer and thus their innovation 

ideas always originated from customer interaction and their problems were met 

by Precitec themselves solely, without any outside technical help.  

Currently, Precitec designs and develops a wide spectrum of machine tools 

for engineering industry. So far Precitec has developed more than 600 products.  

The broad categories of manufacturing activities of Precitec are related to (1) 

special tools (2) SPMs (3) Plano milling conversion kits and (4) design and 

development of testing machines and jigs and fixtures. 

In the 1990s, Nikhila (son of Sridhara) joined the enterprise as the Chief 

Designer. Nikhila had closely participated in the design and development 

activities of Precitec and was more of a solution provider than an innovator. 

Nikhila travelled for about 10 to 12 days a month to meet his customers and 

engage in technical discussions. He was instrumental in developing innovative 

designs for the development of SPMs. Subsequently Sridhara’s second son (who 

had technical training) also joined the enterprise. Today this enterprise is owned 

by four partners - Rao, Sridhara and his two sons.   

Nikhila’s main contributions to the innovations with regard to SPMs were the 

conceptualization of the design for special requirements, operations, inputs etc. 

for the different product models which led to the design and development of 

modular parts & components for machine building and assembling.  Modular 

concept was by no means new in India but it was so to the Precitec and enabled 

the design and organization of innovation and helped in developing new design 

features with greater speed. This streamlined machining requirements and gave 

Precitec a strong technological position to achieve high performance, faster 

feature additions and finer control system designs.    

Nikhila contended that they innovated at every stage. At any time, they dealt 

with about 10 to 12 projects for designing and developing machines 

parts/components/complete machines as the end products. The design centre of 

the enterprise had five engineers exclusively focusing on design and product 

development projects. Each project took anywhere between eight weeks to one 
year. Precitec retained mainly the manufacture of assemblies and strategic parts 

and subcontracted out the manufacture of general parts and components. In 2008 
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they had a network of 25 subcontractors who were not dedicated exclusively to 

Precitec but carried out tasks assigned to them under the strict supervision of 

Precitec. Nikhila felt that this kind of subcontracting was possible only in 

Bangalore due to the relatively heavy concentration of machinery enterprises in 

the city.  

The enterprise has come a long way since its inception from customer specific 

machines to SPMs. This transformation had occurred primarily due to the 

technological innovations of the enterprise. These innovations had emerged due 

to the in-house efforts of the enterprise. Precitec had no collaboration with any 

other enterprise within the country or abroad. Every new design was developed 

by them. Earlier the partners used to discuss their technical problems with the 

former colleagues at CMTI. But in the late 2000s they started using the Internet 

for Website searches and journal references. Apart from the Internet resources 

and reference to the technical journals, they participated in all the IMTEC 

(Industrial Measurement Technology Engineering Consultants) exhibitions. 

Sometimes, they also participated in international exhibitions.  

 
Table 2 Growth of Precitec: 1984-2007 

Year 1984 2007 

Total assets (Book value of plant and machinery) (Rs. million) 5 25 

Total sales turnover (Rs. million) 5 25 

Total employment (number of employees) 4 30 

 

As a result of these product innovations, the enterprise could grow in size in 

terms of not only employees and assets but also sales turnover (Table 2). By 

2007, Precitec had about 30 employees out of which 14 were engineers. The 

sales turnover (in current prices) grew by 5 times, so is the investment (book 

value of the assets) whereas employment increased by >7 times during 1984-

2007. The partners proudly attributed the successful growth of Precitec to their 

consistent and steady product and process innovations. 

 

1.1 Case Analysis of Precitec 

The technically knowledgeable and richly experienced partners developed a 

strong technical capability of the firm by establishing a design team which could 

carry out the development of strategic machinery components and innovate new 

ones under their guidance. It also could coordinate the testing of machines from 

the CMTI. To avoid utilizing their time and skill on run of the mill components, 

they developed a network of sub-contractors for supplying them. These products 

included SPMs, CNC machines, Finning machines and assembly machines. 

The procedure they adopted for innovating their products is shown in Figure 

2. This is the general innovation chain they followed for the incremental 

줄 행간 
넓히고, 
 
가로 길이 
줄임. 

줄 행간 
넓히고, 
 
가로 길이 
줄임. 

줄 행간 
넓히고, 
 
가로 길이 
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innovations. Accordingly, special production requirements of the customers in 

their plant were obtained. A conceptual design of the machine was developed in 

interaction with the customer. The special features were developed and the new 

logic of the control system was also developed. The special components and 

control system were incorporated into the product design and the machine 

prototype was built using standard components obtained from their 

subcontractors. Customer trials were carried out at the customer premises and 

needed changes were carried out in interaction with them in the subsequent cycle 

of innovation, leading to the development of standardized designs with special 

features using the modular design concept. It was accepted on final trails.  

 

1.2 Cognitive Map of the CEO of Precitec 

 

.
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Figure 2 Innovation chain in Precitec 

 

The cognitive map of the CEO of Precitec was developed to understand how 

the CEO’s perception aided in the overall innovation and growth of the 

enterprise (Figure 3). Accordingly, the basic strength of Precitec could be traced 

to the rich technology experience in machine tool design and development of 

both the founder-partners. Their previous work experience in the CMTI gave 

Precitec an additional advantage of having periodic contacts and interactions 

with the former leading to intimate interactions between the two. But the internal 

constraints of Precitec seemed to limit their carrying out R&D effectively. In 
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the CEO’s perception, the effective way of exploiting the technology experience 

of the partners for the development and growth of Precitec was to strengthen 

their technical interactions with customers to open a gate for it, to infuse design 

capability to enhance technical strength of processes and operations and to build 

up a bank of designs/data for enabling prompt development of the machine tool 

components and to help achieve incremental innovations which were 

manageable with their limited funds.  

Customer interactions provided them the ideas for product improvements 

which could be handled by the strengthened design department effectively.  

The customer views and operational needs were obtained through the active 

interactions made by Nikhila in his regular visits, who acted as a gate for the 

company and coordinated the interactions and design efforts.  

The design groups were pre-occupied with quality improvement (and 

productivity)/waste reduction, product changes and cost reduction and 

accumulating design data for various machines and components to develop a 

data bank. This enabled Precitec to achieve technological capability and 

excellence. The overall customer focus was achieved by complementing the 

technological efforts of Nikhila through a marketing department which 

improved the service quality (after sales) and resulted in customer group growth 

leading to the expansion of plant facility to help the overall growth of the 

company.  
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Figure 3 Cognitive map of the CEO at Precitec 
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2. Case History of Hygienic Air (HA) 

 
Hygienic Air (HA) was started as a partnership firm by two friends, B. 

Periyasamy and Narayanswamy (NS) in 1992. Mr. Periyasamy (PS), a diploma 

holder in Mechanical Engineering had worked in an air pollution control 

equipment fabricating enterprise in Chennai, for one and half years, and FLAKT 

India Pvt. Ltd., a Swedish Multinational Company, a pioneer in air pollution 

control equipment manufacturer for 10 years (1983-1992) in the technical and 

marketing departments. It was here that he came in contact with NS who was a 

subcontractor to FLAKT India. NS who nursed an ambition of owning an air 

pollution control equipment manufacturing company, but lacked the necessary 

technical knowledge and background found PS an ideal ally and soon succeeded 

in persuading him to join him as a working partner to start a new venture. HA 

was started as a partnership firm in the fabricating unit premises of NS in 1992 

with just 5 employees including the two partners. They relied on the investment 

already made by NS for his fabricating unit (about Rs.0.8 million). The initial 

annual turnover was Rs.0.7 million.  

Due to limited equipment in their enterprise, they outsourced the work 

whenever demand came for some specialized equipment. Their first product was 

Centrifugal Fan (blower) for Mico Bosch (now known as Bosch India). By the 

late 2000s they started manufacturing large blowers to meet the domestic as well 

as the foreign demand of Saint-Gobain. Thereafter they were continuously 

involved in incremental product innovations. The introduction of new/improved 

products has been due to customer demand and requirements.  

HA produced a wide variety of the products – centrifugal fans, gas scrubbers, 

pulse cassette filters and bio-filters. Centrifugal blowers and fans were the first 

products sold but were initially of small capacities (fractional HP to 5HP).  

Subsequently, along with other products introduced, the blower capacities 

became larger (1½  tons with quantities of 120,000 m3/H). The next products 

were scrubbers of variable sizes and applications. Along with these, cassette 

filters were also developed and sold. Finally, very recently a bio-filter was 

developed and one unit was sold.  

The structural requirements of the products were fully met by HA. The control 

gears mainly consisting of electronic instruments and components were 

purchased but invariably the circuitry and designs were modified/newly 

developed by the design team. The chemical media were often standard but 

mostly developed by the company.  

The company did not manufacture against contracts but only against orders 

and had a somewhat fixed market. The motivation for product innovations was 

customer requirements. Though standardization of products was possible it was 
so only to a limited extent while their assembly required customization. 
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Continuous changes, which they implemented for all of their products, gave 

them an edge over their competitors. This was the crux of the enterprise 

performance. By 2008, about 50% of their turnover was accounted by innovated 

products and their major customers were Mico-Bosch (25%), TVS (25%), 

Goetze, Titan, Saint Gobain (10% each), whereas Hindustan Aeronautics 

Limited (2%) and other companies accounted for the rest. About 10 companies 

were their regular customers including the leading ones referred above. As a 

result, HA could grow in size in terms of investment, employment and sales 

turnover (Table 3). The sales turnover (in current prices) grew by >50 times, 

investment (book value of the assets) (0.7 to 50) went up by >8 times whereas 

employment increased by 10 times during 1992-2007, (5 to 50). 

 
Table 3 Growth of Hygienic Air: 1992-2014 

Year 1992 2007 

Total assets (Book value of plant and machinery) (Rs. million) 0.8 5.8 

Total sales turnover (Rs. million) 0.7 50 

Total employment (number of employees) 5 50 

 

Soon after starting the enterprise they had felt the need for an exclusive design 

centre and therefore had set up one exclusive design centre in 1994 with two 

designers. By 2008 the design centre had four designers including PS. Of the 

remaining three, two were mechanical engineers and one was a chemical 

engineer. For design and product development, they gathered considerable 

information through the Internet search. In addition, customers gave their 

requirements after visiting advanced countries such as Japan, South Korea and 

European countries. By 2008 they started using CAD for new product 

development, design changes and routine designs. However, HA did not get any 

direct help from any of its customers for product development. In addition, they 

had, as per the advice of Mico-Bosch, enrolled their enterprise as a member of 

Air Movement Control Association (AMCA) in the USA, which provides 

information about the state of the art technology of the latest products. AMCA 

membership provided them technical inputs, which proved crucial many times.  

HA was highly motivated to innovate and develop new products. The new 

products and improvement of ideas were directed and coordinated by PS. But 

very often, due to the pressure of regular production work, these could not be 

completed and were left in between. Frequently, when some customers showed 

interest or later made a demand, these were continued on priority and finished.  

PS attributed thus to the small size of the firm and its meager resources.  PS 

admitted that they did not develop any internationally new product, but they had 
introduced many products which were new to Indian market. Such introduction 

was possible due to customer demand, which emerged from time to time.   
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Of the different product innovations, PS singled out the innovation of bio-

filters as a special one and a true radical innovation. This product was introduced 

in 2004. PS read about bio-filter in a journal and came to know from some 

sources that Regional Research Laboratory (RRL), Trivandrum was developing 

it. When he approached RRL and realized that it would be difficult to achieve 

progress by collaborating with a government owned laboratory like RRL, he 

engaged a Master of Technology gradaute of National Institute of Technology 

Karnataka (NITK) Surathkal. At that time, there was an enquiry for a bio-filter 

from Shasun Chemicals in Cuddalore, Tamil Nadu (India). The development of 

design for a bio-filter was done by that student (as the theoretical design of Bio-

filters was developed by him in his M.Tech Project). It took two years for the 

development of a bio-filter product, with full support provided by PS for the 

development of a prototype of the bio-filter. The chemical engineering research 

for the medium was carried out by that student and the mechanical engineering 

research and the structural development was done by the design team headed by 

PS. Standardization and pilot testing were carried out and demonstration was 

held at Shasun chemicals. The product was delivered at the end of three years. 

They faced a lot of problems while setting up the product in the customer’s 

premises which took them almost six months but to satisfy the customer 

completely it took about two years. PS revealed that he spent much more than 

what his customer paid for the development and installation of the bio-filter. The 

process of product development starting from product idea generation to product 

development and installation (for both radical and incremental innovations) is 

presented in Figure 4.  

PS felt that there was a huge market for bio-filters in India but an enterprise 

like HA required huge space for its production. According to him, the case of 

bio-filter represented a success of technological innovation but a failure in 

marketing. He attributed this to the absence of legislation mandating chemical 

companies to adopt bio-filters in their manufacturing premises. 

Regarding the incremental innovation, PS felt that the design modifications, 

improvements in performance, and quality were only marginal but vital. He 

believed that the training of young engineers and technicians for these 

innovations was very satisfying to him, though the attrition of these employees 

was an issue. Since the number of items sold was small in number, he could not 

invest more into innovating efforts and the limitation of manpower investment 

was a constraint. 
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Figure 4 Innovation chain of HA 

 

Investment in innovative efforts was diffused in the organization. No budget 

was earmarked. PS conceded that their marketing efforts were limited and he 

looked forward to strengthen it. Even within the limited range of products, the 

enterprise enjoyed a degree of technology leadership. PS opined that 

considerable organizational changes were in the offing and were needed to 

support good innovative possibilities of the firm. The components of the 

equipment have been standardized but the assemblies were custom built. The 

incremental innovations through design changes to suit the customer 

requirements or solve the customer problems were the dominant concern of the 

company. Since the design teams’ time was shared between regular fabrication 

work and innovation, there was considerable pressure on the design team to 

deliver the innovations undertaken.  

PS felt the products of his enterprise could not be considered either high-tech 

or low-tech, though technology was an important component of his products. He 

contended that these product improvements towards customization enabled his 

enterprise to register a steady growth in terms of sales turnover and investment 

but not in terms of labour. He explained the development of product sequence 

with Blower as the first product in 1992 followed by Dust Collector, Scrubbers, 

Bag Filters followed by Bio-Filter. Similarly, his enterprise had developed 

different kinds of Fans starting from small ones to large ones, over the period of 
time. During this period, he had developed improved versions of (i) Insertable 
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Pulse Filter Unit, and (ii) Hi-Vacuum Portable Dust Collector Unit. PS primarily 

followed the standard set by American Industrial Hygiene Association. 

According to him, the goal of the enterprise was to solve any problem relating 

to air pollution and related equipment. In the previous 5 years HA had 

introduced 15 to 20 different products. By late 2000s, the focus of product 

development was on an improved version of blower, with multiple capabilities.  

The growth of the company was continuous over the period 1992 to 2006.  

The growth of the enterprise was clearly visible in the fact that it had acquired a 

new factory premises in Bommasandra Industrial Estate, about 15 km away 

from Adugodi (its present location), sometime in 2001. Further, the new factory 

comprised new machinery towards expansion of capacity. PS exhibited 

confidence about the future expansion plans. All these clearly indicated that due 

to product and process innovations, the firm could grow over time. 

 

2.1 Case Analysis of HA 

The skill/ability mix of the partners gave the push to produce environmental 

hygienic equipments and the heavy customer focus pulled the company towards 

incremental innovations. Incremental innovations at HA were marked by very 

close interactions with customers on the downstream side. The nature of the 

products involved standard steel items like bars, rods, angles (on the upstream 

side) from suppliers and precluded any interactions for innovation. Specialized 

requirements of the customers and customized manufacture fixed the focus of 

the company on the customer. The components, though over a period of time 

tended to become standardized, the assemblies and overall design for each 

customer remained special for each supply.  Thus innovation capability was 

built into the design team and often into the manufacturing operations, since the 

numbers supplied were very small, very often in single units. 

The general pattern of these developments took the following route: On 

receipt of enquiry for the manufacture of a product (Figure 4), HA 

representatives led by PS studied the problems connected with the product at the 

customer’s plant, held discussions with them and then made a design to meet 

their requirement. The initial design proposed almost always needed 

modifications in cycles of testing and redesign. Finally when the products met 

the requirements, they were tested, finished and supplied to the customers. 

According to PS though after a while the designs tended to be standardized 

partially, there were invariably modifications required to meet the diverse 

requirements of the different customers and the modifications tended to be new 

every time and HA was incrementally innovating continuously. These 

challenges resulted in a strong innovation capability of the design team. 

The credit for undertaking and implementing technological innovations, in 

any form, largely went to PS as he was the ‘brain’ behind every product 

development made by his enterprise. In addition, he had made novel attempts to 



Asian Journal of Innovation and Policy (2015) 4.2: 217-241 

 

234 

 

improve the process as well. To cite an example, during 2006, he converted a 

traditional ‘concrete mixture’ into a ‘welding positioner’. This made the task of 

welding of products easy, better and fast, resulting in a less expensive process 

and improved the quality of products. Similarly, he imported a second-hand 

‘lock-maker’ from China for facilitating the process of product development.  

Irrespective of whether the innovation chain led to a product to be sold in the 

market segment or was supplied to a specific customer, it was imperative for the 

success of the innovation that the innovating firm had close contacts and rapport 

with the market segment/or the specific customer right from the first stage of 

innovation - conversion of a product idea to a prototype. This link was present 

in the incremental innovations as depicted in Figure 4 which brought market 

support for the innovations resulting in rich returns to the firm and helped its 

growth.  
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Figure 5 Cognitive map of the CEO at HA 

 

The idea for radical innovation did not however originate from the customer 

side (Figure 4). The origin of the product idea was purely from research 

literature and the student project. The technical appreciation of its usefulness to 

Indian industry prompted PS to pursue the product development and the impetus 

did not originate from his customers, unlike in the case of incremental 

innovations in respect of blowers and scrubbers. PS felt that attempts at 

interactions with the organizations like SMEs, and R&D organizations were not 
very successful because he felt their attitude and response were lukewarm.  He 

opined that people tended towards confidentiality whereas in interactions more 
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open approach is desirable and therefore flows of ideas/technology skill across 

firms and R&D was very difficult and tedious. A certain degree of mutuality is 

needed for such successful interactions. Such interactions tend to work better in 

a supplier-recipient environment as in the case of vendor development and 

subcontracting relations in the case of larger firms.  

The mission of PS enabled identification of a product which was not available 

in Indian market. There did not appear to be an interaction at that point about 

customer requirement/problems regarding bio filters (Figure 4).  While the 

innovation was technologically successful because of meeting of appropriate 

opportunity, motivation, research and design skills, it failed to fructify due to 

non-consideration of market restrictions in use. Thus, in the innovation chain, 

failure tended to precipitate at the linkages with the market, and shows up the 

general weakness of innovation in SMEs, whose forte is not marketing due to 

their general incapability in market research. 

 
2.2 Cognitive Map of the CEO of HA 

 
The cognitive map developed for the CEO of HA reaffirmed the case analysis 

presented in the case of Precitec (Figure 5). With a strong motivation and desire 

for technological excellence, a mission of contributing to environmental 

hygienic industry, the company developed a strong design team, skills and a 

product champion in PS, but failed considerably to develop marketing skills and 

“market gate” to close the innovation chain satisfactorily. 

However, incremental innovations with strong links to the market and 

customers, enabled HA to successfully implement product innovations and 

penetrate the market to achieve firm growth over a period of time. Therefore, 

given the limited firm size and resource constraints, with a strong customer focus 

and links, SMEs tend to succeed in achieving incremental innovations to further 

their market penetration and growth. 

 

 

Ⅵ. Summary, Inferences and Conclusions 

 
 In the current competitive global economy, there is increased pressure on 

SMEs to innovate, as a means of competitiveness, to survive and grow. SMEs 

in general have several advantageous features for undertaking innovations, but 

at the same time, they do suffer from various kinds of constraints, particularly 

in emerging economies like India. Given this, it is appropriate to examine and 

understand what factors prompt SMEs in these economies to undertake 

innovations, how, what are its achievements and how does it finally impact firm 

performance.  
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We have attempted to answer these questions based on two engineering 

industry SME case studies in Bangalore, which occupies a unique position in 

India, in view of its vibrant technology environment. The two cases are largely 

similar in terms of entrepreneurial backgrounds, and firm characteristics. With 

previous industry experience and technical education background, the CEOs of 

both the SMEs were encouraged to undertake innovations, due to customer 

pressure, understanding of customer requirements, and constant customer 

interaction. The development of technological capability through product design 

expertise and necessary skills, both SMEs were able to achieve incremental 

innovations successfully, periodically. 

 

Based on the two case analyses, we have derived some inferences, which are 

as follows: 

 The CEOs with technical education and prior industry experience can play 

a decisive role in developing appropriate technological capability and 

carrying out customer oriented product and process innovations for firm 

growth.  

 Market-pull (market demand induced) innovation tends to be incremental 

in nature both for product and process developments. 

 Incremental innovations rather than radical innovations are likely to 

promote firm growth in the SME sector.    

 Interaction with customers both in the initial stages of development and 

right through to the delivery of the product can play a decisive role in the 

success of innovations. 

 Adequate and timely financial support to the incremental innovations of 

SMEs will act as a boon for SME innovation promotion. 

 Organizational-push (firm level strength induced) innovations, which are 

more radical (new design, new products) where the leader’s technological 

motivation is high, tend to fail in the market as they depend on 

technological inputs rather than on market feedbacks.   

 Linkages with R&D institutions and long standing experience with 

respect to a particular technology tend to facilitate SME innovations. 

 

The two case studies analyzed and the inferences derived lead us to a few 

general conclusions. They are specific to the Indian context of SMEs and they 

are the following: (i) The two cases adequately demonstrate that SMEs in the 

engineering product industry of Bangalore are able to aim, plan, strategize and 
implement technological innovations successfully in terms of new product 
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developments. (ii) Entrepreneurial motivation was the prime factor which was 

responsible for the emergence and implementation of innovations in all the cases. 

(iii) Entrepreneurs played an instrumental role in recognizing the market 

opportunities, building up the crucial in-house technological capability, 

supplement it with appropriate external assistance, put in place the process of 

carrying out technological innovations including its modifications to suit 

customer requirements and finally deliver it to the market. (iv) An important 

feature of these innovations is that constant interaction with its customers is in-

built into the system. This finding enables us to postulate the first hypothesis: A 

SME with technological capability will be able to perceive customer 

requirements adequately and respond to it appropriately through product/ 

process innovations. 

(v) Periodic new product developments have been the performance indicators 

of their continuous innovations. A natural development of this process of 

innovations is the entry of these SMEs into the international market which 

facilitated their learning process further. (vi) The overall outcome of innovations 

is their growth, experienced not only in terms of factor inputs but more 

importantly in terms of sales turnover. This enables us to state the second 

hypothesis: Technological innovations enable SMEs to enter the international 

market and achieve firm growth. 

Finally, based on the aggregate analysis of the two cases, we have developed 

a theoretical construct, with an inspiration derived from the arguments of 

Eisenhardt (1989), Siggelkow (2007) and Burgleman (1994) on case studies. 

We postulate that innovation is an evolving process in a SME, with three 

identifiable stages as follows: 

In the first stage, in the initial life of a start-up, the fledgling enterprises prefer 

to pursue a defensive strategy, sticking to standard products meeting the 

customer specifications of an already existing product, supplementing with a 

substitution of imported material, wherever appropriate, to carry out minor 

modifications. This is the initial stage of innovation learning. 

But in the second stage, the SMEs establish credibility among the customers 

in the market niche for the products it handles, by meeting customers’ special 

requirements arising out of changes in their technology and product needs.  

Incremental innovation of a higher order is the hall mark of this phase.  

Constant interactions with customers leading to customer acceptance and 

satisfaction play a dominant role. At this stage, employee training to develop 

their innovative skills and firm’s technological capability becomes critical. 

Acquisition of necessary capital infrastructure is another characteristic of this 

stage. 

The “individual reputation and social capital” of the entrepreneur plays a 
central role in the success of the innovation. Adequate knowledge of demand 

variations as well as the competitors’ alignment for emerging customer 
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requirements in the industry is of great value. The choice of strategies of cost 

reduction or quality improvement under varying competitive conditions at a 

particular point is critical to both innovation and firm success. 

In the third and final stage, SMEs develop confidence and mastery over their 

innovations, and start exploring new markets, possibly the foreign markets. 

They tend to link marketing and innovation strongly and project their 

technological capability (in exhibitions and conferences). The opening of 

new/foreign markets further boosts the refinements of process and product 

attributes and efforts. The expansion of scale is realized, leading to firm growth. 

In the light of these observations, inferences and conclusions, we recommend 

an exclusive innovation promotion scheme as part of India’s SME policy. The 

objective is to (i) facilitate the in-house technological capability building efforts 

of SMEs, (ii) provide information on the kinds of external assistance that they 

can access, (iii) organize workshops to motivate dynamic entrepreneurs to 

undertake innovations, (iv) encourage financial institutions to extend support to 

innovative SMEs, (v) promote linkages between large enterprises, including 

MNCs and SMEs having threshold technological capability, etc. Promoting 

SME innovations and SME growth would enable the “gradual growth of SMEs 

into large enterprises” at the aggregate and in turn industrial development of 

India. 
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