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Abstract

This paper examines different methodologies used in quantitative empirical studies attempting to identify the distinctive characteristics of innovative firms. Despite the research effort, the statistical analysis results are inconsistent. The reasons for this inconsistency were explored and can be attributed to a) methodological differences in the studies, such as the varying definitions and measurements of innovation and b) different characteristics of firms targeted such as size, sector and geographical region. A portfolio model synthesising the various research results is developed, which is not meant to be universally applicable but instead can be used as a platform for country or industry specific studies. To illustrate the application of the proposed contingency approach, the author presents a comparative review of results from two recent studies using portfolio models in Iran and Greece. 
Introduction

There is strong evidence in the literature to support the view that technological innovation in manufacturing firms is one of the main reasons for industrial competitiveness and national development (Zaltman et al. 1973). Hence, the questions as to why some firms are more innovative than others, and what factors affect the ability to innovate are fundamental in management research. 

The factors that affect a firm’s innovativeness are mentioned in the empirical literature as ‘determinants of innovation’. The aims of this paper are: a) to evaluate the generalisability of the empirical-quantitative research on the determinants of technological innovation, b) to attempt to synthesise the results into a portfolio model, which takes into account different contingencies and c) to present preliminary evidence for the applicability of such a model. 

The inconsistency of the results

Despite the substantial research effort, it is not very clear what the relevant variables themselves are, nor what impact they have on innovation. Different researchers tested similar variables but discovered differing degrees of impact on innovation. Duchesneau et al. (1979) demonstrated this inconsistency of results, duplicating a large number of previous studies. They deliberately used the same measures of determinants, but their results were different from the original studies, mainly concerning the relative extent to which different variables correlated to innovation. In some cases there was even disagreement as to whether a factor actually correlated positively or negatively to the rate of innovation. For example, firm size is a highly disputed variable (Khan, 1990). The instability of the determinants from case to case have been frustrating integrated theory building efforts since the 1970’s. (Downs and Mohr, 1976).

After reviewing a wide number of studies the author identified two main reasons for the inconsistency of results, namely methodological differences in the studies and different characteristics of the firms studied. 

I) Methodological differences in the studies

a) Nature, definition and measurement of innovation itself.

The nature of innovation can differentiate its important determinants. Typologies of innovation used in the literature include high cost versus low cost, simple versus complicated and incremental versus radical [e.g. Tornatzky & Klein (1982), Dewar & Dutton, 1986]. For instance, the determinants of high cost innovations would seem to be markedly different from those of low cost innovations. Wealth or resources would clearly predict the former differently to the latter (Downs and Mohr, 1976). Etlie et al. (1984) found that, while ‘incremental’ innovation is favoured by a decentralised structure, ‘radical’ innovation requires a more unique structure with high centralisation in the decision making and high support from top management.

Moreover, there is no standard definition of what technological innovation is. Smith (1988) gives a good overview of the variations in the definition of innovation. An important issue is what precisely we include in, or exclude from the definition of technological innovation. Are aesthetic improvements (with respect to style, design and packaging) considered to be technological innovation? Also, how much improvement is needed in order for the product or process to be considered as a technological innovation? Many definitions involve the idea of ‘significant’ or ‘considerable’ differences in performance terms, but different respondents are likely to interpret those definitions differently. Finally, does the definition distinguish between product and process innovations or between the development of completely new products and the incremental modification of existing products in a systematic way? Different definitions of technological innovation, regarding the above issues, can lead to variations in the identified determinants.  

Also, very importantly, there is no standard measurement of technological innovation. There are, generally, two levels of innovation measurement. The first one is the micro-level where the adoption of a number of industry specific innovations is measured. These innovations are usually chosen as being representative, by a group of industrial experts or by the researchers reading industry specific magazines. The second level is the aggregated level where the rate of innovation is measured as a whole. There are various ways of measuring the innovation intensity of a firm at the aggregated level, for example the number of new products and processes, the percentage of sales due to new products and the number of patents. The decision on the measurement of innovation used in the research can influence the results regarding the innovation determinants.
b) Effect of different stages of innovation process on innovation rate

Another reason for inconsistent results and low correlations of mainly organisational structure variables with innovation is the following: Some of the variables are related to innovation in one direction during initiation of innovation and in the opposite direction during implementation of innovation. Low centralisation, high complexity and low formalisation are found to facilitate initiation in the innovation process but these same structural characteristics make it difficult for an organisation to implement an innovation (Zaltman et al., 1973). 

II) Different characteristics of the firms studied

a) Profiles of the sample firms


Some researchers found that different types of firms have different determinants of technological innovation. For example, Khan and Manopichetwattana (1989b) developed five clusters of firms with different strategy structure and managerial attitudes and showed that each cluster has its own specific determinants of innovation. Miller (1983) identified two types of firm configurations with different innovation determinants namely, the ‘conservative’ firms with positive and significant correlation of innovation with information-processing, decision making and structural variables and the ‘entrepreneurial’ firms with negative correlation of innovation with information processing, decision making and structural integration variables. Goals and strategies, rather than structure are seen to be the key impetuses to innovate.

b) Different geographical regions in which the empirical surveys take place.

There is a tendency in the literature to study innovation mainly in the US or in other industrialised Western countries (Tidd et al. 1997). The importance of the geographical region for the interpretation of the results was not stressed in the studies reviewed. However, the economic development and management culture of the region influences the distinguishing characteristics of innovative firms (White, 1988). 
Towards a theory on the determinants of technological innovation:

A contingency approach, using portfolio modelling.

The inconsistency of the quantitative studies’ results can disappoint theory builders who cannot develop a model including the factors characterising the innovative firms. Among others Forrest (1991) and Tidd et al. (1997) argued that there is no one best way of managing the innovation process as it depends on firm specific circumstances. The latter presented the interesting concept of ‘routines’, which are particular ways of behaviour which emerge as a result of repeated experiments and experience around what appears to be good practice. Different firms use different routines with various degrees of success. There are general recipes from which general suggestions for effective routines can be derived, but they must be customised to particular organisations and related to particular technologies and products. 

Narrowing down the above line of thinking to the studies searching for characteristics of innovative firms, it is probably difficult to come up with a universally applicable model of the determinants of technological innovation, because of differences in the industrial sectors and geographical regions. Accepting the above fact, the author developed a working ‘portfolio model’ of potential determining variables (presented in figure 1), which is meant to operate as a platform for the selection of the appropriate variables, depending on the particular circumstances. 

The study proposes a contingency approach for the determinants of innovation. The portfolio model suggests that the full list of factors is not always applicable. Instead there are different options, which surface depending upon certain environmental dimensions that underlie the analysis (such as the economic development and the managerial culture). The study’s model is positioned as a starting point for empirical research, which can explore the contingencies. The theoretical grounding behind the selection and classification of the variables in the model is presented in the following paragraphs. 

In a recent overview of the innovation process Tidd et al. (1997) suggested that the routines associated with successful innovation management, whilst extensive, tend to cluster around four key themes: a) building and maintaining effective external linkages, b) developing and using effective implementation mechanisms, c) developing and extending a supportive organisational context and d) taking a strategic approach to innovation. A revised version of Tidd’s et al. conceptual framework was operationalised, to develop the study’s portfolio model. The latter comprised four functional sets: 

a) External communication variables, measuring the ability of the company to interact with and to receive information from external players.

b) Firm-specific competencies. This class was a combination of Tidd’s et al. organisational context and implementation mechanisms. Competencies are the technical and organisational skills behind each firm’s end products (Prahalad & Hamel, 1990). Pavitt (1991) suggested that firms gain profitable innovative leads through building up ‘firm-specific competencies’ that take time or are costly to imitate.

c) Strategic variables were related to the company’s corporate planning and the attitudes of the key decision-makers. 

d) The author introduced another class the ‘economic variables’ to indicate the firm’s general demographic profile. It comprised of variables such as size, age and profitability, which were repeatedly found to be associated with innovation (Duchesneau et. al., 1979)

The functional sets were further split into subsets including factors referring to narrower fields. This classification intended to map and structure the vast number of the potential determining factors. A detailed presentation of the model is following, including key references that proposed relationship between each specific determining variable and technological innovation. 

I) External communication variables 

The first subset includes factors related with the communication with the firms’ stakeholders namely customers (Maidique & Zinger, 1984), suppliers of raw materials (Duchesneau et al., 1979) and business partners including suppliers of equipment and dealers (Rothwell, 1992). Also, the use of market research is included here (Khan & Manopichetwattana, 1989a), as a means of communicating with the broader customer base.

The second subset includes factors related to the collection and scanning of information from various sources such as agencies and consultants (Carrara & Duhamel, 1995) and other firms (Alter & Hage, 1993, Bidault & Fiscer 1994). There are also more indirect ways of collecting information including membership of professional associations (Swan & Newell, 1995), subscription to scientific and trade journals (Khan & Manopichetwattana, 1989b), attendance of trade fairs (Duchesneau et al., 1979), access and use of the internet, and use of electronic patent and research databases to search for new technology. The existence of a technology gatekeeper, namely a person who has a formal role to search for information on new technology, is another literature-derived determining variable (Allen, 1986, Rothwell, 1992). Finally monitoring the competitor’s activities can be a very useful way to identify crucial information (Chiesa et al., 1996).

The third subset goes beyond the collection of information and refers to the co-operation of the firm with third parties such as: universities and research institutions (Bonaccorsi & Piccaluga, 1994, Lopez-Martinez et al., 1994), public and private consultants (Pilogret, 1993, Bessant & Rush, 1995), other firms in the form of joint ventures (Rothwell, 1992) or licensing (Lowe & Crawford, 1984), and financial institutions as a source of venture capital (EUROSTAT, 1996). The absorption of public technology funds is another potential determinant of innovation (Smith & Vidvey. 1992). 

II) Firm-specific competencies
The first subset refers to the firms’ technical capability as a drive for innovation. The individual factors include the intensity of R&D (Ettlie et al., 1984), the intensity of quality control (Clausing, 1994), the previous experience in adopting new technology (Rothwell, 1992) and the tendency of early adoption of new technology (Rogers, 1983).

 The second subset refers to the firms’ market capabilities including strength in marketing (Maidique & Zinger, 1984) and width of distribution system.

The third subset includes variables related to the human resources as determinants of innovation namely: education (Miller & Friesen, 1984), experience (Duchesneau et al., 1979) and training (Warner, 1994) of personnel. 

The final subsection includes organisational variables. The ‘slack’ time (or thinking time) of engineers and managers can improve the business innovative performance (EUROSTAT, 1994). The same applies for implementing teamwork (Clark & Fujimoto, 1991), appointing a project leader or ‘champion’ (Chiesa et al., 1996), having good internal communications between departments (Hise et al. 1990) and offering incentives to the employees to encourage new ideas (Twiss, 1992).

III) Strategic variables 

The first subset refers to the innovation budget, which is normally prepared or approved by top managers. The literature indicated that the size (Khan, 1990) and the consistency of the budget (Twiss, 1992) are factors related to innovation. 

The second subset refers to the business strategy. Innovation rate was found to be higher when the strategy is well defined and includes plans for new technology (Swan & Newell, 1995), and also is well communicated and has a long-term horizon (Khan & Manopichetwattana, 1989a).

The third subset includes factors related to the top management attitudes and management style. The literature indicated the following results: Innovative companies are less formalised than their non-innovative counterparts (Cohn and Turin, 1984). Their top managers have internal ‘locus of control’ as opposed to external. This means that they believe that the company’s performance depends on manageable practices and not on uncontrollable environmental influences (Miller et al., 1982). Moreover, the top managers of innovative firms have a more favourable attitude towards risk (Khan & Manopichetwattana, 1989b) and perceive that new technology can be actually paid back in a period shorter than expected (Eurostat, 1996). Finally, innovative top managers believe that their firm could always perform better than it actually does and therefore there is a ‘performance gap’ which has to be filled in the future (Duchesneau et al., 1979).

The fourth subset describes the profile of the decision-makers for the implementation of innovative projects. The literature indicated that few decision-makers (Chon & Turin, 1984) and high influence from the project champion (Tushman & Scandal, 1981) are related to high innovation rate. 

The fifth subset describes the CEO’s profile and more specifically his age and status (owner vs. appointed). There is evidence in the literature that younger CEO’s who own the firm are more innovative (Khan & Manopichetwattana, 1989b). 

The final subset includes the managers’ perception about the dynamism of the business that they are in. Perception of high rate of change of customer needs and of intense competition are associated with high innovation rate (Miller et al. 1984, Khan & Manopichetwattana,1989).

V) Economic variables 
The literature indicated factors such as size (Mansfield, 1963), age (Nejad, 1997), growth rate (Smith, 1974), profitability (Mansfield, 1971), earnings from exports (Calvert et al., 1996) and foreign capital involvement as determinants of innovation. 

The model developed in this study is not meant to be exhaustive. The factors that can be related to innovation are numerous and possibly changing over time as management practice is a dynamic process. Therefore, the aim of this paper is not to offer a ‘complete guide’ of the determinants of technological innovation, but instead to propose a contingency approach, based on wide portfolio models such as the one presented here. 

A review of preliminary results from ongoing studies using portfolio models.

The contingency concept inspired the initiation of a series of ongoing empirical projects on the determinants of innovation in less developed and developing countries. The author of this paper, who is actively involved with the venture, perceives that the studies have two interrelated aims:

I) to produce empirical data on international practices concerning the management of innovation, (an under-researched field). 

II) to initiate research on the contingency theory. The target is to understand how the importance of the innovation determining factors vary according to specified environmental dimensions. Obviously, the problem is very complex, as there could be many interrelated dimensions in the overall picture. Moenaert et al. (1994) proposed a conceptual, untested framework with two environmental dimensions that can affect the innovation process in different countries: 

a) ‘Socio-economic’ dimension including technological heritage, administrative heritage, market structure and regional entrepreneurship.

b) ‘Cultural’ dimension including individualism, determinism, distance perception and complexity. 

This paper, presents a comparative review of two projects that have been completed to date in Iran (Nejad, 1997) and Greece (Souitaris, 1998), aiming to compare the important determinants of innovation in two countries with different socio-economic conditions. The following paragraphs attempt to evaluate the environmental conditions in the two countries, using as a tool Moenaert’s et. al. (1994) framework. 

Iran and Greece were chosen for the analysis because they are good representatives of two different levels of economic development: Iran is a typical example of a developing country. It is classified in the ‘lower middle’ income group of countries (World Bank, 1999), with a GDP per head of $1392 per annum in 1998. Greece is an example of Europe’s less favoured regions (LFRs). It is a ‘high income’ country (World Bank, 1999), which however lags behind the advanced nations of Western Europe. The Greek GDP per head of $11,739 per annum is much higher that the limit for a developing country ($6000), but considerably lower than the one of an industrialised nation like the UK ($23,478). 

The difference in the economic development between the two countries imply differences in the socio-economic conditions. During the last two decades, Iran’s industrial performance was greatly influenced by the Islamic revolution in 1979 and the war with Iraq (1980-88). The combination of these events created major disruptions in the domestic economy; international trade and financial sanctions; an exodus of entrepreneurs; excessive regulation of the economy and the dominance of the public sector in production activities (Sefideh, 1995). Greece also had a period of industrial decline and economic stagnation in the late 70’s and 80’s. However, since the beginning of the 1990’s the economy entered a process of fast deregulation lead by the need to meet the targets of the European union. The GDP grows at a high rate, driven by a new generation of Greek manufacturing firms, which managed to grow and compete internationally. 

Table 1 positions the two countries using Moanert’s et al. socio-economic conditions dimension:

Table 1 here

The table reveals that the two countries have similar conditions of poor technological and administrative heritage. However, Greece is more advanced in the following aspects: a) there is a new class of medium firms with high growth rate and modern management structure, b) the market structure is more competitive and deregulated than in Iran, c) there is a turn towards international markets d) there are more funding opportunities than in Iran.

Let us try now to position the two countries in the second dimension of Moeanert’s et al. framework, the national culture. Hofstede (1991) measured Iran and Greece using four characteristics of culture, namely: the degree of integration of individuals within groups, the attitude towards the hierarchy, the attitude towards achievement and the attitude towards risk. The results showed very similar positions for the two countries. Hence, the author made the assumption that the cultural dimension remained constant in the comparative analysis. This reasonable simplification focused the attention to one only variable dimension; the different socio-economic characteristics.

I) Methodology of the studies

The two studies employed similar portfolio models as starting points, aiming to select the important determinants for the local manufacturing industries. The sample sizes were 135 firms for the Iranian survey and 105 firms for the Greek one. The data were collected with questionnaires measuring the rate of innovation (dependent variables) and its potential determinants (independent variables). Aggregated measures of innovation rate were employed by both the studies, presented in table 2

Table 2 here

The determining variables were measured using literature-based measures (ratio measures and Likert scales) with proven reliability and validity. The data were processed statistically using a) bivariate correlation analysis, searching for association between individual determinants and the different measures of the innovation rate, b) multivariate stepwise regression analysis identifying groups of important determining variables for each innovation measure and c) multivariate stepwise discriminant analysis, separating the sample to innovators (firms that had new products) and non-innovators (firms with no new products at all). The results of the statistical tests lead to the identification of the important determinants for each country. Important variables were significantly correlated with the innovation measures and/or participated in stepwise regression and discriminant equations. 

II) Comparison of the main findings

The statistical output was extensive due to the number of dependent and independent variables and the number of tests conducted. Due to the lack of space the result tables are not presented here, but can be found in the original reports (Nejad, 1997 & Souitaris, 1998). The role of this paper is to review and compare the important determinants for the two countries, and to attempt to relate the similarities and differences with their particular socio-economic conditions.     

a) Important external communication variables 

Important determinants of innovation in Iran included the technical collaboration with firms, consultants, government agents and universities and the feedback from customers and suppliers. The Greek survey confirmed the significance of close contact with customers and suppliers and also the inter-firm collaboration. However, the co-operation with universities and public agencies were variables of minor importance. The Greek managers explained that the support from those organisations was unfocused and slow, whereas they required immediate solutions to market-related problems. 

Important determinants for Greece, that were not found significant for Iran, included the use of market research, the attendance of trade fairs, the monitoring of competitors’ activities and the links with public and private financial institutions. 

b) Important internal capabilities   

The existence of an R&D department, the intensity of R&D and the number of external experts who co-operate with the firms’ R&D activities were found to be major determinants of innovation in Iran. Innovation rate was highly influenced by interdepartmental co-ordination between R&D, production and marketing. A high association was also found between qualified employees, on-the-job training and innovative performance. The Greek results confirmed the importance of R&D intensity, education, training of personnel and internal communication between departments. 

Furthermore, in Greece strength in marketing, tendency for early adoption of new technology and incentives to the employees to encourage new ideas were found to be factors of major importance.

c) Important strategic variables

The Iranian study did not identify significant relationships between strategy-related variables and innovation rate. In contrast, the Greek survey showed that the inclusion of new technology plans in the business strategy and the management attitude towards risk were major determinants of innovation. Also, the Greek innovative firms perceived a higher intensity of competition and a higher rate of change of customer needs than their less innovative counterparts.  

d) Important economic variables   

The Iranian survey showed that small, private firms were more innovative than their large public counterparts. On the contrary, Greek innovative firms were relatively large and had particularly high growth rates. 

Discussion

This section discusses the similarities and differences in the important determinants of innovation in the two countries. Also, it attempts to explain the empirical results, relating them with the countries’ socio-economic conditions, using Moenaert’s et al. (1994) framework. General propositions for the innovation theory are drawn from the discussion.

Most of the common important determinants for the two countries (R&D, inter-firm collaboration, interdepartmental co-ordination, education and training of personnel) could be attributed to their similar - poor level of ‘technological’ and ‘administrative’ heritage. The fact that the above practices were generally rare, as both countries were low-tech with outdated management and educational systems, may be the reason for being important differentiators of the highly innovative firms. Based on the evidence from the Iranian and Greek cases, the author proposes that practices generally lacking from the ‘technological’ and ‘administrative’ heritage of less developed countries can become important determinants of innovation.

The important variables for Greece that were not proven significant for Iran can be classified into two groups: 

a) Determinants related with the market and competition, such as the use of market research, attendance of trade fairs, monitoring competitors’ activities, strength in marketing, intensity of competition, rate of change of customer needs and tendency of early adoption of new technology. The variation in the results can possibly be explained by the different ‘market structures’ of the two countries. Given that Greece is a more competitive market than Iran, the ability of the Greek firm to understand its customers and competitors offers a distinctive characteristic. Hence, it is a more important determinant of innovation than for Iran.

b) Determinants related with entrepreneurship, such as the attitude towards risk, the inclusion of technology plans in the business strategy and the links with public and private financial institutions. The variation in the results can possibly be explained by the different conditions of ‘regional entrepreneurship’. Given that Greece offers more opportunities for entrepreneurial activity and funding of new ventures, the variables related with the firm’s ability to take these opportunities become important determinants of innovation.     

Based on the Greek-Iranian comparison, the author proposes that the portfolio of important determinants of innovation is wider for countries with competitive market structure and support for entrepreneurship, than for centralised economies. Apart from the factors related with the technological and administrative heritage, the portfolio of variables for market-based countries includes determinants related with the skills and the attitude of management towards the market, the competition and the creation of a new venture.

Another important contradiction in the results was the effect of the firm’s size on innovation rate. Possibly, it can be explained by the difference in the ‘administrative heritage’ in the two countries. In Iran large firms were all public and highly inefficient. Therefore, the small firms were more innovative despite their primitive management systems. On the other hand, Greek larger firms were both public and private, had management procedures and organisational structure and as a result proved more innovative than their smaller competitors.

Contribution of the study

Overall this paper’s contribution falls into five interrelated areas: 

I) It revealed reasons why the predictive power of the several innovation determining variables vary under different circumstances.  

II) A contingency approach, which can resolve the apparent problem of inconsistent results, is the paper’s main proposition. The author suggests that the different patterns in the results can depend on environmental conditions of the geographical region (such as socio-economic conditions and culture). Instead of devoting time and resources in searching a unified theory of determinants of innovation, portfolio models can be used in order to identify the variables with the highest predictive power for particular countries or regions. 

III) A literature-based portfolio model was developed. It does not claim to be exhaustive, as there is a vast number of potential determinants of innovation, but it is detailed. The model was presented as the basis of the study’s empirical part, which demonstrated the contingency concept.

IV) The main results from two recent studies in Iran and Greece compared in this paper, as an indicator of the applicability of portfolio models. The results for the two countries revealed various differences in the determinants of innovation, which indicated the validity of the contingency approach.

V) An attempt was made to relate this variation in the determining variables with the different socio-economic conditions of the two countries.

It has to be noted that this paper is exploratory. More empirical tests will follow in several locations, in order to cover several different contingencies and to fully understand the effect of socio-economic conditions and culture on the important innovation determinants. This type of research can have immediate and practical outcomes. The results are valuable for: a) Company managers who can to identify the keys to high rate of innovation. b) Consultants and public support agencies, who can assess the innovation potential of their target companies c) Public policy makers, who can assess the impact of infrastructural variables like education, training, availability of venture capital and information on the local industry’s innovation potential.
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