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Abstract
This paper investigates the joint adoption of innovative practices. A simple theoretical model illustrates the determinants of their diffusion in the services sector relatively to the manufacturing sector and shows how the existence of synergistic gains generated by joint use may influence the firm’s adoption decision. We use a weighted index of intra-firm diffusion to measure the extent of their adoption and to empirically investigate whether significant differences in the adoption pattern exist in the service versus the manufacturing sector. Our results suggest that: (i) there exist synergistic effects from the joint adoption of innovations; (ii) rank effects such as establishment size, ownership structure and product market concentration are important determinants of the intensity of use of innovations; (iii) there exist significant differences in the drivers of the diffusion of innovative practices between manufacturing and service sector.
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1. Introduction
A growing body of research has emphasised that management practices can enhance firm performance (see for example, Black and Lynch, 2004, Bloom and Van Reenen, 2007). It has also been argued that the poor extent of their adoption by British companies is one of the possible drivers for the productivity gap of the UK with respect to its main competitors (Porter and Ketels, 2003) and this gap is particularly wide in the services sector (Griffith et al., 2005; O’Mahony et al., 1998 among others). However, when looking at both the management and the economic literature the empirical evidence about the sign of the relationship between management practices and firm performance is ambiguous. Scarce is also the evidence on their adoption rate in the Service with respect to the more traditional Manufacturing sector.
Due to the nature of the production process (as well as of the final output), substantial differences are often argued to exist in the adoption pattern and in the intensity of use of best practices in the Service versus the Manufacturing sector. This can arguably be one of the reasons for the productivity gap. However, despite this and the fact that the service sector has registered a remarkable growth in employment share in recent years, most of the extant literature seems to remain focused on Manufacturing. 
One of the reasons for the paucity of studies is likely to be due to the paucity of data as well as to the methodological difficulties in measuring the complementary nature of management practices.
 It is often argued that management practices constitute the organizational architecture of a company. However, the evidence .is often based on single case studies and/or on practices that belong to the same organizational sphere.  The diffusion of clusters of complementary innovations is still a grey area and even more so it is the understanding of the differences in the adoption pattern in the Service versus the Manufacturing sector.
In this paper we use the information on a sample of 1238 British establishments present in the 2004 WERS dataset. The key information to our study derives from the Management questionnaire that contains information on the adoption of a number of practices. We focus on 18 of them and following Bloom and Van Reenen (2007), we classify them into four clusters, namely: Operating (OMP), Incentives (IMP), Targets (TMP) and Monitoring (MMP) Management Practices, where each clusters is defined via a number of questions on the dept/ intensity of use by each adopting firm. We focus on those practices as they form the basis of the organizational architecture of a company. Monitoring the performance via appraisals, setting clear targets in line with the company’s strategy, providing rewards and incentives, is expected to increase employees’ motivation and productivity (Fu et al., 2007). On the other hand more efficient operations and local empowerment via team work and decentralization is believed to increase efficiency if properly monitored and targeted (see Battisti and Iona, 2007, Colombo and del Mastro, 2001). If all in place, they tend to enhance each other and by reducing company’s waste they can increase company’s performance. For this reason, contrary to Bloom and Van Reenen (2007), we also explore the possibility that such practices are complementary in that the marginal payoff of any one practice can increase when any other practice is adopted. We then use this information to construct a weighted index of “intra-firm” diffusion as a synthetic indicator of the extent of the joint use of the four practices. Such an index reflects not only the adoption status, i.e. the number of practices adopted, but also the intensity of their adoption and the extent of the synergistic effects derived from their joint use.

In order to model the conditions under which the firm adopts and uses an innovation
 we propose a simple decision model. The model is of the type used in the economics of innovation literature and assumes that the decision to adopt an innovation is based upon profitability consideration. We then show how the presence of complementarities can affect the gain associated with the joint adoption. Our presumption is that, if complementarities exist among two or more practices, their joint adoption generates a pay-off higher than the sum of the payoffs derived from the adoption of each single practice. Consequently, by adopting management practices firms can exploit the potential for complementarities as this helps to implement their competitive strategy. 
The model we propose also allows us to test whether those factors proved to drive the diffusion of technological innovations do also affect the adoption decision of management practices and whether substantial differences exist in the adoption drivers and in the diffusion pattern between Service and Manufacturing sector.
Our findings suggest that there exist positive synergistic effects from their joint use of the four management practices. They have been introduced by the majority of the firms in the sample. However, the intensity of their use varies from practice to practice. Monitoring management practices are the most used practices, contrary to Incentive management practices that are the least used. However, when a distinction is made between sectors, it is found that the intensity of use (but not the number of adopters) of operating and monitoring practices is twice as high in manufacturing as in services.  
We also show that the decision model based upon profitability considerations is a good model for the adoption of management practices and it can explain the heterogeneity of joint use across firms. The factors affecting the diffusion of technological innovations do also affect the intensity of joint adoption of management practices. Interestingly a nonlinear relationship is found between establishment’s size and extent of adoption of innovative practices suggesting that the intensity of adoption increases with firm size up to the point when firm size and likely the complexity of the decisional structure and other sticknesses, make further adoption unlikely. 
This paper is structured as follows. Section 2 presents the theoretical decision model. Section 3 briefly describes the WERS dataset. Section 4 provides a comparison between Manufacturing and Service sectors in terms of firm specific characteristics, inter and intra-firm diffusion and use of management practices. Also it shows how a weighted Index of intensity of use of management practices is built. Section 5 presents empirical results on the main drivers of the intra-firm diffusion of innovations across sectors. Finally, Section 6 concludes.
2. A simple decision model
The model we propose is an equilibrium
 “rank” model, typical of the profit maximising approach used in the economics of innovation literature (see for example Karshenas and Stoneman, 1995 for a review). Such model assumes that what determines the optimal adoption strategy is the net gain from the adoption and that different gains across firms reflect their different characteristics. As internal and external factors change so the expected gains do and with them the adoption level. The firm is assumed to maximize the net profit from the adoption of y:
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Where, G(y) is the pay-off function and c is the firm marginal cost from undertaking a management practice y.
The first order maximization condition would suggest that a firm will introduce the management practice, only if the marginal pay off from doing so is at least equal to its marginal cost
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In line with the rank effect models, we make the assumption that the size of the pay off G(.) is not only a function of the adoption status (y) but it also changes depending upon firm specific and environmental characteristics, i.e. G(y; (), where: ( =[(1, (2,…., (m], so that:
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By defining y* as the optimal strategy which satisfies [3], we can derive for each firm the implicit form of the net marginal gain associated to the optimal adoption strategy, conditional on the set of firm specific and environmental characteristics and the marginal adoption costs:
[4]
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By inverting the net marginal pay-off function we can get the optimal level of adoption or the intra-firm extent of use (i.e., what is optimal for the firm) as:
[5]
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In line with the equilibrium approach we assume that the desired level of adoption equals the observed level of adoption. After simple re-parameterization and assuming that the marginal cost is equal to the average cost plus a firm specific residual term e, the firm specific adoption level can be rewritten as: 
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where α is equal to a constant term plus the average cost c; β is the vector of the marginal impacts of the factors (s affecting the adoption decision, and e is a normally distributed random error term. In inter firm diffusion studies y is usually measured by the adoption status, i.e. by whether a firm has adopted or not adopted an innovation. This definition would not apply to this study for two reasons. Firstly, being an adopter does not necessarily mean to be an intensive user (see Battisti and Stoneman, 2003 and 2005); a management practice can be adopted by several firms but the intensity of use can vary substantially from adopter to adopter. Secondly if innovations are complementary, the analysis of individual adoption would not be able to fully explain the synergistic effects that they generate. For this reason, in the following section we show that important synergies generated by the joint adoption of practices under scrutiny exist and we define an ad hoc measure of the intensity of their joint use, i.e, our y.
2.1. From complementarities to an index of intra firm diffusion

In setting the conditions under which innovations can be defined complementary to each other, we follow the revealed preference approach as in Arora and Gambardella (1990). More specifically, assume that there exist two practices - A and B - and that the firm can adopt A alone, B alone, A and B jointly or neither of them. For A and B to be complementary, an increase in the extent of use of one practice must raise the marginal payoff (or marginal revenue) of the other practice more than if the practice was adopted in isolation (see for example Battisti and Iona, 2007).
Formally, complementarity exists if and only if the marginal payoff derived from the joint adoption of A and B is non negative:
[7]
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Where, j=A, B adopted
However, comparing the unconditional payoff might be misleading as lurking factors and unobserved heterogeneity could lead to possible omitted variable bias. For example, there could be a third factor highly correlated to A and to B that might simultaneously affect the gains from the joint adoption of A and B, without A and B being necessarily complementary. For this reason the expected gains should be conditioned to a set of market and firm specific characteristics θ so that [7] becomes: 
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Where, j= A and B adopted
Arora and Gambardella (1990), following the principle of revealed preferences, have shown that the above condition is satisfied when the conditional covariance between any two adoption strategies is positive:

[9]
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, we can rewrite [9] as [10]
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or more generally, in the presence of more than two innovations as:

[11]
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with i ≠ j
This is equivalent to the correlation between the conditional residuals derived from regressing yA and yB over a set of firm specific and market factors (() [as in 6] being non negative. It is [11] that we use to test for the presence of significant complementarities effects generated by joint adoption. This is equivalent to testing whether the off diagonal elements of the variance covariance matrix of the conditional residuals (eA and eB) are significant and positive. 
It is based upon the decomposition of the residual variance covariance matrix [11-12] that we calculate the relative contribution j of each practice to the overall index of intra firm diffusion.
3. The WERS dataset 
The empirical analysis carried out in our study is based upon the Survey of Managers contained in the 2004 Workplace Employment Relations Survey (WERS)
. The management questionnaire contains questions on firm and market characteristics for 1,238 UK establishments. Of particular importance to our study is the information on recruitment, training, workplace changes, payment systems, relationships between managers and workers and other management practices. In particular we concentrate on 18 of those practices and following Bloom and Van Reenen (2007) we classify their responses into four groups: operating, monitoring, targets and incentives management practices. Operating management practices (OMP) concern the introduction of organizational changes such as lean manufacturing and team working or process improvements such as Just-in-Time (3 questions). Monitoring management practices (MMP) concern the tracking of performance of individuals, reviewing performance and continuous monitoring (4 questions). Targets management practices (TMP) reflect whether the establishment has set targets, the type of targets and the transparency in their communication to all staff (5 questions). Finally incentives management practices (IMP) include promotion criteria, bonuses, fixing or firing bad performers (6 questions)
. In order to eliminate the influence of the different number of questions used to define the complexity of use and therefore the intensity of adoption, for each set of practices we have calculated the standardised score. That is what we refer to hereafter by OMP, MMP TMP and IMP.

The four sets of management practices are believed to be the legs of the stool representing the organizational architecture of a company. The introduction (absence) of any one set of management practices may reinforce (weaken) the effects of the others. For this reason they can be seen as complement on a number of grounds. 
For example, the effectiveness of Incentives (IMP) will be subjective to the introduction of other human resource management practices such as effective target management (TMP) and monitoring practices (MMP). Strength of the operating practices (OMP) on productivity is also moderated by the introduction of complementary human resources management practices such as target (TMP) and monitoring (MMP) practices (Fu et al., 2007). Also, management practices often imply that the decision making process takes place at lower levels and that more strategic and operational decisions are taken at top management levels (Colombo Del Mastro 2001, Newark etc.). Therefore, the joint use of monitoring and operating management practices would lead to better use of specific and often tacit local knowledge and competencies. This would also empower teams and individuals, increasing motivation. This suggests that these practices if joint adopted can enhance the effectiveness, the motivation and most importantly the company performance more than if they were individually used in isolation (Battisti and Iona, 2007).
It is difficult to predict the “best” combination of practices. It is obvious that “more” is not always ‘better’. Some practices might not apply and might not fit the organizational architecture. Since companies are heterogeneous, and so are their customers and the markets for their final products, as a result different strategies will be adopted.
For this reason we do not superimpose any “best” adoption structure and we acknowledge the fact that there is no such “one fits all”. At any moment in time for any given organization the best organizational form or the best set of management methods is the one that, if used by the organization, will yield the greatest benefit (see Perrow, 1967 or Leseure et al., 2004 for a survey). In other words it is based upon the firm specific revealed preferences and strategies adopted by the firm that we base our study and the synthetic index of intensity of use, as detailed in the next section.

3.1. The set of firm specific and market characteristics
In the WERS dataset we have identified a subset of variables proxing for firm specific and market (environmental) characteristics believed to affect the firm’s decision to adopt and intensively use the practices under scrutiny and therefore the size of the profit gain derived from their adoption. In Table 1, we report the definition of these variables and the expected sign of their impact on the adoption and extent of use of managerial innovations. The criterion for their inclusion is partly dictated by the existing literature and partly by data availability as described below.
We expect the size of the establishment, proxied by the total number of full-time equivalent employees (Employment), to show a positive impact on the strength of use of management practices. This is in line with the Schumpeter’s idea arguing that large companies should be more prone to introduce and handle innovations. However, there are also some other studies that reach the opposite conclusion. For example, Oster (1982), Battisti (2000) and Battisti et al (2008) find a negative effect of firm size on adoption probabilities suggesting that small companies (including start-ups) can be more prone to adopt an innovation 

[image: image14.png]Table 1

Finn specific and market characteristics: variables definition

Variable Definifion|
Expected sign

Employment Total mumber of full time equivalent emplogees R

Age Mumber of years since the establishment has been in operation )
Independent Establishment Whether the establishment is a single independent UK. establishment )
Single Ownership/Conirol A single individual or family owns at least 50 per cent of the organization )
Foreign Owned/Controlled Whether the establishment or organization belonging to is owned/controlled by foreign managers or shareholders .
Output Concentration Whether the output of the establishmentis concenirated on one product or service

Competition Mumber of competitors for main products or services +
Export-Orientation Tfthe product of the firm has an international market .

Services

Dummy variable equal to 1 if the establishment belongs to Service Sector and 0 fit belongs to Mamufacturing Sector





The Age of the establishment is also expected to be a driver of the intensity of adoption according to the view that older plants generally have more experience that allows them to assess costs and benefits of any changes better than younger plants (Noteboom, 1993). Nevertheless, older plants might also be less flexible in introducing innovations due for example to the nature and age of their existing (human) capital stock composition (Little and Triest, 1996; Battisti and Stoneman, 2003). Ichniowski et al. (1995) underline, for example, that the costs of adoption of innovative practices should be lower for new plants than for older plants for several reasons. First, the initial costs of gathering information about the work practices that a plant incurs when it is designing its original policies should be lower for more recently opened plants as more firms gain experience with the newer practices. Second, new plants that are choosing an initial set of work practices do not face the costs associated with employee resistance to change pre-existing practices. Given the contrasting views about the role of the age in affecting the adoption process of management practices, we will leave to the empirics to determine the sign and the significance of its impact.

Being part of a group rather than a single independent UK establishment may affect the adoption decision, to some extent, as it would reflect the impact of internally sourced information relating to the performance of management practices as well as the complexity of the decisional structure and other human competencies (see for example Cainarca et al., 1990). On the other hand, Karshenas and Stoneman (1993) find that the distinction between establishments and firms is not an important one for the inter-firm diffusion of technological innovations. The same result can be found in the Dunne’s (1994) study of a range of innovations in US manufacturing industries, where single plant and multi-plant producers utilise innovations at similar frequencies. Therefore, in our study we specify Independent establishment as taking value one if the establishment is independent and value zero if it is part of a group and we leave to the empirics to determine its sign.

Output Concentration measures whether the establishment production is concentrated in one product or service. The inclusion of output concentration is based upon the evidence that firms more diversified in their products are supposedly more likely to engage in wider innovative activities concerning products and process innovations throughout Research and Development and management practices implementation (Aghion et al., 2005). Therefore, we expect its sign to be significant and negative.

According to several studies (Vives, 2004; Morck et al., 2005; Perez-Gonzales, 2005; Bloom and Van Reenen, 2007; Villalonga and Amit, 2006) two factors may be strongly associated with the adoption of management practices: the degree of product market competition and the ownership structure. The underlying idea of these studies is that the more intense the competition, the higher the pressure of new entry and the effort of incumbent firms to adopt modern management practices to raise the efficiency. In line with these studies, we introduce Competition  measured via the number of competitors the firm has to face in the market for its main products or services. We expect its sign to be a positive.

In addition, we introduce the variable Single Ownership/Control to indicate that a single individual or family owns at least 50 per cent of the organization the establishment belongs to. The ownership structure is a crucial variable given the ambiguous effects that family ownership or ownership concentration may have on the adoption of management practices. Family firms are the typical form of ownership and management in the developing world and especially in the developed world (La Porta et al., 1999)
. Nevertheless, whilst, on the one hand family ownership could have beneficial effects on the adoption of productivity-enhancing practices as the ownership concentration allows the firm to overcome costs associated with agency problems between managers and shareholders, on the other hand, it could also have the opposite effects (see Bloom and Van Reenen, 2007). We leave to the empirics to determine its sign.

There is also evidence showing that foreign-owned companies operating in the UK out-perform UK-owned companies operating under the same circumstances. One explanation for this may concern the different “cultures” and experience reflected in the pattern and effectiveness of use of modern management practices (Porter and Ketels, 2003). We therefore use the variable Foreign Owned/Controlled to capture the fact that the establishment or the organization it belongs to is owned or controlled by foreign managers or shareholders. According to the extant empirical evidence we expect its sign, if significant, to be positive.

Finally, if the firm’s product is directed to international markets, it is more likely that firm will implement innovations. This hypothesis relies on the fact that there is a great deal of economic research showing that the degree of trade openness increases the size of the market faced by producers and provides access to imported innovations such as new inputs which embody new technologies (Harrison, 1996). To capture the impact of this potential driver of the spread of management practices we use the variable Export-Orientation to identify those establishments whose product market is international. We expect the impact of this variable on the extent of adopting management practices being positive.
4. Manufacturing and Service sectors
4.1 Manufacturing and Services sectors: the set of firm specific and market characteristics

In the past several decades, the economy of the industrialised countries has experienced substantial structural changes, transforming from a manufacturing dominated economy to a services economy. In the UK, the service industries account for 74% of the GDP including the private sector and government services. The contribution of the services sector to GDP share is increasing, currently being at around 6%. This is in contrast with the UK manufacturing sector which has seen its share fall 34% three decades ago to 21.1% one decade ago, and to 13.2% at present. However, while the manufacturing sector is relatively well-researched, the services sector has received much less attention. Little has been done on the determinants of the adoption of management practices in the services sector. This leaves a major gap in the literature. The main differences between the services and the manufacturing sector stem crucially from the different nature of goods and services. The products of services are no-storable (Kravis, 1983); may have relatively low value of commodities embodied in them as intermediate inputs. With the development of technology, there are possibilities for services to be disembodied from goods, and goods to be disembodies from services (Baghwati, 1984). Another important feature is that services must be transacted between separate units (Hill, 1977). Therefore, in the services sector, the employees are “double-fronted”. They interact with managers and colleagues internal to the firm, and at the same time, with customers external to the firm (Fu, et al., 2008). Instead, manufacturing deals less directly with final users. This “double fronted” feature of employees in the services sector assigns a more important role to employees in firm performance, and also means they work in a more complex environment and face more pressure than the workers in the manufacturing sector. Therefore, certain human resource management practices, such as training and empowerment may be more widely adopted in the services sector than in the manufacturing sector; and certain operations management practices, such as team working, will be more widely adopted in the services rather than in the manufacturing sector.

In Table 3 we report the empirical evidence on the adoption of management practices by the 1238 firms in the WERS sample operating in both manufacturing and services sectors as well as in the Manufacturing and Services sectors individually.
[image: image15.png]Table 3

Use of management practices: Percentage of firms

OMP  MMP TMP IMP  (Total N#)

Non Users
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Notes: all results are based on 1,238 observations.




The first (upper) part of the table reports the percentage of non adopters while the second part reports the percentage of intensive users defined as those adopters who are using the innovation in depth i.e. have scored highly in terms of intensity/complexity of use.
The first part of the table shows the number of establishments that have reported not having adopted any of the practices. This is essentially a measure of inter firm diffusion suggesting that MMP and TMP are the most adopted practices –only 0.4% and 1.4% of the establishments have not adopted them. Conversely, 5.7 % and 6.5% of the establishments have not adopted any OMP and IMP respectively and the number of adopting firms is lower in the Service sector than in the Manufacturing sector. On the contrary, the inter-firm diffusion of MMP and TMP is higher in the Service sector with respect to the Manufacturing sector.

Despite MMP and TMP being the most adopted practices, the four innovations under scrutiny have spread across the vast majority of the units in the sample. As a result, the inter-firm diffusion process can be considered nearly completed
.

The lower part of the table reports the intensity of use of each set of practices, i.e., the intra firm diffusion, measured by the proportion of establishments that are not just adopters but also intensive users. Such establishments have reported having adopted all those activities that define the complexity of the adoption of each set of practices. What is noticeable is that IMP is the least used set of practices. In Services sector, the dominating practices are MMP and TMP (19.2 and 19.3% of the establishments are intensive user). On the contrary, OMP and IMP are the least used practices. Only the 14.1 and 0.9% of establishments make intensive use of them. In the manufacturing sector, the dominating practices are OMP and MMP with 30.7% and 31.2% of establishments using OMP and MMP respectively, against the 18 and 0.5% of establishments using TMP and IMP respectively.
In summary, the results show that the inter-firm diffusion is almost completed while the extent of intra-firm use is quite heterogeneous across firms.

When establishments operating in the Manufacturing sector are observed separately form those operating in the Service sector, a different picture emerges. The inter-firm diffusion of OMP and MMP is lowest in the Services sector than in the Manufacturing one. However, the intra firm diffusion is highest in the Services sector relatively to the manufacturing sector.
Prajogo (2006) finds that although there is no significant difference between firms in the manufacturing and the service sectors in terms of product and process innovation performance, the association between innovation and business performance is higher in the manufacturing than in the services sector. Firms in the services sector also tend to use fewer methods of intellectual property protection than firms in the manufacturing sector, and less likely to use universities as a source of information for innovation than its counterparts in the manufacturing sector (DTI, 2007). We might therefore expect that substantial differences exist in the adoption of innovative practices by firms in the two sectors. 

[image: image16.png]Table 2

Test for difference in means and proportions: Service vs Manufacturing sector

Variables Services Sector Manfacturing Sector z-stat.
Employment 202.8412 274.6992 -2.358%%
Age 26.1291 37.6041 -6.339%%
Independent Establishment 02536 0335 -2.896%%
Single Ownership/Control 03744 04264 -1.733*
Foreign Owned/Controlled 0.0983 01954 4319w
Output Concentration 03981 03503 1.629
Export-Orientation 01517 03122 -6.072%%
Competition 25794 24467 3.739%*

Notes  all resulis are based on 1238 observations. **%, **, and * indicate that the mull hypotehsis of "equality of
means" is rejected at the 1%, 5%, and 10% significance level respectively.




In Table 2 we report the test for difference in mean/proportion of the main characteristics of the British establishments present in the WERS sample. The mean value of Employment and Age shows that plants belonging to the Services sector are significantly smaller and younger than those operating in the Manufacturing sector. The Services sector also reports a smaller fraction of both single independent establishments and establishments where at least 50 per cent of the ownership or control is held by a single individual or family. It is less common to find in the Services sector establishments which are owned or controlled by foreign managers or shareholders. This characteristic is more often observed in the Manufacturing sector which is also a sector whose output is more oriented to international markets than that of services. Nevertheless, the two sectors are not significantly different in terms of output concentration, even if the Services seem to face a higher degree of competition in the output market relatively to the Manufacturing sector
. One of the reasons might be that, although the market for services is more competitive, product diversification is not necessarily the solution for competitiveness. Each product needs to reach certain production scale to enjoy the economy of scale.

4.3. A synthetic index of adoption of clusters of management practices

In Table 4 we report the variance-covariance-matrix of the standardized residuals  [RESj = yj–E(yj([image: image17.wmf]q

) where j = OMP, MMP, TMP and IMP] - of the conditional equations for each set of management practices estimated by controlling for a number of firm and market specific effects including the sector the company belongs to
. Following Arora and Gambardella (1990), we use the set  to control for the effects that spurious factors might exert on the degree of association of the adoption decisions and the gain form adoption. We then explore the presence of complementarities effect among the four sets of management practices by using a one-sided test based upon the significance and the positivness of the off diagonal elements of the variance-covariance-matrix of the standardised residuals reported in table 4. 
The Bonferroni corrected significance levels suggest that the pair-wise comparisons are significantly different from zero and positive. The presence of significant complementarity effects confirm that to take a system approach is correct.  The size of the degree of association changes from practice to practice, suggesting that some practices are more versatile than others. The highest degree of association is found between setting clear targets and monitoring the employees’ performance.
In order to take into account of the fact that practices are not interchangeable, we build the following (WI) weighted index of intra firm diffusion as a synthetic indicator of the extent of their joint use:
WI=0.599 OMP+0.714 MMP+0.720 TMP+0.462 IMP
where the coefficients are the factor loads derived from the factor analysis decomposition of the variance covariance matrix reported in Table 4 while OMP, MMP TMP and IMP measure the intensity of individual adoption. 
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Variance-covariance-matuix of standardized residuals RES;, where j=OMP, MMP, TMP, IMP

RESOMP RESMMP RESTMP RESIMP
RESOMP 1.000

RESMMP 0.187* 100

RESTMP 0235% 0310% 100

RESIMP 0.077* 0.167* 0.127* 100

Notes: all results are based on 1238 observations. * stands for statistical significance at the 0.83%
Bonferroni-corrected individual error rate.




The weighted index reflects not only the number of practices adopted but also the intensity of the adoption of each practice and the synergistic effects derived from their joint use. This is essentially the Factor Analysis decomposition of the heterogeneity of joint use not explained by the set of control factors. If significant complementarities exist among the different practices, FA linearly transforms them to obtain a smaller set of variables that account for the largest part of the heterogeneity of their joint use. In other words, Factor Analysis allows us to model and transform the synergies among the four practices via a series of latent factors capable of picking up the underlying variability of joint adoption.
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Table 5 reports the test for difference in the average intensity of use of each of the sets of innovative practices in the Service and the Manufacturing sector. Results suggest that there exist significant differences in the intensity of use of OMP and MMP but not in the use of TMP and IMP. Moreover, when the four practices are jointly considered (via the index of intra-firm diffusion - TOTINDEX), it is found that significant differences exist in the way the practices are combined and used in the two sectors.
5. Empirical results: the determinants of the intra-firm diffusion of innovative practices

In this section we report the estimates of the equilibrium model stating that the main drivers of the adoption decision is the profit gain associated to the use of innovations and this profit gain can be modelled as a function of firm specific and market characteristics.

In order to control for the sector the establishment belongs to we use a dummy variable – namely Services – equal to 1 if the establishment belongs to the Services sector and 0 if it operates in the Manufacturing sector. We then build seven additional explanatory variables by interacting each independent variable with the Services dummy variable, in order to estimate whether the impact of each independent variable on the intra-firm diffusion index changes according to whether the plant belongs to the Services sector. Together the sector dummy and the set of interaction variables allow to test whether belonging to the service sector generates not only a systematic shift in the intercept but also in the slopes and therefore in the marginal impact of the main adoption drivers.
The testing of the model is carried out by using the information on the sample of 1,238 UK establishments present in the WERS dataset by performing the OLS cross-section estimator as well as the cross-sectional heteroskedasticity correction.

In Table 6, we report, in Column A, the estimated coefficients of the basic model for the determinants of intra-firm diffusion. We then check the robustness of our basic model by testing the stability of our regression coefficients when initially omitted variables are specified into the model. These results as reported in columns B, C and D and E respectively.
Results show that the estimated coefficient of Employment is significant and positive across all estimated models. This supports the prediction that being a larger firm, is positively associated with a more intensive use of new management practices.
Robust across the 5 econometric specifications of the model is the evidence that the intensity of adoption of management practices reduces if the establishment is independent and if the production is highly concentrated on one output or service. These may be uncontentious result as an independent establishment can have a weaker incentive to adopt innovative practices than an establishment belonging to a larger organization for which the cost of search and the cost of information acquisition can be considerably lower. The same holds for those establishments that are not diversified in their products.

The negative coefficient of Single Ownership/Control shows that a more concentrated ownership structure reduces the incentive to enforce the use of innovative practices. This might be due to some extent to a particular risk adversion, sticknesess, and path dependency common to single proprietor or family run companies (see Bloom and Van Reenen, 2007).

Our results do not provide consistent support (see models A, B and C) to the view that foreign-owned companies operating in the UK out-perform UK-owned companies operating under the same circumstances (McKinsey 2005).

The non significance of Age provides no empirical support either to the view that older plants are more likely to introduce changes than younger plants (Noteboom 1993), or to the view that older plants might be less flexible in introducing innovations (Little and Triest 1996, Battisti and Stoneman 2003, Battisti et al. 2006).

The coefficient of Competition in models B, C, D, and E suggests that the number of competitors faced by the firm in the product market negatively affect the extent of adoption of management practices by supporting the view that firms facing a growing competitive pressure are not motivated to adopt productivity improving innovation practices of various kinds (Ichniowski et. al., 1995; Rose and Joskow, 1990).
When we add to the regressors the square of employment (models C and E) our results are still robust and confirm the presence of a non linear (concave) relationship between size and intensity of adoption of management practices. As the size increases, the degree of adoption of management practices increases at decreasing rates. Jointly, the estimated parameters of employment and employment_square suggest that the adoption intensity is maximum when the estimated firm size is about 2,360 employees, all else equal (see Figure 1). The result seem to suggest that larger establishments have increasingly better organization and are more flexible in introducing innovations. As the size of the organization increases, the business is more likely to span different markets, a broader range of working environments, jobs etc. and therefore to apply a broader range of management practices across the entire business. However, too large organizations might be less likely to introduce innovations being slowed down by the complexity of their organizational and decisional structure (see Little and Triest, 1996; Battisti et al., 2006)
.
Figure 1. Marginal impact of establishment size upon the intensity of adoption
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In model E we add Export-orientation. Its significance suggests that the intensity of use of management practices increases significantly with the ability of the establishment to sell its product in international markets. This finding supports the view that the more the industry product is directed to international markets, the higher the pressure to implement innovations. One explanation being that the exposure to the international market facilitates the contact with innovations and innovators more than for firms whose output market is mostly domestic (Harrison, 1996).
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Interesting to our scope is that the negative and significant estimated coefficient of the variable Services, across all models, suggests that the impact of being operating in the Services sector reduces the intensity of adoption of innovative practices within the establishment.  There is some evidence showing that belonging to the Services sector reduces the positive impact of Age on the intensity of adoption of innovative practices (as suggested by the negative and significant estimated coefficient of Dage, in models B and D). Similarly, there is evidence showing that belonging to the Services sector reduces the positive impact of size on the intensity of adoption of innovative practices (as suggested by the negative and significant estimated coefficient of Demploy, in models B, C, D and E).
This supports the view that, in the Services sector, older and larger plants are less flexible in introducing innovations while young firm are more dynamic and flexible probably due to the nature of the service they provide. Finally, belonging to the Service sector increases (in such a way to become positive) the impact of competition on the intensity of adoption of innovative practices as suggested by the positive and significant estimated coefficient of Dcompetit, in models B, C, D and E. The tests for exclusion restrictions reported at the bottom of the table indicate that the Services sector and the interacted variables are jointly significant and cannot be excluded from the model. Also, the model in column E reveals the highest goodness of fit.
6. Conclusions

In this paper we have investigated the presence of synergistic effects generated by the joint adoption of innovations and the determinants of the intra-firm diffusion of innovations in the Services sector relative to the Manufacturing sector.
We have proposed a simple decision model based upon profitability considerations showing the factors affecting the decision to adopt complementary innovations, i.e. those innovations whose marginal payoff increases when another innovation is adopted.

We have empirically investigated the presence of the synergistic gains using a sample of 1,238 UK establishments present in the WERS dataset. We have built a weighted index of intra-firm diffusion of innovations and explored whether significant differences exist in the adoption drivers in the Service versus the manufacturing sector. Our results suggest that there exist synergistic effects from the joint adoption of complementary innovations that define the firm specific organizational architecture.
Substantial differences are found between the inter and intra firm diffusion pattern of innovative practices as well as between the adoption pattern of Manufacturing and Services sector. Although the four practices are adopted by the majority of the establishments, the way they are combined and used changes substantially across firms. When establishments operating in the Manufacturing sector are observed separately form those operating in the Service sector, the inter-firm diffusion of OMP and MMP is lowest in the Services sector than in the Manufacturing one. However, the intra firm diffusion is highest in the Services sector relatively to the manufacturing sector, providing some support to the view that the poor adoption of management practices can be one of the reason of the productivity gap in the service sector.
As to the factors affecting the intensity of joint adoption we found that establishment size, ownership structure and product market concentration are important determinants of the intensity of use of innovations. Finally, a nonlinear relationship is found between establishment’s size and extent of adoption of complementary innovative practices. This would suggest that the intensity of use of management practices increases with the firm size. However, too large organizations might be slowed down by the complexity of their organizational and decisional structure.
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�. Notice that through the paper the terms “management practices” and “innovations” are used interchangeably. Although management practices are not necessarily new to the market they are new to the firm that adopts them for the first time.


� The “equilibrium approach” to the economics of innovations suggests that the firm is in equilibrium all the time and that the optimal adoption level equals the desired level. As external and internal factors change so does the optimal level of adoption. Also the diffusion pattern is path free and there is no an adoption level of innovations that is universally optimal, e.g.100% use of all practices. The disequilibrium approach, assumes that the adoption decision is mainly driven by information acquisition rather than profitability considerations. It also assumes that the firm is in disequilibrium and there exists only one optimal or saturation level of adoption (that is usually equal to 100% adoption) towards which firms tend to move over time (see Gold, 1981; Stoneman, 1983; Griliches, 1980; Metcalfe, 1988, for different views on equilibrium versus disequilibrium models).





� The WERS survey is based on a stratified random sample of UK establishments operating in sector D to O inclusive of the 2003 Standard Industrial Classification. The survey does not cover establishments in Sections A to C (Agriculture, Hunting and forestry; Fishing; and Mining and Quarrying), P (Private households with employed persons) and Q (Extra territorial bodies). Local units located in Northern Ireland are also excluded.


� The questions addressed by the managers’ are the following. Operating management (OMP) practices: i) Over the past two years has management here introduced any organizational changes? ii) Does the workplace operate a system designed to minimise inventories, supplies or work-in-progress, and sometimes known as Just-in-Time? iii) Is team working operating at this workplace?


Monitoring management (MMP) practices: i) Do you have meetings between senior managers and the whole workforce? ii) Do you have groups of non-managerial employees at this workplace that solve specific problems or discuss aspects of performance or quality? iii) Does management regularly give employees, or their representatives, any information about the financial position of the establishment? iv) Do you monitor the quality of the work undertaken at this workplace?


Targets management practices (TMP): i) Are employees fully committed to the values of this organisation? ii) Is this workplace covered by a formal strategic plan, which sets out objectives and how they will be achieved? iii) Are teams given responsibility for specific products or services? iv) Do you have targets? v) Are employees or their representatives informed of the targets?


Finally, Incentives management practices (IMP): i) Do employees with supervisory responsibilities have the authority to make final decisions on dismissing workers for unsatisfactory performance? ii) Do any employees at this workplace receive profit-related payments or profit-related bonuses? iii) Has your ability to recruit or retain employees influenced the size of the pay settlement or review for? iv) Have the productivity levels within the organisation or workplace influenced the size of the pay settlement or review for? v) Has the financial performance of the organisation or workplace influenced the size of the pay settlement or review for? vi) Is individual employee pay linked to the outcome of the performance appraisal?


�. La Porta et al. (1999) define “family ownership” firms as those firms where family controls 20% or more of the equity. These firms are common in the OECD and particularly in Continental Europe.


�. It would have been interesting to model how quickly the innovations have spread across firms in the sample. However, the WERS dataset does not contain the date of the firm first adoption of the practices under scrutiny for us to be able to model the diffusion pattern over time.


� . Notice that in our analysis, the Manufacturing sector includes the following sections: Mining and Quarrying, Manufacturing, Electricity, gas and water Supply, and Construction. The Services sector includes: Wholesale and Retail Trade, Hotels and Restaurants, Transport, Storage and Communication, Financial Intermediation, Real estate, renting and Business Activities, Public Administration and Defence, Education, Health and Social Work, Other Community, Social and Personal Services Activities, and Private Households Employing Staff and Undifferentiated production Activities of Households for own use.


� . Estimation results for this set of regressions are not reported in the paper but are available upon request from the authors.


�. It could be argued that this result could also be due to the finite number of innovative practices contained in the WERS dataset. However, even if this could be a possible reason, it is the case to highlight that our analysis focuses, rather than on the adoption, on the intensity of adoption of management practices.
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