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1. INTRODUCTION
There is a growing body of research emphasising that since modern management practices
 may enhance the firm performance their adoption can be regarded as a strategic means of a firm’s competitive advantage (Bloom and Van Reenen 2006, Black and Lynch 2004, Cappelli and Newmark 2001, Ichniowski et al. 1996, Huselid 1995, etc.).

Nevertheless, the evidence on the effects of adopting management practices on productivity is quite controversial. Battisti and Iona (2006) in their survey of the economic and management literature on the subject have extensively documented the ambiguous extant empirical evidence about the sign of the relationship between management practices and productivity: whilst some studies find a positive relationship, others find a negative or no significant relationship between management practices and productivity.
We believe that the lack of universal consensus on the sign of the effect of management practices adoption on productivity is often driven either by measurement issues or by the level of analysis. In particular, it might depend both on how the management practice is defined – given that there is no unique definition of the management practice – and on how and at which level (firm or plant level) we measure management practices and performance. Management practices are multi-dimensional constructs that cannot be uniquely identified and for this reason they do not demonstrate a straight-forward relationship with productivity. To ease the analysis, indeed, the most commonly used approach to the analysis of the relationship between management practices and firm productivity/performance has been examining the impact of individual management practices in isolation.
However, recent theoretical and empirical research has increasingly recognized that this approach may be misleading since firms often tend to adopt clusters of complementary management practices rather than individual practices. This is because the presence of complementarities can generate synergistic effects and extra gains that can significantly improve productivity, and often result in better corporate financial performance than more traditional systems (see for example Huselid 1995, Ichinowski et al. 1996, Milgrom and Roberts 1995, etc. ). Therefore, bundling more operating and say human resource management practices together is not an accident. Rather, it is the result of a coherent adoption strategy by profit-maximizing firms that exploits complementarities. In this context, Battisti et al. (2004), within a causality framework, find important complementarities generated by the existence of extra profit gains from joint adoption rather than from individual adoption of work and operating practices.
Further support to this hypothesis is given by the theoretical work of Kandel and Lazear (1992) showing that the benefit of introducing a profit-sharing plan for all workers in a firm may be higher if linked with other practices that address the inherent free rider problem associated with corporate-wide profit sharing plans. Another contribution in this direction is given by Black and Lynch (2001) who find that unionized establishments tend to bundle human resources management practices together to increase productivity. The underlying idea of all these studies is clear: firms tend to adopt more management practices jointly as the benefits from the joint adoption can be higher than the sum of the individual effects.

Nevertheless, it is worth to underline that even the empirical evidence on synergies is mixed: while some studies confirm the presence of synergistic effects, other fail to detect evidence of them. For example, Patterson, West and Wall (2004), that take into account the possible complementarities between management practices, show that bundling together operational and human resource management practices is no beneficial for the firm performance.
These findings raise important questions, as for example whether results coming from this kind of analyses are due to the fact that either the analysis again does not rely on a robust measure of management practice/s or productivity or most companies under analysis have just adopted only a subset of management practices and do not use them extensively.

With respect to the first issue it seems that the criteria used to measure productivity/performance or the extent of adoption of management practices are often qualitative and subjective, probably due to the fact that data on these variables are collected via ad hoc large scale cross sectional surveys rather than by some statistical source. Consequently, a wide range of definitions of management practices and performance (and productivity) have been used. For example, often, managers are asked to assess, on a certain scale, the extent of use of some practices or the change in productivity over the last year. The main implication arising from using such subjective measures is that they can make results not robust to comparisons across studies.

On the second issue, most of the existing studies on the importance of the adoption of management practices at firm level seem having disregarded the extent of their use (either in isolation or in aggregate). The economic literature on the diffusion of innovations has long distinguished between the concept of adoption of an innovation and the extent/complexity of that adoption, recognising that it is as important to intensively/extensively use an innovation as it is to have adopted say one unit of a set of practices (see for example Battisti and Stoneman 2003, 2005 for the distinction between inter and intra firm diffusion).
Contrary to the diffusion literature, the literature on the drivers of the intensity of management practices’ adoption and the characteristics of the innovative firms is quite fragmented. Moreover, to our knowledge there are no studies that have explored the drivers of the intensity of use of clusters of complementary innovations.
Furthermore, those studies that have approached the issue of complementarities among innovative practices have not, however, investigated the complementarities in a robust way. They have claimed the complementarities among practices merely according to a simple correlation between management practices. This procedure, in fact, may be misleading because it has been proved that correlation does not necessarily imply complementarities (see Arora, 1990).
Since we think that all these facts may have severe implications for the future research, in this paper, we depart from the mainstream literature concerned with measuring the impact of management practices upon productivity and we focus on the drivers of the adoption and the extent of use of clusters of complementary practices. In this light, by using a sample of 1,238 UK establishments contained in the 2004 Workplace Employment Relations Survey (WERS2004), we try to contribute to such strand of research on a number of grounds. 
Our presumption is that the firm might want to bundle more clusters of management practices together to simultaneously exploit the potential for complementarities or synergies among such clusters and help to implement a firm’s competitive strategy. Therefore, first, we present a theoretical model showing the conditions under which firms adopt complementary innovations. On this ground, we build four sets of management practices each defined via a series of intensity of use indicators and classified as operating (OMP), monitoring (MMP), targets (TMP), and incentives management practices (IMP). We then show that these clusters are complementary, i.e. the marginal payoff of one practice increases when the complementary practice is adopted, by robustly testing the degree of association of the adoption strategies after controlling for spurious and lurking factors potentially affecting our conclusions.
Based upon the extent of the synergistic effects generated by the joint adoption of complementary practices we construct a synthetic indicator of the extent of use of the four management practices sets under scrutiny which we call Weighted Index of intensity of adoption. Finally, we empirically investigate the main drivers of the extent of use of clusters of complementary management practices by regressing the weighted index on a set of firm and market characteristics suspected to affect the extent of adoption of such practices. To our knowledge this issue has never been explored.
Our estimation results, robust to alternative econometric specifications of the model, show that while the age of the establishment and the degree of market competition it faces do not significantly affect the intensity of adoption of management practices, being a larger establishment or being owned and controlled by foreign shareholders/managers is positively associated with a more intensive use of management practices. Results, also, point that the incentive to introduce new innovative practices declines with a more concentrated ownership structure, with the probability of being a single independent establishment or with a higher output concentration. Finally, a non linear relationship between size and intensity of adoption of management practices is found: as establishment’s size increases, the degree of adoption of management practices increases at decreasing rates.

The layout of the paper is as follows. Section 2 presents a simple model for the determinants of adoption of management practices and the conditions under which firms adopt complementary innovative practices. Section 3 describes variables and the empirical analysis we have implemented to build the four clusters of intensity of use of management practices, to test for complementarities among management practices and to derive the synthetic Index for the intensity of joint adoption of complementary management practices. Section 4 discusses the empirical results. Finally, Section 5 provides concluding comments.

2. THEORETICAL FRAMEWORK
2.1. A simple model of management practices adoption

Suppose that for the representative firm i the pay-off function from undertaking a management practice y is G(y). We are being vague in using the term “pay-off function” because we have not explored the relationship of these practices to more conventional decision variables of the firm. Nevertheless, this pay-off function G(y) may be treated as a partial reduced form gross profit function, with other decisions variables being chosen separately. The firm is assumed to solve the following optimization problem:
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Where c is the firm marginal cost of undertaking the management practice y and for simplicity this cost is assumed to be equal to a constant average cost
, common to all firms, plus a firm specific normally distributed random error
, i.e. 
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. Also assume that the firm has myopic expectations about both adoption costs and the gross profit gains
 so that the first order condition of the optimization problem can be written as:
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According to [2] a profit maximizing firm will adopt a given management practice y only if the marginal gross profit gain from the use of such a practice or the extent of use of a management practice by one unit - 
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 - is equal (at least) to its marginal cost. More specifically, the firm will introduce the management practice or enhance its usage only if the pay-off from doing so exceeds the cost – i.e., only if 
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The literature on technology diffusion suggests that the pay-off from adoption and use of an innovation is generated by a number of internal and external factors so that different returns reflect differences across firms or in the market they operate in; this determines both the ‘inter-firm’ adoption order and the ‘intra firm’ extent of use of an innovation (see rank effect in Karshenas and Stoneman, 1995 for a survey of the former or Battisti and Stoneman (2003) for the latter). In line with this view, we make the assumption that the pay-off is a function of firm specific and market characteristics ( =(τ - with τ going from 1 to m – so that for the representative firm [2] can be rewritten as:
[3]
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By defining y* as the optimal strategy which satisfies [3], we can write the pay-off function of the representative firm as: 
[4]
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so that by inverting the profit function we obtain:
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To the extent that the actual adoption strategy y does not diverge from the optimal one y*, one may directly apply the equation [5] to the cross section data. If, however, there is some time intensive adjustment process that leads to divergence between y* and y then such an application will yield biased estimates. In the absence of any insight or available data that would enable us to explore any such divergences we proceed assuming that y* = y.

This is in line with the equilibrium approach to the economics of innovations suggesting that there is no optimal or desirable level of adoption of an innovation as the optimal (or equilibrium level) level is what is optimal for the firm. As firm specific and market characteristics change ((), so does the profitability of adoption and, with it, the optimal adoption level (Gold 1981, Stoneman 1983, Griliches 1980 and Metcalfe 1988, for different views on equilibrium versus disequilibrium models). On the other hand, this is contrary to the disequilibrium approach that would suggest the adoption decision as driven by information acquisition and uncertainty, rather than by profitability considerations. The latter would also assume the existence of an optimal level of adoption equal to 100 percent use for all firms towards which firms tend to move over time.
Rearranging and after a simple re-parameterization and linearization [5] can be written as:
[6]
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or, similarly, as:
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where y represents for the representative firm i the best strategy concerning the intensity of adoption of the management practice, ( is equal to a constant plus the average cost (b + ac), while e is a pure normally distributed error term. The specification of the dependent variable (y) and the set of control variables (() that we will use to test the model is detailed in the next sections.
2.2. Complementarity’s effects generated by the joint use of management practices
Using the information contained into the WERS dataset we are able to identify four wide sets of management practices (see Bloom and Van Reenen, 2006): operating, monitoring, targets and incentives management practices (see section 3 for further details). In order to identify the factors that affect the intensity of use of a set of practices one could estimate equation [7] for each set of practices under analysis. However, such approach would be misleading as a vast literature has suggested that there exist important complementarities among a number of practices, such that the adoption decision of one practice (or a set of practices) is not independent on the adoption decision of another practice (or another set of practices). In other words, joint adoption of complementary innovations does not happen by accident but it is rather part of a coherent strategy of profit maximizing firms (see for example the milestone works of Milgrom and Roberts 1990, 1995). The impact of the existence of complementarities among practices (or among sets of practices) can be illustrated mathematically.

Let’s assume for simplicity that there exist two management practices (A and B) and that in any time t the firm can decide to adopt either A only (A), B only (B), neither (N) or both innovations (S) based upon profitability considerations so that the adoption status is represented by yk where k= A, B, S and N. Let g(yA) and g(yB) be the annual operating profit gains relative to the profit earned from the adoption of A alone and B alone respectively. To consider the benefits derived from the joint adoption of A and B we define as complementary innovations those innovations for whom:

1) the joint adoption yields benefits higher that when using each innovation alone: 
g(yS) > g(yA) and g(yS) > g(yB)

2) the benefits from joint adoption are greater than the sum of the benefits derived from the individual adoption: g(yS) = g(yA)+ g(yB) + v so that g(yS)> g(yA)+ g(yB).  Hence, for complementarities to exist v must be positive, v > 0
.

We assume that ‘v’ is generated by the use of complementary innovations via an increase in total labour productivity, and therefore in total revenue, above the increase in the implementation costs plus any indirect organizational costs of the new practices (ck with k=A, B, S, N). In this context, the profit maximizing firm will base its investment decision upon the expected net gain from adoption and will jointly adopt more management practices only if (under myopia) the expected net profit gain from joint adoption is non negative or, equivalently, if the marginal gain from adoption is at least as high as its cost (see equation 2)
 . Therefore, the following decision rules apply:

[8]
Adopt A alone if g(yA) – c(yA) (0 and g(yS) - c(yS) < 0
[9]
Adopt B alone if g(yB) – c(yB) (0 and g(yS) - c(yS) < 0

[10]
Adopting both practices if g(yA) +g(yB) + v - c(yS) ( 0 
or equivalently if g(yS) - c(yS) (0

[11] 
Adopt neither if none of the above applies.

Expressions [8] to [10] show that joint adoption can generate positive payoffs even when the payoffs generated by individual adoption are not positive, that happens when -v(g(yA) (0 or similarly -v(g(yB) (0 (see for example Whittington et al., 1999, Ruigrok et al. 1999 for the negative gains from individual adoption). Moreover, even if individual payoffs were positive, the presence of complementary effects v (see [10]) would make the adoption of clusters of innovations more likely than in their absence, i.e. g(yA) +g(yB) + v> g(yA) +g(yB). This suggests that looking at the drivers of the extent of adoption of each individual practice in isolation can be highly misleading as it would ignore the benefits and the positive externalities generated by the joint adoption of complementary innovations.
Also, since it is difficult to say ex-ante which is the combination of practices that generates the highest pay-off (see Leseure 2004 for a management literature review on the best practices), we assume that “the optimal combination of practices is the one determined by the extent of synergic effects (or extra gains) generated by the complementary practices - regardless of the number of practices – and it is affected by firm specific and market/environmental factors”.
Therefore, the best approach to test the existence of complementary effects is testing the presence and the significance of the extra gain v derived from joint adoption (see 10) by means of a structural model. However, we do not have data on the value of each innovative practice, as we do not have data on the “price” of each innovation or on the output price
 and this is not an uncommon problem to the structural analysis. In such cases, Arora and Gambardella (1990) suggest an alternative approach based upon the degree of correlation between the adoption of any two allegedly complementary strategies, on the implication that any two strategies – or in our case any two management practices - will be complementarily used – if and only if an increase in the extent of adoption of one practice raises the marginal payoff of the other practice. Formally, if and only if:

[12]
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Nevertheless, simply looking at the conditional pay-off generated from the adoption of management practices, as specified by [12], might be misleading due to the presence of lurking factors and spurious correlations. This procedure, in fact, does not necessarily imply that management practices involved are complements. In order to verify the presence of complementarities, one has to control for firm specific and market characteristics which may simultaneously affect the extent of use of management practices
. We model such control factors via a vector of firm specific and market characteristics, ( =(τ - with τ going from 1 to m - so that [12] becomes: 

[13]
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Arora and Gambardella (1990) further show that, under the assumption that marginal cost of adoption is equal to a fixed (average) cost plus a firm specific normally distributed random error - 
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 - condition [13] is satisfied when the covariance between any two management practices conditional upon ( is positive, i.e. when all off-diagonal elements of the variance-covariance matrix are non negative:
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Notice that:
[15]
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that is, the conditional expected values are the fitted values given by the regression of the extent of adoption of each management practice (yA and yB ) over a set of firm specific and market factors (() as in [7]. Therefore, equation [14] represents the correlation between the residuals (eA and eB) of each regression (see Johnston 1984). By using [15] we can rewrite [14] as:

[16]
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The generalization from two to four practices (j=A, B, C and D) is straightforward and would imply rewriting [16] as follows:

[17]
 
[image: image18.wmf](

)

(

)

[

]

0

ˆ

ˆ

³

-

-

z

z

j

j

y

y

y

y

E

 


with  j ≠z
Essentially, equation [17] states that for complementarities to exist, the off diagonal elements of the variance-covariance matrix of any pair of residuals (ej and ez) must be non negative. Moreover, [17] holds if and only if: 

(i) the observed firm characteristics are uncorrelated with the unobserved stochastic perturbations, E(ej|()=0
(ii) shocks to yj and yz (ej and ez respectively) – are uncorrelated, i.e. E(ej ez|()=0
Therefore, in our empirical analysis we test equation [17] as an implication of complementarity among the four sets of management practices
. Subsequently, on the basis of the revealed patterns of joint adoption we draw inference upon the synergistic effects.

3. Data and Empirical Analysis

3.1. Intensity of adoption of management practices
The dataset used in this study is the Survey of Managers contained in the 2004 Workplace Employment Relations Survey (WERS). The WERS 2004 Cross-section Survey is based on a stratified random sample of UK establishments
. In particular, 2,295 establishment’s managers are interviewed on questions related to a number of establishment characteristics and the market the establishment operates into.

Interestingly to our study WERS contains information on whether the establishment has adopted a range of management practices such as recruitment, workplace changes, payment systems, relationships between managers and workers etc. Management practices represent innovations that cannot be uniquely defined by any one question. In order to pick up the complexity of such innovations we follow Bloom and Van Reenen (2006) and we group the questions relevant to our study into four main categories, namely: operating management practices (3 questions), monitoring management practices (4 questions), targets management practices (5 questions), and incentives management practices (6 questions).

Operating management (OMP) practices concern the introduction of organizational changes, Just-in-Time, and Team working. Precisely, the questions addressed by the managers’ are the followings: 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 concern the tracking of performance of individuals, reviewing performance and continuous monitoring. Questions posed here to managers are: 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) investigate whether the establishment has set targets, the type of targets and the transparency in their communication to all staff. In particular, managers have to answer to 5 questions: 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 (IMP) practices include promotion criteria, bonuses, fixing or firing bad performers. Questions asked to managers are the followings: 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 employees pay linked to the outcome of the performance appraisal?

The WERS dataset allows us to quantify both the number of adopters and the intensity of use of each practice. In particular, MMP and TMP are the most adopted practices – indeed only 5 establishments do not adopt any MMP and only 17 do not adopt any TMP. Conversely, a substantial number of establishments - 70 and 81 - do not adopt any OMP and IMP respectively.

As to the intensity of use of each practice, 25 percent of all establishments have adopted at least one practice out of the three included in the OMP group; two practices out of the four included in the MMP group, three out of the five practices belonging to the TMP group and at least two practices out of the six included in the IMP group. Moreover, the 50 (and the 75) percent of establishments adopt at least two operating management practices, three monitoring practices, four target management practices and three (and four) incentive management practices. Also, the 90 percent of establishments adopt all practices included in OMP, MMP, TMP groups and at least 4 practices out of the six included in the IMP group. For comparative purposes to each group of management practices, we apply a normalization of the responses using a z-transformation to a standard normal distribution with mean zero and variance one (see also Bloom and Van Reenen 2006). In such a way, we obtain four measures, depurated by the influence of the different number of questions contained in each group, which we as proxies for the firm’s extent and complexity of use of the management practices defined by those groups.
In Table 1 (below) we report the descriptive statistics for the normalised intensity of use of each of the four clusters of practices. In terms of distributional shape the kurtosis suggests that MMP is mesokurtic (or normally distributed around the mean) while all the other practices are platykurtic, that is, fat or short-tailed (similarly, with a small "peak" around the mean and "thin tails"). However, the distribution of MMP is the only one that seems to be slightly left skewed with all the other three distributions being reasonably symmetrical. Also, relatively to the number of practices included in each cluster of management practices, the median values show that, of the four clusters, IMP are the least intensively used (0.60 median value corresponds to 50 percent degree of use of these practices, i.e., 3 practices are used out of 6) followed by OMP and MMP (with 60 and 75 percent degree of use respectively). Conversely, TMP are the most intensively used (0.40 median value corresponds to 80 percent degree of use of these practices).
>> Insert table 1 here <<
In summary, the evidence about the sample of establishments present in the WERS 2004 dataset suggests that the majority of these establishments do use the four clusters of management practices but with different intensity.
3.2. The drivers of the intensity of adoption: firm specific and market characteristics

The literature concerning the drivers of the diffusion of management practices within and across firms is quite fragmented, partly due to the lack of a homogeneous definition of management practices and partly due to the lack of large scale empirical evidence. In fact, data on the extent of adoption of management practices are usually collected via ad hoc independent surveys rather than by some statistical source. Even scarcest are the theoretical models explaining the dynamics of the adoption decision and the characteristics of the adopting firms. On the contrary, within the literature of technological change one can find several theoretical and empirical models looking at the pattern and the main drivers of the diffusion of innovations.

In this paper, we extend such literature to the adoption of management practices and let the empirics determining whether those factors that have been found to affect the diffusion of (mainly technological) innovations do also affect the intensity of adopting the management practices.
Following the “rank approach” tradition (see Karshenas and Stoneman, 1995) we specify the firm specific and market (or environmental) characteristics suspected to affect the firm’s adoption strategy, partly based upon the evidence provided by the economics and management literature and partly dictated by data availability. The choice of variables and their expected sign is summarized in Table 2 reported below:
>> Insert table 2 here <<
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 in line with the Shumpeter’s idea arguing that large companies should be more prone to introduce and handle both organizational and technological innovations.
Output Concentration measures whether the establishment production is concentrated in one product or service. Output concentration is included 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.
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 (see for example 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 (see Little and Triest 2996, Battisti 2000, Battisti and Colombo 2006). 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.

According to several studies (see Bloom and Van Reenen 2006, Morck et al. 2005, Perez-Gonzales 2005, Villalonga and Amit 2005, and Vives 2004) two factors may be strongly associated with the adoption of management practices: the degree of the product Market competition and the Ownership structure. The underlying idea of these studies is that the higher the competition the faster the entry of new firms into the market and the stronger the effort of incumbent firms to adopt modern management practices to raise the efficiency. So, we expect a positive impact of the competition faced by the firm on the strength of using management practices.

On the other hand, the ownership structure is a crucial variable given the ambiguous effect that family ownership or ownership concentration may have on the adoption of management practices (Bloom et al., 2006). Therefore, in line with these studies, we introduce two variables: Single Ownership/Control to indicate that a single individual or family owns at least 50 per cent of the organization the establishment belongs to, and Competition to measure the degree of competition that the organization has to face in the product market, that is the number of competitors it has for its main products or services.
We also suspect that being 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, the complexity of the decisional structure and other human competencies. This is in line with the finding of Cainarca et al (1990) who found that ‘business groups’ compared to ‘independent firms’ do show higher rates of adoption of flexible automated systems. However, this result is not in line with that of Karshenas and Stoneman (1993) that found 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 multiplant 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 leave to the empirics to determine its sign.

Moreover, there is evidence showing that foreign-owned companies operating in the UK out-perform UK-owned companies operating under the same circumstances (McKinsey, 2005) and suggesting that one explanation for this fact may concern the use and the effectiveness 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 belonging 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 provides access to imported inputs which embody new technology and increases the size of the market faced by producers; this, in turn, would raise the returns to innovation and affect a country’s or firm’s specialisation in research-intensive production (Harrison, 1996). To capture this potential driver of management practices we use the variable Export-Orientation to identify those establishments whose the product market is international. We expect the impact of this variable on the extent of adopting management practices being positive.
4. Empirical Results
4.1. Testing the existence of complementarity’s effects
In order to test the hypothesis that the four clusters of management practices are complementary with one another, we carry out the one-sided test for complementarities based upon the signs of the variance-covariance-matrix of the residuals - RESj = yj–E(yj-
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), where j=OMP, MMP, TMP and IMP  - of the estimated conditional equations for each set of management practices (see equation 17 in Section 2.2).

>> Insert Table 3 here <<

Table 3 reports, indeed, the variance-covariance matrix of the standardised residuals of the four equations estimated for the sample of 1,238 establishments present in the WERS dataset for which we have complete information. Results show that the decision of adopting one practice is not independent on the decision of adopting another practice. The degree of association is significantly different from zero for all pair-wise comparisons, but it differs in intensity and varies from practice to practice. This reflects the fact that some practices are more influential than others. For example, MMP is one of the practices that raise the highest payoff when jointly adopted. The same cannot be said for IMP which is the least intensively used practice and whose payoff generated by joint adoption is indeed the lowest.
Evidence in Table 3 also shows that all the signs of the off diagonal elements are significantly positive, proving that [17] holds. Moreover, the complementarity’s extent is quite robust as the correlations across clusters still hold after we control for all variables directly affecting the intensity of use of each practice (see Appendix A for the correlation matrix of the unconditional adoption decision of the four practices).
These findings allow us to conclude that the intensity of adoption of the four management practices’ sets under scrutiny is robustly correlated and the marginal payoff of any one set of practices increases the marginal payoff of any other set. In other words, there exist important complementarity’s effects generated by the joint adoption.

In Table 4 we report the estimated coefficients, obtained by regressing – by means of ordinary least squares - each of the four set of management practices on a set of control factors (
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), as well as the t-ratios and the heteroscedasticity consistent t-ratios. Notice that the coefficients of size of the establishment and foreign ownership (or control) are significantly positive. On the contrary, being a single independent establishment and concentrating the production on one good and service exert, as expected, a negative and significant impact on the intensity of adopting management practices. The only variables not significant are the establishment’s age and the degree of market competition it faces.
Moreover, it would be worth to point out some concerns about the two crucial assumptions we have made in our theoretical model. The first assumption, E(ej|()=0, implies that the observed firm characteristics are uncorrelated with the unobserved stochastic perturbations. This is weaker than assuming that they are independent and while this is a natural assumption to make, there are possible problems arising for example from the fact that we are unable to include in the set ( measures for organizational or tacit knowledge factors (see Nelson and Winter, 1982 among others). The second assumption is that E(ej ez|()=0. This is a quite critical assumption as without it – i.e., if the shocks to yj and yz (ej and ez respectively) were positively correlated - we might get a positive correlation between the yj even though there might be no systematic relationship among them. However, even in this case, while the assumption is a natural one, the possible pitfalls arise from the fact that there may be important characteristics which we have been unable to include in (.
Finally, we would like to underline that none of the four estimated equations can accurately and adequately represent the drivers of the adoption decision as by modelling individual adoption one is not picking up the synergies and the complementarities generated by the joint adoption.

Notice, indeed, that the estimation results from Table 4 indicate that the firm specific and market characteristics we have included explain only a modest fraction of the variance. The level of R2 is around 7-19% and it is especially low (5.27%) for the IMP. It remains to investigate whether a synthetic index of management practices, which takes into account the synergies generated by the joint adoption of practices, may to some extent overcome this problem by reducing the degree of unobserved heterogeneity. Therefore, we let the following section dealing with this issue.
>> Insert Table 4 here <<

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

In order to summarize the heterogeneity of use and the complementarity’s effects from the joint adoption, without superimposing any ex-ante assumption about the desirable level of use of the four (sets of) practices, we propose an index of innovativeness based upon the observed heterogeneity of use of the four groups of practices.
A simple unweighted average of the extent of use of the four practices would assume that practices carry equal weights and generate equally complementary effects. In order to relax this assumption, we derive a firm specific indicator of the intensity of use, which is constructed recognising that some practices might be more ‘versatile’ than others and that their joint adoption can increase the payoff of some complementary practices substantially more than other practices. This implies that their relative weight would be different than for other practices. We calculate such relative weights by using the Factor Analysis (FA) approach to the decomposition of the variance –covariance matrix [17] of the residuals of the four estimated equations which regress each practice on a set of control factors. Therefore, if any significant complementarities (correlations) exist among the adoption decision of the different practices, FA linearly transforms them to obtain a smaller set of variables uncorrelated with (or orthogonal to) each other that maximize the heterogeneity of use contained in the initial information set. In other words, FA allows us to model the synergies among the adoption decisions via a reduced number of latent factors capable of picking up the underlying variability of joint adoption
. Of all the factors the FA can extract, we choose the first one which is the vector of coefficients (loadings) of the linear combination of the initial variables (residuals) that explains the largest proportion of heterogeneity of use of the four practices. Then, we construct the Weighted Index (WI) of the intensity of adoption of management practices, where the weights are given by the rotated factor loadings of the first factor component
. The resulting index (WI) is the equivalent of the factor score and is calculated as follows:

WIi=0.599 OMPi+0.714 MMPi+0.720 TMPi+0.462 IMPi
The factor loadings confirm that TMP and MMP are the dominating practices in that they can explain the largest part of the variability of joint adoption. On the contrary, OMP and IMP, showing the lowest loadings, are the least adopted (see section 3.1).
We would like to highlight that the advantage of this Index is twofold. First, the weighting system reflects the synergistic effects generated by the joint adoption of complementary practices (see 17) that can explain the highest percentage of the total variability of use of the four practices. Second, FA, being based upon the variance-covariance matrix of the residuals from the regressions of the intensity of adoption upon a set of control and market factors (see 17), robustly controls for spurious correlation and hence it provides a more robust and accurate indicator of the extent of the synergetic effects among the management practices under scrutiny.

4.3. Intensity of adoption of management practices and main drivers
The presence of complementarity’s effects generated by the joint adoption of the four management practices under scrutiny offers support to our procedure of bundling more management practices together by building a Weighted Index (WI) of the joint use of practices with weights reflecting the relative contribution of each practice in generating extra payoffs from joint adoption.
In this section we aim to identify the main drivers of the intensity of adoption and we check whether our findings are robust to alternative econometric specifications. The results are obtained using the information concerning a sample of 1,238 UK establishments present in the WERS dataset and using the OLS cross-section estimator.

In table 5 we report the estimated coefficients of the determinants of the intensity of adoption defined to match the reduced information set used to test the presence of complementarity’s effects from individual adoption (see table 4).

Interestingly, the goodness of fit statistics (R2) is greater than that of the four models of individual adoption. Indeed, the level of R2 increases from about 19% to about 27%. This confirms our view that by modelling individual adoption one is not picking up the synergies and the complementarities generated by the joint adoption. Conversely, when it is used a weighted – or even unweighted
 – index of management practices, which takes into account the synergies generated by the joint adoption of practices, the explanatory power of the model significantly improves. That index may to some extent capture more of the unobserved heterogeneity.
The results also show that the coefficients of Age and Competition are not statistically significant. Regarding to the former, as long as the age of the establishment, or organization the establishment belongs to, does not significantly affect the extent of management practices adoption, our results do not provide empirical support neither for the view that older plants are more likely to introduce changes than younger plants (Noteboom, 1993), nor for the view that older plants might be less flexible in introducing innovations (Little and Triest 1996, Battisti and Colombo 2006).

According to the latter, showing that the degree of competition faced by the firm in the product market does not significantly affect the extent of adopting management practices, we may confirm the view that the relationship between management practices and extent of product market competition is complex (Vives, 2004). Indeed, our results do not support neither the view that firms facing a growing competitive pressure are more likely to introduce innovations in the way they organize and operate their businesses or any new productivity-enhancing practices (Bloom and Van Reenen 2006, Morck et al. 2005, Perez-Gonzales 2005, Nickell et al. 2001), nor the view that, since in highly competitive markets the gains to adoption may be short-lived as rival firms mimic innovations, firms are not motivated in adopting productivity improving innovation practices of various kinds (Ichniowski et. al. 1995, Rose and Joskow 1990).

Conversely, all other variables significantly affect the intensity of adoption of management practices in both models and with the same sign across them. For example, both in model A and B, coefficients of Employment and Foreign Owned/Controlled are positive and significant by supporting the prediction that being a larger firm, and/or being owned and controlled by foreign shareholders/managers is positively associated with a more intensive use of new management practices. In fact, there is evidence that larger firms are more likely less financially-constrained (Hoshi, Kashyap and Scharfstein 1991, Kaplan and Zingales 1997), in the sense that they may have better financial resources, and hence, better access to information on innovations and can spread the information-gathering costs across greater revenues (see for example Harrison 1996, Jones, 1997, Ichniowski et. al. 1995). Also, our results support the view that foreign-owned companies operating in the UK may out-perform UK-owned companies operating under the same circumstances (McKinsey, 2005) because of the more intensive and effective use of modern management practices (Porter and Ketels, 2003).

It is worth to underline that family firms are the typical form of ownership and management in the developing world and especially in the developed world (see for example 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 negative effects (Bloom et al., 2006). Our results support the latter view: the negative coefficient of Single Ownership/Control shows that the intensity of adoption of management practices declines with the probability that a single individual or family owns at least 50 per cent of the establishment or organization the establishment belongs to. A more concentrated ownership structure reduces the incentive to introduce new innovative practices. This might be due to some extent to a particular attitude of shareholder towards the risk.

Finally the negative estimated coefficient for the variables Independent Establishment and Output Concentration suggest that the intensity of adoption of management practices reduces with the probability of being a single independent establishment and of having the production highly concentrated on one output or service. These may be not too arguable results, given that it is reasonable to suspect that a single establishment has a weaker incentive to innovate with respect to establishment belonging to larger organizations. The same holds for those establishments that are not diversified in their products, and therefore they do not need to enforce Research and Development and implement management practices, i.e., innovations of products and process (Aghion et al., 2005).

>> Inset Table 5 here <<
Our results are robust to alternative econometric specifications of the model. In particular, we test the robustness of our basic model by specifying three different econometric models, reported in columns B, C and D respectively. In model B, we add to the regressors set the square of the level of employment in order to control for any potential non-linear relationship between size of the establishment and intensity of adoption of management practices. Estimated coefficients from this model show the same sign and significance of those from the basic model, whilst the negative sign of Employment2 confirms that there is a non linear relationship between size and intensity of adoption of management practices. In other words, as size increases, the degree of adoption of management practices increases at decreasing rates.
This result may give support to the corporate finance theory (see Jensen, 1986) according to which there may exist within the firm potential agency conflicts - and costs associated with these conflicts - between managers and shareholders. In particular, managers may have incentives to pursue their own interests at the expense of the firm value and these incentives are stronger when there are no efficient monitoring and disciplining devices in place - events that are more likely as the firm size increases. In light of this, as firm size increases, it is more likely that managers become entrenched and so the incentive to introduce innovative practices aimed to maximize the firm value decreases.

The model is even robust to the introduction of another variable: the Export-Orientation of the establishment’ production. Indeed, when we add this variable to the regressors set (model C) all results from the basic model hold and, furthermore, the intensity of using management practices increases significantly with the ability of the establishment to sell its product in international markets (as it is illustrated by the coefficient 0.15). This finding supports the view that more the industry product is directed to international markets, more likely the firm will implement innovations (Harrison, 1996). Finally, results still hold when we perform the last robustness check (in model D), by adding to the regressors set both Employment square and Export-orientation.

5. CONCLUSIONS
In this paper, by using a sample of 1,238 UK establishments present in the WERS 2004, we have investigated both the existence of synergic effects in the adoption of clusters of management practices and the main drivers of the extent of use of management practices’ adoption.

In particular, we first present a theoretical model showing the conditions under which firms adopt complementary innovations. Then, we build four clusters of management practices – operating (OMP), monitoring (MMP), targets (TMP), and incentives management practices (IMP) – and we show that these clusters of management practices are complementary not only because significantly and positively correlated between each other but also because the covariance between any of two of these clusters, conditional upon a set of firm and market characteristics, is positive. More specifically, complementarities are robust because correlations across clusters still hold after we control for all variables directly affecting each cluster. These findings support our idea that establishments tend to bundle more management practices together rather than adopting them individually because the net gain obtained from the joint adoption is likely higher than the net gain obtained from the individual adoption.

Secondly, in line with the revealed complementarities of practices, we construct a synthetic indicator for the extent of use of management practices by taking a weighted average of the extent of individual use of management practices based upon the first principal component factor relative weights (Weigthed Index).
Third, we analyse the main drivers of the intensity of adopting management practices by estimating the impact of firm and market characteristics on the intensity of management practices adoption. Estimation results, obtained by running the OLS cross-section estimator, show that while the age of the establishment and the degree of market competition it faces do not significantly affect the intensity of adoption of management practices, being a larger establishment or being owned and controlled by foreign shareholders/managers is positively associated with a more intensive use of management practices. Our results - robust to alternative econometric specifications of the model - also suggest that the incentive to introduce new innovative practices declines with a more concentrated ownership structure, and with the probability of being a single independent establishment or having its own production highly concentrated on one output or service. Finally, a non linear relationship between size and intensity of adoption of management practices is found: as establishment size increases, the degree of adoption of management practices increases at decreasing rates.
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[image: image21.wmf]Table A1. Correlations among clusters of management practices

Clusters of MP

OMP

MMP

TMP

IMP

OMP

1.00

MMP

0.270**

1.00

TMP

0.301**

0.435**

1.00

IMP

0.133**

0.240**

0.189**

1.00

** (*) Stands for statistical significance at the 1% (5%).

 All results are based on 1,238 observations.


[image: image22.wmf]Table 1.  Descriptive statistics of the intensity of use of management practices (z-transformed) 

OMP

MMP

TMP

IMP

0.09

-0.08

-0.09

0.32

0.42

0.25

0.40

0.60

0.42

0.25

0.40

0.60

1.05

1.05

1.03

0.91

1.09

1.09

1.07

0.82

-0.07

-0.29

-0.66

-0.01

-0.68

-0.79

-0.09

-0.58

-2.09

-2.96

-3.05

-1.41

1.67

1.31

1.26

2.61

25

-0.84

-0.82

-0.47

-0.07

50

0.42

0.25

0.40

0.60

75

0.42

0.25

0.40

1.27

Std. Deviation

Maximum

Percentiles

 

Mean

Median

Mode

Variance

Skewness

Kurtosis

Minimum

 


[image: image23.wmf]Variable

Definition

Expected sign

Employment 

Total number of full time equivalent employees

+

Age

Number of years since the establishment has been in operation

?

Independent Establishment

Whether the establishment is a single independent UK establishment

?

Single Ownership/Control

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 establishment is concentrated on one product or service.

-

Competition

Number of competitors they have for their (main) products or services: none, few competitors, many competitors.

+

Export-Orientation

if the product of the firm has an international market

+

Table 2. Firm specific and market characteristics: variables definition
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RESMMP

RESTMP

RESIMP

RESOMP

1.000

RESMMP

0.200**

1.00

RESTMP

 0.243**

 0.315**

1.00

RESIMP

 0.090**

0.177**

0.135**

1.00

** (*) Stands for statistical significance at the 1% (5%). Analysis is based on 1,238 establishments.

Table 3.  Correlations among the residuals of the OMP, MMP, TMP, IMP estimated equations
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B
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D

Coefficient

Coefficient

Coefficient

Coefficient

(t-ratio)

(t-ratio)

(t-ratio)

(t-ratio)

 Variables

[het.c. t-ratio]

[het.c. t-ratio]

[het.c. t-ratio]

[het.c. t-ratio]

Dependent variable

OMP

MMP

TMP

IMP

Constant

0.3360

0.1284

0.2802

0.1899

(2.43)**

(0.99)

(2.19)**

(1.57)

[2.35]**

[0.99]

[2.16]**

[1.52]

Age

0.0028

0.0007

0.0000

-0.0001

(2.80)***

(0.70)

(-0.05)

(-0.09)

[2.72]***

[0.73]

[-0.04]

[-0.09]

Employment

0.0001

0.0003

0.0001

0.0003

(2.37)**

(5.14)***

(1.77)*

(5.03)***

[2.07]**

[6.19]***

[1.43]

[4.18]***

Independent Establishment

-0.3058

-0.4206

-0.5026

-0.1246

(-4.25)***

(-6.24)***

(-7.54)***

(-1.98)**

[-4.25]***

[-5.85]***

[-6.89]***

[-1.95]*

Single Ownership/Control

-0.0115

-0.4457

-0.4968

-0.0497

(-0.17)

(-7.21)***

(-8.13)***

(-0.86)

[-0.17]

[-6.86]***

[-7.63]***

[-0.85]

Foreign Owned/Controlled

0.2736

0.2025

0.1409

0.1599

(3.09)***

(2.44)**

(1.72)*

(2.07)**

[3.04]***

[2.66]***

[1.76]*

[2.08]**

Output Concentration

-0.2154

-0.2288

-0.1950

-0.1723

(-3.62)***

(-4.11)***

(-3.54)***

(-3.31)***

[-3.59]***

[-4.08]***

[-3.52]***

[-3.28]***

Competition

-0.0883

0.0234

0.0016

0.0687

(-1.76)*

(0.50)

(0.03)

(1.57)

[-1.75]*

[0.49]

[0.03]

[1.55]

Adjusted R

2

6.87%

18.46%

18.16%

5.27%

N. Observations

1,238

1,238

1,238

1,238

Log-likelihood

-1766.59

-1684.41

-1670.82

-1599.34

All

variables

are

for

the

end

of

the

fiscal

year.

Columns

A

to

D

present

the

estimation

results

obtained

by

regressing

the

four

clusters

of

management

practices

on

a

set

of

firm/market

characteristics.

Results

are

based

on

a

sample

of

1,238

observations

and

are

driven

by

the

OLS

cross-section

estimator.

t

-statistics

are

reported

in

brackets;

***

(**)

[*]

stands

for

significance

at

the

1%

(5%)

[10%]

level.

Moreover,

heteroscedasticity

consistent t-statistics are reported in square brackets.

Table 4.  Impact of firm specific and market characteristics
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Dependent Variable

Weighted Index

Weighted Index

Weighted Index

Weighted Index

Explanatory Variables

Constant

0.5825

0.4703

0.5374

0.4338

( 2.80)***

( 2.27)**

( 2.59)***

(2.10)**

[2.73]***

[2.22]**

[2.54]**

[2.06]**

Age

0.0021

0.0015

0.0017

0.0012

(1.38)

(1.03)

(1.11)

(0.79)

[ 1.40]

[  1.05]

[1.12]

[ 0.80]

Employment

0.0005

0.0013

0.0004

0.0012

(5.37)***

( 7.37)***

(4.63)***

(6.83)***

[4.18]***

[ 7.66]***

[ 3.70]***

[  7.28]***

Independent Establishment

-0.9029

-0.8555

-0.9142

-0.8673

(-8.34)***

( -7.97)***

(-8.48)***

(-8.10 )***

[-7.52]***

[ -7.19]***

[ -7.64]***

[ -7.32]***

Single Ownership/Control

-0.7058

-0.6699

-0.7043

-0.6699

(-7.11)***

(  -6.81)***

(-7.13)***

(-6.83 )***

[-6.55]***

[ -6.33]***

[-6.56]***

[-6.34]***

Foreign Owned/Controlled

0.4838

0.4500

0.4075

0.3827

(3.63)***

( 3.41)***

( 3.03)***

(2.87)***

[ 4.00]***

[ 3.86]***

[ 3.32]***

[ 3.23]***

Output Concentration

-0.5124

-0.5083

-0.5002

-0.4974

(-5.73)***

(-5.74)***

(-5.61)***

(-5.63)***

[ -5.70]***

[-5.71]***

[ -5.60]***

[-5.61]***

Competition

-0.0033

-0.0028

-0.0017

-0.0014

(-0.04)

(-0.04)

(-0.03)

(-0.02)

[-0.04]

[ -0.04]

[-0.03]

[-0.02]

Employment2

-2.484E-07

-2.394E-07

(-5.34)***

(-5.15)***

[-4.90]***

[-4.99]***

Export-Orientation

0.3678

0.3305

(  3.27)***

(2.97)***

[ 3.28]***

[2.98]***

Adjusted R2

24.10%

25.82%

24.75%

26.34%

N. Observations

1,238

1,238

1,238

1,238

Log-likelihood

-2271.01

-2256.83

-2265.64

-2252.41

Table 5.  Determinants of the intensity of use of management practices 
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�. These practices can be roughly divided into two categories: Operational Management Practices – such as Information and Communication Technology, Total Quality Management, Business Process Reengineering, Supply-Chain Partnering and Just-in-Time – and Human Resources Management Practices (HRMP) – such as Empowerment, Incentive pay-schemes, Team-based working and Learning culture including Skill development.


�. The average cost is assumed here to be equal across firms. In principle it may be different across firms in a systematic rather than a random way. For example costs may be larger for large firms. This is possible and will be picked up by the firm size variable yet to be specified.


�. This assumption is not crucial and could be relaxed but it is necessary in the derivation of the complementarity testing procedure.


�. If the buyers do not have myopic expectations then this term would also reflect the benefits of waiting, see Ireland and Stoneman (1986), but as we have no intertemporal data it is of little interest in the current context.


�. Note that the benefits from the individual adoption are allowed to be not necessarily positive (Whittington et al., 1999).


�. Rather than negative as required by (partial) substitutability (see Stoneman 2004).


�. The adoption decision could be path dependent, in that marginal profit gains ‘v’ from the adoption of B (A) can be greater if A (B) has already been adopted than when it has not. Expression (8) makes no distinction as to the adoption order. [8] could easily be extended to include such possibility (see for example Battisti et al 2005). However, as we do not have longitudinal data to test its dynamics, we have omitted this scenario from the current model.


�. Arguably we could have used as a proxy other performance indicators present in WERS. However, such information was not publicly available at the time the paper was written. Further to the availability issue, the lack of longitudinal dimension of the performance indicators present in the WERS dataset and the lack of information on the timing of adoption of management practices would not allow us to pick up the lagged impact of that adoption upon the firm performance.


�. For instance, suppose A and B are complements and there exist an innovation C that is a substitute for A and a complement for B. It is then possible that if C increases, A and B move in opposite directions if both are more strongly related to C than to each other. Related to this is another problem: A and B may be related to other characteristics of the firm and its environment setting. It is possible, for example, that A and B are positively correlated because they are strongly correlated to a particular characteristic of the firm, e.g. size, and they grow as a result of the growth in the lurking factors rather than because of a natural association between the two innovations.


�. Note that, in order to derive equation [17], we assume that all management practices are pair-wise complements. It is true that one could do with weaker sufficient conditions. However, we carry on with this assumption because such conditions would require that we put far more structure on the form of the pay-off function G, whose validity may not be tested since we do not observe the marginal costs of undertaking the management practices.


�. The sample is restricted to UK establishments with a Standard Industrial Classification 2003 (SIC(2003)) within Sections D to O inclusive. 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 were also excluded.


�. That will be reflected by the off elements of the variance –covariance matrix of the residuals of the regressions of the extent of adoption of each practice over a set of firm specific and market factors (see equation 17).


�. The first principal component is defined as the vector of coefficients of the linear combination that explains the highest proportion of total variance of the initial n vectors. The Factor Analysis attempts to identify underlying variables, or factors, that explain the pattern of correlations within a set of observed variables. It is often used in data reduction to identify a small number of factors that explain most of the variance observed in a much larger number of manifest variables. One can summarize the correlation between two variables in a � HYPERLINK "http://www.statsoft.com/textbook/gloss.html" \l "Scatterplot, 2D" �scatter plot�. A regression line can then be fitted that represents the "best" summary of the linear relationship between the variables. If we could define a variable that would approximate the regression line in such a plot, then that variable would capture most of the "essence" of the two items. In a sense we have reduced the two variables to one factor. Note that the new factor is actually a linear combination of the two variables. This example described above, combining two correlated variables into one factor, illustrates the basic idea of factor analysis, or of principal components. If we extend the two-variable example to multiple variables, then the computations become more involved, but the basic principle of expressing two or more variables by a single factor remains the same. We do not want to go into the details about the computational aspects of principal components analysis here; however, basically, the extraction of principal components amounts to a variance maximizing (varimax) rotation of the original variable space. For example, in a scatterplot we can think of the regression line as the original X axis, rotated so that it approximates the regression line. This type of rotation is called variance maximizing because the criterion for (goal of) the rotation is to maximize the variance (variability) of the "new" variable (factor), while minimizing the variance around the new variable.


� . In line with some other studies (see for example, Bloom et al. 2006) we have also built an unweighted index of the intensity of use of practices and we have implemented the same regression analysis. Results are reported in Appendix A, Table A2.


� . 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.
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