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Abstract 

This research paper analyses agile manufacturing in Spain and studies whether it is a critical factor 

for success in different industries. A conceptual model is drawn up, based on the literature and a 

previous case study, to relate turbulence in the environment with agile manufacturing practices and 

business performance. The model is tested on a large sample of Spanish manufacturers using survey 

methodology to obtain information and a structural equation model to analyse the data. The results 

obtained show that, in turbulent environments, the integrated use of agile manufacturing practices promotes 

manufacturing competitive strength, leading to better operational, market and financial performance.  
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1. INTRODUCTION 

The industrial environment has changed radically over the last two decades. In this period of time, 

technology, market conditions and customer requirements have changed at an unprecedented speed and in 

directions that have been difficult to foresee. A number of trends have been identified that are having a 

significant impact on industrial firms (Jin-Hai et al., 2003; Ismail et al., 2006), making it necessary to draw 

up a new production paradigm (Meade and Sarkis, 1999).  

Against this new competitive background, many firms have started re-orienting their distinctive 

competencies in order to meet the important challenges created by the new economic and industrial 

environment (Vokurka and Fliedner, 1998). In recent years, many manufacturers have tried to adopt 

practices and tools to improve their competitiveness, such as: 1) automation and flexible manufacturing 

systems, 2) concurrent engineering, 3) total quality management, 4) strategic and cooperative outsourcing, 5) 

time-based competition, 6) business process re-engineering, 7) benchmarking and 8) mass customisation. 

However, most of the initiatives that have been introduced since 1980 to raise competitiveness have only 

served as tactical responses to pressures in the industrial environment. The fact that they have been adopted 

in isolation within traditional production models reflects acceptance of the status quo and a lack of 

recognition of the need to face up to a new competitive situation on the basis of totally new approaches. 

Many firms have adopted such tactical initiatives without coordinating them with other practices 

(Gunasekaran, 1998), with strategic objectives and with the reality of competition and the need for new 

management models, thus obtaining counter-productive results. However, the academic and research 

community has considered adopting all these practices and tools as parts of a new manufacturing paradigm 

based on agility, known as ‘agile manufacturing’. 

Agile manufacturing is a new production model that has resulted from changes in the environment (Goldman 

and Nagel, 1993; Goldman et al., 1995; Vokurka and Fliedner, 1998; Sharifi and Zhang, 1999; Yusuf et al., 

1999; Zhang and Sharifi, 2000; Yusuf and Adeleye, 2002; Ismail et al., 2006). It links innovations in 

manufacturing, information and communication technologies with radical organisational redesign and new 

marketing strategies (Gunasekaran, 1998).  

This production model, considered by some authors to be a necessary condition or a vital element for 

competing in the future (Youssef, 1992; Goldman and Nagel, 1993; Sharifi and Zhang, 2001; Hormozi, 

2001), is a flexible one that can adapt rapidly to changes in the business environment and can meet the needs 

of increasingly demanding and well-informed customers. It has been considered the ultimate requirement for 

‘world-class’ manufacturing performance (Hormozi, 2001), or potentially the pathway to ‘world-class’ 

manufacturer status (Yusuf and Adeleye, 2002).  

However, despite the fact that agile manufacturing has been frequently promoted as a means of improving 

business competitiveness, little empirical evidence exists in the literature validating its positive link with 

business performance (Vokurka and Fliedner, 1998; Gunasekaran and Yusuf, 2002). Most of the empirical 
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research to date has focused on exploratory, descriptive or illustrative case studies. As Gunasekaran (1999a; 

97) states, “theoretically derived hypotheses and empirical studies to test them are conspicuously absent from 

studies of the agile organisation” and “although it seems intuitive that the ability to respond to dynamic and 

unpredictable changes in the environment should contribute to a firm’s success, this fact has not been 

scientifically tested”.  

The question as to how a manufacturer can identify tools and techniques and acquire the relevant capabilities 

and abilities to become agile has so far resulted in very ambiguous answers (Zhang and Sharifi, 2000). 

Unfortunately, agile manufacturing has been freely promoted without the necessary development of models 

to achieve it, generating serious risks for firms that are trying to improve their performance. As stated by 

Yusuf et al. (1999; 42) “the enablers of agility need further exploration to find out best examples of each and 

the underlining practices that help achieve, sustain and maintain each one over a long period of time. Along 

with this is the need to explore how to integrate the gamut of such ‘best practices’ in a single firm”. Since 

there are important issues and questions that need to be addressed to understand how agile manufacturing 

might be achieved with clarity of purpose, focus and goals (Yusuf et al., 1999), it should be adopted with 

caution. Possibly for this reason, firms are starting to become aware of the importance of agility, but have not 

yet linked the concept to concrete actions (Katayama and Bennett, 1999).  

Against this background, the contribution of this paper is twofold. Firstly, on the basis of a thorough review 

of the literature, a conceptual model of agile manufacturing is presented, describing and summarising the 

links between three basic elements of agility: drivers, enablers and outcomes. Taking this agile 

manufacturing conceptual model as a reference, several research hypotheses are proposed. Secondly, by 

means of a survey amongst the largest manufacturers in Spain, the proposed hypotheses are tested in order to 

empirically validate the model. This study, therefore, covers not only aspects of theoretical construction in 

the field of agile manufacturing but also complements these with the appropriate empirical validation. 

The paper is structured as follows. Section 2 reviews and summarises the literature on agile manufacturing, 

analysing the concept and its basic elements. Section 3 presents a conceptual model for agile manufacturing, 

identifying three basic elements: drivers (environment), enablers (agility practices) and outcomes. Section 4 

lays down the goals of the empirical research and presents the hypotheses. Section 5 discusses the research 

methodology and describes the sample profile. In Section 6, the suitability of the scales proposed for 

measuring the agile manufacturing conceptual model is discussed. Section 7 presents and discusses the 

results, and Section 8 draws the main conclusions and mentions some limitations of this study and 

possibilities for future research. 

2. AGILE MANUFACTURING: A SUMMARY OF THE LITERATURE 

The concept of agile manufacturing first appeared in the 21st Century Manufacturing Enterprise Strategy 

report (Goldman and Nagel, 1991), published by the Iacocca Institute at Lehigh University (USA). This 

report described the results of a project financed by the US Department of Defense, which periodically 
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brought together senior managers of the most important US firms to discuss the conditions under which 

firms would be operating in the future and the management principles that should be adopted. Agile 

manufacturing was considered in the debate on how to manage firms in a changing world, and has now been 

adopted by researchers, managers and consultants who consider it the latest stage in the evolution of 

production models or systems (Esmail and Saggu, 1996; McCarthy and Tsinopoulos, 2003).  

Despite the great interest now being shown in agile manufacturing, some confusion still exists regarding the 

concept. There is no universally-accepted definition (Kusiak and He, 1997, 1998), nor is there unanimity 

amongst researchers about what it means. So, although no strategist can argue against agile manufacturing, 

there has been little success in distinguishing this concept from others (Richards, 1996). This is partly due to 

the fact that the concept of agility stems from other approaches, such as flexible manufacturing (Bolwijn et 

al., 1986), lean manufacturing (Womack et al., 1990), time-based competition (Stalk and Hout, 1990), and 

fast-cycle innovation (Tidd et al., 1997). 

In addition, the fact that agile manufacturing is a multidimensional concept (Meade and Rogers, 1997; 

Vokurka and Fliedner, 1998; Vernadat, 1999; Yusuf et al., 1999; Jin-Hai et al., 2003) has led different 

authors to draw up their own definitions, each trying to emphasise a specific aspect (Jin-Hai et al., 2003). 

The literature therefore offers a variety of views of agile manufacturing, which has been defined with respect 

to the agile firm, products, workforce, capabilities and the environment (Yusuf et al., 1999; Gunasekaran and 

Yusuf, 2002; Jin-Hai et al., 2003).  

In order to understand the concept and identify it as a new production model, all these definitions should be 

considered simultaneously (Yusuf et al., 1999; Jin-Hai et al., 2003). They can be taken in three main groups. 

Firstly, some agile manufacturing definitions are based on outcomes (i.e. flexibility, speed, responsiveness, 

re-configurability, dynamism, innovation, etc.). Others are expressed in terms of operation or implementation 

(i.e. cooperation, proactivity, virtuality, technology utilisation, market orientation, integration, etc.). Finally, 

there are comprehensive definitions that try to combine the two, that is, outcomes with the means by which 

the concept becomes operational [1]. 

Concerning outcomes, this new production model is not only based on flexibility and responsiveness but also 

considers cost, product quality and the services expected by customers (Vokurka and Fliedner, 1998; 

Gunasekaran, 1999a, 1999b; Gunasekaran and Yusuf, 2002). In fact, agile manufacturing aims to combine 

the efficiency of lean manufacturing with the operational flexibility of the flexible model whilst delivering 

customised solutions at the cost of mass production (Adeleye and Yusuf, 2006). For this reason, agile 

manufacturers are considered flexible manufacturers that can offer high-quality products at a low cost, with a 

better service and shorter delivery times (Goldman and Nagel, 1993; Jain and Jain, 2001). As agile 

manufacturing allows simultaneous development of capabilities in different manufacturing objectives 

(Burgess, 1994; Sheridan, 1993; Yusuf et al., 1999; Sahin, 2000; Yusuf and Adeleye, 2002; Adeleye and 

Yusuf, 2006; Fernández et al., 2006), it amounts to a break with the ‘trade-off’ model (Skinner, 1969), which 

considers the existence of incompatibilities amongst the various manufacturing objectives.  
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In practice, agile manufacturing can be achieved by integrating organisations, people and technology into a 

meaningful unit by deploying advanced information technologies and flexible organisational structures to 

support highly-skilled, knowledgeable and motivated people (Goldman and Nagel, 1993; Gunasekaran, 

1999a). Agility will result in an organisation that has an innovative management structure with highly-

skilled, motivated and empowered people who work as a team with the support of flexible, smart technology 

and systems for the proper management of knowledge and learning (Kidd, 1995). So an essential element of 

this new manufacturing model, which is inherent in all the definitions given in the literature, is that it is very 

different from mass production (Goldman and Nagel, 1993, Sheridan, 1993). Agile manufacturing requires 

an overall view of the firm (Roth, 1996) and a new strategic position with regard to operations that should be 

oriented towards proactive adaptation to change (Yusuf et al., 1999).  

Several authors consider that agile manufacturing is based on elements of existing manufacturing systems, 

such as lean manufacturing, or on improved versions of them (Goldman and Nagel, 1993; Kidd, 1995; 

Richards, 1996; Parkinson, 1999; Sharp et al., 1999; Van Assen, 2000; Sahin, 2000; Hormozi, 2001; 

Maskell, 2001; McCarthy and Tsinopoulos, 2003; Jin-Hai et al., 2003). Goldman and Nagel (1993; 19) 

consider that it “assimilates the full range of flexible production technologies, along with the lessons learned 

from total quality management, ‘just in time’ production and lean production”. Yusuf et al. (1999; 33) 

sustain that “the concept owes a lot to advances in communication technology and previous paradigms of 

manufacturing, yet it is more than an hybrid construct of technology and previous methods of production”. 

However, even though agility does not reject any of the preceding production paradigms and the models for 

agile manufacturing cannot be radically different from them (Yusuf et al., 1999), clear dividing lines can be 

identified in the literature between lean and agile manufacturing [2]. In general, researchers consider that 

agile manufacturing has arisen as a new production model to resolve the limitations of lean manufacturing 

(Yusuf and Adeleye, 2002; Adeleye and Yusuf, 2006), maintaining some similarities (Richards, 1996) but 

with important differences between the two models (Avella and Vázquez-Bustelo, 2005).  

What is particularly innovative about agile manufacturing as a production model is that it integrates –in a 

compact, guided structure– the techniques, philosophies and tools that have been developed over recent 

years, reaching high performance levels in all the manufacturing objectives –cost, quality, flexibility, 

delivery, service and environment (Burgess, 1994; Sheridan, 1996; Katayama and Bennet, 1996; Gunnenson, 

1997; Yusuf and Adeleye, 2002; Adeleye and Yusuf, 2006).  

Agile manufacturing is identified with a more flexible approach towards inter-firm cooperation and the 

development of creative skills by the management and the workforce, generating an adaptable, competitive 

and innovative organisation. It can be achieved by integrating three resources –technology, management and 

workforce– into a coordinated, interdependent system (Goldman and Nagel, 1993; Meade and Sarkis, 1999). 

It offers huge potential for reducing production costs, increasing market share, meeting customers’ needs, 

shortening time to market, eliminating non-value added activities and boosting manufacturing 

competitiveness (Gunasekaran, 1999a, 1999b). As a result, agile manufacturers offer a new form of 
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industrial competition on a global scale for the 21st century, one that systematically applies (Meade and 

Sarkis, 1999) operational and management practices that aim above all to face the challenges of a new, more 

turbulent competitive environment. 

This new form of industrial competition has four key dimensions (Goldman et al., 1995). The first 

dimension, enriching the customer, entails a quick understanding of the requirements of each individual 

customer and rapidly meeting them. The second dimension entails cooperation in order to enhance 

competitiveness, and includes better intra-organisational and inter-organisational cooperation, such as 

supplier partnership and perhaps emerging virtual relationships with competing organisations. The third 

dimension entails organising to master change and uncertainty by the utilisation of new organisational and 

managerial structures and technology. The fourth dimension leverages the impact of people and information 

and recognises the importance of employees as a key asset for the firm. It therefore places special emphasis 

on development of the workforce through education, teamwork, training, and empowerment. 

So, basically, manufacturing agility can be defined as the capability of an organisation to (i) meet the 

changing market requirements, (ii) maximise customer service level and (iii) minimise the cost of goods, 

with the objectives of being competitive in a global market and raising the chance of long-term survival and 

profit potential (Gunasekaran and Yusuf, 2002). So it is a production model that integrates technology, 

human resources and organisation by creating an information and communication infrastructure, granting 

flexibility, speed, quality, service and efficiency and making it possible to respond deliberately, effectively 

and in a coordinated way to changes in the business environment. A positive link can therefore be expected 

between turbulence in the business environment, the application of agile manufacturing and the 

competitiveness of the firms developing this new production model. 

3. AGILE MANUFACTURING CONCEPTUAL MODEL 

Based on a thorough review of the literature and the analysis of several case studies, an agile manufacturing 

conceptual model was drawn up (Figure 1). This defines three basic elements –agility drivers (business 

environment characteristics), agility enablers (agile manufacturing practices) and outcomes. 

3.1. Agility drivers 

Even though agile organisations are a relatively new research topic and there are few academic studies on 

them (especially in the case of Spain), there are plenty of studies and theories on organisational adaptation to 

the environment in the strategic and organisational literature. Research has proliferated in this field since the 

sixties, leading to the conclusion that organisational results are directly related to skill at adapting the 

organisation to changes in the environment (Duncan, 1972; Hambrick, 1982; Miller and Friesen, 1983; Dess 

and Beard, 1984; Miller, 1987; Daft et al., 1988; Fahey and Narayanan, 1989; Wholley and Brittain, 1989). 

Researchers have defined the environment as a set of external contextual elements that fall outside 

management control –at least in the short term–, that represent a source of opportunities and threats 
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(Bourgeois, 1980, 1985) and that are causally related to the results obtained by the organisation (Duncan, 

1972; Swamidass and Newell, 1987; Ward et al., 1995). Almost three decades of empirical research support 

the theory that successful organisations are better adapted to their environment than those that obtain worse 

results. Agility has therefore been considered an essential capability for operating in turbulent business 

environments (Goldman et al., 1995; Sharifi and Zhang, 1999; Maskell, 2001; Yusuf and Adeleye, 2002; 

Adeleye and Yusuf, 2006).  

The concept of turbulence in the environment is subject to confusion. Some studies identify turbulence with 

dynamism, without specifying whether the dynamism is caused by a change in composition of the 

environment or in the preferences, actions or nature of those involved in it. Others take it as a 

multidimensional construct that includes other elements of the environment, and go so far as to define 

turbulence in terms of market growth. The turbulent environment can be considered to be the worst possible 

situation for survival. Firms that are able to operate successfully in such environments should therefore show 

high levels of agility because they need to adapt to: (a) relatively unpredictable changes in the environment 

(high dynamism); (b) highly-populated, competitive markets with one or more critical and scarce resources 

(high hostility/competition or low munificence); (c) close links between firms and their suppliers, 

distributors, customers and competitors (high complexity); and (d) varied products, lines, customers or 

businesses (high diversity). Not only should such conditions exist but managers must perceive them as such. 

In other words, it can be assumed that firms competing in environments having the above-mentioned 

characteristics must develop higher levels of manufacturing agility to be successful. However, of these four 

environmental characteristics, dynamism and competition have been stressed in the literature as the two main 

agile manufacturing drivers (De Vor and Mills, 1995; Cho et al., 1996; Meade and Rogers, 1997; 

Gunasekaran, 1998, 1999a, 1999b; Sharp et al., 1999; Sharifi and Zhang, 1999, 2001; Yusuf et al., 1999, 

2001; Gunasekaran and Yusuf, 2002; Coronado et al., 2002). These factors have a direct influence on 

environmental stability and predictability (Dess and Beard, 1984).  

It can therefore be stated that environmental turbulence, encapsulating the idea of continuous, uncertain and 

potentially disruptive change in a variety of factors, both internal and external, is a key driver for the 

development of agile manufacturing (Ismail et al., 2006) and forces manufacturers to adopt and develop 

practices linked to this new paradigm. Increasing turbulence in the business environment has made former 

systems, such as lean or flexible manufacturing and their associated techniques, insufficient in the way they 

have been managed and used. In fact, several authors (i.e. Sharifi and Zhang, 1999; Yusuf and Adeleye, 

2002) have seriously questioned their viability in dealing with the changing nature of the business 

environment and point out that survival requires the adoption of agile practices. So, since the degree of 

turbulence in the environment determines the degree of agility a firm requires (Zhang and Sharifi, 2000), it is 

essential for it to understand its business environment, measure the degree of turbulence and know how this 

will impact on its organisation (Ismail et al., 2006).  
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3.2. Agility enablers or practices 

In conditions of turbulence, firms must adopt agility enablers or practices, reviewing their strategies, 

objectives, methods and/or tools. Such enablers should promote total integration of the basic elements of the 

firm –people, technology and the organisation– (Vernadat, 1999), and agile manufacturing results from 

integration of these three resources in a coordinated, inter-dependent system (Goldman and Nagel, 1993). 

Based on the list of studies on agile manufacturing in Table I, agility enablers can be grouped as follows: (1) 

human resources practices to develop highly-trained, motivated and empowered people working as a team; 

(2) systematic implementation and integration of advanced design, manufacturing and administrative 

technologies; (3) practices relating to internal organisation and external relations, including the development 

of mechanisms for integrating and coordinating the value chain, based on cooperation and integration of 

operations amongst departments in the firm and between the firm and external agents (suppliers, customers, 

partners, stakeholders, etc.); (4) practices relating to product development and/or design processes leading to 

concurrent engineering; and (5) practices relating to knowledge management and learning. 

3.3. Outcomes  

So far there has been little empirical study (especially in Spain) on the influence of agile manufacturing –as a 

holistic production model– on business performance. Apart from pioneer works (i.e. Sharifi and Zhang, 

2001, Yusuf and Adeleye, 2002, and Ren et al., 2003), most studies have focused on analysing the individual 

influence of certain agile manufacturing practices on business performance. 

Manufacturing agility is associated with a firm’s ability for surviving and prospering in a competitive 

environment that changes constantly and unpredictably (Cho et al., 1996; Dove, 2001; Meade and Sarkis, 

1999). But flexibility and responsiveness go together with considerations of cost, product quality, customers’ 

needs and delivery (Dove, 1995; Gunasekaran and Yusuf, 2002). That is, being agile means offering high-

quality products at low cost, with better service and delivery conditions (Jain and Jain, 2001). Yusuf et al. 

(1999; 37) state that agility is reflected in “the successful exploration of competitive bases (speed, flexibility, 

innovation, proactivity, quality and profitability) through the integration of reconfigurable resources and best 

practices in a knowledge-rich environment to provide customer-driven products and services in a fast-

changing market environment”. In addition, agile manufacturing pays special attention to environmental 

protection. Legislation is the prime means of encouraging firms to adopt environment-friendly practices but 

other drivers are image, customers’ requirements and eco-efficiency. These elements can be taken as new 

opportunities by agile manufacturers. 

So it can be considered that the adoption of practices to promote agility leads to manufacturing strength 

through the development of greater capabilities in the different manufacturing objectives (cost, quality, 

flexibility, delivery, service and environment). Consequently, it positively affects business performance and 

affords greater competitiveness in turbulent environments.  
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4. OBJECTIVES AND HYPOTHESES 

To date there has been relatively limited acceptance of agile manufacturing both in academic research and 

business practice. In spite of its potential, manufacturers, both internationally and in Spain, have been slow 

to adopt manufacturing agility practices and are still focusing on mass production (Yusuf and Adeleye, 

2002). In addition, most of the literature on agile manufacturing is descriptive or theoretical, taking the form 

of articles in the press or for the general reader rather than being rigorous empirical studies. Therefore, 

having drawn up a conceptual model for the analysis of agile manufacturing, the next objective is to provide 

empirical evidence on the methods, practices and tools that can increase manufacturing agility, relating it 

with business performance or competitiveness. On the basis of the conceptual model given above, the 

following hypotheses are proposed: 

Hypothesis 1: The adoption of agile manufacturing is reflected in the systematic integration of agile human 

resources and agile technologies, value chain integration, concurrent engineering and knowledge 

management.  

This hypothesis is tested to determine the multidimensional nature of agile manufacturing. 

Hypothesis 2: Turbulent environments (with high levels of dynamism and hostility) have a positive influence 

on the adoption of agile manufacturing practices. 

This hypothesis is tested to determine the influence exerted by turbulence in the business environment on the 

adoption of agile manufacturing. 

Hypothesis 3: The adoption of agile manufacturing positively impacts manufacturing strength (by combining 

strengths in cost, flexibility, quality, delivery, service and environment). 

Hypothesis 4: The development of manufacturing strength (by combining strengths in cost, flexibility, 

quality, delivery, service and environment) leads to better business performance. 

The third and fourth hypotheses are tested to determine the direct effect of agile manufacturing on 

manufacturing strength and, consequently, on business performance. 

5. RESEARCH METHODOLOGY AND SAMPLE CHARACTERISTICS  

5.1. Research design and data 

In order to test the hypotheses, a database was drawn up of information provided by the largest 

manufacturers in Spain. The information needed for the study was obtained from a survey conducted as part 

of a wider research project. The target population was made up of the 1,234 manufacturers which, in 2003 

(the reference date for the study), were located in Spain and employed over 100 workers, according to the 

SABI database. A selection was made of firms in the following industries according to ISIC classification: 
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chemical industry (ISIC 24), fabricated metal products (ISIC 28), machinery and equipment (ISIC 29), 

office, accounting and computing machinery (ISIC 30), electrical machinery and apparatus (ISIC 31), radio, 

television and communication equipment and apparatus (ISIC 32), medical, precision and optical 

instruments, watches and clocks (ISIC 33), motor vehicles, trailers and semi-trailers (ISIC 34), other 

transport equipment (ISIC 35) and furniture and other manufacturing industries (ISIC 36). These industries 

were chosen because they are the most usual in studies on manufacturing strategy. Additionally, by using a 

number of industries in our sample, we address the issue of whether agile manufacturing is a robust concept 

that is applicable across a range of industries. 

The questionnaire used was designed on the basis of the existing literature and the conclusions obtained from 

a previous case study. In both the design and the administration of the questionnaire, the techniques 

highlighted by Fröhlich (2002) to improve the response rate and the rules put forward by Synodinos (2003) 

were taken into consideration. Before sending out the questionnaire, it was revised by experts in both 

operations management and survey design. With the aim of checking its validity and improving its design, a 

pre-test was also done on a reduced sample of firms. After contacting each of the 1,234 firms that made up 

the sample, it was concluded that nine of them possessed two different manufacturing strategies, and 

therefore two questionnaires were sent to those firms. The rest of the manufacturers –with only one plant, or 

with several plants having the same characteristics and implementing the same manufacturing strategy– were 

sent only one questionnaire. The questionnaire was sent out between January and July 2004, together with a 

covering letter explaining the purpose of the study, the structure of the questionnaire and the confidentiality 

statement. The questionnaires were addressed to the plant manager, operations manager, manufacturing 

manager or other similar position, and the strategic manufacturing unit was identified as the unit of analysis. 

Each strategic manufacturing unit corresponds to a firm, division or plant, with defined business and 

manufacturing strategies. As further letters, faxes and e-mails were sent and telephone calls were made, there 

was an increase in the number of questionnaires received.  

A total of 283 valid questionnaires were returned, corresponding to 274 different firms, representing a valid 

response rate of 22.2%. This ratio can be considered highly satisfactory bearing in mind the length of the 

questionnaire and the low response rates in Spain. The most frequent causes of non-response were lack of 

time for managers, the large number of questionnaires they receive and consideration of some of the 

information requested as confidential. 

Using a Student T- test, the last 25% of respondents were compared to earlier ones and no differences were 

found in key variables –i.e. industry representation, firm size (number of employees), belonging to a 

multinational group, respondent characteristics (post, number of years in the firm and in their actual 

responsibility/post), etc.– in the analysis at the 5% level (sig.>0.05). Based on the assumption that late 

respondents are similar to non-respondents (Armstrong and Overton, 1997), non-response bias does not 

appear to be a major problem in this research.    
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Table II shows the technical details of the study, with information on the target population, the geographical 

area, the method used for gathering information, the sample size, the valid response rate, the time frame for 

the field work and the respondent profile. 

The questionnaires received were filled in by the manufacturing manager (39.9%), the plant manager 

(20.5%), the industrial or operations manager (14.5%), the CEO (4.6%) and ‘others’ (20.5%). ‘Others’ 

includes management positions in the areas of quality control, human resources or external relations. 

Given the position and responsibility of the respondents, it was assumed they had access to the information 

requested in the survey so they were considered suitable respondents. Moreover, they had been in their 

respective firms for an average of thirteen years and in their current position for six and a half years. Their 

responsibility and experience in the firm and in management positions confirms the internal validity of the 

study, that is, that the information was obtained from reliable or appropriate sources. 

5.2. Sample 

Table III reflects the profile of the firms included in the sample with regard to their industry, number of 

employees, whether or not they belong to a multinational group, the type of manufacturing process used and 

the product characteristics. 

The industries with the highest level of participation in the sample were those that manufacture electrical 

machinery and apparatus (20%), machinery and equipment (17.8%), motor vehicles, trailers and semi-trailers 

(16.7%) and fabricated metal products except machinery and equipment (14.9%). To evaluate any industry 

bias, a Chi-squared test of differences was carried out between the observed frequencies (sample) and 

expected frequencies (population) with respect to industry representation. Excluding electrical machinery 

and apparatus, which showed higher than expected participation, a Chi-squared test comparing the sample 

with the population of firms indicated that the sample was no different from the population at a 95% 

confidence level (Sig.=0.063 >0.05). 

With respect to the size of the firms analysed, 78.9% employ between 100 and 499 employees. This 

percentage is not surprising as Spanish industry is largely made up of small and medium sized firms. 

However, in order to analyse possible size bias, a Chi-squared test comparing the sample with the population 

of firms indicated that the sample was no different from the population at a 95% confidence level 

(Sig.=0.057 >0.05). 

55.1% of the firms in the sample belong to a multinational group. Regarding manufacturing process, the 

manufacturers in the sample mainly carry out assembly line production (32.2%) with the aim of efficiently 

manufacturing large volumes of standard products. In second and third place, respectively, are manufacturers 

that use discontinuous large batch production processes (22.3%) and discontinuous small batch production 

processes (21.8%). 21.67% carry out project-based production and 1.9% continuous flow production. With 

regard to type of product manufactured, the sample manufacturers produce totally standardised products 
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(23.2%), mainly standardised products (13.4%), standardised products with customised options (20.8%), 

mainly customised products (10.3%) and totally customised products (31.9%). 

6. DIMENSIONALITY, RELIABILITY AND VALIDITY OF MEASUREMENT SCALES  

Before testing the hypotheses, it was necessary to guarantee the suitability of the measurement scales 

proposed for estimating the agile manufacturing conceptual model (see Appendix). The dimensionality, 

reliability and validity were evaluated for each of the scales used for measuring concepts relating to agile 

manufacturing, turbulence in the environment, manufacturing strength and business performance. 

Exploratory factor analysis was carried out using Varimax rotation to determine the dimensions underlying 

the set of variables in each scale. In all cases, the results showed factor loadings of over 0.5 and a percentage 

for explained accumulated variance in excess of 50%. Turbulence in the environment is reflected by two 

factors relating to dynamism and hostility (or competition). Agile manufacturing takes place through five 

dimensions: (a) agile human resources (four first-level items), (b) agile technologies (five first-level items), 

(c) value chain integration (three first-level items), (d) concurrent engineering and (e) knowledge 

management. Manufacturing strength is reflected in (a) cost, (b) flexibility, (c) quality, (d) delivery, (e) 

service and (f) environment. Finally, business performance is a single dimension that determines the business 

competitiveness. 

After exploratory factor analysis, confirmatory factor analysis (CFA) was carried out by means of structural 

equations, using the EQS statistical package. The calculation method used was that of robust maximum 

likelihood in order to resolve the problem of non-normality of the data. The results of the CFA confirmed the 

composition of the scales identified in the previous exploratory factor analyses. 

In order to analyse reliability, Cronbach’s alpha coefficient and the composite reliability coefficient were 

calculated. These indices reflect the degree of internal consistency of the observed variables, that is to say, to 

what extent they represent the common latent variable. Cronbach´s alpha coefficient in all cases was over 

0.7, the criterion usually considered to identify strict internal consistency (Nunnally, 1978), exceeding the 

value of 0.6 recommended in exploratory studies (Hair et al., 1998). In all cases the composite reliability 

coefficient was over the minimum level of 0.6 recommended by Bagozzi and Yi (1988).  

The next step was to analyse the content, convergent and discriminant validity of the measurement scales 

used.  

Content validity indicates that the items included in the survey correctly represent the concept to be analysed. 

Since the scales were built on the basis of the previous literature (Appendix) and therefore include items 

used in scales that had already been validated for measuring similar concepts and assessed by case studies 

and the questionnaire pre-test, it was considered that each item had the necessary content validity. 
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Convergent validity measures the degree to which the different scales used to measure a latent factor are 

correlated. A measurement has convergent validity if it converges in the same model as the rest of the 

measurements that form part of the same concept (Lehmann et al., 1999). Steenkamp and Van Trijp (1991) 

link the convergent validity of a concept and its corresponding scale of measurement with the significance of 

the coefficients of the standardised regression factor between the group of explained variables of the scale 

and their corresponding latent saturation variable. To test convergent validity, the lambda coefficients that 

measure the relation between the observed and the latent variable were analysed. All the standardised factor 

loadings were statistically significant at a 95% confidence level (t>1.96, weak condition) and exceeded 0.5 

(strong condition).  

Discriminant validity measures the degree to which the specified latent factors differ even though they are 

correlated (Hair et al., 1998). Each construct should be sufficiently different from the others to justify its 

existence (Lehmann et al., 1999). In order to check discriminant validity, the confidence intervals of the 

correlation between each pair of dimensions or scales was calculated. Discriminant validity of the scales was 

confirmed because none of the confidence intervals contained the value 1 at a 95% confidence level. 

7. ANALYSIS AND DISCUSSION 

After validating the scales, the conceptual model was evaluated. A structural equation model was used to test 

the data and check the hypotheses [3]. This methodology allowed statistical validation of the model by 

means of simultaneous analysis of the complete system of variables and the links between them, determining 

the degree to which this is consistent with the data. So, if the goodness of fit of the model is appropriate, the 

plausibility of the relations between the variables can be confirmed; if not, these relations are not valid. 

Figure 2 shows the global model of structural equations in the set of concepts being studied. Because of the 

size of the model, it was necessary to measure the variables relating to agile human resources, agile 

technologies and value chain integration by finding the average score of the scale attributes. In spite of this 

simplification, the scales used were found to maintain the recommended characteristics of reliability and 

validity. Moreover, we tied the errors and non-standard lambda parameters for the link between the concept 

of agile manufacturing and its five dimensions at the values attained when constructing the scale. The 

residuals of the resulting variables were also correlated. 

The results for goodness of fit in the proposed model were acceptable. Except for the Chi-squared test, which 

did not reach the desirable significance level (p-value equal to or over 0.05) –as expected because of the 

sensitivity of this test to the number of cases in the sample– the other indices were satisfactory since they 

exceeded the optimal values recommended. The robust statistics BBNNFI, CFI and IFI showed values above 

the recommended minimum of 0.9. The GFI and AGFI statistics reached high values, close to 0.9, exceeding 

the generally required minimum of 0.8. SRMR and RMSEA took a value close to zero and below 0.08. 
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Validation of the model verified that the five sub-dimensions of agile manufacturing have a common 

background or, in other words, agile manufacturing is reflected in the dimensions of agile human resources, 

agile technologies, value chain integration, concurrent engineering and knowledge management. So, with 

these results, the multidimensional nature of agile manufacturing can be accepted and the first of the 

hypotheses corroborated: The adoption of agile manufacturing is reflected in the systematic integration of 

agile human resources, agile technologies, value chain integration, concurrent engineering and knowledge 

management.  

The factor loadings reflected in the model (significant at a 99% confidence level) confirm the direct, positive 

and statistically significant influence of environmental turbulence on agile manufacturing, thus corroborating 

the second hypothesis: Turbulent environments (with high levels of dynamism and hostility) have a positive 

influence on the adoption of agile manufacturing practices. 

Also, the estimates showed the direct, positive and statistically significant influence of agile manufacturing 

on manufacturing strength, thus corroborating the third hypothesis: The adoption of agile manufacturing 

positively impacts manufacturing strength (by combining strengths in cost, flexibility, quality, delivery, 

service and environment). 

Finally, there is a positive, direct and statistically significant link between manufacturing strength developed 

on the basis of integrated agile manufacturing practices and each of the business performance measures 

analysed (in comparison with the industry average): labour productivity, customer loyalty, new product 

development success, sales volume, ROA and responsiveness to changes in competitive conditions. Thus the 

last hypothesis is corroborated: The development of manufacturing strength (by combining strengths in cost, 

flexibility, quality, delivery, service and environment) leads to better business performance. 

8. CONCLUSIONS, LIMITATIONS AND FUTURE RESEARCH 

This study analyses agile manufacturing (as a new production model resulting from a break with the mass 

production system) and its implementation in Spain. The factors behind implementation (characteristics of 

the environment) are studied, as are the nature and elements involved (agility practices, tools or policies) and 

the results. After a review of the literature, a conceptual model is presented for analysing agile 

manufacturing which is tested in a sample of the largest manufacturers in Spain. 

The multidimensional nature of agile manufacturing was confirmed by drawing up a measurement scale 

based on integration of both structural and infrastructural manufacturing practices. Thus agile manufacturing 

is identified with a global production model that is reflected in full integration of (a) highly trained, 

motivated and empowered employees working in teams, (b) the use of advanced design, manufacturing and 

administrative technologies, (c) internal integration of operations, with suppliers and customers, (d) 

concurrent engineering, and (e) knowledge management. 
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The positive and significant influence of the environment on implementation of agile manufacturing 

practices was tested. Turbulence in the environment, characterised by dynamism and hostility, was identified 

as an important driver for agile manufacturing. It might therefore be possible to find greater application of 

agile manufacturing in industries that are subject to changes in customer tastes and needs, frequent 

innovations in products and/or processes, and high competitive pressure. However, it is now recognised that 

conditions of turbulence tend to exist in all industries and this suggests that the implementation and 

development of the agile manufacturing model might increase.  

The application of agile manufacturing by the firms analysed has allowed them to boost their manufacturing 

strength through simultaneous improvement in various manufacturing objectives (cost, quality, flexibility, 

delivery, service and environment). These in turn lead to increased competitiveness (measured by indicators 

for labour productivity, customer loyalty, new product development success, sales volume, ROA and 

responsiveness to changes in competitive conditions). It was noted that, while the development of agile 

manufacturing improves both operational and financial performance (by developing manufacturing strength), 

the greatest impact is noted in market performance. That is, agile manufacturing promotes the development 

of greater responsiveness to change in the business environment, fosters new product development success 

and helps to establish stable customer relations and loyalty. 

This study adopts a systematic approach to the analysis of agile manufacturing, considering various agility 

practices or enablers in an integrated way and relating them not only to elements in the environment but also 

to outcomes. This approach is especially interesting because most of the literature on agile manufacturing 

deals with agility strategies or techniques in an isolated way and, as stated by Gunasekaran (1999a), there 

have been practically no integrated studies of agile manufacturing as a system. This study also aims to fill 

another gap in the literature by analysing the subject not only from the theoretical point of view but also from 

that of empirical validation, testing the suitability of agile manufacturing in real organisations. In this case, 

the test is carried out –for the first time– in the Spanish context. 

While it contributes to the literature on agile manufacturing, this study has two main limitations. The first is 

often found in studies on manufacturing strategies, namely, that it is difficult to determine the most suitable 

unit of analysis (firm, business unit, strategic manufacturing unit or production plant), and the most suitable 

management profile to be targeted (general manager, plant manager or production manager). This study 

considers that the necessary information affects and can basically be obtained from the strategic 

manufacturing unit by analysing its environment, practices and outcomes. However, some agility practices 

affect the firm as a whole so the plant or production manager may not have all the information. 

The second limitation is that information obtained by the survey method may not be fully reliable. This 

problem may be resolved by obtaining information from more than one source for each unit of analysis (that 

is, from more than one respondent) but this was not done in this research as it would have had important 

negative effects on the response rate. Single respondent bias may, therefore, be considered a limitation in 

empirical research. 
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The study of agile manufacturing is in the early stages and further research is required. It would be of interest 

to include in the proposed agility model new practices that are currently being developed, such as virtual 

organisation or the creation of strategic alliances with competitors. In addition, other dimensions of the 

business environment could be included, such as diversity or complexity. Future research should analyse 

whether some combinations of agility practices are more effective than others. 
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Table I. Summary of agile manufacturing practices and references 
STRATEGIC AREA  AGILITY ENABLER OR PRACTICE REFERENCE STUDY 

Top management support and employee involvement and empowerment [1] [2] [3] [4] [5] [6] [7] [10] [11] [13] 
[14] [15] [16] [17] [19] [22] [23] 

Team working, self-directed teams, cross-functional teams [1] [2] [3] [4] [5] [7] [10] [11] [14] 
[15] [16] [18] [19] [22] [23] 

Job rotation, multifunctional workforce, job enrichment (responsibility on 
multiple tasks) [5] [7] [13] [16] [18] 

Training and education, higher average skill levels, workforce skill 
upgrade, continuous training and development, cross-functional training. 

[3] [7] [11] [14] [16] [18] [22] [23] 
[24] [25] [28] [29] 

Knowledge workers, IT-skilled workers [7] [10] [11] [14] [18] [22] 
Decentralised decision making [14] [22] [28] 
Entrepreneurial firm culture [16] 

Human resources 
Human resources practices to 

develop highly trained, 
motivated and empowered 
people working as a team 

Reward schemes to encourage innovation and based on both financial and 
non financial measures [10] 

Enterprise Resource Planning (ERP) [7] [11] [18] [29] 

Material Requirement Planning (MRP) [7] [10] [11] [23] [29] 
Robotics [7] [9] [11] [18] 
Automated Guided Vehicle Systems (AGVSs); Automated Storage and 
Retrieval Systems (AS/RS) [7] [9] [10] [11] [18] 

Computer Numerically Controlled (CNC) machines [7] [9] [10] [11] [18] [22] [29] 

Computer-aided Design (CAD)/Computer-aided Manufacturing (CAM) [2] [3] [7] [9] [10] [11] [18] [26] [27] 
[28] 

Rapid prototyping tools [7] [9] [10] [11] [18] [21] 
Intranet, Internet and World Wide Web  [3] [7] [9] [10][11] [18] [28] 
Electronic Data Interchange (EDI) [7] [9] [10] [11] [16] [18] [23] [29] 
Electronic Commerce [7] [9] [10] [11] [18] [19] [24] [25] 
Visual inspection [7] [11] 
Manufacturing cells [7] [10] [11] [20] [22] [23] 
Virtual Reality Software [7] [11] [18] 
Flexible Manufacturing Systems (FMS) [7] [10] [11] [26] 
Computer-aided Process Planning (CAPP) [7] [10] [11] 
Group Technology [7] [10] [11] [29] 
Point-of-sales data collection (POS) [16] [23] 
Bar codes, automatic data collection [29] 
Real-time communication/execution systems [23] 

Technologies 
Systematic implementation 
and integration of advanced 
design, manufacturing and 
administrative technologies 

Design for manufacture/assembly (DFM / A) [10] [23] 

Strategic alliances based on core/complementary competencies [7] [10] [11] [18] [22] 

Virtual firm/organisation [7] [10] [11] [14] [16] [18] [19] [22] 
[23] [24] [25] [28] 

Rapid-partnership formation [7] [10] 11] [14] [27] 
Integration of functions from purchasing to sales; firm-wide integration of 
functions 

[7] [10] [11] [14] [18] [19] [22] [24] 
[26] [29] 

Global supply chain management [7] 
Integrated supply chain; integrated and interactive partner relations [7] [10] [11] [16] [25] [27] 
Customer integrated processes for designing, manufacturing, marketing, 
and support [11] [14] 

Strategic relationship with customers, close relationship with suppliers; 
thrust-based relationship with customers/suppliers 

[10] [14] [16] [18] [19] [22] [23] [26] 
[28] 

Internal and external cooperation [10] [17] [18] [22] [28] 

Internal and external 
organisation (integration in 

the value chain) 
Practices relating to internal 

organisation and external 
relations, including the 

development of mechanisms 
for integrating and 

coordinating the value chain, 
based on cooperation and 
integration of operations 

amongst departments in the 
firm and between the firm and 

external agents (suppliers, 
customers, partners, 
stakeholders, etc.) Business Process Reengineering [10] [23] [24] [26] 

Formation of cross-functional product development teams [7] [10] [11] [15] [16] [22] 

Concurrent design of products and processes [7] [10] 11] [12] [15] [22] [28] 
Multidisciplinary team working environment [8] [10] [11] [30] 
Intelligent engineering design support system; groupware [10] [7] [22] 

Collaborative work [7] [8] [10] [11] [14] [16] [22] [28] 
[30] 

Customer and supplier integrated multidisciplinary teams [10] [11] [22] [28] 

Concurrent engineering 
Organisational practices to 

develop new products and/or 
processes leading to 

concurrent engineering 

Early involvement of different agents in the product development process 
and concurrent execution of functions/activities [10] [15] [16] [22] [23] [26] 

Global access to databases and information, easy access to integrated data; 
open information/communication policy [7] [10] [11] [14] [19] [25] [28] 

Knowledge Based Systems (KBS), knowledge management systems [7] [11] [18] [28] 
Sensitive information protection [7] [11] 
Organisational structure that promotes innovation and training and 
education; learning organisation [11] 

Knowledge management 
and learning 

Practices relating to 
knowledge management and 

learning 

Team-to-team learning [11] 
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Firm-wide integration of learning, continuous learning [14] [15] [18] 
Knowledge acquisition from internal and external sources [18] [28] 
Core-competence management [1] 

[1] Sharp et al. (1999); [2] Sharifi and Zhang (1998); [3] Zhang and Sharifi (2000); [4] Sharifi and Zhang (2001); [5] Gehani (1995); [6] Sheridan 
(1996); [7] Gunasekaran (1999a); [8] Medhat and Rook (1997); [9] Cho et al. (1996); [10] Gunasekaran (1998); [11] Gunasekaran and Yusuf (2002); 
[12] Kusiak and He (1997); [13] Forsythe (1997); [14] Yusuf et al. (1999); [15] Gehani (1995); [16] Sahin (2000); [17] Sharifi and Zhang (1999); 
[18] Jin-Hai et al. (2003); [19] Meredith and Francis (2000); [20] Ismail et al. (2006); [21] Onuh et al. (2006); [22] Goldman and Nagel (1993); [23] 
Fliedner and Vokurka (1997); [24] Hormozi (2001); [ 25] Meade and Sarkis (1999); [26] Katayama and Bennet (1999); [27] Parkinson (1999); [28] 
Maskell (2001); [29] Yao and Carlson (2003); [30] Vernadat (1999). 
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Table II. Research data 

Population under study Manufacturers with ISIC codes 24 and 28-36 with more than 100 employees 
Population census 1,234 firms 
Geographical area Spain 

Data collection method Structured survey sent out to managers by mail, e-mail and website 
Sample size 283 returned questionnaires 

Valid response rate 22.2% 
Time frame November 2003-July 2004 

Respondent profiles Plant manager, manufacturing manager, industrial manager or similar 

 

 

Table III: Characteristics of sample manufacturers 

Industry (based on ISIC-Rev. 3) Percentage of firms 
ISIC-24: Manufacture of chemicals and chemical products 11.64% 
ISIC-28: Manufacture of fabricated metal products, except machinery and equipment 14.91% 
ISIC-29: Manufacture of machinery and equipment n.e.c. 17.82% 
ISIC-30: Manufacture of office, accounting and computing machinery 0.73% 
ISIC-31: Manufacture of electrical machinery and apparatus n.e.c. 20% 
ISIC-32: Manufacture of radio, television and communication equipment and apparatus 3.64% 
ISIC-33: Manufacture of medical, precision and optical instruments, watches and clocks 3.27% 
ISIC-34: Manufacture of motor vehicles, trailers and semi-trailers 16.73% 
ISIC-35: Manufacture of other transport equipment 3.64% 
ISIC-36: Manufacture of furniture; manufacturing n.e.c.  7.64% 

Firm size by number of employees Percentage of firms 
From 100 to 499 employees 78.9% 
From 500 to 999 employees 10.9% 
From 1,000 to 1,499 employees 2.55% 
From 1,500 to 1,000 employees 2.18% 
2,000 employees or more 5.45% 

Membership of a multinational group Percentage of firms 

Yes 55.1% 
No 44.9% 

Type of manufacturing process Average production 
percentages 

Assembly line 32.25% 
Discontinuous large batch production 22.33% 
Discontinuous small batch production 21.80% 
Project based (one-of-a-kind) 21.67% 
Continuous flow 1.95% 

Product type (degree of standardisation / customisation) Average production 
percentages 

Totally standardised products 23.25% 
Mainly standardised products 13.48% 
Standardised products with customised options 20.85% 
Mainly customised products 10.39% 
Totally customised products 31.94% 
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Figure 1. Agile manufacturing conceptual model 
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Figure 2. Agile manufacturing causal model 
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     (p= 0.000)                     0.914             0.921        0.921         0.833         0.811          0.070           0.044 

(*) 99% significant estimates 

(a) Non-standard factor loadings fixed at1. 
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NOTES 
[1] This research considers the latter definition to be the most correct. It was essential for drawing up and understanding 
the agile manufacturing model proposed. 
 
[2] Lean manufacturing has been seen as an improvement of mass production model, whereas agile manufacturing is 
considered to break with mass production as it manufactures highly customised products as and when required 
(Sheridan, 1993; Booth and Hammer, 1995; Jin-Hai et al., 2003). Lean manufacturing is also identified with a 
production model that can operate effectively when market conditions are basically stable whereas agile manufacturing 
is more appropriate for turbulent situations because of its operational and strategic responsiveness. There are also 
differences regarding the objectives pursued by each of the models. Lean manufacturing subordinates responsiveness to 
maximum efficiency and productivity (by waste reduction), while agile manufacturing places the same importance on 
efficiency as on responsiveness (Yusuf et al., 1999). 
 
[3] This methodology was chosen because of the advantages offered by multivariate analysis in comparison with other 
techniques, as stated by Byrne (1994). Firstly, structural equation modelling adopts a confirmatory than an exploratory 
approach for data analysis. Secondly, while traditional multivariate procedures cannot measure or correct measurement 
errors, structural equation modelling offers explicit estimates of these parameters. Finally, while data analysis using 
other methods is based only on observable measurements, in structural equation modelling both observable and non-
observable or latent variables can be included. This is essential because “agile manufacturing includes a number of 
intangible dimensions and elements that are difficult to quantify and are systematically related” (Meade and Sarkis, 
1999; 244). 
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APPENDIX. Measurement scales used in the study (I) 

FACTOR VARIABLE ITEM  CODE 
Employee empowerment Motivation 1 
Feedback of economic and/or strategic information to employees Motivation 2 
Employee participation in plant decisions Motivation 3 
Team work involving workers with different know-how and skills Teamwork 1 
Self-managed teams with decision-making capacity Teamwork 2 
Working teams that operate together with suppliers and customers Teamwork 3 
Team work as an integral part of the firm culture Teamwork 4 
Incentives for acquiring new skills and know-how Remuneration 1 
Employee reward systems for problem-solving Remuneration 2 
Objective-based worker remuneration Remuneration 3 
Creation of incentives for the team, not only for individuals Remuneration 4 
Employee rotation amongst different activities, tasks, positions or departments Extendedpost1 

Agile human 
resources 

Increased variety in workers’ tasks (versatility) Extendedpost2 
Computer-aided design (CAD) Techdesign 1 
Computer-aided engineering (CAE) Techdesign 2 
Computer-aided process planning (CAPP) Techdesign 3 
Rapid prototyping tools Techdesign 4 
Robots Techmanufact 1 
Computer-aided manufacturing (CAM): Programmable automation of machines Techmanufact 2 
Flexible manufacturing systems (FMS): Automatic multi-machine systems linked by an automatic 
materials handling system Techmanufact 3 

Automatic materials storage and dispensing systems Techmanufact 4 
Automatic identification / bar code systems Techmanufact 5 
Electronic data interchange (EDI) Externalsystem 1 

Supplier-integrated information systems Externalsystem 2 
Distributor and/or end customer integrated information systems Externalsystem 3 

Intranet Internalsystem 1 

Information systems integrated in the production area Internalsystem 2 
Information systems integrated amongst different departments in the plant and/or business unit  Internalsystem 3 
Manufacturing resources planning (MRP II, including capacity planning) Techplan 1 

Agile 
manufacturing (1) 

 

Agile technologies 

Enterprise resource planning (ERP) Techplan 2 
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Measurement scales used in the study (II) 

FACTOR VARIABLE ITEM CODE 

Joint operating and/or strategic decision-making amongst different functions or departments Cooperadep 1 

Formation of multi-functional teams (comprising people in different departments) to solve problems Cooperadep 2 
Frequent organisation of project or task-based multi-functional teams Cooperadep 3 
Use of multi-functional teams as important source of new ideas Cooperadep 4 
Regular, important decision-making by multi-functional teams Cooperadep 5 
Close relations with suppliers (frequent, direct contacts, mutual plant visits, collaboration 
agreements, etc.) Coopsupplay 1 

Integration of plant operations with supplier operations (collaboration on logistics, mutual technical 
assistance, etc.) Coopsupplay 2 

Mutual sharing of data and technical and commercial information with suppliers Coopsupplay 3 
Joint work with suppliers on the product design and development process Coopsupplay 4 
Joint work with suppliers on planning and market forecasting Coopsupplay 5 
Joint work with suppliers to improve component quality Coopsupplay 6 
Permanent interaction with suppliers using NTIC Coopsupplay 7 
Close customer relations (frequent, direct contacts, customer visits to the firm, collaboration 
agreements, etc.) Coopcustomer 1 

Integration of plant operations with customer operations (collaboration on logistics, mutual 
technical assistance, etc.) Coopcustomer 2 

Inclusion of customers in new product design and development Coopcustomer 3 
Compilation and internal dissemination of information on customer needs Coopcustomer 4 

Value chain 
integration 

Permanent interaction with customers using NTIC Coopcustomer 5 
Simultaneous product and process design by a group of employees Concurrent 1 
Early involvement of several departments or functions (R&D, production, sales, etc.) in new 
product development Concurrent 2 

Creation of new product development teams comprising members of different departments or 
functions Concurrent 3 

Concurrent 
engineering 

Close collaboration of product development team members throughout the process Concurrent 4 
Creation of organisational methods to encourage experimentation and the use of innovative ideas Learn 1 
Databases containing organisational information accessible for all employees Learn 2 
Work teams prepared to constantly access, apply and update knowledge  Learn 3 
Use of formal mechanisms to encourage sharing of best practices throughout the organisation Learn 4 

Agile 
manufacturing (2) 

 

Knowledge 
management 

Use of information systems to allow extensive dissemination of knowledge throughout the 
organisation Learn 5 
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Measurement scales used in the study (III) 

FACTOR VARIABLE ITEM CODE 

Fast-changing customer tastes and preferences  Dynamism 1 

Very frequent innovations in production processes Dynamism 2 Dynamism 

Very frequent innovations in products and/or services Dynamism3 

The plant faces great competition on a global level Hostility 1 

Very intense competition to occupy new market niches Hostility 2 

Turbulence in the 
environment 

Hostility 

Very intense competition to gain market share  Hostility 3 

Reduce manufacturing costs Cost 1 
Increase labour productivity Cost 2 
Increase equipment or capacity utilisation Cost 3 

Cost 

Reduce inventory level  Cost 4 
Make rapid design changes Flexibility 1 
Introduce new products quickly Flexibility 2 
Make rapid volume changes Flexibility 3 
Make rapid product mix changes Flexibility 4 
Offer a large degree of product variety (broad product line)  Flexibility 5 

Flexibility 

Adjust product mix Flexibility 6 
Improve conformance to design specifications Quality 1 
Offer consistent, reliable quality Quality 2 
Provide high performance products Quality 3 
Offer durable, reliable products Quality 4 

Quality 

Manufacture with consistently low defect rates (reduce defect rates) Quality 5 
Provide fast deliveries Delivery 1 
Meet delivery promises or commitments Delivery 2 Delivery 
Reduce manufacturing lead time  Delivery 3 
Provide effective after-sales service Service 1 
Provide effective support or complementary services Service 2 
Wide product distribution (make product accessible) Service 3 

Service 

Customise products and services to meet customer needs Service 4 
Make environment-friendly products Environment 1 
Use environment-friendly production processes Environment 2 
Provide the firm with a positive environmental image Environment 3 

Manufacturing 
strength 

Environment 

Prevent environmental accidents Environment 4 
Labour productivity compared to industry average Performance 1 
Customer loyalty compared to industry average Performance 2 
New product development success compared to industry average Performance 3 
Sales volume compared to industry average Performance 4 
Return on assets (ROA) compared to industry average Performance 5  

Outcomes 

Adaptability to changing competitive conditions compared to industry average Performance 6  

 

 27



 
Autobiographical Notes 

 
Dr. Daniel Vázquez-Bustelo is Assistant Professor of Business Administration/Operations Management in the 
Department of Business Administration at the University of Oviedo (Spain). He has a PhD in Business Administration 
from the University of Oviedo and teaches courses in Operations Management and Organisational Design and Analysis. 
His research interests are in areas of manufacturing strategy, organisational design, new product development and 
supply chain management. Current research activities include projects on agile manufacturing, concurrent engineering 
and mass customisation. 
 
Dr. Lucía Avella is Associate Professor of Business Administration at the University of Oviedo (Spain). Her research is 
mainly focused on the area of operations strategy: just in time production, agile manufacturing, new product 
development, supply chain management and teamwork. She has co-authored a book (Estrategia de Producción, 
McGraw-Hill, Madrid, 2003, 2006) and several articles in refereed journals, including International Journal of 
Operations & Production Management, International Journal of Production Research, Omega. International Journal of 
Management Science, International Journal of Production Economics, European Journal of Innovation Management 
and International Journal of Manufacturing Technology and Management. 
 
Dr. Esteban Fernández is Professor of Business Administration at the University of Oviedo (Spain). His research has 
focused on the study of technology, production management and business strategy.  
His publications include the following books: Dirección de la Producción (vol. I y II), Cívitas, 1993, Innovación, 
Tecnología y Alianzas Estratégica, Cívitas, 1996, Estrategia de Producción, McGraw-Hill, 2003, 2006, Dirección 
Estratégica de la Empresa, Delta Publicaciones, 2005 and Estrategia de Innovación Thomson, 2005. He has had articles 
published in the following journals: Technovation, International Journal of Technology Management, International 
Journal of Production Research, OMEGA. The International Journal of Management Science, The Journal of 
Entrepreneurship, European Journal of Innovation Management, Small Business Review, International Journal of 
Production Economics, Ecological Economics, International Journal of Manufacturing Technology and Management, 
International Journal of Human Resource Management.  
 
 

 28



   
 

FUNDACIÓN DE LAS CAJAS DE AHORROS 
 

DOCUMENTOS DE TRABAJO 
 
 

Últimos números publicados 
 

159/2000 Participación privada en la construcción y explotación de carreteras de peaje 
Ginés de Rus, Manuel Romero y Lourdes Trujillo 

160/2000 Errores y posibles soluciones en la aplicación del Value at Risk 
Mariano González Sánchez 

161/2000 Tax neutrality on saving assets. The spahish case before and after the tax reform 
Cristina Ruza y de Paz-Curbera 

162/2000 Private rates of return to human capital in Spain: new evidence 
F. Barceinas, J. Oliver-Alonso, J.L. Raymond y J.L. Roig-Sabaté 

163/2000 El control interno del riesgo. Una propuesta de sistema de límites 
riesgo neutral 
Mariano González Sánchez 

164/2001 La evolución de las políticas de gasto de las Administraciones Públicas en los años 90 
Alfonso Utrilla de la Hoz y Carmen Pérez Esparrells  

165/2001 Bank cost efficiency and output specification 
Emili Tortosa-Ausina 

166/2001 Recent trends in Spanish income distribution: A robust picture of falling income inequality 
Josep Oliver-Alonso, Xavier Ramos y José Luis Raymond-Bara 

167/2001 Efectos redistributivos y sobre el bienestar social del tratamiento de las cargas familiares en 
el nuevo IRPF 
Nuria Badenes Plá, Julio López Laborda, Jorge Onrubia Fernández 

168/2001  The Effects of Bank Debt on Financial Structure of Small and Medium Firms in some Euro-
pean Countries 
Mónica Melle-Hernández 

169/2001 La política de cohesión de la UE ampliada: la perspectiva de España 
Ismael Sanz Labrador 

170/2002 Riesgo de liquidez de Mercado 
Mariano González Sánchez 

171/2002 Los costes de administración para el afiliado en los sistemas de pensiones basados en cuentas 
de capitalización individual: medida y comparación internacional.  
José Enrique Devesa Carpio, Rosa Rodríguez Barrera, Carlos Vidal Meliá 

172/2002 La encuesta continua de presupuestos familiares (1985-1996): descripción, representatividad 
y propuestas de metodología para la explotación de la información de los ingresos y el gasto.  
Llorenc Pou, Joaquín Alegre 

173/2002 Modelos paramétricos y no paramétricos en problemas de concesión de tarjetas de credito.  
Rosa Puertas, María Bonilla, Ignacio Olmeda 



   
 

174/2002 Mercado único, comercio intra-industrial y costes de ajuste en las manufacturas españolas.  
José Vicente Blanes Cristóbal 

175/2003 La Administración tributaria en España. Un análisis de la gestión a través de los ingresos y 
de los gastos.  
Juan de Dios Jiménez Aguilera, Pedro Enrique Barrilao González 

176/2003 The Falling Share of Cash Payments in Spain. 
Santiago Carbó Valverde, Rafael López del Paso, David B. Humphrey 
Publicado en “Moneda y Crédito” nº 217, pags. 167-189. 

177/2003 Effects of ATMs  and Electronic Payments on Banking Costs: The Spanish Case.  
Santiago Carbó Valverde, Rafael López del Paso, David B. Humphrey 

178/2003 Factors explaining the interest margin in the banking sectors of the European Union.  
Joaquín Maudos y Juan Fernández Guevara 

179/2003 Los planes de stock options para directivos y consejeros y su valoración por el mercado de 
valores en España.  
Mónica Melle Hernández 

180/2003 Ownership and Performance in Europe and US Banking – A comparison of Commercial, Co-
operative & Savings Banks.  
Yener Altunbas, Santiago Carbó y Phil Molyneux 

181/2003 The Euro effect on the integration of the European stock markets.  
Mónica Melle Hernández 

182/2004 In search of complementarity in the innovation strategy: international R&D and external 
knowledge acquisition.  
Bruno Cassiman, Reinhilde Veugelers 

183/2004 Fijación de precios en el sector público: una aplicación para el servicio municipal de sumi-
nistro de agua.  
Mª Ángeles García Valiñas 

184/2004 Estimación de la economía sumergida es España: un modelo estructural de variables latentes.  
Ángel Alañón Pardo, Miguel Gómez de Antonio 

185/2004 Causas políticas y consecuencias sociales de la corrupción.  
Joan Oriol Prats Cabrera 

186/2004 Loan bankers’ decisions and sensitivity to the audit report using the belief revision model.  
Andrés Guiral Contreras and José A. Gonzalo Angulo 

187/2004 El modelo de Black, Derman y Toy en la práctica. Aplicación al mercado español. 
Marta Tolentino García-Abadillo y Antonio Díaz Pérez 

188/2004 Does market competition make banks perform well?. 
Mónica Melle 

189/2004 Efficiency differences among banks: external, technical, internal, and managerial 
Santiago Carbó Valverde, David B. Humphrey y Rafael López del Paso           



   
 

 

190/2004 Una aproximación  al análisis de los costes de la esquizofrenia en españa: los modelos jerár-
quicos bayesianos  
F. J. Vázquez-Polo, M. A. Negrín, J. M. Cavasés, E. Sánchez y grupo RIRAG 

191/2004 Environmental proactivity and business performance: an empirical analysis  
Javier González-Benito y Óscar González-Benito 

192/2004 Economic risk to beneficiaries in notional defined contribution accounts (NDCs)  
Carlos Vidal-Meliá, Inmaculada Domínguez-Fabian y José Enrique Devesa-Carpio 

193/2004 Sources of efficiency gains in port reform: non parametric malmquist decomposition tfp in-
dex for Mexico  
Antonio Estache, Beatriz Tovar de la Fé y Lourdes Trujillo 

194/2004 Persistencia de resultados en los fondos de inversión españoles  
Alfredo Ciriaco Fernández y Rafael Santamaría Aquilué 

195/2005 El modelo de revisión de creencias como aproximación psicológica a la formación del juicio 
del auditor sobre la gestión continuada  
Andrés Guiral Contreras y Francisco Esteso Sánchez 

196/2005 La nueva financiación sanitaria en España: descentralización y prospectiva  
David Cantarero Prieto 

197/2005 A cointegration analysis of the Long-Run supply response of Spanish agriculture to the com-
mon agricultural policy  
José A. Mendez, Ricardo Mora y Carlos San Juan 

198/2005 ¿Refleja la estructura temporal de los tipos de interés del mercado español preferencia por la li-
quidez? 
Magdalena Massot Perelló  y Juan M. Nave 

199/2005 Análisis de impacto de los Fondos Estructurales Europeos recibidos por una economía regional: 
Un enfoque a través de Matrices de Contabilidad Social 
M. Carmen Lima  y M. Alejandro Cardenete 

200/2005 Does the development of non-cash payments affect monetary policy transmission? 
Santiago Carbó Valverde y Rafael López del Paso 

201/2005 Firm and time varying technical and allocative efficiency: an application for port cargo han-
dling firms 
Ana Rodríguez-Álvarez, Beatriz Tovar de la Fe  y Lourdes Trujillo 

202/2005 Contractual complexity in strategic alliances 
Jeffrey J. Reuer  y  Africa Ariño 

203/2005 Factores determinantes de la evolución del empleo en las empresas adquiridas por opa 
Nuria Alcalde Fradejas  y  Inés Pérez-Soba Aguilar 

204/2005 Nonlinear Forecasting in Economics: a comparison between Comprehension Approach versus 
Learning Approach. An Application to Spanish Time Series 
Elena Olmedo, Juan M. Valderas, Ricardo Gimeno and Lorenzo Escot 



   
 

205/2005 Precio de la tierra con presión urbana: un modelo para España  
Esther Decimavilla, Carlos San Juan y Stefan Sperlich 

206/2005 Interregional migration in Spain: a semiparametric analysis  
Adolfo Maza y José Villaverde 

207/2005 Productivity growth in European banking  
Carmen Murillo-Melchor, José Manuel Pastor  y Emili Tortosa-Ausina 

208/2005 Explaining Bank Cost Efficiency in Europe: Environmental and Productivity Influences. 
Santiago Carbó Valverde, David B. Humphrey  y Rafael López del Paso 

209/2005 La elasticidad de sustitución intertemporal con preferencias no separables intratemporalmente: los 
casos de Alemania, España y Francia. 
Elena Márquez de la Cruz, Ana R. Martínez Cañete  y Inés Pérez-Soba Aguilar 

210/2005 Contribución de los efectos tamaño, book-to-market y momentum a la valoración de activos: el 
caso español. 
Begoña Font-Belaire y Alfredo Juan Grau-Grau 

211/2005 Permanent income, convergence and inequality among countries 
José M. Pastor and Lorenzo Serrano 

212/2005 The Latin Model of Welfare: Do ‘Insertion Contracts’ Reduce Long-Term Dependence? 
Luis Ayala and Magdalena Rodríguez 

213/2005 The effect of geographic expansion on the productivity of Spanish savings banks 
Manuel Illueca, José M. Pastor and Emili Tortosa-Ausina 

214/2005 Dynamic network interconnection under consumer switching costs 
Ángel Luis López Rodríguez 

215/2005 La influencia del entorno socioeconómico en la realización de estudios universitarios: una aproxi-
mación al caso español en la década de los noventa 
Marta Rahona López 

216/2005 The valuation of spanish ipos: efficiency analysis 
Susana Álvarez Otero 

217/2005 On the generation of a regular multi-input multi-output technology using parametric output dis-
tance functions 
Sergio Perelman and Daniel Santin 

218/2005 La gobernanza de los procesos parlamentarios: la organización industrial del congreso de los di-
putados en España 
Gonzalo Caballero Miguez 

219/2005 Determinants of bank market structure: Efficiency and political economy variables 
Francisco González 

220/2005 Agresividad de las órdenes introducidas en el mercado español: estrategias, determinantes y me-
didas de performance 
 David Abad Díaz 



   
 

221/2005 Tendencia post-anuncio de resultados contables: evidencia para el mercado español 
 Carlos Forner Rodríguez, Joaquín Marhuenda Fructuoso y Sonia Sanabria García 

222/2005 Human capital accumulation and geography: empirical evidence in the European Union 
 Jesús López-Rodríguez, J. Andrés Faíña y Jose Lopez Rodríguez 

223/2005 Auditors' Forecasting in Going Concern Decisions: Framing, Confidence and Information Proc-
essing 
 Waymond Rodgers and Andrés Guiral 

224/2005 The effect of Structural Fund spending on the Galician region: an assessment of the 1994-1999 
and 2000-2006 Galician CSFs 
 José Ramón Cancelo de la Torre, J. Andrés Faíña and Jesús López-Rodríguez 

225/2005 The effects of ownership structure and board composition on the audit committee activity: Span-
ish evidence 
 Carlos Fernández Méndez and Rubén Arrondo García 

226/2005 Cross-country determinants of bank income smoothing by managing loan loss provisions 
 Ana Rosa Fonseca and Francisco González 

227/2005 Incumplimiento fiscal en el irpf (1993-2000): un análisis de sus factores determinantes 
 Alejandro Estellér Moré 

228/2005 Region versus Industry effects: volatility transmission 
 Pilar Soriano Felipe and Francisco J. Climent Diranzo 

229/2005 Concurrent Engineering: The Moderating Effect Of Uncertainty On New Product Development 
Success 
 Daniel Vázquez-Bustelo and Sandra Valle 

230/2005 On zero lower bound traps: a framework for the analysis of monetary policy in the ‘age’ of cen-
tral banks 
 Alfonso Palacio-Vera 

231/2005 Reconciling Sustainability and Discounting in Cost Benefit Analysis: a methodological proposal 
 M. Carmen Almansa Sáez and Javier Calatrava Requena 

232/2005 Can The Excess Of Liquidity Affect The Effectiveness Of The European Monetary Policy? 
 Santiago Carbó Valverde and Rafael López del Paso 

233/2005 Inheritance Taxes In The Eu Fiscal Systems: The Present Situation And Future Perspectives. 
 Miguel Angel Barberán Lahuerta 

234/2006 Bank Ownership And Informativeness Of Earnings. 
 Víctor M. González 

235/2006 Developing A Predictive Method: A Comparative Study  Of The Partial Least Squares Vs Maxi-
mum Likelihood Techniques. 
 Waymond Rodgers, Paul Pavlou and Andres Guiral. 

236/2006 Using Compromise Programming for Macroeconomic Policy Making in a General Equilibrium 
Framework: Theory and Application to the Spanish Economy. 
 Francisco J. André, M. Alejandro Cardenete y Carlos Romero. 



   
 

237/2006 Bank Market Power And Sme Financing Constraints. 
 Santiago Carbó-Valverde, Francisco Rodríguez-Fernández y Gregory F. Udell. 

238/2006 Trade Effects Of Monetary Agreements: Evidence For Oecd Countries. 
 Salvador Gil-Pareja, Rafael Llorca-Vivero y José Antonio Martínez-Serrano. 

239/2006 The Quality Of Institutions: A Genetic Programming Approach. 
Marcos Álvarez-Díaz y Gonzalo Caballero Miguez. 

240/2006 La interacción entre el éxito competitivo  y las condiciones del mercado doméstico como deter-
minantes de la decisión de exportación en las Pymes. 
Francisco García Pérez. 

241/2006 Una estimación de la depreciación del capital humano por sectores, por ocupación y en el 
tiempo. 
Inés P. Murillo. 

242/2006 Consumption And Leisure Externalities, Economic Growth And Equilibrium Efficiency. 
Manuel A. Gómez. 

243/2006 Measuring efficiency in education: an analysis of different approaches for incorporating  
non-discretionary inputs. 
Jose Manuel Cordero-Ferrera, Francisco Pedraja-Chaparro y Javier Salinas-Jiménez 

244/2006 Did The European Exchange-Rate Mechanism Contribute To The Integration Of Peripheral 
Countries?. 
Salvador Gil-Pareja, Rafael Llorca-Vivero y José Antonio Martínez-Serrano 

245/2006 Intergenerational Health Mobility: An Empirical Approach Based On The Echp. 
Marta Pascual and David Cantarero 

246/2006 Measurement and analysis of the Spanish Stock Exchange using the Lyapunov exponent with 
digital technology. 
Salvador Rojí Ferrari and Ana Gonzalez Marcos 

247/2006 Testing For Structural Breaks In Variance Withadditive Outliers And Measurement Errors. 
Paulo M.M. Rodrigues and Antonio Rubia 

248/2006 The Cost Of Market Power In Banking: Social Welfare Loss Vs. Cost Inefficiency. 
Joaquín Maudos and Juan Fernández de Guevara 

249/2006 Elasticidades de largo plazo de la demanda de vivienda: evidencia para España (1885-2000). 
Desiderio Romero Jordán, José Félix Sanz Sanz y César Pérez López 

250/2006 Regional Income Disparities in Europe: What role for location?. 
Jesús López-Rodríguez and J. Andrés Faíña 

251/2006 Funciones abreviadas de bienestar social: Una forma sencilla de simultanear la medición de la 
eficiencia y la equidad de las políticas de gasto público. 
Nuria Badenes Plá y Daniel Santín González 

252/2006 “The momentum effect in the Spanish stock market: Omitted risk factors or investor behaviour?”. 
Luis Muga and Rafael Santamaría 

253/2006 Dinámica de precios en el mercado español de gasolina: un equilibrio de colusión tácita. 
Jordi Perdiguero García 



   
 

254/2006 Desigualdad regional en España: renta permanente versus renta corriente. 
José M.Pastor, Empar Pons y Lorenzo Serrano 

255/2006 Environmental implications of organic food preferences: an application of the impure public 
goods model. 
Ana Maria Aldanondo-Ochoa y Carmen Almansa-Sáez 

256/2006 Family tax credits versus family allowances when labour supply matters: Evidence for Spain. 
José Felix Sanz-Sanz, Desiderio Romero-Jordán y Santiago Álvarez-García 

257/2006 La  internacionalización de la empresa manufacturera española: efectos del capital humano 
genérico y específico. 
José López Rodríguez 

258/2006 Evaluación de las migraciones interregionales en España, 1996-2004. 
María Martínez Torres 

259/2006 Efficiency and market power in Spanish banking. 
Rolf Färe, Shawna Grosskopf y Emili Tortosa-Ausina. 

260/2006 Asimetrías en volatilidad, beta y contagios entre las empresas grandes y pequeñas cotizadas en la 
bolsa española. 
Helena Chuliá y Hipòlit Torró. 

261/2006 Birth Replacement Ratios: New Measures of Period Population Replacement. 
José Antonio Ortega. 

262/2006 Accidentes de tráfico, víctimas mortales y consumo de alcohol. 
José Mª Arranz y Ana I. Gil. 

263/2006 Análisis de la Presencia de la Mujer en los Consejos de Administración de las Mil Mayores Em-
presas Españolas. 
Ruth Mateos de Cabo, Lorenzo Escot Mangas y Ricardo Gimeno Nogués. 

264/2006 Crisis y Reforma del Pacto de Estabilidad y Crecimiento. Las Limitaciones de la Política Econó-
mica en Europa. 
Ignacio Álvarez Peralta. 

265/2006 Have Child Tax Allowances Affected Family Size? A Microdata Study For Spain (1996-2000). 
Jaime Vallés-Giménez y Anabel Zárate-Marco. 

266/2006 Health Human Capital And The Shift From Foraging To Farming. 
Paolo Rungo. 

267/2006 Financiación Autonómica y Política de la Competencia: El Mercado de Gasolina en Canarias. 
Juan Luis Jiménez y Jordi Perdiguero. 

268/2006 El cumplimiento del Protocolo de Kyoto para los hogares españoles: el papel de la imposición 
sobre la energía.  
Desiderio Romero-Jordán y José Félix Sanz-Sanz. 

269/2006 Banking competition, financial dependence and economic growth 
Joaquín Maudos y Juan Fernández de Guevara 

270/2006 Efficiency, subsidies and environmental adaptation of animal farming under CAP 
Werner Kleinhanß, Carmen Murillo, Carlos San Juan y  Stefan Sperlich 



   
 

271/2006 Interest Groups, Incentives to Cooperation and Decision-Making Process in the European Union 
A. Garcia-Lorenzo y  Jesús López-Rodríguez 

272/2006 Riesgo asimétrico y estrategias de momentum en el mercado de valores español 
Luis Muga y Rafael Santamaría 

273/2006 Valoración de  capital-riesgo en proyectos de base tecnológica e innovadora a través de la teoría 
de opciones reales 
Gracia Rubio Martín 

274/2006 Capital stock and unemployment:  searching for the missing link 
Ana Rosa Martínez-Cañete, Elena Márquez de la Cruz, Alfonso Palacio-Vera and Inés Pérez-
Soba Aguilar 

275/2006 Study of the influence of the voters’ political culture on vote decision through the simulation of a 
political competition problem in Spain 
Sagrario Lantarón, Isabel Lillo, Mª Dolores López and Javier Rodrigo 

276/2006 Investment and growth in Europe during the Golden Age 
Antonio Cubel and Mª Teresa Sanchis 

277/2006 Efectos de vincular la pensión pública a la inversión en cantidad y calidad de hijos en un 
modelo de equilibrio general  
Robert Meneu Gaya 

278/2006 El consumo y la valoración de activos  
Elena Márquez y Belén Nieto 

279/2006 Economic growth and currency crisis: A real exchange rate entropic approach  
David Matesanz Gómez y Guillermo J. Ortega 

280/2006 Three measures of returns to education:  An illustration for the case of Spain  
María Arrazola y José de Hevia 

281/2006 Composition of Firms versus Composition of Jobs  
Antoni Cunyat 

282/2006 La vocación internacional de un holding tranviario belga: la Compagnie Mutuelle de Tram-
ways, 1895-1918 
Alberte Martínez López 

283/2006 Una visión panorámica de las entidades de crédito en España en la última década. 
Constantino García Ramos 

284/2006 Foreign Capital and Business Strategies: a comparative analysis of urban transport in Madrid and 
Barcelona, 1871-1925 
Alberte Martínez López 

285/2006 Los intereses belgas en la red ferroviaria catalana, 1890-1936  
Alberte Martínez López 

286/2006 The Governance of Quality: The Case of the Agrifood Brand Names 
Marta Fernández Barcala, Manuel González-Díaz y Emmanuel Raynaud 

287/2006 Modelling the role of health status in the transition out of malthusian equilibrium 
Paolo Rungo, Luis Currais and Berta Rivera 

288/2006 Industrial Effects of Climate Change Policies through the EU Emissions Trading Scheme 
Xavier Labandeira and Miguel Rodríguez 



   
 

289/2006 Globalisation and the Composition of Government Spending: An analysis for OECD countries 
Norman Gemmell, Richard Kneller and Ismael Sanz 

290/2006 La producción de energía eléctrica en España: Análisis económico de la actividad tras la liberali-
zación del Sector Eléctrico 
Fernando Hernández Martínez 

291/2006 Further considerations on the link between adjustment costs and the productivity of R&D invest-
ment: evidence for Spain 
Desiderio Romero-Jordán, José Félix Sanz-Sanz and Inmaculada Álvarez-Ayuso 

292/2006 Una teoría sobre la contribución de la función de compras al rendimiento empresarial 
Javier González Benito 

293/2006 Agility drivers, enablers and outcomes: empirical test of an integrated agile manufacturing model 
Daniel Vázquez-Bustelo, Lucía Avella and Esteban Fernández 


	DANIEL VÁZQUEZ-BUSTELO (Corresponding author)
	LUCÍA AVELLA
	ESTEBAN FERNÁNDEZ
	2. AGILE MANUFACTURING: A SUMMARY OF THE LITERATURE
	4. OBJECTIVES AND HYPOTHESES
	6. DIMENSIONALITY, RELIABILITY AND VALIDITY OF MEASUREMENT SCALES 
	7. ANALYSIS AND DISCUSSION
	8. CONCLUSIONS, LIMITATIONS AND FUTURE RESEARCH
	Human resources
	Technologies
	Figure 2. Agile manufacturing causal model
	 Measurement scales used in the study (II)
	 Measurement scales used in the study (III)




