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Abstract:

This paper explores the contextual differences of plants to better understand what types of companies have stronger technology development emphasis and approaches.  We propose a theoretical framework for understanding the relationship between the context in which a plant operates and the practices that develop the technology base of the plant.  We test this framework using data from 163 plants to determine what types of companies are most likely to aggressively pursue technology development at the plant-level.  Our results indicate that environmental, organizational and strategic contextual factors are important to the technology position of a plant. 

INTRODUCTION

Many companies have identified the critical role that manufacturing plays in the technology development process.   In order to bring products to market quicker and in a cost efficient manner, it is important that production understands the requirements of the product, ensures that products are manufacturable, and provides suitable and capable process technologies.  However, not all companies have effectively involved their production personnel or modified their manufacturing practices to support product development.  This leads us to question the applicability of universal practices to all operating environments.  Contextual factors may contribute to an organization’s need or desire to utilize particular development methods and/or emphasize modern process or product technologies.

This paper evaluates the contextual factors that help explain differences in technology development practices.  In particular, we consider the factors that influence the technology development approach and emphasis at manufacturing plants.  By considering the relationship between the context and practices, we are able to better understand the nature of the technology development practices within a plant and the technology decisions that are made by manufacturers.  

FRAMEWORK

In our framework (Figure 1), we consider three types of contextual factors-- environmental, organizational, and strategic—and their influence on a plant’s process/product technology emphasis and approach.  

Figure 1:  A Contextual Framework for Technology Practices
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We make the following Hypotheses:

H1:
Environmental factors--country and industry--explain a significant portion of variation in the technology emphasis and approach in a manufacturing plant.

H1A:
Japanese plants have stronger technology development emphasis and approaches than Western plants.

H1B:
The automobile industry has stronger technology development emphasis and approaches than the electronics and machinery industries.

H2: 
Organizational factors—company size, plant size and process type--significantly add to the explanation of the variance in the technology emphasis and approach in a manufacturing plant.

H2A:
Larger firms--as measured by company size and plant size--have stronger technology development emphasis and approaches

H2B:
Process-oriented companies have stronger technology development emphasis and approaches than non-process-oriented companies.

H3: 
Strategic Factors--the existence of a formal strategic planning process and the fit between the manufacturing and business strategy-- significantly add to the explanation of the variance in the technology emphasis and approach in a manufacturing plant.

H3A:
Firms with a formal strategic planning process have a stronger technology development emphasis and approach.  

H3B:
Firms that have a good fit between their manufacturing and business strategy have a stronger technology development emphasis and approach.  

In summary, we are proposing a framework in line with the contextual theory of management (Lawrence and Lorsch 1967, Campbell 1990).  This theory holds that management practices are not universal, but rather depend on the context or environment of the firm.  We propose that contextual factors do make a difference in a plant’s emphasis and approach to technology.

DESCRIPTION OF THE DATA

The data used for empirical analysis of the framework were collected as part of the World Class Manufacturing (WCM) Study (Flynn, Schroeder and Sakakibara 1994) being conducted by a team of researchers at several universities in the U.S., Asia and Europe.  The WCM database used for our research was assembled in 1997 from three different regions of the world and three different industries using a common set of questionnaires.  Part of this database addresses technology development practices and includes 163 different manufacturing plants. 

We consider two main components of a plants technology base--the approach to technology development and the emphasis on manufacturing process technology.  Our technology approach measure contains 13 items that evaluate a plants development approach, considering the plant’s development process (inter-functional design efforts) and the approach to designing the product for manufacturability (product design simplicity and incorporating quality in the design process).  Our technology emphasis measure contains 11 items which evaluate the plant’s technology emphasis, considering their efforts to anticipate new technologies, their use of proprietary equipment, and their use of state-of-art equipment in their processes.

We consider three groups of contextual factors--environmental, organizational, and strategic.  The measures used for the environmental context variables are relatively straightforward.  We have five countries represented (USA (sample size =29), Italy (34), Germany (33), United Kingdom (21), and Japan (46)) and three industries (machinery (54), electronics (54), and automobile (55)).  There are three measures used for the organizational context variables.  First, we consider the size of the organization--measured in terms of the number of employees in the parent company and the number of employees in the plant.  This provides an indication of the company size and the relative number of resources within the organization.  Then, we consider the type of process used in the plant.  Since some plants have various types of processes within the plant, we used the following measure of process-orientation.  We asked companies to specify the percentage of product volume that was produced by each of five types of processes (% continuous, % job shop, etc.) and then calculated a weighted average.  Plants that are more process-oriented have a higher value on this measure. Finally, we considered two measures for the strategic contextual factors. The first measure of strategic direction evaluates the strategic planning process at the plant.  Our measure assesses the level of discipline in the planning process.  Typically, the more formal the planning process, the more prominent role that strategy plays in the plant’s decisions and activities.  The second measure assesses the fit between the manufacturing and business strategy.  When a firm identifies the importance of manufacturing to their overall business performance, they ensure that manufacturing strategy is aligned with the business strategy.  The plant’s actions and results are monitored and should support the overall organization. 

ANALYSIS

We use a hierarchical regression approach to the statistical analysis.  This approach allows us to understand which environmental, organizational and strategic contextual issues are most important to the technology practices within the plant.  At each step of the analysis, we add additional variables and test whether the new variable set significantly contributes to the explanation of the technology approach and emphasis.  Details of this analysis are available in the full paper.  

Our contextual measures explain between 47-59% of the variance of the technology approach and emphasis.  These results indicate that environmental, organizational and strategic contextual factors are important to the technology position of a plant.  Clearly context needs to be considered in the evaluation of technology emphasis and approaches. 


It appears that western plants place less emphasis on process technology and have a less disciplined approach to technology development than Japanese plants.  This supports our hypothesis that Japanese companies have plant practices that support process technology development. Further research should help to identify the differences between countries at both the product and process technology level.


The type of process is another important factor to technology development.  The type of equipment--typically based on the nature of the product and its point in the lifecycle--can be critical to the technology position.  In process-oriented industries (often associated with high volumes and low costs positions) it is important to design the product for simplicity and to have highly efficient equipment.  Therefore, it is essential that a plant plays a role in product development and roll-out as well as stays up-to-date with process technology.


Finally, strategists always indicate that the functional strategies must be linked to the business strategy.  Our research suggests that when the manufacturing strategy fits well with the business strategy, plants place more emphasis on technology and have a well-defined technology development approach.  When the strategic fit is identified between the business and manufacturing organization, plants are able to justify technology, play an active role in technology development, and stay on the leading edge of process technology.  
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