
MANUFACTURING POLICY AND STRUCTURE
AS AFFECTED BY ENVIRONMENT, SIZE AND
TECHNOLOGY: A CONTINGENCY APPROACH

Item Type text; Dissertation-Reproduction (electronic)

Authors Cox, Taylor Howard

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 21:34:09

Link to Item http://hdl.handle.net/10150/282055

http://hdl.handle.net/10150/282055


INFORMATION TO USERS 

This was produced from a copy of a document sent to us for microfilming. While the 

most advanced technological means to photograph and reproduce this document 

have been used, the quality is heavily dependent upon the quality of the material 

submitted. 

The following explanation of techniques is provided to help you undecstand 

markings or notations which may appear on this reproduction. 

1.The sign or "target" for pages apparently lacking from the document 

photographed is "Missing Page(s)". If it was possible to obtain the missing 

page(s) or section, they are spliced into the film along with adjacent pages. 

This may have necessitated cutting through an image and duplicating 

adjacent pages to assure you of complete continuity. 

2. When an image on the film is obliterated with a round black mark it is an 
indication that the film inspector noticed either blurred copy because of 

movement during exposure, or duplicate copy. Unless we meant to delete 

copyrighted materials that should not have been filmed, you will find a good 

image of the page in the adjacent frame. If copyrighted materials were 

deleted you will find a target note listing the pages in the adjacent frame. 

3. When a map, drawing or chart, etc., is part of the material being photo

graphed the photographer has followed a definite method in "sectioning" 

the material. It is customary to begin filming at the upper left hand corner of 

a large sheet and to continue from left to right in equal sections with small 

overlaps. If necessary, sectioning is continued again—beginning below the 

first row and continuing on until complete. 

4. For any illustrations that cannot be reproduced satisfactorily by xerography, 

photographic prints can be purchased at additional cost and tipped into your 

xerographic copy. Requests can be made to our Dissertations Customer 
Services Department. 

5. Some pages in any document may have indistinct print. In all cases we have 

filmed the best available copy. 

University 
Microfilms 

International 
300 N. ZEEB RD., ANN ARBOR, Ml 48106 



8206886 

Cox, Taylor Howard, Jr. 

MANUFACTURING POLICY AND STRUCTURE AS AFFECTED BY 
ENVIRONMENT, SIZE AND TECHNOLOGY: A CONTINGENCY 
APPROACH 

A 

The University of Arizona PH.D. 1981 

University 
Microfilms 

International 300 N. Zeeb Road, Ann Arbor, MI 48106 

Copyright 1981 

by 

Cox, Taylor Howard, Jr. 

All Rights Reserved 



MANUFACTURING POLICY AND STRUCTURE AS 

AFFECTED BY ENVIRONMENT, SIZE AND TECHNOLOGY: 

A CONTINGENCY APPROACH 

by 

Taylor Howard Cox, Jr. 

A Dissertation Submitted to the Faculty of the 

COMMITTEE ON BUSINESS ADMINISTRATION 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

© Copyright 1981 by Taylor Howard Cox, Jr. 



THE UNIVERSITY OF ARIZONA 
GRADUATE COLLEGE 

As members of the Final Examination Committee, we certify that we have read 

the dissertation prepared by Taylor Howard Cox, Jr. 

entitled Manufacturing Policy and Structure as Affected by Environment, 

Size and Technology: A Contingency Approach 

and recommend that it be accepted as fulfilling the dissertation requirement 

for the Degree of Doctor of Philosophy . 

Date 

iate 

Final approval and acceptance of this dissertation is contingent upon the 
candidate's submission of the final copy of the dissertation to the Graduate 
College. 

I hereby certify that I have read this dissertation prepared under my 
direction and recommend that it be accepted as fulfilling the dissertation 
requirement. 

Dissertation D&Vector 
ft, /fy, 

Date 



STATEMENT BY AUTHOR 

This dissertation has been submitted in partial fulfillment of 
requirements for an advanced degree at The University of Arizona and 
is deposited in the University Library to be made available to bor
rowers under rules of the Library. 

Brief quotations from this dissertation are allowable without 
special permission, provided that accurate acknowledgment of source 
is made. Requests for permission for extended quotation from or 
reproduction of this manuscript in whole or in part may be granted by 
the copyright holder. 

SIGNED: 



ACKNOWLEDGMENTS 

The author is grateful to Professors Richard Chase, Edwin Flippo, 

and George Summers of the School of Business of The University of Arizona 

for the unique contributions of each to the inception, development, and 

completion of this dissertation. Appreciation is also extended to the 

other members of the faculty of The University of Arizona, in general, 

and of the School of Business in particular. 

Special thanks also go to Professor Bill Ittleson of The Univer

sity of Arizona Psychology Department for his valuable advice and moral 

support, to Professor David Tansik of the Department of Management for 

various acts of assistance along the way, and to Professor Bruce 

DeSpelder of the Department of Management at Wayne State University for 

his faith in my ability and great contribution to my intellectual, 

development. 

Finally, I acknowledge the patience, support, and many other 

subtle aids of my wife, Cynthia, and the other members of my family dur

ing the time that I was devoted to this task. 

iii 



TABLE OF CONTENTS 

Page 

LIST OF ILLUSTRATIONS vi 

LIST OF TABLES vii 

ABSTRACT viii 

1. AN OVERVIEW OF THE PROJECT 1 

Introduction 1 
The Problem 2 
Definitions of Key Terms 6 
Importance of the Research 9 

2. FOUNDATIONS OF THE PROJECT 12 

Background of Contingency Theory 12 
Prior Research on Contingency Theory 13 
The Relation between Co-alignment and 

Effectiveness 17 
Background of Manufacturing Policy . . 19 

Skinner's Concept of Focus 20 
Other Important MP Writings 25 

Contingency Theory as an Approach to 
Strategy/Policy 28 

Development of the Model 29 

3. RESEARCH METHODOLOGY 37 

The Research Design 37 
Population, Unit of Analysis, Subjects 37 
Sample Selection 39 
Data Collection Techniques 43 
Measurement of the Variables 44 

Measure of the Environment 44 
The Measure of Size 50 
The Measure of Technology 50 
The Measure of Structure 51 
The Measure of Co-alignment 53 
The Measure of Effectiveness 60 
The Measures of Manufacturing Policy 62 

The Pilot Study 64 
Reliability of MP Measures 68 
Validity of MP Measures 69 

iv 



V 

TABLE OF CONTENTS—Continued 

Page 

4. RESULTS AND DISCUSSION 77 

Treatment of the Data 77 
Results 81 

Tests of General Hypothesis 1 85 
Tests of General Hypothesis 2 93 
Other Results 94 

Discussion of Research Findings 95 
Structure Variables 95 
Discussion of Results on Plant Size Policy .... 100 
Discussion of Results on Plant Equipment Policy . . 102 
Discussion of Results on Inventory Size Policy . . 104 
Discussion of Results of the Co-alignment/ 

Effectiveness Tests 107 

5. CONCLUSIONS, IMPLICATIONS, AND DIRECTIONS FOR 
FUTURE RESEARCH 113 

Conclusions 113 
Problems Encountered 114 

Complexity 115 
Implications, Contributions, and Limitations of 

the Research 116 
Contributions and Limitations of the Research . . . 119 

Directions for Future Research 121 
Summary 125 

APPENDIX A: QUESTIONNAIRES USED AS MEASUREMENT INSTRU
MENTS FOR THE ENVIRONMENT, SIZE, TECHNOLOGY, 
STRUCTURE, AND EFFECTIVENESS VARIABLES .... 128 

APPENDIX B: SAMPLE COMPUTATION: CO-ALIGNMENT INDEX 
FOR STRUCTURE 138 

APPENDIX C: DEVELOPMENT OF THE POLICY QUESTIONNAIRES ... 140 

APPENDIX D: PILOT STUDY DATA AND PARTIAL ANALYSIS .... 162 

APPENDIX E: COPIES AND RELIABILITY COMPUTATIONS FOR 
THE FINAL MP QUESTIONNAIRES 171 

REFERENCES 184 



LIST OF ILLUSTRATIONS 

Figure Page 

1. A Contingency Model of Manufacturing Policy 4 

2. A Linkage Model of the Strategy-Policy Integration 
Process 22 

3. Illustration of Product/Process Structures 54 

4. Graphic Plot from Factor Analysis of Final Plant 
Equipment Questionnaire 74 

5. Plot of Technology to Inventory Size Score 96 

vi 



LIST OF TABLES 

Table Page 

1. Theoretical Relations between Environment and 
MP/Structure 7 

II. Areas of Manufacturing Policy and Relevant Trade-offs 
for Each . 23 

III. Preliminary Matrix Relating Environmental Change 
to Potential Strategic Action 28 

IV. S.I.C. Codes Used in Sample Selections 41 

V. Composition of the Sample 42 

I. Repeated 55 

VI. Factor Matrix for Plant Size Measures 73 

VII. Factor Matrix for Plant Equipment Measures 73 

VIII. Factor Matrix for Inventory Size Measures 73 

IX. Measuring Scales for the MP Variables 76 

X. Summary of Statistical Analysis Techniques 80 

XI. Presentation of Data Relevant to General Hypothesis 1 . 82 

XII. Presentation of Data Relevant to General Hypothesis 2 
(Firms Classified Using Objective Measures of 
Environment 83 

XIII. Presentation of Data Relevant to General Hypothesis 2 
(Using Manager Perception Measures of 
Environment) 84 

XIV. Presentation of Raw Data 86 

XV. Results of Multiple Regression Analysis 89 

XVI. Results of Sign Test for Matched, Pairs: Plant 
Size Variable 92 

vii 



ABSTRACT 

There have been calls in the P/OM literature for research aimed 

at a better understanding of manufacturing policy and requests in the OB 

literature for further clarification of the nature and effects of "con

tingency" variables. A field study was done in an effort to address 

both of these concerns. The study involved 20 manufacturing firms of 

1,000 or more employees in four different industries. A theoretical 

model was developed which suggests a link between the degree of stability 

in the external environment and various aspects of structure and policy 

in manufacturing departments. The hypotheses tested predicted that po

licy would differ for firms facing different environments and that if 

policy and environmental conditions were appropriately matched, better 

departmental performance would result. Results indicate that the degree 

of environmental stability may relate negatively to the level of admini

strative intensity, the degree of preference for small versus large 

plants, and the degree of preference for low versus high inventories. 

These findings were in accord with the theory of the model. No support 

was indicated for predictions that the degree of environmental stability 

would correlate negatively with spans of control and with preferences 

for general-purpose equipment or for the expected positive relationship 

between stability and number of organizational levels or preferences for 

process structures. There was also no support found for the hypothesis 

that better "fit" of environment with policy/structure leads to better 

performance. There was some evidence that type of technology affects 

viii 



spsuis of control, number of levels, type of equipment preferred, and 

level., of inventories preferred, but no support for the importance of 

size (of firm) as an influence on policy and structure. The thesis dis

cusses pcssible explanations for unexpected results and offers specific 

suggestions for future research. 



CHAPTER 1 

AN OVERVIEW OF THE PROJECT 

Introduction 

The research described in this paper is an attempt to bridge two 

distinct areas of management theory: Organization Behavior (OB) and 

Production/Operations Management (P/OM). This linkage is accomplished 

using the contingency theory notions of OB and manufacturing policy con

cepts of P/OM. This type of integration seems promising in terms of 

contributions to the knowledge base of both fields. 

Manufacturing policy (MP) is a relatively undeveloped area of 

P/OM which so far has been addressed mostly in philosophical and theoret

ical terms by a small group of writers having roots in the Harvard Busi

ness School. The essence of MP is that manufacturing managers have 

choices to make among some fairly standard alternatives in key decision 

areas (e.g., choice between high and low inventory levels). Policy can 

be viewed as the philosophy or guiding principles which determine how 

these choices are handled. It is therefore manifested in the content of 

the choices themselves. 

Contingency theory seems a natural bridge from OB by which to 

study MP because it attempts to identify and explain the conditions or 

important determinants of the success of particular approaches to man

agement. In essence, it states that there is no one best way to manage 

but, rather, the proper techniques, approaches, and decisions are 

1 
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dependent on a number of situational factors. It has been successfully 

applied to the study of management decisions regarding organization 

structure, leadership styles, and corporate strategy. 

The chapters which follow describe in detail a field research 

effort aimed at applying a contingency framework to the study of MP. 

Chapter 2 addresses the literature foimdations of these two concepts and 

the development of the specific model to be tested. Chapter 3 describes 

the research methodology. Chapter 4 presents the results and discussion 

of results, and Chapter 5 covers conclusions, implications, and direc

tions for future research. The remainder of this chapter is devoted to 

a more rigorous definition of the research problem and theoretical model 

to be tested. 

The Problem 

The problem of interest is to apply the concept of contingency 

theory to the study of MP in an effort to advance the state of knowledge 

of both areas. Major questions of relevance are: 

1. What are the major determinants of effective choice among alter

natives in forming specific elements of manufacturing policy? 

2. What are the precise relations among the contingency variables 

(environment, structure, technology, size, management approach, 

objectives, personnel)? 

3. How does co-alignment of contingency variables relate to the 

formation of manufacturing policy and to the relative effective

ness of manufacturing departments? 



4. Are focus and integration of manufacturing decisions important 

determinants of the contribution of manufacturing to organiza

tional effectiveness? 

5. Do relations among the key contingency variables at the institu

tional level and in boundary units hold true for the operations 

core of organizations as well? 

This research addresses questions 1 and 3 most directly with im

plications for the other questions. The specific model to be tested ap

pears in graphic form in Figure 1. 

Details on the development of the model are covered in later 

sections, but a brief explanation is provided here. The model treats 

environment as an independent variable that is an important determinant 

of manufacturing policy and structure choices.^ The basic contention of 

the model is that certain types of environments will call for certain 

structure/policy choices in order for manufacturing units to operate 

most effectively. The extent to which the structure/policy choices 

properly reflect the outer environment is called the degree of co-

alignment (Thompson, 1967). The degree of co-alignment, in turn, will 

affect the effectiveness of the operation. Thus the model has two links, 

the first relating environment to structure/policy and the second 

1. The distinction here between policy and structure is some
what misleading since structure (at least in certain dimensions such as 
the product/process dimension) is part of MP. The separation is a con
venience because some aspects of policy are not related to structure and 
vice versa. 



Co-alignment 

Degree of 

External Environment 

(stable or dynamic) 

Manufacturing Department 

Effectiveness of 

Manufacturing Policy: 

Structure: 

plant size 
type of equipment 
inventory size 

span of control 
administrative intensity 
number of hierarchical 
levels 
product or process 

Figure 1. A Contingency Model of Manufacturing Policy. 
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relating degree of co-alignment to effectiveness. The hypotheses to be 

tested are: 

1. Manufacturing departments facing stable external environments 

will display different policy choices and different structural 

characteristics than those facing dynamic environments. 

2. The manufacturing departments achieving a greater degree of co-

alignment (as defined by prescribed interrelations of environ

ment and policy/structure) will display a greater level of ef

fectiveness than those with lesser degrees of co-alignment. 

Even though the independent variable of primary interest is en

vironment, considerable evidence in the literature suggests that size 

and type of technology may also be important contingency variables af

fecting structure and management approach. Therefore, some means of 

addressing these two variables is desirable. The plan was to constrain 

the variability of both size and technology as a matter of domain speci

fication (i.e., restricting interest to large, mass-production type or

ganizations). However, as the data were collected it became apparent 

that homogeneity on these two variables does not exist in the sample. 

Therefore both variables were measured and treated in the analysis. In 

this way, it was hoped that effects of the external environment would 

not be confounded by effects of size and technology. The writer does 

not take the view that the outer environment is the only factor of im

portance in explaining MP, or even that size, technology, and environ

ment explain policy choices in total. The problem addressed here was 

chosen for an initial study because of its unique relevance to central 



6 

issues in the MP literature (focus and integration of MP with overall 

corporate strategy). The reader is referred to the Chapter 2 discussion 

of MP for elaboration on this latter point. 

The "prescribed" interrelations referred to in hypothesis 2 atn 

detailed in Table 1. The rationale for these prescriptions is based 

mainly on prior research and theory and is discussed in later sections 

(see Chapter 2: Development of the Model). We note here, however, that 

the degree of co-alignment will be determined by the extent to which the 

firms studied approximate these match-ups. 

Definitions of Key Terms 

Throughout the research, the following definitions applied: 

1. Environment will be operationalized as "task environment"— 

those segments of the total environment of the firm that have a 

significant impact on organizational decision making and goal 

accomplishment (Dill, 1958). Further, environment will refer to 

elements external to the firm and exclude the "internal environ

ment" concept of Duncan (1972). The task environment, in turn, 

is defined as having five components. They are: 

a. market/customers: both distributors and users, 

h. suppliers: for materials, parts, labor, equipment, capital, 

and work space. 

c. competitors: who they are, how many there are, for both re

sources and markets. 
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Table I. Theoretical Relations between Environment and MP/Structure. 

Environment Policy Structure 

STABLE 

DYNAMIC 

1. large plant size 1. narrow spans of control 
2. special-purpose 2. low administrative 

equipment intensity 
3. high inventory 3. many hierarchical 

levels levels 
4. process structure 

1. small plant size 1. wide spans of control 
2. general-purpose 2. high administrative 

equipment intensity 
3. low inventory 3. few hierarchical levels 

levels 4. product structure 
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d. socio-political: government regulation, public attitude to

ward the industry and the products of the focal firm, trade 

unions, consumerism (size, influence, direction of concern). 

e. technological: changes in the products themselves, the pro

cesses or the materials used to make them. 

Size will be operationalized as the number of persons employed 

in an organization or some subunit of an organization. 

Technology will be used in the sense employed by Woodward (1965) 

and as operationalized by Reimann (1977). This is essentially a 

measure of the continuity of work flow or the extent to which 

the firm has a "mass output orientation." 

Degree of co-alignment (or closeness of fit) refers to the ex

tent to which contingency variables relate to one another as 

predicted or required. It will be operationalized as the extent 

to which stability of the outer environment relates as predicted 

(Table 1) to the studied elements of structure and policy in 

manufacturing departments. 

Structure will be addressed using the following four dimensions: 

a. span of control: the number of subordinates formally report

ing to a given manager. 

b. administrative intensity: the ratio of supportive and super

visory personnel, to personnel directly engaged in making the 

product. 

c. number of hierarchical levels: levels of authority in the 

management chain of command where the supervisor or foreman 

counts as one level and lead person does not count. 



9 

d. process/product based structure: This is defined per Hayes 

and Schmenner (1978). Process structures have plant boun

daries and operations focused on segments of the manufac

turing process. Product structures have a product focus. 

6. Effectiveness of performance will be defined as success in ac

complishing stated objectives. 

7. Manufacturing policy is defined as the set of guidelines, prin

ciples, or philosophies underlying manufacturing decision making. 

It is observable in the decision choices (or predispositions to

ward same) among alternatives in key decision areas. The spe

cific elements of MP that have been identified in the literature 

(Skinner, 1969, 1974) include the three selected for study here. 

They are: 

a. plant size: number of employees or production capacity. 

b. plant equipment: extent to which special-purpose versus 

general-purpose equipment is preferred. 

c. inventory size: high versus low finished-goods inventories. 

Importance of the Research 

This research has significance for at least three reasons. 

First, it attempts to bridge two different and seldom integrated fields 

of study (OB and P/OM). Such an integration seems useful and has been 

called for by others (Cummings, 1977; Sprague, 1977). 

Second, although a good deal of research has addressed effects 

of size, environment, and technology on organization structure etc., the 

writer and others have noted that the relations remain unclear (Bobbitt 
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and Ford, 1980). Therefore, there is a need for additional research of 

these variables. In addition, a prevailing assumption in the OB litera

ture is that while organizations must properly align their structures at 

the institutional level and in boundary units with the type of external 

environment they face, manufacturing units (technical cores) are insu

lated from outside influence and therefore need not be so aligned.^ 

These writers argue that, at the very least, manufacturing is not sub

ject to the same environmental requirements (Thompson, 1967; Freeman, 

1973; Leifer and Huber, 1977). This assumption is challenged implicitly 

by the MP writers who point out that in order to contribute most to or

ganizational goals, manufacturing departments must reflect (in policy, 

structure, and the like) the corporate strategy. Since this strategy is 

heavily influenced by the environment, it seems to follow that manufac

turing units must, in fact, reflect environmental influence in order to 

achieve the focus and integration MP writers view as vital to their suc

cess (Skinner, 1974). This research will have implications for this 

apparent conflict. 

Finally, while some theoretical and conceptual development has 

occurred in the MP area over the last decade, empirical work continues 

to consist primarily of a handful of case studies (a notable exception 

is the work of Van Dierdonck and Miller (1980a,b). The need for further 

theoretical development and especially for such empirical work has been 

2. The attempt to seal off the operating core from outside in
fluence is also being extended to service organizations. Readers are 
referred to Richard B. Chase, "Where Does the Customer Fit in a Service 
Operation," Harvard Business Review, vol. 56(6) (1978) 137-142. 



noted by prominent writers in the field (Wheelwright, 1979; Buffa, 1980; 

Chase, 1980). 

The research promises to make a meaningful contribution to the

ory and practice regardless of whether the hypotheses are supported or 

not. This will be by way of clarifying the nature and influence of con

tingency variables as they relate to the manufacturing subunit of orga

nizations. If the hypotheses are supported, the value from a practi-r 

tioner point of view will be to provide guidance as to what factors 

should be carefully considered in addressing manufacturing policy deci

sions, and how to translate these factors into specific courses of ac

tion. If the hypotheses are not supported, the practical value is more 

limited, but it should still include help in evaluating the "focused 

factory" point of view, and identification of factors that do not war

rant heavy consideration. Thus the research may serve to provide theo

retical reinforcement of what is already taking place in many manufac

turing organizations. 

Readers are now acquainted with the purpose and scope of the 

project. We turn next to discussion of important prior research and 

further development of the theory to be tested by the present research. 



CHAPTER 2 

FOUNDATIONS OF THE PROJECT 

Background o£ Contingency Theory 

As indicated in the introduction, contingency theory is a branch 

of management theory and research which supports the view that the prop

er approach, to management (in terms of leadership style, organization 

system, etc.) is dependent upon a number of factors which vary among or

ganizations. This branch of work appears to have grown out of an effort 

to reconcile the classical and behavioral schools of management thought, 

both of which were more or less presented as universally applicable 

styles of management. The contingency view is that while there is value 

in both approaches, the circumstances facing the organization will deter

mine which works best. Most of the research that has evolved has been 

addressed to identifying which situational factors are of greatest im

portance and specifying how they must interrelate in order to produce 

optimum organizational effectiveness. A sample question might be: 

"Given that the external environment of the firm is one such factor, 

what types of environments seem to require structure and style character

istic of classical management and what types of environments seem to re

quire more behavioral approaches?" Flippo and Munsinger (1978) report 

that the situational factors found thus far to be of greatest importance 

are: 1) objectives, 2) personnel, 3) structure, 4) outer environment, 

5) technology, and 6) management approach. To these the writer would 

add the variable of organizational size because of its extensive 

12 
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treatment in contingency research to date. The present research deals 

directly with four of these seven variables. Contingency theory holds 

that the key to good management is to handle each variable in such a way 

that they are mutually consistent. This enables the system to perform 

best and is referred to by Thompson (1967) and others as co-alignmemt. -

In conducting research on these variables, it is not entirely 

clear which should be treated as independent and which should be treated 

as dependent. Perhaps the outer environment is the variable over which 

organizations have the least control. Accordingly, it has been treated 

in research as an independent variable. The rationale is not as 

straightforward for the other variables; however in general, technology, 

personnel, and size have also been treated as independent variables with 

structure and management approach the principal dependent variables. 

The present research focuses on the environment, size, and technology as 

independent variables and structure as a dependent variable. In addi

tion, it is an attempt to extend the contingency framework to new depen

dent variables (i.e., MP). As the following sections will show, this 

kind of flexibility is a key ingredient of contingency theory. 

Prior Research on 
Contingency Theory 

External Environment. Influential research dealing with the ef

fects of the external environment on organization structure include the 

classic works of Bums and Stalker (1961) and Lawrence and Lorsch (1967) . 

Both studies support the view that stable environments call for mechanis

tic structural traits (e.g., high formalization) and dynamic environments 
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call for organic traits (e.g., low formalization). This conclusion is 

generally supported by Leifer and Huber (1977) and by Bobbitt and Ford 

(1980) except that these writers found boundary spanning and decision

maker choice to be mediator variables. Although contradictory findings 

are reported by Negandhi and Reimann (1973), the literature overall 

seems to support the Burns and Stalker (1961) conclusions. 

The Leifer and Huber research (1977), that of Bobbitt and Ford 

(198Q), and work by Ranson, Hinings, and Greenwood (1980) point out the 

relevance of management discretion as an intervention in the environment-

structure relationship. Their argument is that the existence of certain 

environmental conditions only affects structure if they are detected 

(boundary spanning) and translated into action plans for organizations. 

Also, the content of these plans will be influenced by things other than 

the demands of the environment. Thus for these writers, the means by 

which this detection and translation occurs are critical determinants of 

the ultimate effect of environment (and other contingency variables) on 

structure, etc. This philosophy is also supported by Child (1972), who 

calls for a theoretical reorientation of contingency theory to focus 

more on the process of "strategic choice." 

This writer agrees that detection and decision making are inte

gral parts of the environment-structure co-alignment process, and that 

policy and structure are not solely dependent on the nature of the outer 

environment. However, this does not invalidate the straightforward ap

proach of the present research model. If (for example) one finds that 

dynamic environments are better handled by wide spans of control, this 



information, seems useful in its own right. The fact that such a co-

alignment may not be achieved, either because the firm is ignorant of 

the conditions of its environment or because management elects not to 

operate organically, does not change the significance of this finding. 

Therefore, the research on strategic choice is regarded as a useful look 

at a different interest than that of the present research. 

Other notable research and opinion demonstrating the importance 

of environment as an influence on internal action by organizations is 

reported by Dill (1958); Duncan (1972); Freeman (1973); Jurkovich (1974) 

Tushman (1979); Godiwalla, Meinhart, and Warde (1979); Grinyer, Yasai-

Ardekani, and Al-Bazzaz (1980); and Mintzberg (1981). Further, Segev 

(1979) is representative of a growing number of supporters from other 

parts of the world. Some early studies suggesting the importance of 

outer environment to the formation of certain aspects of MP have been 

done by Van Dlerdonck and Miller (1980a). 

Technology. The type of technology as an influence on organiza

tion structure is well researched in the literature, and it was a meas

ured variable in the present research. 

Classic studies showing technology to be the major determinant 

of organizational action are those of Woodward (1965) and Perrow (1970). 

Although they both report the same general conclusion, each defines 

technology in a totally different way than the other. This, of course, 

raises questions as to whether or not they really support one another's 

conclusions. 
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The Woodward results were, in general, supported by Blau et al. 

(1976) and by Zwerman (1970); thus, there is considerable evidence sug

gesting the importance of technology. On the other hand, there is a 

sizable amount of contradictory evidence. Notable studies contradicting 

the "technological imperative" notion include Hickson, Pugh, and Pheysey 

(1969). The Aston group (as they- are called in the literature) found 

size to be more important than technology, that technology is only of 

significance in terms of a few narrow dimensions of structure, and that 

when the variance of size is partialed out the correlation between tech

nology and structure approaches zero. Results rejecting the importance 

of technology are also reported by Reimann (1977), and only weak and 

partial support is offered by Child and Mansfield (1972). The latter 

study, the Aston study, and a recent study by Reimann (1980) suggest 

that the inconsistency regarding the technology-structure relationship 

may be due to problems associated with the measurement of technology or 

its application to too many (or the wrong) aspects of structure. Reimann 

reports strong empirical support for the hypothesis that system level 

measures of technology correlate only with system level measures of 

structure (and work flow measures of technology, & la Woodward, corre

late only with work flow measures of structure) . The technology and 

structure measures of the present research, etcept for product/process 

structure, are based on Woodward's (1965) framework. This should pro

vide some of the consistency that Reimann warns about. 

In summary, the exact role of technology in explaining variance 

in organizational action is unclear. It is clear, however, that 
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technology remains one of the most dominant and intriguing variables in 

the contingency theory literature. 

Size. The potential importance of size in explaining various 

aspects of organizations (e.g., structure) has also received consider

able support in the literature—for example, the work of Hickson et al. 

(1969) already cited. Reimann (1980) also found evidence of the impor

tance of size for at least certain aspects of structure (e.g., organiza

tion). In addition, Katz (1970) and Schoeffler, Buzzell, and Heany 

(1974) report the importance of size as a determinant of strategy/policy 

at the corporate level. Here too, however, contradictory evidence 

exists. Hall, Haas, and Johnson (1967) made a study of the effects of 

size and complexity on formalization in 75 organizations of various in

dustries. They concluded that a strong denunciation of the importance 

of size was warranted. 

After weighing this and other information relative to size and 

considering that it intuitively will relate to some of the variables of 

interest here, the writer concluded that some treatment of size was ne

cessary in the present research. 

The Relation between 
Co-alignment and Effectiveness 

As noted before, a key element of contingency theory is the idea 

that consistency among the factors will promote organizational effective

ness. In order to be most effective, organizations must achieve a good 

fit between (for example) traits of the environment and the approach to 

management. This theme was at the heart of the research of Burns and 
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Stalker (1961), Lawrence and Lorsch (1967), and more recently, Eisenbeis 

(1980). All of these studies found support for this aspect of the con

tingency framework. In addition, Tushman (1979) found, in a study of 

345 managers in a large American R&D firm, that environmental varia

bility was handled in different and predictable ways in terms of commu

nication patterns by high versus low performing project groups. Finally, 

in a study of 137 manufacturing firms, Van Dierdonck and Miller (1980a) 

found that firms whose materials management systems were consistent with 

(fit) their materials management task (partially determined by environ

mental factors) outperformed their counterparts that did not achieve 

such consistency on both profit margins and growth rates. 

The research discussed in this thesis follows the line of thought 

of these writers in the formation of hypothesis 2 (Chapter 1). This is 

based on convictions that approaches to management do not have general 

applicability, and that effectiveness is a matter of good fit of contin

gency variables. It is noted, however, that an interesting body of re

search is developing which challenges these convictions. In 1973, 

Negandhi and Reimann studied 30 manufacturing firms relating environment, 

structure, and effectiveness. They concluded that effectiveness is gen

erally better in organic organizations regardless of the environment. 

Two years earlier, Mohr (1971) studied 144 work groups in various U.S. 

health departments and concluded that no support was found for the hy

pothesis that effectiveness is determined by co-alignment of technology 

and structure. Then in 1975, Pennings studied environment, structure, 

and effectiveness using data from 40 branch offices of a large brokerage 
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organization. His results bear out the conclusions of Negandhi and 

Reimann (1973) and Mohr (1971). 

As a final example, Grinyer et al. (1980), in a study of 48 large 

firms in England, found no support for the proposition that a better fit 

between strategy and structure is associated with better financial per

formance. They point out, however, that due to "weaknesses" in the 

analysis, this proposition "cannot be rejected." Thus, there is a grow

ing amount of evidence which questions the validity of the very essence 

of contingency theory. In both the Negandhi and Reimann (1973) and 

Pennings (1975) studies, the results strongly suggest that a more behav

ioral approach is almost always superior to the classical approach in 

terms of standard measures of effectiveness (both economic and non-

economic measures). This is a clear throwback to the universalist doc

trine of Likert's System IV of the 1960's (Likert, 1967). 

In summary, while the research to be reported here implicitly 

accepts the contingency philosophy (i.e., good co-alignment correlates 

positively with effectiveness), the writer acknowledges that there is 

precedent for rejection of this aspect of contingency theory. 

As this review demonstrates, contingency theory has received a 

great deal of attention in the literature during the past decade. We 

shall soon see that this is in stark contrast to the amount of work done 

on the manufacturing policy concepts of P/OM. 

Background of Manufacturing Policy 

The purpose of this section is to provide a review of the litera

ture in the MP area. Before proceeding to this, however, two points are 
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made which should be kept in mind in evaluating what follows. The first 

is that formal treatment of MP (especially hard research) is still in 

its infancy. This suggests that either the topic is so simplistic as 

to defy amplification and divergent points of view or that a great deal 

more needs to be learned about it. The writer's intuition leans in the 

latter direction. Second, almost all of what has been written thus far 

on MP is authored by a group of professors having roots at the Harvard 

Business School. These men have undoubtedly had numerous common expo

sures to the subject and share ideas regularly. Therefore a degree of 

common bias is to be expected. 

Armed with these cautions, let us proceed to a discussion of the 

major content of the MP literature to date. 

Skinner's Concept of Focus 

Wickham Skinner probably qualifies as the "father" of MP in the 

same way that Frederick Taylor does for Scientific Management. He has 

published (in collaboration with David Rodgers) a series of case books 

on MP for various industries (1968) and has written a book (1978) that 

addresses specifically how to achieve better integration of manufactur

ing operations with corporate strategy. He has also authored two ar

ticles which are the most influential in the field (1969, 1974). The 

keynote of these articles is the idea that manufacturing departments are 

frequently detractors from organizational effectiveness because their 

managers are attempting to satisfy multiple and often conflicting objec

tives simultaneously (the identical.claim is made by Wheelwright, 1979 

and by Miller (1981). What is needed, therefore, is to make the 
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things that manufacturing must do well more limited and consistent (both 

within the manufacturing department and in relation to overall corporate 

goals). The idea of "limitation" is called focus and the idea of consis

tency is called integration. These notions are echoed to some extent by 

the other writers to follow. 

In addition to his philosophical guidance, Skinner (1969, 1974) 

offers an approach for pursuing focus and integration which includes a 

three-step plan for implementation and a table of important policy areas 

and trade-offs associated with each. The three-step plan involves first 

a determination of the dominant corporate strategy. Then this must be 

translated into a major task for manufacturing. This task answers the 

question: What must manufacturing be especially good at in order to 

maximize its contribution to the defined corporate strategy? The final 

step is the development of a set of policies which are supportive of the 

defined task. This integration framework has already been the focus of 

at least one major field research effort dealing with production control 

systems (Van Dierdonck and Miller, 1980b). The diagram of the integra

tion model used by these writers was adapted for use in the present re

search. It appears in its adapted form in Figure 2. 

Skinner's table giving the policy areas and the standard trade

off choices for each is also reproduced (Table II). Skinner's work is 

an important part of the foundation on which the present research was 

built. 
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level 1 linkage 

level 2 linkage 

level 3 linkage 

Outer Environment 

Corporate Strategy 

Manufacturing 
Policy 

Manufacturing Task 

Organization Structure 
of Manufacturing 

Figure 2. A Linkage Model of the Strategy-Policy Integration Process. — 
SOURCE: This figure is an adaptation of one used by Miller 
and Van Dierdonck. For the figure of origin see: R. Van 
Dierdonck and J. G. Miller, "Designing of Production Planning 
and Control Systems," Journal of Operations Management, vol. 
1 (1), 1980b. Used by permission. 
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Table II. Areas of Manufacturing Policy and Relevant Trade-offs for 
Each. — Some important trade-off decisions in manufactur-
ing-or "you can't have it both ways." 

Decision Area Decision Alternatives 
PLANT AND 
EQUIPMENT 

Span of process 

Plant size* 

Make or buy 

One big plant or several 
smaller ones 

Plant location Locate near markets or locate 
near materials 

PRODUCTION 
PLANNING 
AND CONTROL 

Investment decisions 

Choice of equipment* 

Kind of tooling 

Frequency of inventory 
taking 

Inventory size* 

Degree of inventory 
control 

Invest mainly in buildings or 
equipment or inventories or 
research 

General-purpose or special-
purpose equipment 

Temporary, minimum tooling or 
"production tooling" 

Few or many breaks in produc
tion for buffer stocks 

High inventory or a lower 
inventory 

Control in great detail or in 
lesser detail 

What to control 

Quality control 

Use of standards 

Controls designed to minimize 
machine downtime or labor cost 
or time in process, or to maxi
mize output of particular pro
ducts or material usage 

High reliability and quality 
or low costs 

Formal or informal or none at 
all 

LABOR AND 
STAFFING 

Job specialization 

Supervision 

Highly specialized or not 
highly specialized 

Technically trained first-line 
supervisors or non-technically 
trained supervisors 
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Table II, Continued 

Decision Area Decision Alternatives 
Many job grades or few job 
grades; incentive wages or 
hourly wages 

Close supervision or loose 
supervision 

Many or few such men 

Many customer specials or few 
specials or none at all 

Frozen design or many engi
neering change orders 

Use of new processes unproved 
by competitors or follow-the-
leader policy 

Complete packaged design or 
design-as-you-go approach 

Few or many manufacturing 
engineers 

Functional or product focus or 
geographical or other 

High involvement in investment 
or production planning or cost 
control or quality control or 
other activities 

Decisions based on much or 
little information 

Large or small staff group 

Much or little involvement in 
detail; authoritarian or non-
directive style; much or little 
contact with organization 

LABOR AND 
STAFFING, 
continued 

PRODUCT 
DESIGN/ 
ENGINEERING 

ORGANIZATION 
AND 
MANAGEMENT 

Wage system 

Supervision 

Industrial engineers 

Size of product line 

Design stability 

Technological risk 

Engineering 

Use of manufacturing 
engineering 

Kind of organization* 

Executive use of time 

Degree of risk assumed 

Use of staff 

Executive style 

Source: Skinner (1969). 
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Other Important MP Writings 

Hayes and Schmenner (1978) have written about the integration of 

the organization of manufacturing with corporate strategy. They consider 

two alternatives—a process-focused structure and a product-focused 

ft 
structure. Each is thought to be better suited to certain types of 

strategies. For example, a corporate orientation toward growth by ver

tical integration is better accommodated by a process structure. The 

theory of this article has been incorporated in the present research 

model. 

In a 1979 article, Hayes and Wheelwright address the issue of 

how to align choice of technology with the stage of the product life 

cycle of the firm's major products. They argue that having the right 

technological methods at the right time is important to operational suc

cess. Their treatment of the product life cycle includes the degree of 

standardization and volume of output of the product. 

Steven Wheelwright has written several conceptual pieces dealing 

with the whole area of manufacturing strategy (1978, 1979). He has done 

much to clarify terms and issues and to highlight research needs. One 

of his contributions is in the development of a methodology for syste

matically rating priorities among the main manufacturing criteria. The 

main criteria according to Wheelwright (and others) are: cost, quality, 

dependability, and flexibility. A total of 100 points is distributed 

among these four items (sum = 100) in accordance with the perspectives 

of top management. Additional flexibility is provided by allowing the 

distribution to vary b£ product (this seems to contemplate a product 
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organization). The ratings are done twice. First to identify what the 

present emphasis is and second to determine what it should be according 

to the consensus of the rating executives. Then by comparing the two 

ratings, a manufacturing task or mission can be identified. 

Contingency Theory as an 
Approach to Strategy/Policy 

This section completes the literature review by looking at prior 

work suggesting or using a contingency framework as a vehicle to study 

strategy or policy. 

The appropriateness of taking a contingency approach to the gen

eral area of strategy/policy has been suggested by Mintzberg (1977). 

One of the first attempts to make such an application was done by Hofer 

(1975). He developed a partial set of propositions giving specific cor

porate strategies for specific circumstances. He identified variables 

important to strategy determination and concludes with a call for re

search to test his own and newly developed propositions. Hofer is em

phatic in his advocation of contingency frameworks as an approach to 

strategy content. 

In a pioneering field research effort, Godiwalla et al. (1979) 

conclude that different functional areas of the firm (e.g., marketing, 

manufacturing) do and must have differential influence on corporate 

strategy. These differences are based largely on environmental and tech

nological circumstances of the firm. They argue that such differential 

influence is necessary to facilitate organizational goal accomplishment. 
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An interesting recent development in the area of the environment/ 

strategy interface comes from Harold Klein and William Newman. They have 

developed the SPIRE approach (Systematic Probing and Identification of 

Relevant Environment) which is a systematic methodology for pursuing full 

integration of environmental requirements with internal strategy/policy. 

In a 1980 article, the authors describe the use of a translation matrix 

to relate external changes to specific internal areas of organizations 

that might require changes to maintain co-alignment with their environ

ments. The process is an attempt to force managers to identify probable 

environmental changes that will affect their operations, which aspects of 

operations will be affected, and in what way. Implied is the develop

ment of action plans to maintain consistency between external and internal 

conditions. 

Although SPIRE is presented as a device for use in assisting 

with corporate strategy integration (level 1 linkage in the Figure 2 

model), it shows promise for use in manufacturing departments and other 

subunits of organizations as well. A reproduction of the translation 

matrix used in the article appears in Table III. 

An early study already cited dealing with the specific interest 

of influence of contingency variables on MP was undertaken by Van 

Dierdonck and Miller (1980a). Their work is an evolutionary study of 

the effects of uncertainty, complexity, and resources siack on production 

control systems. In a mail survey of 137 firms, they studied the degree 

of correlation of materials management approaches with the contextual 

factors of uncertainty and complexity. Their study shows that a 



Table III. Preliminary Matrix Relating Environmental Change to Potential Strategic Action. 

Likely external changes 
E N V I R 0 N M E N T A L  F A C T  0 R S 

Strategic 
Planning 
Components 

National 
banking 
chains 

Federal 
Reserve 

restraints 
on credit 

Computer/ 
satellite 

credit 
data 

"Finger-print" 
identification 

via 
satellite 

Two-way 
TV 

shopping 

Antidiscrimi
nation laws 

(color, sex, 
age, marital 
status, etc.) 

Emphasis on 
travellers 

Liberal credit 
for "good" 
customers 

+ 

Fees for use + 

Profit from in
terest on un
paid balances 

i 

Integrate with 
checkless bank
ing account 

1 

Finance buying 
from home 

Cfl 
ti 
O 
•H 
4J 
O 
OJ 
a 
•H 
M 
a) 
4-1 
«d 
V4 4-1 
CO 
1—1 
id 
•H 
4-1 
ai 
4-> 
o p* 

SOURCE: Klein and Newman, "How to Integrate New Environmental Forces into Strategic Planning," 
Management Review, vol. 69 (1980), p. 43. Used by permission. 
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significant amount of variability in the measures of materials manage

ment approach is rooted in the contextual (environment related) variables 

that were identified. This research is encouraging to the writer because 

it supports the validity of using a contingency approach in the Opera

tions Management area. This is especially true because their study re

flects a parallel but totally independent pursuit of the topic. 

Finally, work done by Chase (1975) suggests that even a seem

ingly routine manufacturing decision such as selection of an assembly 

line is not devoid of situational considerations. Numerous types of 

lines exist, and choices among alternatives should be based at least 

partly on an analysis of characteristics of the personnel (a contingency 

variable). 

Development of the Model 

This section is devoted to a discussion of the development of 

the research model. It provides the specific rationale for the linkages 

proposed in the model (Chapter 1, Figure 1) and the prescribed co-

alignment of environment and structure/policy. Following is a full list 

of hypotheses derived from the two general hypotheses statements of 

Chapter 1. 

'1. General Hypothesis 1: Manufacturing departments facing stable 

external environments will display different policy choices and 

different structural characteristics than those facing dynamic 

environments. 
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Subhypotheses 

1-A: Manufacturing departments facing dynamic environments will 

show wider spans of control at the first level than those fac

ing stable environments. 

1-B: Manufacturing departments facing dynamic environments will 

contain higher levels of administrative intensity than those 

facing stable environments. 

1-C: Manufacturing departments facing dynamic environments will 

contain fewer levels of management than those facing stable 

environments. 

1-D: Manufacturing departments facing dynamic environments will 

tend to organize into product structures whereas those facing 

stable environments will tend to organize into process 

structures. 

1-E: Manufacturing departments facing dynamic environments (as com

pared to those facing stable ones) will show greater prefer

ence for use of several small plants rather than one large 

plant in handling plant size decisions. 

1-F: Manufacturing departments facing dynamic environments will 

show greater preference for general/multi-purpose equipment as 

opposed to special-purpose equipment in handling plant equip

ment decisions. 

1-G: Manufacturing departments facing dynamic environments will 

show stronger preference for very low levels of inventories 

(as compared to higher levels) when handling inventory control 

decisions. 
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2. General Hypothesis 2; The manufacturing departments achieving a 

greater degree of co-alignment (as defined by prescribed inter

relations of environment and policy/structure) will display 

greater levels of effectiveness than those with lesser degrees 

of co-alignment. 

Suhhypotheses 

2-A: There will be a significant positive correlation between the 

degree of co-alignment (of structure with environment) and de

partmental effectiveness. 

2-B: There will be a significant positive correlation between the 

degree of co-alignment (of policy with environment) and de

partmental effectiveness. 

2-C: Overall co-alignment and departmental effectiveness will have 

a significant positive relationship. 

Support has already been offered for the basic proposition that 

the degree of environmental stability influences the structure and man

agement approach of organizations and for the proposition that the degree 

of co-alignment is a determinant of organizational effectiveness. This 

research investigates the applicability of these propositions to other 

aspects of management (i.e., policy formation) and to subunits of orga

nizations (i.e., manufacturing departments). Thus, the model is partly 

an extension of the theory and empirical work of Burns and Stalker 

(1961), Lawrence and Lorsch (1967), Duncan (1972), and others. The mo

del goes beyond this, however, to reflect, in part, the theory of Skinner 

(1974), Wheelwright (1978), and Hayes and Schmenner (1978), who have 
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written, about MP. Skinner's three-step process for achieving integra

tion was particularly influential in the development of the model. The 

author has reasoned that since corporate strategy is heavily influenced 

by the external environment, the three-step process entails an indirect 

matching of MP with the environment. The model is therefore, to some 

extent, based on this MP theory, and the research has implications for 

the validity of the focus and integration concepts. We turn now to a 

brief explanation of the specific alignment predictions inherent in the 

model. 

Environment and 
Span of Control 

Predicting the nature of the relationship between spans of con

trol and stability of environment is complicated by conflicting theory. 

The model prediction is loosely based on the association of narrow spans 

with classical management approaches and wide spans with behavioral man

agement. Underlying this association is the argument that wide spans 

create pressure for decentralization and loose supervision. The combina

tion of this association and the empirically supported association be

tween dynamic environments and behavioral (organic) management leads one 

to speculate that if stability of environment is correlated with span of 

control, it is in the way specified in the model. On the other hand, 

evidence also exists to suggest that wide spans of control will be more 

effective in stable environment firms. This theory is based on the ra

tionale that in routine, highly standardized work settings, employees 

require less interaction with the boss to get their jobs done. Such 
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situations will therefore allow managers to effectively handle larger 

numbers of subordinates. Since high routinization and standardization 

are characteristics of firms facing stable environments, this line of 

thought leads one to the exact opposite conclusion of the previous 

discussion. 

In sum, theory relating to expected associations between spans 

of control and type of environment is ambiguous. It provides grounds 

for the prediction of the theoretical model advanced here and its oppo

site. Since this exploratory study is focused more on a preliminary in

vestigation of relations than supporting specific predictions, the con

flict is not a serious obstacle here. For this preliminary test, the 

author has predicted that dynamic environment firms will display wider 

spans of control than stable environment firms. In so doing, he acknow

ledges that, given the conflict of theory, contradictory results are 

entirely possible."'" 

Environment and 
Administrative Intensity 

In one of the most influential studies of administrative inten

sity done to date, Freeman (1973) found that this variable is impacted 

by environmental conditions including environmental stability. One hy

pothesis that he tested was: Organizations operating in more diverse or 

changeable environments will have higher levels of administrative 

1. For a discussion of theory on span of control, readers are 
referred to Edwin B. Flippo and Gary Munsinger, Management (Boston, 
Mass.: Allyn and Bacon, Inc., 1978), 184-187. 
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intensity. Although his results show weak correlations, they were not 

negligible and were of the predicted sign (positive). The present model 

borrows from Freeman (1973) in predicting this variable. The underlying 

rationale has roots in Thompson (1967) and has to do with the need for 

extra administrative people to handle the additional uncertainty that 

dynamic environments create. 

Environment and 
Number of Levels 

The prediction that fewer hierarchical levels will result when 

environments are dynamic comes from the interdependence between span of 

control and number of levels. Since one would expect an inverse rela

tionship between width of spans and number of levels, the model predic

tion is consistent and logical. It is noted that the limitation of 

> measuring span of control at only one or two levels (of the hierarchy) 

unay interfere with this logical association of the data. Woodward's 

(1965) study illustrates this problem. Nevertheless, it is likely that 

for many firms the tendency toward either large or small spans permeates 

the entire department rather than changing at each level. 

Process versus 
Product Structure 

The model predictions about environment and the choice between 

these two organization forms is based on the theory of Hayes and 

Schmenner (1978, p. 111). They claim that a product focus is better 

suited to situations where flexibility and innovation are top priorities. 

This situation is reminiscent of the organic organization and the 
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dynamic environments with which they are associated. Hayes and Schmenner 

provide a description of their reasoning in the article referenced. 

Environment and the 
Dimensions of MP 

The reader is reminded that the alternatives for each MP variable 

have been identified by Skinner (1969). The present writer has borrowed 

these intact. Therefore, the concern here is to explain why a particu

lar alternative (e.g., large plants) might be associated with a partic

ular environment. Here again, most of this is an extension of the theory 

and research of the contingency writers. The association of dynamic en

vironments with a larger number of smaller plants is based on the notion 

that this will provide greater flexibility in dealing with a change-

prone situation. The plant-within-a-plant idea of Skinner (1974) is 

aimed at this precise concern. Based on Skinner's work, one concludes 

that firms should utilize smaller plants to achieve greater adaptability 

and handle the need for differentiation more effectively. The present 

writer suggests that perhaps this approach is more appropriate for firms 

facing unstable environments. Thus, the contingency perspective is ap

plied to a universalistic prescription. 

The same reasoning (as that given for the plant size variable) 

applies to the model specifications for the environment-plant equipment 

relation. Here it is acknowledged that the nature of the product being 

produced has a dramatic effect on the policy content. Accordingly, the 

questionnaire measure attempts to get at general philosophy or attitudes 

toward the choices rather than concentrating solely on the decisions 
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themselves. For example, the use of beginning phrases such as "where 

possible" or "technology permitting" have been employed in constructing 

the policy measures. 

The association of low inventory levels with the dynamic envir

onment is based on the thought that where markets have high rates of 

change, the fear of obsolescence will be greatest. Therefore, the han

dling of the classic trade-off between storage/obsolescence costs and 

stock-out costs should reflect environmental differences by giving 

greater priority to the obsolescence concerns. This should, in turn, 

result in greater preference for low inventory levels. The writer is 

not sure how the use of formal systems such as MRP or EOQ will affect 

this, but the measures will hopefully tap the judgmental bias of the re

sponding managers. There is normally some judgment involved in the ad

ministration of any inventory control system (e.g., overrides in the 

IMPACT system) (Chase and Aquilano, 1977, p. 412). 

This chapter has discussed the foundations of the project in 

terms of relevant prior research and tue development of a theoretical 

model. Details of the author's field study, conducted to test the model, 

are forthcoming. We begin, in the next chapter, with a description of 

the research methods. 



CHAPTER 3 

RESEARCH METHODOLOGY 

The Research Design 

The ideal design for the research interest discussed here is a 

field experiment. This eliminates the problem of relevance or generali

zation posed by a laboratory experiment and still provides for manipula

tion of independent variables. The latter facilitates control of vari

ance and thereby strengthens the conclusions of the research. Unfor

tunately, the nature of the variables involved makes an experimental 

design infeasible. Therefore, a field study design was employed. The 

writer acknowledges that such a design is of the ex-post facto type, and 

that this is one of the weaker designs in terms of the rigor of scien

tific methodology."'' Nevertheless, this design seems to be the strongest 

possible, given the nature of the inquiry, and is widely employed in 

studies in the social sciences. 

Population, Unit of Analysis, Subjects 

The population of interest is large manufacturing organizations 

and more specifically, the manufacturing departments of such firms. 

Large shall mean firms of 1,000 or more employees. In addition to the 

size constraint, it was originally intended that the study be limited 

1. For a discussion of the problem of ex-post facto research, 
the reader is referred to Fred Karlinger, Foundations of Behavioral Re
search (New York: Holt, Rinehart and Winston, Inc., 1973, 378-393). 
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to firms employing primarily a mass-production type of technology. The 

restrictions on size and technology were made in an effort to minimize 

the confounding influence of these variables on the dependent variables 

studied. Although efforts were made to obtain a homogeneous sample on 

size and technology, they were not altogether successful. 

The unit of analysis is the manufacturing department within each 

organization, and thus one "unit" per firm is being studied. 

The primary subjects were the highest ranking manager in each 

firm who has purely manufacturing responsibilities (or his designee). 

In addition, some of his/her immediate subordinates were used to increase 

the sample size on the policy questionnaires. The subordinate responses 

were used only for validity testing of the questionnaires. The reason 

for using high level managers is that they are expected to have the 

greatest knowledge relative to the questions of interest. Policy deci

sions are normally handled by higher management. This makes the use of 

foremen and even most middle managers inappropriate for this study. On 

the other hand, a general manager or higher level executive may not be 

close enough to manufacturing to make proper subjects (e.g., have de

tailed knowledge of supervisor-worker ratios). This leaves a very limit

ed range of positions that would be appropriate subjects. This fact, 

coupled with the reluctance in most of the firms to involve more than one 

or two people in the study, resulted in confining the interviews (in most 

cases) to a single individual. Using a single respondent in each firm 

has the advantage of avoiding the problem of pooling and/or weighting 

responses from multiple members to get an aggregate (department) measure. 
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In about two-thirds of the firms, the respondent was a VP manu

facturing or VP operations. In the other cases he (there were no female 

subjects) was an immediate subordinate of the head of the department 

such as Manager of Industrial Engineering or Director of Business Devel

opment. In all cases the head of manufacturing was consulted on the 

data and confirmed their accuracy, and the subjects were extremely know-

ledgable on details of manufacturing operations. In a number of cases 

the "department" response was the result of collaboration of several key 

managers having input to manufacturing policy decisions. 

Sample Selection 

Since the author wished to use interviews as the principle data 

collection device, the geographic area was restricted. In particular, 

the cities of Tucson, Arizona; Phoenix, Arizona; Detroit, Michigan; and 

Los Angeles, California were used as research sites. These cities were 

chosen because they have substantial industrial bases and were most con

venient for the researcher to study on an on-location basis. The cost 

of using such a wide geographic area was substantial, but the local area 

provided an insufficient base of firms of the type needed to pursue the 

research interest. 

In order to ensure variability on the degree of environmental 

stability, a multi-industry study was thought essential. After discus

sions with advisors and consideration of prior research (e.g., Snow and 

Hrebiniak, 1980) it was decided to use the automobile industry, the elec

tronics industry, and the electrical appliance industry. A list of 

S.I.C. codes (Standard and Poors Corporation Index, 1980) was prepared for 



the manufacture of products in these industries. Table IV presents a 

list and description of the S.I.C. codes used. In the process of con-
* 

tacting the prospective participants, several firms were found to be far 

outside the defined area and were therefore excluded. Even so, the final 

sample encompassed four industries. Table V gives a breakdown of the 

sample by industry classification (and other pertinent information). 

These industries were chosen because: 1) they were thought to 

provide adequate variance on the environment measurement, 2) they were 

thought to have high utilization of the mass production technology, and 

3) they are heavily represented in the geographical areas chosen. 

Using the Standard and Poors Corporation Index, a list of compa

nies that fit the S.I.C. code, size, and location criteria was prepared. 

Every company that met all the criteria was listed. This produced a list 

of 10 firms from Arizona, 16 in Detroit, and 31 in the Los Angeles area 

for a total of 57 firms. A sample of 30 firms was thought to be the 

largest that could reasonably be expected for a study of this type under 

the constraints of human and financial resources. Therefore a group of 

30 firms was chosen at random from the list of 57 and an initial letter 

was sent to each describing the study and requesting participation. In 

time, it was learned that 15 of the firms on the original list were not 

appropriate for study (i.e., did not meet all the criteria). This, 

along with a number of early refusals to participate, forced the eventual 

contacting of all 42 remaining firms in the defined areas (with the ex

ception of two or three that the author could not locate). The initial 

contacts were followed up by letter and/or telephone until a definite 
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3537 

3573 

3631 

3632 

3639 

3651 

3662 

3674 

3679 

3711 

3713 
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S.I.C. Codes Used in Sample Selection.. 

Description 

Internal Combustion Engines 

Industrial Trucks, Trailers, Tractors 

Electronic Computing Equipment 

Household Cooling Equipment 

Household Refrigerators and Home and Farm Freezers 

Household Appliances 

Radio and Television Receiving Sets 

Radio and TV Transmitting, Signaling and Detecting 
Devices 

Semi-conductors and Related Devices 

Electronic Components not Elsewhere Classified 

Bodies, Motor Vehicles 

Bodies, Truck and Bus 



Table V. Composition of the Sample. 

Firm Size^ Location Industry Major Product Manufacturing 
1 380,000 AZ E computers/electronic 

components 
4 

2 1,500 AZ E semi-conductors/electronic 
circuitry 

3 

3 8,000 AZ AR turbine engines 4 
4 96,600 AZ E computers/electronic 

components 
5 

5 75,000 AZ E computers/electronic 
components 

4 

6 3,420 LA E electronic circuitry/magnets 3 
7 4,900 LA E printers for computers 3 
8 1,600 LA E electronic components/ 

circuit boards 
4 

9 2,500 LA E graphics equipment 
(computerized) 

4 

10 5,800 LA E semi-conductors/transducers 5 
11 1,200 LA E sound equipment 4 
12 52,000 Det E computers/business machines 4 
13 8,700 Det AP,AR various auto products/ 

aircraft engines 
5 

14 1,500 Det E computer printers/other 
auxiliary units 

3 

15 22,000 Det AP truck trailers/various 
auto products 

5 

16 25,000 Det A automobiles 9 
17 13,000 Det A autos 6 
18 40,000 Det AP various auto products 4 
19 13,000 Det A autos/tractors 6 
20 5,000 AZ AR aircraft 5 

^Number of employees company-wide 
KEY: A = auto manufacturing AR 

AP = auto and other trans, veh. parts E 
aircraft bodies/engines 
electronics 

Det = Detroit 
AZ = Arizona 
LA = Los Angeles 
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response was obtained. These 42 contacts produced a sample of 20 firms, 

six each from Arizona and Los Angeles and eight from Detroit. 

Although sample selection is not strictly random, the writer be

lieves the areas specified are sufficiently representative of cities in 

the U.S. with substantial industrialization so that the sample is not 

biased significantly by the restricted geographical area. Further, the 

four industries chosen are thought to be fairly representative of large 

manufacturing industries. Therefore, generalizations from this research 

to the population of interest should not be hampered by the method of 

sample selection. Budget considerations and work schedules made it im

practical for the researcher to consider a broader area for anything 

other than mail questionnaires. Also, while a larger sample would have 

been desirable, the writer is very aware of the problems of gaining in

dustry cooperation, and the sample of 20 is thought to be as large as 

practical under the circumstances. 

Data Collection Techniques 

The primary technique of data collection was an interview with a 

principal spokesman for manufacturing (see previous discussion). This 

method is preferable to mail questionnaires because it should produce a 

better response rate and provides greater assurance that the questions 

are understood by the respondents. Both of these advantages should en

hance validity of the results and conclusions of the study. 

A full complement of written schedules was prepared and adminis

tered or completed by the researcher during the premise visits. In a 

few cases, questionnaires were completed prior to the on-site visit and 
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merely reviewed and amended as necessary during the interview. During 

the interview every effort was made to be certain that each respondent 

understood the intent of the questions fully. Many misunderstandings 

were cleared up, and the researcher is very satisfied that the amount of 

misinterpretation of the items was minimal. The interviews lasted 40-120 

minutes with an average time of approximately one hour. In several 

cases, interviews extended to discussions with two or three other manag

ers giving different perspectives. Some visits included tours of facil

ities and other events, which added to the total amount of information 

obtained. 

Measurement of the Variables 

With the exception of a small amount of financial data obtained 

from annual reports, all of the data were collected using questionnaires. 

As mentioned, the questionnaires were completed in most cases by the re

searcher during an interview. The exact measures used for each variable 

are discussed in the following sections. 

Measure of the Environment 

The measure of the environment is based primarily on the work of 

Duncan (1972). Duncan's research disclosed a positive relationship be

tween how complex and dynamic the organizational environment is and the 

amount of tmcertainty experienced by decision makers within the organiza

tion. His research is important to the proposed study for four reasons. 

First, it adds to the body of work supporting environment as an important 

determinant of decision making. Second, it included an empirical study 
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of the relevant components of the environment. Third, it studied two 

separate dimensions of the environment (simple-complex and stable-

dynamic) and determined that the latter is by far the most potent of 

the two (in terms of influence on uncertainty). Finally, Duncan pro

vides a mathematical technique for operationalizing the measurement of 

the environment. 

The present research measures the stable/dynamic aspect of en

vironment as suggested by Duncan (1972). The choice of this aspect as 

a focal point for research is also supported by Mintzberg (1981) and 

Tushman (1979) among others. This dimension is operationally defined as 

the extent to which important components of the external environment 

change over time. These important components are called "task environ

ment" as previously explained (Chapter 1). Little or no change in task 

environment connotes a stable environment, while substantial change con

notes a dynamic environment. 

A second issue relating to the measurement of environment concerns 

the use of objective versus subjective measures. Although a few research

ers (e.g., Freeman, 1973) have relied on objective indicators, most re

main convinced that "perceived" environment is a better predictor of 

organizational action (Galbraith, 1973; Downey and Slocum, 1975; Leifer 

and Huber, 1977). Some also argue for its use in co-alignment tests for 

contingency-variable-fit and performance (e.g., Grinyer et al., 1980). 

In a 1974 study of this issue, Miles, Snow, and Pfeffer supported the 

case for subjective measures. The writer's view is that since reaction 

to the environment is necessarily mediated by management decision making 
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(and perceptions of these managers will influence those decisions), per

ception rather than the type of environment per se will be the better 

predictor of structure and policy choices. Therefore a questionnaire 

type measure of environmental stability was needed. On the other hand, 

in testing hypothesis 2, it appears that some objective measures of the 

environment may be necessary. This is because the successful adaptation 

or matching of structure and policy to the environment is determined by 

"real" environmental circumstances. If the environment is misperceived, 

then improper decisions may be made causing misalignment. Therefore, in 

order to measure "true" co-alignment, measures of environmental stability 

that do not depend on the perceptions of managers may be needed. Of 

course, this whole argument assumes that the two types of measures may 

yield different classifications of firms, and that objective measures of 

environmental stability are available which are better indicators of "ac

tual" environmental conditions (than the perception measures). As im

plied earlier, these assumptions are subject to error. Nevertheless, it 

was decided that both types of measures were desirable. Each set is dis

cussed in turn below. 

Perceived Environment. This was measured by asking respondents 

to first identify their task environments by making selections from the 

list of five components given in the definition of task environment. 

Then they were asked two or three questions relative to the degree of 

change associated with these elements over time. The reader is referred 

to Appendix A for the questionnaire used for this measure. 
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Answers to question 3 of the questionnaire provide a measure of 

the extent of change for each component (of task environment). These 

were averaged to get a score for this item. The score for question 4 in 

the questionnaire was the raw score on the Likert scale. A stable/ 

dynamic index was computed by adding the scores on each of these two 

questions. This forms an interval scale measure of the environment va

riable. For the regression analysis, this index was used as the measure 

of the extent to which the environment was dynamic. Higher scores indi

cate a more dynamic environment. For the co-alignment check, firms were 

rank ordered by the index and the scores were split at the median with 

firms above the median classified as facing dynamic environments and 

those below the median classified as facing stable environments. 

As mentioned, the list of task environment components is based 

on Dill (1958) and Duncan (1972). It is also validated by texts on 

strategy formation (e.g., Uyterhoeven, Ackerman, and Rosenblum, 1977) 

and by the systems theory writers (e.g., Katz and Kahn, 1966; Pfeffer 

and Salancik, 1978). 

The questions used in the measurement are those of Duncan. One 

reason Duncan's framework was preferred over that of Lawrence and Lorsch 

was the evaluation of the latter framework done by Tosi, Aldag, and 

Storey (1973). They concluded that the Lawrence and Lorsch instrument 

was "methodologically inadequate." The Duncan measures have also been 

used by Godiwalla et al. (1979). The latter report satisfactory relia

bility and validity of their questionnaire, which included the Duncan 

measure as well as the Woodward (1965) technology measure. In addition, 
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Pennlngs (1975) used a very similar questionnaire for measuring various 

aspects of environment including stability, and his Spearman-Brown coef

ficients were quite satisfactory (.82-.93 with .86 on the stability por

tion). Also, Osborn and Hunt (1974) have used a Likert-type measure in 

a study of environment and effectiveness. The technique for computing 

the index is a modification of the Duncan procedure. This is also sup

ported by Godiwalla et al, (1979).. 

Objective Environment. As indicated previously, there is little 

prior research which employs objective measures in studies of this type. 

Freeman (1973) has used items such as whether or not the firm has had a 

labor strike and ratios of advertising and R&D expenditures (e.g., to 

sales). Tosi et al. (1973) have used coefficients of variation (2.) for 
u 

sales and market share as indicators of rates of external change. 

Blandin et al. (1974) have suggested the proportion of resources allo

cated to R & D as an indicator of the extent to which the outer environ

ment is dynamic. Finally, Keller and Slocum (1975) argue that the num

ber of product changes during a prescribed period of time is an indicator 

of rates of external change. 

After consideration of this earlier research and consultation 

with advisors, an instrument containing 13 items was prepared. See Ap

pendix A for the specific items used. 

For 8 of the first 11 items, a score of either 0 or 1 was entered 

depending upon the response. For the last two items, the raw scores were 

multiplied by 10 (for the coefficient of sales variation) or by 100 (for 

the R&D ratio) in order to convert them to integer values. See 
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Appendix A (Scoring of the Objective Measure Instrument for Environment) 

for further details on scoring. 

The overall score for the objective measure of environment was 

the sum of the scores on the individual items. The scores produced 

create an ordinal scale measure of environmental stability with higher 

values indicating a more dynamic environment. Using the overall score, 

firms were classified as either dynamic or stable in the same way as de

scribed for the subjective measures. 

After data collection, item 10 was eliminated because of indica

tions that it may have been interpreted differently than intended by a 

few respondents. The normal range of values was 0-6 but there were 3 or 

4 firms with values of greater than 20. In spite of effort during the 

interviews to clarify this item, there still was not sufficient agreement 

about what should be considered a "major" product change. 

In addition, items 12 and 13 were available for only 15 of the 

firms. When the ranks of these firms, using the scores for items 1-11 

only, were compared to ranks using all 13 items, only 2 of the 15 firms 

changed classifications. It was decided that the worth of the additional 

5 firms of data exceeded the value pf using items 12 and 13 in the meas

urement. Therefore the data analysis on co-alignment was conducted with 

firms classified using the scores on items 1-9 and item 11 only. It is 

noted that the inability to get all of the objective measure data for 

each firm may reduce the value of this set of measures in the data 

analysis. 
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The Measure of Size 

As noted, size refers to the number of regular full-time employ-
t 

ees on payroll in the firm. This definition is the most popular in re

search of this type (Ford and Slocum, 1977). Accordingly, this variable 

was measured by a covmt from company records or the testimony of the 

interviewed managers. 

The Measure of Technology 

Recall that the research uses technology as defined by Woodward 

C.1965). This is seemingly a measure of the continuity of work flow. As 

mentioned, the industries chosen were assumed to have predominantly mass 

production technologies. Nevertheless, a measure of this variable was 

needed so that, if nothing else, the assumption could be confirmed as 

accurate. This was done by administering a version of Woodward's scale 

to the respondents. The scale has been developed and used (in varying 

forms) by Khandwalla (1974) and by Reimann (1977), and is based on the 

following classifications: 

1. custom manufacturing (weight = 1) 

2. small batch (weight = 2) 

3. large batch (weight = 3) 

4. mass production (weight = 4) 

5. continuous process (weight = 5) 

Each classification is assigned a weight as shown above. Then the re

spondent assigns proportions to each reflecting the percentage of pro

duction in his operation that is made using that technology. The propor

tions were used as weights, and the weighted average of the five 
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processes yields the technology "score" for the firm. Scores of 3.5 to 

4.5 are taken to indicate mass production firms. The technology ques

tions are part of the questionnaire shown in Appendix A. As noted later, 

there was more variability on this dimension than assumed in the sample. 

The Measure of Structure 

Numerous dimensions of structure have been investigated in the 

past. From their 1977 review of the literature, Ford and Slocum con

cluded that the main aspects of structure are: 1) complexity, 2) formal

ization, 3) centralization, and 4) administrative intensity. In a sepa

rate study of meticulous methodology, Pugh, Hickson, and Turner (1968) 

identified four similar dimensions but acknowledged multiple components 

of each. 

In addition to the issue of choosing dimensions, the type of 

measures may be important in terms of both findings and interpreting cor

relations. Reimann (1980) and Pennings (1975) have called attention to 

the importance of types of measures to the results obtained. 

The writer settled on the four aspects of structure included in 

this research for the following reasons. 

1. They are relatively easy to measure and lend themselves to mini

mal ambiguity of measurement and interpretation. 

2. They have some clear basis in theory for being related to the 

stability of the environment. 

3. They are all established as important dimensions of structure 

(Woodward, 1965; Hayes and Schmenner, 1978). 
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4. They generally satisfy the consistency criterion of Reimann 

(1980) in terms of their relation to the measure of technology. 

Span of control is measured by averaging the number of immediate 

subordinates each on-duty foreman has reporting to him/her. This can be 

done via company records by dividing the total number of production 

workers on duty by the number of foremen on duty, or simply by request

ing a ratio of production workers to foremen. Both methods were used. 

The only difference is that the latter method depends more on management 

knowledge and memory- However, as mentioned, all interviewees appeared 

to be knowledgeable, and the data received are thought to be very 

accurate. 

Number of levels was a count of separate authority levels within 

the manufacturing department management hierarchy. Non-supervisory was 

not counted as a level. In most cases, organization charts were used as 

the source of data. In others, the testimony of the interviewed manag

ers was the source. 

Administrative intensity is defined as A where P refers to em

ployees directly engaged in changing the form of materials or parts and 

A refers to everybody else on the manufacturing payroll. This data came 

directly from company records or the interviews, primarily the latter. 

The determination of whether plants are organized as product or 

process structures was made by interviewing the manufacturing head. The 

two structures were described, and they were asked to say which is most 

like their structure. To facilitate measurement, the numbers 1 and 0 

are arbitrarily assigned to represent product and process structures, 
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respectively. According to Hayes and Schmenner (1979), the following 

definitions apply: 

product structure: plant boundaries based on individual or groups 

of products with each product group essentially 

an independent small company 

process structure: plant boundaries based on segment of the manu

facturing process 

The two forms are illustrated graphically in Figure 5. The defi

nitions without the graphic were used to help clarify the choices before 

the subjects responded. 

The reader is referred to Appendix A (Structure Questionnaire) 

for a copy of the items used to measure structure. 

The Measure of Co-alignment 

The key problem here is to define and evaluate the degree of 

consistency between conditions of the environment and the types of struc

ture and policy choices that manufacturing managers are prone to make. 

The theoretical model provides the basis for the operational definition 

of consistency. Table I summarized this aspect of the model. It is re

peated on the following page for convenience. The degree of co-alignment 

is essentially the extent to which the actual match-ups of environment 

and structure/policy reflect the predicted match-ups of the table. In 

order to measure this variable, the following procedure was developed. 

Structure and policy are treated separately. 
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PRODUCT ORGANIZATION 

Plant Market 
J Product A Product A 

Corporate Plant Market 
Staff J Product B Product B 

Plant Market 
Product C Product C 

PROCESS ORGANIZATION 

Corporate Staff 

Plant 
Process C 

Plant 
Process A 

Plant 
Process A 

Market End 
Product 

Figure 3. Illustration of Product/Process Structures. — SOURCE: R. H. 
Hayes and R. W. Schmenner, "How Should you Organize Manufac
turing," (1978) p. 111. 
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Table I. Theoretical Relations between Environment and MP/Structure. 

Environment Policy Structure 

STABLE 1. large plant size 1. narrow spans of control 
2. special-purpose 2. low administrative 

equipment intensity 
3. high inventory 3. many hierarchical 

levels levels 
4. process structure 

DYNAMIC 1. small plant size 1. wide spans of control 
2. general-purpose 2. high administrative 

equipment intensity 
3. low inventory 3. few hierarchical levels 

levels 4. product structure 
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Structure. First, predicted values for the four dimensions of 

structure were derived. For span of control, this was done by determin

ing the range and median span of control for all firms in the sample. 

Then the predicted span for stable-environment firms was defined by the 

lower boundary of the range and the median. This created a range of 

values. This lower range applies because the model suggests that firms 

facing stable environments will display narrow spans of control compared 

to firms facing dynamic environments. If the actual span of control of 

a stable environment firm falls in this range, co-alignment is said to 

exist on this variable. If not, the amount of difference between the 

actual score and the median is taken as a "discrepancy score." The 

smaller the discrepancy scores, the better the co-alignment. 

Using this same procedure, discrepancy scores were determined 

for administrative intensity and number of levels. For product-process 

structure, the technique varies slightly because it is being treated as 

a dichotomy. Co-alignment here means that stable-environment firms have 

process structures and dynamic-environment firms have product structures. 

For simplicity, if the responding firm fits this, a score of 0 will ap

ply. If not, then a discrepancy score of 1 applies. 

The variability in the measurement scales of the structure vari

ables created a problem in computation of discrepancy scores. For ex

ample, span of control had a range of values of 10-40 while administra

tive intensity has a range of .18-1.0. Therefore the maximum discrepancy 

score for administrative intensity (no matter how far out of alignment 

the firm may be) is necessarily a small fraction of the possible 



57 

discrepancy scores computed for span of control. It is desirable to 

have misalignment on each variable to carry approximately the same 

weight in the computation of overall co-alignment. Therefore some type 

of adjustment is necessary to prevent gross imbalance in the effects of 

the four variables composing the overall co-alignment measure. 

This adjustment amounts to a special scaling of the discrepancy 

scores of each variable. In creating such scales, the following objec

tives pertained. 

1. Provide a continuous scale measure in order to maintain suffi

cient variation in the discrepancy scores to avoid excessive 

ties in the computation of the co-alignment index. 

2. Allow recognition for the "amount" of difference (between pre

dicted and actual scores) in addition to acknowledging that a 

difference exists. 

3. Minimize disproportionate weighting of discrepancies on one fac

tor as compared with others (in deriving the overall co-alignment 

measure). 

The procedure developed appears to satisfy these three concerns. 

First the discrepancy scores were computed as described previously. Then 

the ranges of discrepancy scores were compared. It was determined that 

span of control had a range of .8-12, administrative intensity had a 

range of .05-.62, levels had a range of 0-5, and all discrepancies on 

product/process structure were shown as 1. Through examination of the 

data it was determined that multiplying span of control scores by .5 and 

AI scores by 10 would provide relative equality of scaling on the first 
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three variables. Again the dichotomy for type of structure remained a 

problem. This was resolved by averaging the adjusted discrepancy scores 

for the other three variables. It was determined that where deviations 

occurred on the other variables, there was a mean discrepancy score (ad

justed) of 2.1. Therefore a score of 2 is applied to any discrepancy on 

the fourth variable. 

In order to create a measure that relates positively to co-

alignment, the discrepancy scores for each variable were subtracted from 

10 then divided by 10. This creates a co-alignment "index" for that 

variable that ranges from 0 to 1.0. Computation of an overall measure 

of co-alignment is then just a simple average of the indices of each com

ponent variable. 

Example: discrepancy score co-alignment index 

span of control 0 1.0 

adm. intensity 2.2 .78 

number of levels 1.0 .9 

product/process 0 1.0 

Overall structure measure .92 

The higher the index, the better the co-alignment. This index 

provides an ordinal scale measure of the degree of environment-structure 

co*-alignment. When this index is correlated with the effectiveness meas

ure, a positive correlation is expected. Appendix B contains a detailed 

example of the computation of the co-alignment measure for structure. 
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The Policy Co-alignment Measure. The co-alignment measure for 

the three dimensions of policy is similar to the one just discussed. By 

means of the questionnaire on MP, a score was computed that indicates 

the extent to which a particular policy is characteristic of each com

pany. These total scores were divided by the number of test items to 

get a mean score to be used in the computation of co-alignment. Mean 

scores were preferred to totals because it simplified computations. If 

firms have policies as predicted, they are said to have high co-alignment. 

For the three dimensions of policy, the range of scores is 1-6 (corre

sponding to the values of the Likert scale used to measure them). 

Scores of 3.6-6.0 indicate that the policy is characteristic of the firm. 

Scores of 1-3.5 indicate that it is relatively uncharacteristic of the 

firm. If the actual score is within the predicted range per the model, 

then co-alignment exists. Discrepancy scores and co-alignment indices 

were computed in the same way as before, except that differences were 

computed using the closest boundary of the acceptable range rather than 

median values. Also, since they were all measured using identical 

scales, there is no need for adjusting discrepancy scores. 

Example: Firm X (dynamic environment) 

Dimension 
Predicted Actual Discrepancy 

Value Value Score 
Co-alignment 

Index 

1. plant size 3.6-6.0 4.0 0 1.0 

2. plant equipment 3.6-6.0 4.8 0 1.0 

3. inventory size 3.6-6.0 3.5 1 99 

Overall co-alignment = .997 
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This procedure produces an ordinal scale measure of the degree 

of co-alignment. 

In part, the measure of co-alignment employed here was inspired 

by a technique of predicted versus actual systems used by Van Dierdonck 

and Miller (1980a) to measure "fit" in their contingency study of mater

ials handling techniques. The mean of the co-alignment indices for all 

seven variables yields a measure of the overall co-alignment of the firm 

on structure and policy combined. 

The Measure of Effectiveness 

In this project, effectiveness has been defined as success in ac

complishing stated goals. This view is a popular one in the literature 

(Etzioni, 1964; Kirchhoff, 1977; Steers, 1977). It has roots at least as 

far back as Barnard (1938) and, in the writer's judgment, remains the 

most useful definition of effectiveness. It is noted, however, that the 

importance of using multiple goals and of prioritizing these goals must 

not be overlooked if this interpretation is to be employed. It is also 

noted that the usual financial measures of effectiveness used in contin

gency research (e.g., ROI) are company measures and are therefore very 

imprecise as measures of the effectiveness of individual departments of 

a firm (e.g., manufacturing). 

The author originally intended that the measure of effectiveness 

be based on actual accomplishment rates on the three most important de

partmental objectives. The source was to be company records. Unfor

tunately, it became obvious during the pilot study that access to these 

reports would not be permitted by most firms. Therefore, it was 



61 

necessary to rely on manager testimony as the source of data for this 

variable. The effect of this change on the research is difficult to 

judge. Other writers support the use of manager ratings of effective

ness as a basis for performance measurement (e.g., Osborn and Hunt, 

1974; Tushman, 1979). Nevertheless, the present author still highly 

recommends direct access to company performance data as the source of 

first choice for this information. 

An effectiveness index of the manufacturing department of each 

firm was derived as follows: 

1. Each manufacturing head was asked to identify the three top pri

ority objectives of his department and to assign weights of 0-

1.0 to each indicating the priority of that objective. The sum 

of the weights must equal 1.0. 

2. Each manager was asked what the effectiveness of his department 

had been during the past 12 months in accomplishing each of the 

three objectives. This was explained as a measure of the propor

tion of the 12 months that formal target levels were achieved on 

each of the three. The scale used was 0-100% effective. A 

value of .75 indicates that targets were met in 9 of the 12 

months. 

3. The index was computed by a weighted average of the effective

ness levels. 

An example will illustrate the procedure. Assume the top three objec

tives and their respective priority weightings and actual results are 

as follows: 
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item weight effectiveness rating 

productivity .5 75% 

delivery 
performance .3 50% 

quality 
of product . 2  67% 

effectiveness index ® (.5 x .75) + (.3 x .5) + (.2 x .67) = .659 

This measure has the advantage of permitting comparisons across 

organizations regardless of differences in goals or priorities. It is a 

measure of how good a job the department is doing of achieving what it 

says it needs to achieve. This measure does not focus on the goals them

selves or assume that they are the best possible. Nevertheless, the ap

propriateness of goals is an important issue. Skinner (1974) points out 

that there is often inconsistency between corporate objectives and manu

facturing objectives and priorities. This is a topic for future re

search. Appendix A (Effectiveness Questionnaire) contains a copy of the 

items used to measure effectiveness. 

The Measures of 
Manufacturing Policy 

cess by which it is created. In measuring MP, it would be desirable to 

use objective measures. For example, in measuring the policy on plant 

size, a very straightforward approach would be to count the number of em

ployees or determine the production capacity of each plant and then aver

age them. The problem with this approach is that firms from different 

industries are not comparable on this type of measure. Differences in 

This study focuses on the content of policy rather than the pro-
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the actual size of plants could be due to any number of reasons that 

have nothing to do with policy if one is comparing firms with different 

product lines of different sizes, financial pictures, and so on. One 

could reduce this problem by using a single industry, but this would cre

ate problems in sample size and sufficient variance on the environment 

variable. 

For the reasons given, a questionnaire measure of MP was used in 

this research. It attempts to assess the choice biases that exist in 

each company relative to each of the major trade-off questions. The po

licy areas and standard trade-offs have already been identified. The 

reader is referred to Table II, Chapter 2 (particularly the items noted 

by an asterisk). The task here is to find a measure capable of indicat

ing which alternative is most characteristic of the sample firm. 

Unfortunately, no such questionnaire measures have been devel

oped for the three MP variables studied here. Therefore it was neces

sary to design a set of questionnaires for use in measuring these vari

ables. The procedure used in developing the questionnaires is outlined 

below. 

1. A list of 20 statements was prepared that were thought to test 

the policy orientation of the respondent in terms of the specific 

alternatives posed for each decision area (e.g., for plant size 

the alternatives are one large plant versus several small ones). 

The reader is referred to Appendix C for the original lists of 

statements. 
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2. The lists of statements were sent to three well-known MP writers 

with a cover letter requesting that they rate each item in terms 

of its appropriateness to the variable it was designed to meas

ure (a scale of 1-10 was used for this purpose). The writers 

written to were Wickham Skinner and Jeffrey Miller of Harvard 

University and Steven Wheelwright of Stanford University. All 

have been referenced herein as MP writers. A sample cover letter 

is contained in Appendix C. 

3. Based on the responses, 10-12 statements with the highest overall 

ratings for each variable were selected for inclusion in the 

questionnaire. See Appendix C for details on the responses. 

4. This questionnaire (output of step 3) was then tested in a pilot 

study, the results from which were used for reliability and fur

ther validity testing of the instruments. 

5. After refinements were made based on the pilot study results, 

the final instruments were prepared. 

Before proceeding to discussion of reliability and validity of 

the main-study questionnaires, details of the pilot study will be given. 

The Pilot Study. The major purpose of the pilot study was to ob

tain preliminary data to be used for reliability and validity testing 

and refinement of the manufacturing policy questionnaires. There were 

three questionnaires in all. One to measure plant size preferences, one 

to measure preferences for general versus special-purpose equipment, and 

one to measure biases favoring high versus low inventory levels. 
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Method: The author and advisors decided to pursue the use of 

personal interviews wherever possible to collect data; therefore, a sam

ple of local firms was used. A sample of ten firms was sought. Limita

tions of the local area and of the particular research interest narrowed 

the field of possible participants to eight companies in Tucson. An ad

ditional two firms located in Phoenix were selected. In most cases, 

cover letters along with a full set of questionnaires were sent to the 

target manager (usually a VP of manufacturing). In a few cases, the ini

tial contact was made by phone. In either case, an appointment with the 

target manager was requested. The response was not overwhelming, but at 

least partial cooperation was obtained for five of the ten companies. 

The five represented four separate industries, two different types of 

technologies (by the Woodward, 1965, classification) and at least three 

size categories. The smallest firm had 500 employees and the largest 

had 380,000 (nationwide). 

Information on size, environment, structure, and effectiveness 

was collected along with the data on MP. Interviews were conducted with 

a total of six high-ranking manufacturing (and, in one case, engineering) 

managers. The information was largely obtained during these interviews. 

In addition, each manager was asked to have as many subordinate managers 

as possible complete the policy questionnaires (questionnaires numbered 

3, 4, and 5) to supplement his/her own responses on these. Willingness 

to comply with this last request was limited. Thirty-one of the 37 re

plies on questionnaires 3-5 were obtained from one of the five companies. 

Further, the researcher encountered a serious reluctance to disclose 
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factual data (except for that contained in annual reports). A total of 

37 responses were available at the time that analysis was performed on 

the data. 

Results: The results of the pilot study are reported in the se

ries of tables contained in Appendix D (Tables D-l to D-8). Three types 

of reliability and validity evaluations were made of the questionnaires. 

First, Spearman-Brown reliabilities were computed on each. The 

coefficients were .81, .85, and .70 for the plant size, plant equipment, 

and inventory size measures, respectively. Coefficients for all three 

questionnaires were viewed as acceptable. These coefficients are measures 

of the internal consistency of the measuring instruments. 

Next, a comparison was made of the questionnaire measures of po

licy preference to other measures that were available. These other 

measures were: 1) the statements made about policy preference during 

the interviews or on the narrative portion of the questionnaires, and 2) 

objective measures such as number of plants per $1 million of assets. 

The results of these comparisons (Table D-l) indicate that the question

naire measure of plant size is congruent with most of the available com

parison measures. 

Only one comparison measure for one firm was available for the 

plant equipment variable. This shows good consistency between the two 

measures. 

For the inventory size variable, the questionnaire measures 

closely parallel the objective measure of the variable and match perfect

ly with the available interview-statement measures of this variable. 
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In summary, the limited concurrent validity indicators available 

gave moderate to good support for the validity of the MP questionnaires. 

Third, a factor analysis was done on each of the newly developed 

questionnaires. Again, specific results are contained in Appendix D. A 

summary of the findings follows. 

Regarding the plant size measures, only 5 of the 13 items loaded 

significantly on the first factor (the first factor is assumed to be 

preference for small versus large plant size). Also, the cluster dia

gram shows items 4-8 to form a cluster, while items 9-13 don't seem to 

be good measures of either of the first two factors and items 1, 2,, and 

3 are better measures of the second factor (vertical factor) than the 

first (horizontal factor). This suggested that items 1-3 and 9-13 should 

be dropped from the questionnaire. Even though the eigenvalue of the 

first factor represents less than 50% of the total variance, it is by 

far the most important function addressed by the measures and is higher 

than some accepted by prior researchers of similar topics (e.g., Leifer 

and Huber, 1977). 

Regarding the plant equipment measures, all items except 2 and 

11 loaded well on the first factor and only moderately or not at all on 

the second. The first factor is assumed to be preference for general-

versus special-purpose equipment. This factor accounts for a huge 87.4% 

of the total variance in the measures. Therefore the only change to the 

plant equipment questionnaire was the elimination of items 2 and 11. 

Finally, the results for the inventory size variable indicated 

that only items 3, 4, 8, and 9 loaded well on the first factor (assumed 
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to be preference for low versus high inventory levels) and not on other 

factors. After consideration of this information, the inventory size 

questionnaire was reduced to four items. 

Another form of construct validation is the test of the accuracy 

of the theoretical model itself. The pilot study results generally sup

ported the researcher's expectation that differences in means do exist. 

In addition, there are some confirmations of the theory of the research 

under both classification schemes (for type of environment). It is 

noted, however, that the model appears to receive much greater support 

if firms are classified based on the subjective measures of the environ

ment (Appendix D, Tables D-5 and D-6). Nevertheless, both types of en

vironment measures were used in the main study. 

The crude comparison of results relative to hypothesis 2 of the 

research proposal (that firms co-aligned as predicted would be better 

performers) indicated no support for this hypothesis (Appendix D, Tables 

D-7 and D-8). Nevertheless, 110 changes of hypotheses or of the theoret

ical model were made as a result of the pilot study results. 

Following the pilot study, the revisions indicated (above) were 

made in the questionnaires, and they were used in their revised form in 

the main study. This concludes the discussion of the pilot study. 

Reliability of the MP Measures. For both the pilot study and 

the main study the reliability test used is a split-half test in which 

product-moment correlations are calculated for the test score sums of 

odd- versus even-numbered test items. The standard R statistic thus de

rived is then corrected by the Spearman-Brown formula. This procedure 
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is suggested by statisticians for estimating the reliability within sin

gle testing occasions (Payne and McMorris, 1967, p. 40; Kerlinger, 1973, 

p. 451; Green and Tull, 1975, p. 203). Since getting industry coopera

tion for two or more tests is next to impossible, a test-retest relia

bility procedure was ruled out. 

The results of the reliability tests for the pilot study have 

already been reported. The Spearman-Brown coefficients for the final 

questionnaires used in the main study were .89 for the plant size ques

tionnaire and .77 and .66, respectively, for the plant equipment and in

ventory size questionnaires. All are within the range of coefficients 

found acceptable by other researchers employing this technique for reli

ability testing (e.g., Pennings, 1975; Leifer and Huber, 1977). The 

reader is referred to Appendix E for the set of questionnaires used in 

the final study and the computations of reliability coefficients for 

each. 

Validity of the MP Measures. The basic question of validity has 

at least two parts. One is whether or not the measures are appropriate 

for the variables, and the other has to do with whether or not the meas

ures relate to other measures and/or to some outside criterion as pre

dicted. Several types of validity will be discussed in turn. 

Content Validity: Content validity asks the question: Are the 

measures representative of the total population of measures relevant to 

the variable of interest? Since it is nearly impossible to specify pre

cisely the population of test items relevant for any particular construct, 
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content validation is necessarily judgmental. Kerlinger (1973, p. 458) 

suggests that content validation is approached by asking oneself and 

others whether or not the proposed measures are representative of the 

universe of content of the construct to be measured. The writer judges 

the items to have content validity. In order to determine whether or 

not others agree, the responses from the three MP writers were used. 

The reader is referred to the previous discussion of the procedure for 

development of the questionnaires and to Appendix C for details of the 

content validity testing. 

Concurrent Validity: Concurrent validity is a special.case of 

predictive validity (sometimes called criterion validity) where the in

terest is in the ability of the measurement tool to predict a present be

havior or event. This type of validity is normally demonstrated by com

paring the prediction of the measurement to some outside criterion thougjht 

to relate to the variable in some known way. In the present case, a test 

prediction of a policy favoring small plant size could be validated by 

demonstrating that the firm's plants are in fact small in some objective 

sense, as compared to other firms. The problems alluded to before con

cerning objective measures of MP make this validation approach difficult 

to employ in this case. Moreover, the researcher is not sure of any 

suitable independent criterion against which to compare the predictions 

of the questionnaire measures. An effort aimed at concurrent validity 

testing and the results of same was discussed in the section on the pilot 

study. As noted there, the limited evidence available suggested that 

the measures are valid. 
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Construct Validation: According to Cronback (1970) there are 

three parts to construct validation. They are: 

1. identify constructs explaining test variance, 

2. hypothesize about the constructs relations to other constructs, 

3. test the hypothesis empirically. 

Construct validity is therefore a matter of the adequacy or ac

curacy of the theoretical model. Essentially the purpose of the research 

is to test the validity of the model. Another way to do this is by com

paring the results of the focal instrument with those of some other in

strument which measures the same variable or a different variable thought 

to have a known relationship to the test variable. Other pre-research 

techniques for construct validation include item analysis and factor 

analysis (Kerlinger, 1973). 

Although there is disagreement about the usefulness of factor 

analysis for construct validation (Cronbach, 1971), it has been used with 

apparent success in similar research efforts (Leifer and Huber, 1977). 

Therefore, factor analysis was used to investigate the validity of the 

newly developed test items of this research. The aim was to create fac

tor loading matrices for each dimension. This further tests the individ

ual items and provides a basis for screening the dimensions themselves. 

If an item was found to have very small loading factors on the first fac

tor, it was excluded. Also, if an item loaded equally high on two or 

more factors, it was excluded because the true underlying construct that 

it addresses was thought to be too ambiguous to be helpful in drawing 

conclusions. 
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As with the reliability testing, all responses including those 

of subordinate managers were used in the factor analysis of the measures. 

Results of the factor analysis of the pilot study questionnaires 

have already been reported. Results for the main study appear in Tables 

VI-VIII. 

The factor loadings on. the first factor are sufficiently positive 

for all items of the PS and IS questionnaires, and there is only one un

derlying construct measured by each of these instruments (factor 1 iden-

o 
tities were given previously). Therefore, these questionnaires were 

scored intact for the main study data analysis. 

Although the factor loadings on the first factor are also satis

factory for all but item 6 of the PE questionnaire, the cluster plots 

show that items 1-5 and 7 hang together very closely with items 8 and 9 

divided between the horizontal and vertical factor (Figure 4). Therefore 

for this study, it was decided that items 6, 8, and 9 would be dropped 

from the analysis. 

With this one adjustment, the factor analysis adds considerable 

confidence to the belief that the measures are valid. As mentioned, the 

use of factor analysis in this exploratory fashion is a form of validity 

„ _ 3 
testing. 

2. Because of repeated reference to these variables from here 
forward, the following abbreviations will apply: AI for administrative 
intensity, PS for plant size, PE for plant equipment, and IS for inven
tory size. 

3. For a discussion of factor analysis and its uses, readers are 
referred to Kerlinger (1973, p. 468-9, 659-692) and Mulaik (1972). 



Table VI. Factor Matrix for Plant Size Measures. 

Factor Matrix 
Item Factor 1 
1 .694 
2 .736 
3 .859 
4 .742 
5 .580 

Eigenvalue: 2.65 (100% of variance contained in 
factor 1) 

Table VII. Factor Matrix for Plant Equipment Measures. 

Factor Matrix 
Item Factor 1 Factor 2 
1 .773 -.363 
2 .714 -.480 
3 .774 .118 
4 .692 -.011 
5 .799 -.158 
6 .217 .399 
7 .766 .101 
8 .650 .356 
9 .580 .465 

Eigenvalues: 4.22 .913 
(82 and 18% of the variance. respectively. 

Table VIII. Factor Matrix for Inventory Size 
Measures. 

Factor Matrix 
Item Factor 1 
1 .807 
2 .596 
3 .814 
4 .459 

Eigenvalues: 1.88 
(100% of varicince contained in factor 1) 
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Figure 4. Graphic Plot from Factor Analysis of Final Plant Equipment 
Ques tionnaire. 
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The scales for each of the MP variables are shown in Table IX. 

Reverse scoring was used where appropriate on the test items. 

This chapter has explained the research methodology used for the 

study. The important issue of statistical analysis techniques is taken 

up in the next chapter. 

/ 
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Table IX. Measuring Scales for the MP Variables. 

Variable Description of the Scale Type of Scale 

1. plant size extent to which several Likert/summative 
smaller plants are preferred 
to one big plant 

(anchors 1-6 with higher values 
indicating stronger preference) 

2. plant equipment extent to which general-purpose same as above 
equipment is preferred to 
special-purpose equipment 
(anchors same as above) 

3. inventory size extent to which low inventory same as above 
sizes are preferred to larger 
inventories 
(anchors same as above) 



CHAPTER 4 

RESULTS AND DISCUSSION 

This chapter addresses the statistical analysis techniques used 

for data analysis, results, and discussion of results for the main 

study. 

Treatment of the Data 

As previously mentioned, the sample selection procedure was in

tended to produce a group of firms that were homogeneous on the factors 

of size and technology. In spite of efforts to that end, there is sub

stantial variation among the sample firms on these two variables. Also 

demonstrated earlier was the potential for important influences of these 

two variables on the dependent variables of interest. Therefore an 

analysis that treats just one independent variable would not be well ad

vised. The requirement is for a technique that satisfies the following 

conditions. 

1. A parametric technique (procedures for estimating population pa

rameters are more prevalent than for non-parametric techniques). 

2. The capability to test the effects of several independent vari

ables on a dependent variable/s. 

3. Provide the capability for formal hypothesis testing. 

4. The ability to handle qualitative independent variables. 

On the basis of these considerations, multiple regression was 

chosen as the primary data analysis technique. Canonical correlation 

77 
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analysis (which allows the simultaneous correlation of multiple indepen

dent variables with multiple dependent variables) was considered and is 

perhaps the best technique available for this problem in terms of con

venience. However, because the total number of variables is not too 

large and it is not clear how canonical analysis is affected by the pres

ence of nominal scale variables, multiple regression was selected 

instead. 

The multiple regression technique (in basic form) assumes that 

residuals are approximately uniform in their scatter and that, for small 

samples, they are normally distributed. In addition, special problems 

may pertain if the independent variables do not have a linear relation

ship to the dependent variable or if they are highly interdependent.^ 

In consideration of these issues, several checks on the data were under

taken. A plot of the residuals (for each MR run) was made and inspected 

for evidence of curvilinearity, non-uniformity of scatter, and non-

normality of distribution. These three assumptions appear to be met 

satisfactorily in each case. A check of the inter-correlations among 

the independent variables revealed that the maximum correlation coeffi

cient was .487 between size and technology. This is a coefficient of 

determination of just .237, and with the small sample size this was not 

viewed as much for concern about excessive interdependence of variables. 

1. This section is based in part on William Spurr and Charles 
Bonini, Statistical Analysis for Business Decisions (Homewood, 111: 
Richard D. Irwin, Inc., 1967, pp. 589-612). 
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In addition to the regression analysis for the testing of the 

hypotheses associated with general hypothesis 1 (subhypotheses 1-A 

through 1-G), the Spearman rank order correlation technique was chosen 

for use in testing the hypotheses associated with general hypothesis 2 

(subhypotheses 2-A through 2-C). This is a non-parametric technique 

suitable for use with the ordinal scale data of the co-alignment/effec

tiveness test. The technique carries a significance test and has been 

used in research where similar needs pertained (e.g., Negandhi and 

Reimann, 1973). 

Finally, as a supplement to the regression technique (for hypoth

esis 1) two other tests were used. One is the non-parametric sign test. 

This test is based on the binomial distribution, and is useful when inde

pendent observations can be matched and paired with respect to relevant 

conditions other than the variable of focus, and when the observations 

are made under varying conditions. Further, the sign test is useful 

when one is interested in testing the significance of the direction of 

o 
differences rather than their magnitudes. 

The other supplemental technique employed was the t test, which 

is a popular technique for testing with small sample sizes. Table X 

provides a summary of the statistical techniques used. 

1. For a good discussion of this analytical technique, the 
reader is referred to Summers, Peters, and Armstrong, Basic Statistics 
in Business and Economics (Belmont, California: Wadsworth Publishing 
Co., 1977, pp. 429-431). 



^^leXg^S^m^^ofStatlsticri^M^^isTectoiguM. 

Test Statistic/ 
Technique Distribution 

Subhypotheses 1-A through 1-G 

1. multiple regression 

2. sign-test for matched pairs 

3. t test (subhypotheses 1-B, 
1-E, 1-G only) 

F 

binomial 

student t 
distribution 

Subhypotheses 2-A through 2-C 

1. Spearman rank-order 
correlation coefficients 



We turn now to a display of the data and the results of these 

tests as applied to that data. 

Results 

The measures described previously produced data as shown in 

Tables XI-XIII. Table XI shows the data pertinent to testing of subhy-

potheses 1-A to 1-G and Tables XII and XIII show data appropriate for the 

testing of subhypotheses 2-A to 2-C. 

Before results of the data analysis are addressed, a brief dis

cussion relative to special problems concerning the technology variable 

will be discussed. 

The reader will recall that both technology and size of firm 

were measured variables in this research. They were included in the 

analysis in order to avoid confounding the affects of environment (on 

the dependent variables) with possible effects of these other two vari

ables. Their inclusion allows control over their effects in performing 

the analysis. The problem with including the technology variable is 

that it was measured using (at best) an ordinal scale measurement. Re

gression and other parametric statistical techniques normally assume at 

least an interval scale measurement. Although some researchers have 

treated technology, as measured here, as though it were an interval 

scale measure (Reimann, 1977), the author was not willing to enter it 

into a regression analysis on that basis. Therefore, this variable was 

entered into the regression by the use of dummy (indicator) variables. 

The data indicated that three types of technologies existed in the sam

ple. They were small batch, large batch, and mass production in 



Table XI. Presentation of Data Relevant to General Hypothesis 1. 

STABLE ENVIRONMENT 
Firm Soc AI No. Lev. P/P PS PE IS Soc AI No. Lev. P/P PS PE IS 
1 15 .25 4 1 20 29 14 
2 10 .71 3 1 19 32 13 
3 15 1.0 4 0 19 31 13 
4 20 .59 5 0 22 25 13 
5 10 .33 4 0 20 11 16 
6 13 .18 3 1 9 28 18 
7 20 .52 3 1 18 15 10 
8 12 .25 4 1 17 28 6 
9 31 .58 4 1 25 35 20 
10 18 .82 5 1 21 26 9 
11 40 .27 4 1 16 26 12 
12 10 1.0 4 1 22 27 18 
13 20 .52 5 1 20 32 19 
14 21 .375 3 1 23 20 18 
15 12 .28 5 0 29 27 21 
16 25 .28 9 0 27 22 22 
17 15 1.0 6 1 14 20 17 
18 20 .25 4 1 23 25 20 
19 24 .33 6 0 15 14 19 
20 22 .4 5 1 10 28 15 
EX 201 4.345 46 2/10 182 270 146 161 5.59 44 4/10 207 231 167 
X 20.1 .435 4.6 Pre 18.2 27 14.6 16.1 .559 4.4 Pre 20.7 23.1 16 

DYNAMIC ENVIRONMENT 

Soc = span of control 
AI = administrative intensity 

No. Lev. = number of levels 
P/P = product/process structure 
PS = plant size 
PE = plant equipment 
IS = inventory size 
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Table XII. Presentation of Data Belevant to General Hypothesis 2 (Firms 
Classified Using Objective Measures of Environment). 

Firms CIS1 CIP2 CIC3 EI4 

1 .92 .997 .953 .85 

2 .84 .93 .879 .735 

3 .9 .99 .939 .49 

4 .938 .947 .942 .685 

5 1.0 .967 .986 .83 

6 .925 .927 .926 .705 

7 1.0 .927 .969 .568 

8 .95 .96 .955 .67 

9 .75 .823 .782 .88 

10 .843 .95 .890 .735 

11 .973 .967 .971 .75 

12 .888 1.0 .936 .66 

13 .905 .86 .886 .9 

14 .9 .93 .913 .538 

15 .813 1.0 .893 .696 

16 .85 1.0 .915 .858 

17 .82 .97 .884 .88 

18 .968 1.0 .982 .78 

19 .888 .937 .909 .97 

20 .975 .947 .963 .796 

co-alignment index for structure variables 
^co-alignment index for policy variables 
co-alignment index for structure and policy combined 

^effectiveness index 
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Table XIII. Presentation of Data Relevant to General Hypothesis 2 
(Using Manager Perception Measures of Environment). 

Firm CIS1 CIP2 CIC3 EI4 

1 .95 .94 .946 .85 

2 .888 .99 .932 .735 

3 .845 .933 .883 .49 

4 .925 .99 .953 .685 

5 .825 .94 .874 .83 

6 .925 .927 .926 .705 

7 1.0 .927 .969 .568 

8 .95 .96 .955 .67 

9 1.0 1.0 1.0 .88 

10 .843 .95 .89 .735 

11 .7 .973 .817 .75 

12 .888 1.0 .936 .66 

13 .905 .86 .886 .9 

14 .9 ' .93 .913 .538 

15 .813 1.0 .893 .696 

16 .925 .863 .898 .858 

17 .9 .967 .929 .88 

18 .968 1.0 .982 .78 

19 .888 .937 .909 .97 

20 .91 .95 .928 .796 

^co-alignment index for structure variables 
^co-alignment index for policy variables 
co-alingment index for structure and policy 
effectiveness index 

combined 
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accordance with the classification scheme explained earlier. The reader 

is referred to Table XIV for a summary of raw data from the study in

cluding the score on the technology measure. The three classifications 

of technology require the creation of two dummy variables. The first 

(Dl) represents small batch technology. The second (D2) represents large 

batch technology. By using the third category as a reference for treat

ment of the other two and assigning arbitrary values (e.g., 1-3) to the 

different types of technology, it is possible to create an interval 

scale measure of this classification variable. Interested readers are 

referred to Neter and Wasserman (1974) and to Kim and Kohout (1975) for 

discussion of the use of indicator variables in multiple regression 

analysis. We proceed now to a report of the specific results of this 

research. 

Tests of General Hypothesis 1 

Readers will recall that the first general hypothesis predicted 

that policy and structure would differ in relation to the degree of in

stability of the external environment. A check of Table XI reveals pos

sible support for this on five of the seven measures of policy/structure. 

However, only three (AI, PS, and IS) differ in the direction predicted 

by the model. As indicated previously, multiple regression was the pri

mary statistical analysis technique used. The independent variables 

were organization size, type of technology, and environment (Likert 

scaled measure of extent to which the environment is dynamic). The de

pendent variables were those shown in Table XI except that type of 



Table XIV. Presentation of Raw Data. — E = electronic, A = auto, AS = auto supply manufacturing 
AR = aircraft 

Firm Ind. Size Tech. Env. 
Span of 
Control 

Adm. 
Int. 

No. of 
Levels 

Plant 
Size 

Plant 
Equip. 

Inv. 
Size Eff. 

P/P 
St. 

1 E 380,000 2(SB) 7.5 15 .25 4 20 29 14 .85 1 
2 E 1,500 2.5(LB) 9 10 .71 3 19 32 13 .735 1 
3 AR 8,000 1.95(SB) 5.8 15 1.0 4 19 31 13 .49 0 
4 E 96,600 2.05(SB) 8.67 20 .59 5 22 25 13 .685 0 
5 E 75,000 4.0(MP) 7.67 10 .33 4 20 11 16 .83 0 
6 E 3,420 2.9(LB) 6 13 .18 3 9 28 18 .705 1 
7 E 4,900 2.65(LB) 7.6 20 .52 3 18 15 10 .568 1 
8 E 1,600 1.5(SB) 5.33 12 .25 4 17 28 6 .67 1 
9 E 2,500 2.66(LB) 8 31 .58 4 25 35 20 .88 1 
10 E 5,800 3.125(LB) 5.75 18 .82 5 21 26 9 .735 1 
11 E 1,200 3.8(MP) 6 40 .27 4 16 26 12 .75 1 
12 E 52,000 2 (SB) 11 10 1.0 4 22 27 18 .66 1 
13 AS 8,700 4 (MP) 6.5 20 .52 5 20 32 19 .9 1 
14 E 1,500 3.75(MP) 7 21 .375 3 23 20 18 .538 1 
15 AS 22,000 4.0 (MP) 8 12 .28 5 29 27 21 .696 
16 A 25,000 4.0(MP) 7.33 25 .28 9 27 22 22 .858 1 
17 A 13,000 4.0(MP) 7.75 15 1.0 6 14 20 17 .88 1 
18 AS 40,000 2.75(LB) 7.6 20 .25 4 23 25 20 .78 1 
19 A 13,000 3.6(MP) 8.33 24 .33 6 15 14 19 .97 0 
20 AR 5,000 2.7(LB) 6.6 22 .4 5 10 28 15 .796 1 

X 7.37 18.65 .4967 4.5 19.45 25.05 15.65 .75 

00 
o> 



structure (product/process) was excluded. It was clear from the pre

liminary analysis that no statistical significance would be found on 

this variable, and its inclusion would have created the special problems 

of regression with categorical dependent variables. The regression was 

performed using the SPSS computerized statistics program. Because of 

the complicating factor of the dummy variables, the simple reading of F 

statistics and significance from the computer printout was not satisfac

tory for this study. The procedure used for deriving the F statistics 

for each test is outlined below. 

1. A series of regressions were run as follows: 

a. a multiple regression using all three independent variables; 

b. a simple regression using only the largest single contribut

ing independent variable (to the variance of the dependent 

variable); 

c. a multiple regression using the two largest contributors to 

the variance of the dependent variable; 

d. where necessary, simple regressions of single independent 

variables (other than in b) against the dependent variable. 

2. The F statistics were then defined as follows: 

a. for the largest contributor 

o 
„ _ R (largest contributor)/! (df) 

2 
1-R /nt - r (df) 

b. for the second largest contributor 

2 2 
F = R (two largest contributors combined) - R (largest contributor)/I 

1 - R^ (two largest contributors)/^ - r 
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c. for the third variable 

o 2 
_ m R (all variables) - R (two largest contributors)/! 

2 
1 - R (all variables)/nfc - r 

The variable "r" in n-r represents the number of variables in the regres

sion equation. This procedure isolates the effects of each independent 

variable on the dependent variable and enables one to evaluate the over

all effect of type-of-technology rather than merely effects of "each 

classification" of that variable. In doing the analysis, if the largest 

contributor failed to show significance the process was usually suspended 

at that point. 

Using this procedure and the output of the SPSS program, F sta

tistics and tests of significance for each dependent variable were made. 

Results are summarized in Table XV. 

Subhypothesis 1-A predicts a positive relation between instabili

ty of environment and width of spans of control. The data do not support 

this, but suggest that a negative correlation exists. 

Subhypothesis 1-B predicts higher values of administrative inten

sity for firms facing more dynamic environments. This hypothesis re

ceives mild support from the regression data. Although we would accept 

the null hypothesis that no important difference exists at the usual 

levels of alpha (p < .01 or .05), we would reject this hypothesis at 

p < .2. Perhaps for an exploratory study such as this, the alpha risk of 

rejecting a true hypothesis is not as important as the beta risk of ig

noring potentially significant results. This is particularly true when 

one considers the problems of small sample size inherent in the study. 
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Table XV. Results of Multiple Regression Analysis. 

SC AI Levels PS PE IS 
Environment 
zero-order 
correlation -.233 .31 .03 .33 -.13 .39 

R2 .038 .094 -1 .11 - .154 

F value - 1.872 - 2.22 - 3.263 

Technology 
zero-order ^ 
correlation na na na na na na 

R2 .12123 .07 .212 .05 .224 .284 

F value 2.312 - 2.292 - 2.452 8.085 

Size 
zero-order 
correlation -.185 -.187 -.03 .12 .04 -.04 

R 2  _ _ _ _ _ _  

F value - - - - - -

Multiple R2 

(all 3 variables) .159 .314 .213 .16 .252 .46 

= computations suspended, no significance 
zp < .20 
3p < .10 
_na = not available 
p < .025 
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For this reason, the high levels of p are included in the report of 

results. 

In order to explore further the possibility of important find

ings, additional tests were done on the AI variable. A sign-test for 

matched pairs was attempted but, due to excessive "ties" in the data, 

proved inconclusive. A t test was performed using the computer output 

and percentages of the student's t distribution. This procedure is rec

ommended by statisticians for significance testing of multiple regression 

output CSpurr and Bonini, 1967). It was not used more extensively here 

because of the complicating use of indicator variables. The test statis

tic (from the printout) was 1.54 with v = 15 (n-r). An upper one-tailed 

test was performed and the critical value was 1.34 at p < .1; thus, the 

t test was significant at p < .1. The implications of this finding are 

addressed in the discussion of results. 

Subhypothesis 1-C suggests that departments facing dynamic en

vironments will have fewer levels of authority in the management hier

archy. Although the difference is in the predicted direction, it is too 

small to be of interest. Virtually no support is indicated for this 

hypothesis. 

Subhypothesis 1-D predicts the use of product structures by dy

namic environment firms, and that stable environment firms will prefer 

process structures. This hypothesis is clearly not supported by the 

data. If anything, there is some indication that the reverse is true 

since there are twice as many dynamic environment firms (4) that have 

process structures as there are stable environment first (2). This dif

ference is not significant, however, in terms of statistical analysis. 
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Subhypothesis 1-E states that departments facing dynamic envir

onments will display stronger preferences for small plants. Again sup

port is only available at a high probability of type-I error (p < .2). 

Nevertheless, the correlation in the predicted direction (.33) in view 

of the small sample is encouraging. Further tests were performed. This 

time the t test was not significant at p < .1 (test value = 1.31, table 

value = 1.34). The non-parametric sign test mentioned in Chapter 3 was 

employed in an effort to test the relation based on direction as opposed 

to magnitude of difference. The 20 firms were, matched as closely as pos

sible on size and technology. Then the ten matched pairs were tested 

using the binomial distribution. The null hypothesis is: there is no 

difference between the stable and dynamic pairs. The probability (tt) of 

finding a positive difference under this hypothesis is assumed to be .5 

for each comparison. The alternative hypothesis relevant to our interest 

is: there are positive differences between the PS scores of dynamic 

versus stable environment firms. The null hypothesis (HQ) is represented 

by it _< .5. The alternate (Ha) is represented by it > .5. Table XVI sum

marizes the test and results. As the table indicates, the sign test is 

significant at p < .1 (very close to p < .05). Therefore we reject Hq 

and subhypothesis 1-E is supported. 

Subhypothesis 1-F states that manufacturing departments facing 

dynamic environments will show a stronger preference for multipurpose 

equipment as compared to departments of firms facing more stable environ

ments. This hypothesis was not supported by the data. The small corre

lation is negative rather than positive. It was clear from the early 
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Table XVI. Results of Sign Test for Matched Pairs: Plant Size 
Variable. 

Pair 
Firm Number**- Plant Size Score 

Sign (DF-SF) Pair SF DF SF DF Sign (DF-SF) 
1 1 4 20 22 + 

2 14 2 23 19 -

3 6 9 9 25 + 

4 20 19 10 15 + 

5 13 17 20 14 -

6 16 15 27 31 + 

7 3 12 19 22 + 

8 8 7 17 18 + 

9 10 18 21 23 + 

10 11 5 16 20 + 

Summary of Test 

ir = probability of a plus sign 

a = .10 

n - 10 

r = 8 (number of plus signs) 

Ho: ir < .5 

Ha: it > .5 

Test used: binomial upper-one-tail 

Result: probability of 8 or more plus signs under HQ is .0547 

Conclusion: reject HQ 

^SF = stable environment firm 
DF = dynamic environment firm 
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analysis that the and F would be negligible, and therefore these spe

cific statistics are not reported. 

Subhypothesis 1-G states that manufacturing departments facing 

dynamic environments will show a stronger preference for low inventory 

levels than those facing stable environments. This hypothesis is sup

ported by the data. The degree to which the environment is dynamic is 

significantly related to scores on the inventory size measure. The F 

value from the regression analysis is 3.26, which is significant at 

p < .10. 

Tests of General Hypothesis 2 

The reader is referred to Tables XII and XXII, shown previously, 

which summarize the results of the co-alignment and effectiveness index 

scoring. Table XII vises the classification of firms based on the objec

tive measures of outer environment, and Table XIII uses the subjective 

(manager perception) measures of environment to classify firms. There 

was considerable difference between the two classification schemes. 

About half the firms were reclassified as a result of changing the method 

of measurement. This is an interesting result in itself (see discussion 

later in this chapter). 

The subhypotheses of general hypothesis 2 are restated below: 

2-A: There will be a significant positive correlation between the 

degree of co-alignment (of structure and environment) and de

partmental effectiveness. 



2-B: There will be a significant positive correlation between the 

degree of co-alignment (of policy to environment) and depart

mental effectiveness. 

2-C: Overall co-alignment and departmental effectiveness will have 

a significant positive relationship. 

None of these subhypotheses are supported by the data. Spearman 

rank, correlation coefficients (measuring correlations between the co-

alignment indices and the effectiveness indices) were not significant 

and generally not in the predicted direction. Tests were made using 

both types of classification schemes for the environment variable. Re

sults for the objective measure classification were coefficients of -.22, 

-.11, and -.27 for the three tests (corresponding to the three hypothe

ses, respectively). Results using the subjective measures for environ

ment improved but remained contradictory to theory. Coefficients were 

.08, -.07, and -.08, respectively. None of these coefficients were sta

tistically significant at p < .1 or less. 

All results pertinent to the testing of hypotheses have been 

presented. We turn now to results outside the theoretical model of the 

research. 

Other Results 

As previously mentioned, the independent variables of organiza

tional size and type of technology were measured and included in the 

analysis. The results of Table XV clearly indicate that organizational 

size had no important impact on the dependent variables of this study. 
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This result is of interest since it is contrary to implications of cer

tain prior research (e.g., Hickson et al., 1969) and may make it possible 

to simplify models for research in the future. 

There is evidence that type of technology affects policy and 

structure. The F test for technology and inventory size is significant 

at P < .025. In order to identify the specific nature of the relation 

between type of technology and inventory size, a plot of the scores on 

the technology measure to IS scores was done. Figure 5 shows the result. 

Thus it appears that the greater the reliance on continuous processing, 

the stronger the preference for very low inventories. An alternative 

statement would be: There is a positive relation between the extent-of-

mass-production orientation and preferences for very low inventory lev

els. This relation was significant in the research at p < .025. 

This is the only relation (involving technology) that is signifi

cant at p < .1, and since all results dealing with technology are outside 

the realm of the theoretical model, only limited attention will be given 

these relations in the discussion section to follow. 

Discussion of Research Findings 

Structure Variables 

The negative correlation between spans of control and environ

mental instability is contrary to the model hypothesis but not to prior 

theory on the subject. As noted in the section on model development 

(Chapter 2), there are grounds in OB theory to predict the discovered 

relationship. Two opposing views persist in the literature. One would 
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Figure 5. Plot of Technology to Inventory Size Score. 



expect longer spans of control among dynamic environment firms because 

this relieves supervisory pressure on employees and allows for the kind 

of independence of action that behavioralists recommend. This is con

sistent with the organic system, which in turn was found by Burns and 

Stalker (1961) to be associated with dynamic environments. By contrast, 

others have argued that managers can supervise effectively larger num

bers of subordinates when the work is routine, non-complex, and standard

ized. These traits, however, tend to be associated with stable outer 

environments. In sum, the theory and research on this subject yield 

grounds for two opposite hypotheses concerning the relations in question. 

Although the results are not significant, this research suggests that 

perhaps the latter of the two arguments is the strongest. Intuitively, 

one might reason that since there is an economic pressure to widen spans 

of control in organizations, managers will tend to do so wherever feas

ible. Concerns of stable environment managers to maintain a "close 

watch" over subordinates are likely to be outweighed by this pressure. 

Alternatively, it is perhaps not feasible to use wide spans in dynamic 

environment situations due to the complex, non-standardized nature of the 

work associated with them. This is a possible implication of the results 

observed in this study. Further clarification of the relation between 

stability of environment and spans of control must await additional 

research. 

Although the F test for the hypothesized relation between outer 

environment and administrative intensity was not significant at p < .1 

or less, there is support for the hypothesis (1-B). The F statistic 
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is significant at p < .2, and the t test is significant at p < .1. The 

latter indicates that the degree of instability of environment has a 

significant additional influence on AI when the effects of size and 

technology are already entered into the relationship. These findings 

are consistent with those of Freeman (1973) in his study of 41 manufac

turing firms and with systems theorists (e.g., Thompson, 1967) who argue 

that a main task of administrators is to monitor and translate external 

environmental conditions for appropriate internal action. It is logical 

that the more complex, diverse, and uncertain these outside conditions 

are, the larger the commitment (in terms of people and other resources) 

to handle this activity should be. Thus companies operating in an en

vironment of frequent change tend to have larger proportions of their 

manufacturing people engaged in work other than actual production of 

products. Of interest here is the suggestion that this relation may 

hold for manufacturing departments as well as other, traditionally 

environment-related areas of organizations (e.g., top management and 

marketing). 

The theory that dynamic environmental conditions would be asso

ciated with fewer levels in the management hierarchy was closely re

lated to the span of control hypothesis. First, wider spans do tend to 

hold down the number of tiers in the hierarchy. This is a basic prin

ciple of structure and a straightforward result of the alternative ways 

to organize a given number of organization members. Second, the organic 

system model which has been associated with dynamic environments would 

recommend fewer levels to streamline communication channels and break 



down barriers imposed by rigid adherence to chain of command. As indi

cated, the regression results show little support for this proposition. 

The hypothesis on spans of control was not supported, and therefore this 

result (on levels) is not surprising in light of prior results. Since 

the raw data results show a slight difference in the predicted direction, 

a sign test was performed. However, the results of the sign test were 

not supportive and not significant. There is some clue from the results 

obtained here that type-of-technology may be a more potent predictor 

than environment of both spans of control and number of organizational 

levels. 

The theory on which subhypothesis 1-D is based is a weak exten

sion of the theory of Robert Hayes and Richard Schmenner (1978). It sug

gests that dynamic environments would tend to create product structures 

and that stable environments would lead to process structures. Theory 

in this area is not well developed, however, and the author was more 

concerned with making a preliminary investigation of this variable than 

with finding any specific results. The results obtained indicate that 

the overwhelming favorite is the product-based structure. This appears 

to be true regardless of industry, size, or type of environment or tech

nology. It is noted that the process structure firms are of larger than 

average size, but the range is 8,000-97,000 which hardly creates a clear 

pattern. The author's own view is that, contrary to the Hayes and 

Schmenner argument, firms do not choose product as the basis for plant 

boundaries in order to maximize innovation and flexibility. They do it 

because it is more economical. Again, the traditional yardstick comes 
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into play. Executives interviewed in this research rarely indicated a 

flexibility motive for the use of product-based structures. More often 

it was more akin to the principle of functional similarity. They group 

operations with similar material, part, and labor requirements together. 

This is consistent with principles of good organization and may create 

certain efficiencies (cost savings) not available with multi-product-

group plants. Another reason for the prevalence of product-based struc

tures is the manner in which market entry was obtained. In the case of 

entry by acquisition, plant locations and boundaries are simply a reflec

tion of circumstances of the purchased firm. Apparently, only in rare 

instances are such purchased plants reorganized after acquisition. 

Discussion of Results 
on Plant Size Policy 

The results pertaining to the hypothesis that plant size poli

cies would be affected by the environment do encourage further explora

tion of the relationships. The sign test is significant, and there is 

other evidence that the hypothesis is likely to be correct. The F test, 

t test, and zero-order correlation between the variables provide mild 

support. This suggests that manufacturing managers are more likely to 

favor several smaller plants to consolidation into one huge facility if 

they perceive the outer environment as being dynamic. Therefore recep-

tiveness to Skinner's (1975) concept of the plant-within-a-plant may de

pend partly on perceptions about the rate of environmental change. 

Smaller plants are presumed to enhance flexibility and response time to 

change. Both of these benefits are keys to competitive advantage in 
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meeting the demands of a changing environment. Larger plants, on the 

other hand, are expected to provide some economies of scale. This, in 

turn, would be more feasible in stable environment conditions where the 

need for flexibility is much less. It is interesting to relate these 

findings to those of the PIMS study (Schoeffler et al., 1974) in which 

it was concluded that large corporations benefit from economies of scale 

while smaller companies gain advantages via greater flexibility. The 

present research suggests that economies of scale versus flexibility may 

be a common trade-off, hut size, per se, is not a factor, at least not 

among firms of 1,000 or more employees. 

During the research, it became clear that many manufacturing 

executives prefer small plants for reasons not directly related to envir

onment. For example, the manageability of the work force, minimization 

of the threat of unionization, and promoting a climate of informality 

were cited as other factors. It was also evident that many (but not all) 

high-level manufacturing managers are giving a great deal of thought to 

this issue. Several had very strong and definite views. The managers 

of the strongest convictions almost invariably felt that small plants 

were better, but were careful to point out that there is such a thing as 

too small. Thus the graphic relationship between PS and plant success 

for many managers is a horseshoe or umbrella curve. Very small and very 

large plants are to be avoided, according to these managers. Apparently, 

the managers who tended to score lower on the PS measure held less strong 

convictions about ideal size in addition to viewing the environment as 

less subject to change. There was some difficulty in defining "small" 



and "large" in this context. In the interview, the idea stressed was 

that of choosing between multiple plants of less than industry-average 

size and one plant of larger than average size. The idea of Skinner's 

trade-off (per Table II) was emphasized. Several firms had specific 

policies such as a limit of 2,500 employees or no more than 200,000 

square feet of floor space. On the other hand, 60% of the sampled firms 

have no policy at all about plant size. Another factor that has begun 

forcing, and is likely to continue to force greater consideration of this 

issue is the possibility of exhausting the labor supply of a local ..area. 

Several of the executives reported that this had already occurred at 

some of their plant locations, making further growth impossible. In 

other cases, they reported fierce competition and pirating of high-

skilled technical employees as symptoms of local supply/demand 

imbalances. 

Discussion of Results on 
Plant Equipment Policy 

The failure to find support for subhypothesis 1-F concerning 

preferences for general-purpose equipment was not a surprise. The theory 

that firms facing environmental conditions with high rates of change 

should adapt partly by a bias favoring more flexibile equipment still 

seems rational. However, it became clear early in the research that 

equipment decisions are almost always made on the basis of an economic 

cost-benefits analysis or R0I analysis. Further, although flexibility 

is a "benefit" and its desirability was acknowledged by many of the man

agers, it was obvious that this was not being introduced formally into 
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the analysis on which the decisions were being based. Of interest here 

is that nearly all managers did confirm that there is frequently a le

gitimate choice between a general-purpose piece of equipment and a 

special-purpose piece for a given equipment purchase decision problem. 

This supports the use of this variable and its associated trade-offs (as 

identified by Skinner, 1969) in studies of manufacturing policy. The 

present research suggests that a more accurate theory might be based on 

arguments that multiple-purpose equipment will receive stronger patron

age from firms that have cost-cutting as the top manufacturing priority. 

Under this theory, firms that differ in their "manufacturing task" will 

also differ in their preferences for equipment. Firms that have defined 

that task as cost-effectiveness will have stronger preferences for 

general-purpose equipment than firms with a quality or service primary 

task for manufacturing. A shortcoming of this theory is that, contrary 

to the urgings of Skinner, many manufacturing departments have not de

fined a clear and consistent manufacturing task. Nevertheless, this 

identifies another possible area for fruitful future research. 

Another finding of the data was the evidence of a possible rela

tionship between type-of-technology and preference for general-purpose 

equipment. A plot of the technology score with the PE score suggests 

that as we move from small batch toward mass production technologies, 

the preference for general-purpose equipment diminishes. One of the in

terviewed managers predicted this when he suggested that the greater the 

volume of production of similar units, the more desirable special-purpose 

equipment becomes. Thus this finding can be explained by the concern of 
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the manager to avoid machine idle-time. The risk of such idle time on 

single-purpose equipment is less when processing of standard or similar 

units is almost continuous. The degree of preference for general-

purpose equipment therefore decreases as the volume of production of 

similar units increases. This finding will not surprise those knowledge

able in the P/OM field where the noted relationship has been acknowledged 

for many years. 

Discussion of Results on 
Inventory Size Policy 

There is support here for the hypothesis that dynamic environ

ments are associated with stronger preferences for low inventories. Al

though the probability of type-I error is still larger than one would 

like (p < .1), this result is encouraging and suggests grounds for fur

ther study of this variable using the same theoretical structure (but 

hopefully with larger sample size). Managers who perceive the environ

ment as very uncertain and with high rates of change will intensify ef

forts to hold inventory levels down to bare minimums. This, of course, 

lowers carrying costs and also reduces the risk of obsolescence. The VP 

manufacturing of one of the electronics firms testified that he had been 

caught recently with a warehouse full of an electronic device which has 

lost its market to an updated product. He indicated that this was a 

constant and serious concern for him. 

Several managers felt that the current general economic situa

tion, especially high unemployment and high interest rates, has created 

abnormal pressure to keep inventories at low levels. It was clear in 
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the research that there is a general preference for low inventories, but 

the strength of preference did differ. The timing of the study for this 

variable was not the best. The author suspects that had the research 

been done two years ago, an even greater difference between stable and 

dynamic environment firms would have been found. 

Nearly all firms are using some form of formalized inventory 

control system. Most are using a version of Materials Requirements 

Planning (MRP). Almost half are also using Economic Order Quantity 

(EOQ) as a supplementary system. Fifty percent are using the ABC prior

ity system for defining focus and management emphasis or reorder 

frequency. 

Some of the firms had policy guidelines in conjunction with for

mal MRP systems. For example, one electronic component manufacturer has 

a policy of holding a maximum of six weeks supply in finished goods in

ventory. Several others still manage at least partly by inventory turn

over ratios. Where figures were mentioned, four to six turns per year 

were common. 

Many of the firms do not build to stock, and therefore their 

finished goods inventories were low or zero. Technically the question

naire addressed these inventories (as opposed to work in process or raw 

materials inventories). This hampered any objective measurement of in

ventory levels and may also have influenced the questionnaire measures. 

The problem may not he serious, however, because from a philosophical 

point of view, feelings about levels of inventories appear to transcend 

single categories. Also, few managers seemed bothered by the fact that 
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they made-to-order when responding to the IS questionnaire. Neverthe

less, it may he that the interest in this variable could be pursued bet

ter by using a group of make-to-stock companies. 

Related to the foregoing is the significant result on the tech

nology/inventory size test. The findings indicate that differences in 

degree of mass production orientation are associated with significant 

differences in IS. This result reinforces the arguments of Woodward 

C1965), Perrow (1970), and others from OB as well as numerous P/OM writ

ers who have suggested the importance of technology in determining many 

aspects of organizations. The source of the observed relationship can 

be related to product maturity considerations and to the linkage between 

demand, technology, and inventory requirements. Concerning the former, 

a long-standing principle in P/OM is the connection between the degree 

of product maturity and the type of technology used. For example, in 

the Hayes and Wheelwright (1979) work, an assumption is that as products 

get "older" they often move from low to high volume in terms of output 

quantity. This, in turn, is associated with a progression from job shop 

to connected-line-flow and ultimately to continuous flow type technolo

gies. In terms of the demand-technology-inventory linkage, one reasons 

that as demand increases, we shift to higher volume technologies which 

create pressure for larger inventories and consequently, greater inven

tory control. The positive relationship between mass output orientation 

and scores on the inventory size measure is therefore likely to be a re

flection of greater sensitivity to inventory levels in the mass output 
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firms (recall that high scores on the IS measure means greater concern 

and effort to keep inventories down). 

Discussion of Results of the 
Co-alignment/Effectiveness Tests 

There is no evidence in this research to support the claim that 

co-alignment of policy/structure with the outer environment (as predict

ed) leads to greater departmental effectiveness. This result is not un

precedented but is nonetheless disappointing. From the practitioner's 

point of view, the difference between description and prescription is a 

critically important one. One would hope through research to be able to 

grow more knowledgeable not only in identifying present decision-making 

habits, but also in determining what decisions (under known conditions) 

work better than others. The failure to show significance or find the 

predicted sign on the co-alignment/effectiveness tests severely limits 

the utility of the theoretical model for practicing managers. 

The test using the objective measures of environment to classify 

firms produced negative correlations between the co-alignment index and 

the effectiveness index. Intuitively, these measures were thought to be 

more valid than the subjective measures for testing this hypothesis. 

The data raise doubts about this assumption because there is no apparent 

logical reason for the results obtained. When the firms are classified 

using the more common approach of the "perceived"-environment measures, 

the correlations are close to zero. In any event, the findings here are 

contradictory to the hypotheses under either classification scheme. The 

reason for this is not clear but could include one or more of the 

following: 
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1. Inaccurate measures of effectiveness, 

2. inaccurate measures of the degree of co-alignment. 

3. The theoretical model itself is invalid. 

4. The theoretical model is useful to describe management practice 

but not to prescribe what will work well. 

5. The theory of contingency management itself is invalid, at least 

as it applies to the variables researched here. 

The first alternative explanation is viewed as a legitimate pos

sibility. The inability to get company records to confirm the testimony 

about department performance leaves room for error in the rankings of the 

firms on effectiveness. Although the wide range of reported effective

ness is evidence of candor by the interviewed managers in general, there 

is no way of knowing the actual integrity of the responses. Also, even 

though many managers checked performance records before responding to 

the questions on effectiveness, some did not. Therefore there is also 

the possibility that some of the managers were honest but simply not 

fully knowledgeable about the needed information. The author's opinion, 

based on observation, titles and so on, is that the interviewed managers 

did know the information, and therefore if the effectiveness measures 

were inaccurate it was due to unwillingness to be open in admitting poor 

or mediocre results. 

The writer believes the measure of co-alignment to be sound in 

the context of the definitions employed here. Although results more in 

line with predictions were obtained before the discrepancy scores were 

adjusted, these adjustments seem necessary and proper. If the . 
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components of the composite co-alignment measure are not adjusted for 

differences in range among them, the composite measure will be more high

ly correlated with those components that have the greater ranges. This 

would become a source of distortion and inaccuracy in the measure. 

The third alternative acknowledges that the results on hypothe

sis 2 could be due to improper definition of the co-alignment concept. 

One must be accurate in identifying the "appropriate" match-ups in order 

to set up a proper co-alignment test. It is possible that if co-

alignment were defined by different match-ups, the expected relationship 

between co-alignment and effectiveness would be found. In this regard, 

it seems necessary here, as in all contingency theory research, to ad

here to a definition of co-alignment that follows from the theory on 

which the research is based. For example, Lawrence and Lorsch (1967) 

tested the relationship between co-alignment and effectiveness with co-

alignment based on a match-up of high uncertainty with organic systems 

and low uncertainty with mechanistic systems. It is proper then to test 

hypothesis 2 with co-alignment defined by the theory of siibhypotheses 

1-A through 1-G. This is simply the second leg of contingency theory 

testing. First, one must define and test the match-ups among the rele

vant variables. This was done here, and there is some support for this 

part of the model. Then one must test whether or not firms conforming 

to these match-ups experience greater levels of success than those which 

do not. It is noted, however, that four of the seven "match-up" hypoth

eses were not supported by the data. In order to investigate the effect 

of this on the test of hypothesis 2, a co-alignment index was computed 

vising only the three variables that were found to match up as predicted 
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by the model (AI, PS, and IS). A new Spearman rank correlation coeffi

cient was derived using this restricted co-alignment measure and the ef

fectiveness index of each firm. The correlation was near zero at .0106. 

This shows that even when the measure of co-alignment is adjusted to re

flect only those match-ups found valid in the research, hypothesis 2 is 

still not supported. 

The fourth alternative explanation is perhaps more of an impli

cation than a possible cause of the results. The fact that the model 

has partially described real practice but failed to predict accurately 

the success rates of the departments could mean that the model has no 

prescriptive value. Although this by no means renders the theory use

less, it restricts its use and value particularly for practitioners. If 

one or more of explanations 1-3 are correct, then one need not accept 

the fourth explanation. If, on the other hand, none of the first three 

are correct, then one must conclude that at least for this study, item 

four is likely to be correct. 

The final possible explanation listed suggests that a basic pre

mise of contingency theory (as applied to this set of variables) is 

false. The premise in question is that there is no one best way to man

age that pertains, regardless of environmental uncertainty and stability. 

The theory contends that good management (i.e., management that gets good 

results) is contingent partly on the type of outer environment. There

fore decisions regarding policy and structure must differ for different 

environments to facilitate departmental success. As previously noted, 

this line of reasoning has received a considerable amount of ideological 



and empirical support but is by no means unchallenged in the literature. 

A number of noteworthy failures to support the notion that co-alignment 

promotes effectiveness have already been cited. Thus, the data of this 

study support the conclusions of Negandhi and Reimann (1973), Pennings 

(1975), and Grinyer C198Q). A possible implication of these studies and 

the present one is that there are more-or-less universal principles of 

good management. For example, could it be that decentralization, small 

plant size, use of multipurpose equipment, and minimum inventories are 

practices facilitating departmental success regardless of the size, type 

of technology, or degree of environmental instability of the firm? This 

is only a possible implication of the results obtained in the tests of 

hypothesis 2, and the evidence provided here is certainly not conclusive. 

Also, this should not be confused with the apparent fact that managers 

facing different environments do tend to handle some aspects of policy 

and structure differently (hypothesis 1). 

As a final point on this evaluation of the hypothesis 2 results, 

we note that explaining effectiveness is a complex problem. It is en

tirely possible that the match-ups as predicted do facilitate effective

ness, but the overall effectiveness of the departments still rank dif

ferently than predicted due to other factors. Many factors, including 

the quality of personnel and materials, market position (of the firm), 

and relations of manufacturing with other departments influence the ef

fectiveness of manufacturing departments. One cannot rule out the pos

sibility that the complexity of effectiveness determination is at the 
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root of the result found here and elsewhere when relations between co-

alignment and effectiveness have been weak or contradictory to theory. 



CHAPTER 5 

CONCLUSIONS, IMPLICATIONS, 
AND DIRECTIONS FOR FUTURE RESEARCH 

In this final chapter, the conclusions, special problems, impli

cations, and contributions of the research are discussed. In addition, 

suggestions for future research are explored, and the thesis concludes 

with a summary of the project. 

Conclusions 

The data collected and analyzed in this study suggest the fol

lowing conclusions: 

1. The extent to which the outer environment of a firm is dynamic 

will have a significant effect on manufacturing policies regard

ing administrative intensity, plant size, and inventory size. 

Specifically, among the sampled manufacturing departments, dy

namic outer environments tend to be associated with higher ad

ministrative intensity, stronger preference for small plant 

size, and stronger preference for low inventories. 

2. In the sampled firms, there is no evidence that departments with 

a good "fit" of policy to environment perform better than those 

that do not have good fit. 

3. Among the sampled manufacturing managers, there is a general 

preference for general-purpose equipment, product structures, 

and low inventories (at least under current economic conditions). 
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4. Organizational size does not appear to be an important determi

nant of any of the policy/structure variables contained in the 

study. 

5. Formal policies regarding plant size and plant equipment prefer

ences do not exist at many, perhaps a majority, of manufacturing 

firms. 

6. The type of technology has an influence on preferences for high 

versus low inventories and perhaps on spans of control, number 

of organization levels and preferences for general- versus 

special-purpose equipment. There appears to be a significant 

positive relationship between mass production orientation and 

preferences for low inventories). 

Conclusions 1 and 2 relate to the specific hypotheses of the research. 

The others are inferences that follow from the data which are also perti

nent to the research problem. 

Problems Encountered 

The most serious problems encountered in pursuing the purpose of 

this study revolve around two issues: adequacy of information and com

plexity of relations among the studied variables. 

Adequaay of Information 

This is partly a sample size problem. If one wishes to avoid 

the problems posed by mail surveys, this type of study requires either 

extensive travel or funding to support research assistance in several 

cities. Needless to say, both of these are very costly. Because the 
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unit of analysis is the department (one per organization), it is vir

tually impossible to obtain a large sample in a single city or county. 

This combination of factors will make small samples unavoidable for many 

researchers; a noteworthy drawback because of the difficulty of demon

strating statistical significance and of discovering findings that may 

be legitimately generalized to populations of interest. 

The shortage of usable information is only partly due to sample 

size problems. Additional difficulties are the reluctance of firms to 

participate in research of this type and unwillingness to provide cer

tain needed information by those that do participate. This researcher 

encountered significant problems in gaining industry cooperation for the 

study. Even after concessions were made on information demands, the 

participation rate was a disappointing 48%. In addition, information on 

performance results had to be taken secondhand, and some companies were 

even coy about discussing the number of employees on payroll. Unfortu

nately, field research seems the only viable alternative for policy re

search, and the support of industry will probably continue to be the li

miting factor in future studies. 

Complexity 

This is a problem in many types of research, but seems to be 

especially evident in policy research and/or contingency theory research. 

The possibility of complexity of cause-effect relations as an explana

tion of the hypothesis 2 results has already been discussed. Other ex

amples abound. Both plant size and inventory size are clearly influenced 

by a multiplicity of factors, only some of which were studied or 
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uncovered in the present research. One of the deepest impressions left 

with the author in retrospect of this project is the difficulty of han

dling the complexity of management decision making in carrying out con

tingency theory and/or policy research. The need is to construct theo

retical models which are simple enough to be testable using conventional 

research techniques and yet complex enough to do a good job of explaining 

reality. As the multiple coefficients of determination of the present 

study indicate, this is no easy task. Perhaps the ever improving com

puter technology will come to the rescue here, but the writer remains 

skeptical. If models are simple, they may be too incomplete and inaccu

rate to be useful. If they are complex, the problems of data collection 

and isolation of effects (of individual variables) may become prohibi

tive. The future success of research on MP will depend in part on the 

ability of theorists, statisticians, and computer experts to resolve 

this conflict. 

While the author felt an obligation to make mention of these 

problems, the intention is not to discourage others from conducting field 

research on MP. To the contrary, the recent calls for exactly this type 

of research (Wheelwright, 1979; Buffa, 1980; Chase, 1980) are evidence 

of the need to tackle these problems and continue the quest for new know

ledge concerning the issues at hand. 

Implications, Contributions, and 
Limitations of the Research 

The main implications of this study for academics ensue from re

sults showing that PS, IS, and AI are partly explained by the nature of 
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the external environment of the firm. Among other things, these find

ings suggest that manufacturing departments are not "sealed-off11 from 

outside influence (or affected less by it than other areas of the firm). 

As noted earlier, this assumption has been expressed or implied by numer

ous writers (Lawrence and Lorsch, 1967; Thompson, 1967; Freeman, 1973; 

Leifer and Ruber, 1977). Although direct contact between manufacturing 

managers and those outside the organization may be limited, the influence 

remains. Thus a thesis suggested here is that manufacturing departments 

may not be substantially different from other areas of the firm in terms 

of environmental influence on decision making. The writer does not pre

tend to have established this point in this research, but is convinced 

that traditional notions of the sealed-off operations core are, at best, 

exaggerated. The managers interviewed during this research were very 

aware of environmental contingencies and influences. Moreover, most view 

the environment as more dynamic than stable and reported being influ

enced by environmental conditions routinely in decision making. This was 

true among lower level managers as well as the vice-presidents that were 

interviewed. 

An additional implication of the research is that Skinner (1969, 

1974) was accurate in pointing out the failure of organizations to inte

grate MP with corporate strategy. The prevalent absence of policy on im

portant issues that Skinner identified is one evidence of this. The at

tempt to pursue multiple objectives simultaneously and with equal empha

sis (blurred focus), and the continued predominance of efficiency/cost 

control among manufacturing objectives, were also exemplified in the 

study. Since the effectiveness data indicate substantial room for 
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improvement of results, the claim that integration and focus must be 

achieved as a condition of good performance becomes more and more plaus

ible. This discussion has relevance for item four among the research 

questions on which this project was based (see Chapter 1). 

The lack of support for hypothesis 2 makes difficult the identi

fication of specific implications of the research for practitioners. In 

the author's opinion, the lack of evidence showing that the match-ups of 

environment and policy produce good results will lead managers to ques

tion the ability of the theory to improve present practice. Methods to 

accomplish the latter are what practicing managers hope to gain from the 

support of research and from the academic community in general. Some of 

the implications of the research identified above show promise in this 

regard, but these points were not directly tested here. Practicing man

agers may be interested in knowing that the more effective firms in the 

sample had average spans of control of 22, levels of 5.1, AI of .42, and 

IS scores of 17.4 compared to 15, 3.9, .57, and 13.9, respectively, for 

the relatively ineffective firms. This may have meaningful implications 

for practice; however, we note that these results are not supported here 

by theory and are not necessarily statistically significant. They are 

merely observations from the data obtained. They suggest the basis for 

rules-of-thumb research in which, for example, one might hypothesize that 

the first level span of control most conducive to effectiveness for elec

tronics manufacturers is 22. This is counter to the contingency theory 

philosophy of "situational" management. However, as noted earlier, the 

complexity of situations makes contingency management difficult to re

search and (we now add) to practice. 
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In summary, a possible implication of this work is that although 

contingency theory may be appropriate for the study and formation of MP 

in principle, the immediate practicality of its use is dubious. 

Contributions and 
Limitations of the Research 

The most noteworthy limitations of this research are thought to 

be the following. 

1. The results have questionable generalizability to the specified 

population. 

2. The study is only an initial and partial study of the policy va

riables identified by Skinner (1969). 

3. The study is not a definitive one even for the policy variables 

included in the theoretical model. 

4. The study failed to produce positive results on the important 

co-alignment/effectiveness aspect of the model. 

These points will each be discussed briefly below. 

Caution is urged in the generalization of the results of this 

study to the specified population (i.e., the manufacturing departments 

of large manufacturing organizations in the U.S.). Although the author 

feels reasonably comfortable with the sample as a representation of the 

population, several factors suggest prudence. One is the small sample 

size which hampered the derivation of significant results and raises 

doubts about proper representation. Other factors include the use of 

non-parametric statistics (in some cases), sampling techniques that were 
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not strictly random, the high refusal rate of firms approached, and the 

inability to compare participants to nonparticipants on meaningful 

criteria. 

The study data deals with just 4 of 27 policy (decision) areas 

identified by Skinner in the 1969 article. Moreover, most writers would 

agree that even the list of 27 is not all inclusive. This study which 

treats the four variables is a good beginning, but one must acknowledge 

that it is just that—a beginning. 

While the study provides a start in the quest to understand the 

determinants of PS, PE, and IS policy, much remains to be done. The to

tal explained variance for the policy variables (in the regression analy

sis) ranged from 16 to 46% using size, technology, and environment as the 

independent variables. Historically, these independent variables are 

the most popular among the contingency theory variables and were there

fore appropriate choices for this initial study. In spite of this, it 

is obvious that they leave sizable amounts of variance unexplained. 

This, of course, is a challenge for future research. 

The failure to produce results as expected on the co-alignment 

test has already been discussed. It is included here because, as indi

cated, it is thought to restrict the utility and applicability of the 

theory and research findings. 

The main contributions of this research to the study and prac

tice of management are thought to be as follows. 

1. The research has developed three new measurement tools for use 

in studying plant size, plant equipment, and inventory size 

policy. 
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2. The research provides some insight into the content and factors 

that determine content of manufacturing policies on PS, PE, and 

IS. 

3. The findings confirm implications of an earlier research effort 

on administrative intensity (Freeman, 1973). 

4. The research provides a fresh look and further information con

cerning the relations among four top contingency theory variables 

(size, technology, environment, and structure). 

5. The project bridges two distinct fields of study which are rarely 

joined in research. This may help foster further hybrid efforts 

involving concepts from OR and P/OM. 

6. The study provides information about several auxiliary topics of 

interest such as the types of inventory control systems being 

used and perspectives of practicing managers about unanticipated 

factors in MP determination. 

7. The project has developed and tested a specific multivariate the

oretical model relative to MP and suggests specific new theory 

for some variables (e.g., PE policy). 

Directions for Future Research 

Manufacturing policy has been the subject of so little research 

that the alternatives of future study are almost limitless. One obvious 

choice for a future MP study would be a replication of the research pre

sented here. This would take the form of a second test of the theoretical 

model and hypotheses used here. Such a study, especially if done with a 

larger sample, would serve several purposes. For one, it would provide 
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information which could be used to further evaluate the reliability of 

the findings of the study reported here. Second, the larger sample will 

likely reveal a greater number of statistically significant results. If 

the p < .2 results of the present study could be supported with a repli

cation showing stronger levels of significance, it would greatly fortify 

the conclusions and implications of this study. 

Another very straightforward follow-up to the research presented 

here would be a study of similar methodology which looks at a different 

set of dependent variables. For example, degree of formalization of 

work standards or preference for temporary versus permanent tooling 

could be studied using contingency theory independent variables. As 

mentioned, the work of Wickham Skinner alone has produced a list of 27 

decision areas, most of which have received little or no attention in 

the research of leading management journals. 

A third possible research topic would be the investigation of 

general principles for managing in the production sector of firms. This 

research would ignore the contingency theory notion of different poli-^ 

cies for different environments and concentrate on imcovering policy and 

structure differences between effective and ineffective firms regardless 

of the type of environment (or size or technology) of the firm. Such re

search could be of great value in resolving the controversy surrounding 

the issue of whether or not co-alignment is a key to greater effective

ness (see Chapter 4 discussion). 

Still another suggested avenue for further work is to develop 

and test some new theory regarding the dependent variables studied here. 



Results obtained here underscore the need for discovery of new factors 

to explain more of the total variance of PS and PE in particular. The 

multiple coefficient of determination for the PS variable was only .16, 

leaving 84% of the variance unexplained. In this regard, the interviews 

with the managers who participated in the research brought to light a 

number of influences on plant size policy. One was the amount of diver

sification in the product line/s of the company. One might theorize 

that the greater the diversification the greater the likelihood of a 

policy favoring small plants. Other factors indicated during the inter

views as relevant to PS policy are adequacy of the local labor market and 

manner of growth or product/market entry. Concerning the former, the 

author predicts that the amount of concern for adequacy of the local la

bor market will show a strong positive relationship with strength of 

preference for small plants. Regarding the latter, the prediction is 

that firms with patterns of market entry via acquisition will show strong

er evidence of small plants than those with patterns of new market entry 

by internal development. 

In addition to the above, new theory on PE policy was suggested 

earlier. Readers will recall that a positive relationship between degree-

of-emphasis-on-cost-control and preferences for general-purpose equipment 

was predicted. 

A fifth possible direction for future research is to further in

vestigate the influence of technology in the context of MP. There were 

hints of important relations between technology and both PE and IS in 

the research conducted by the author. Further study is needed to 
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clarify the role of technology with respect to these variables and to 

determine the scope and nature of influences of technology on other as

pects of manufacturing management. 

Finally, the author sees a great deal of potential in the prob

lem of investigating integration of corporate and manufacturing strate

gies. We refer back to Figure 2 (Chapter 2) in which a three-link model 

of integration was diagrammed. The research of this dissertation has 

assumed that the links of the model were all intact (in the sample firms). 

When they are, a connection between the outer environment and manufactur

ing policies is expected. This, of course, was implicit in the theoret

ical model. This initial study has encouraged the writer to look more 

closely at the links in the integration framework. The task is to con

struct new theory which suggests, for example, the type of manufacturing 

task that each of the most popular corporate strategies calls for. Then 

one could test empirically whether or not the corporate strategies and 

manufacturing tasks do match up as expected and, if so, whether or not 

associations as prescribed by theory are related to departmental effec

tiveness. A variation of this plan would avoid prescribing the match-ups 

of manufacturing task and corporate strategy but would investigate pat

terns of associations (of the two variables) and attempt to relate these 

patterns to levels of departmental effectiveness. The latter approach 

sacrifices the potential advantages of confirmation of theory as an in

gredient of the research but may be appropriate for an exploratory study. 

A follow-up effort would then take the theory suggested by the explora

tory research and test it in an independent study. This last suggested 
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direction has captured the interest of the present writer and is a 

likely next research effort for him. 

This dissertation has presented a research project designed to 

apply a contingency theory framework to the study of manufacturing po

licy. The aim was to assist in finding answers to the research questions 

presented in Chapter 1. These questions are repeated below as a review. 

1. What are the major determinants of effective choice among alter

natives in forming specific elements of manufacturing policy? 

2. What are the precise relations among the contingency variables 

(environment, structure, technology, size, management approach, 

objectives, personnel)? 

3. How does co-alignment of contingency variables relate to the 

formation of manufacturing policy, and to the relative effective

ness of manufacturing departments? 

4. Are focus and integration of manufacturing decisions important 

determinants of the contribution of manufacturing to organiza

tional effectiveness? 

5. Do relations among key contingency variables at the institutional 

level and in boundary units hold true for the operations core of 

organizations as well? 

This research focused most closely on questions 1 and 3 with implications 

for the others. The specific hypotheses tested were: 

Hypothesis 1: Manufacturing departments facing stable external en

vironments will display different policy choices 
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and different structural characteristics than those 

facing dynamic environments. 

Hypothesis 2: The manufacturing departments achieving a greater de

gree of co-alignment (as defined by prescribed inter

relations of environment and policy/structure) will 

display a greater level of effectiveness than those 

with lesser degrees of co-alignment. 

A theoretical model involving nine variables was developed as an 

extension of the two broad hypotheses statements. A total of ten subhy-

potheses were derived from the model. 

The research interest was pursued by means of a field study of 

20 large manufacturing firms representing four industries and three dis

tinct geographic areas. Data were collected primarily via interviews 

with high-level manufacturing managers of the participating firms. Meas

urement instruments employed here were a combination of tools used pre

viously by other researchers and newly developed questionnaires created 

and validated by the author specifically for this study. 

Results obtained were analyzed by a combination of parametric 

and non-parametric statistical techniques including multiple regression 

analysis. The findings gave some support to hypothesis 1 but none to 

hypothesis 2. More specifically, the findings suggest that administra

tive intensity, plant size policy, and inventory size policy are influ

enced by manager perceptions of the degree of stability of the outer en

vironment of the firm. Significant results on a variable outside the 

theoretical model Ctechnology) were also discovered. 
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Possible explanations for the results, particularly the unexpect

ed ones, were discussed in detail. Conclusions and implications of the 

research and special problems encountered in conducting it were also 

discussed. The thesis concludes with specific suggestions for future 

research. 

Certainly the project has fulfilled its mission. An empirical 

test of the hypotheses and an investigation of the research questions on 

which they were based have been conducted, analyzed, and reported. 

This is an exploratory study. It is one of the first efforts to 

do hard research on the issues addressed, and no research was found that 

has looked specifically at the policy variables studied here. All meth

ods, results, and discussion of this research should be considered with 

these facts in mind. Although the specific theory advanced here did not 

receive overwhelming support from the data, it is important to make a 

beginning effort to get answers to the research questions. The develop

ment of a better understanding of manufacturing policy will require con

tinuing efforts of this type. 



APPENDIX A 

QUESTIONNAIRES USED AS MEASUREMENT INSTRUMENTS 
FOR THE ENVIRONMENT, SIZE, TECHNOLOGY, 
STRUCTURE, AND EFFECTIVENESS VARIABLES 
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Questionnaire for General Information, 
Environment, Size, and Technology 

General Information 

1. Name of Finn: 

2. Type of Business: 

3. Name and title of person completing this questionnaire: 

4. Primary responsibility of person completing this questionnaire: 

Size Data 

1. How many full-time permanent employees are presently on payroll 
company-wide? 

2. How many full-time permanent employees are currently on payroll in 
the manufacturing department? 

Type of Technology 

This section is intended to determine the primary type of produc
tion technology employed in your firm. Please read the definitions which 
follow and then indicate below the proportion of your company's output 
that is processed by each of the five forms of technology. The propor
tions should be stated as percentages and must sum to 100%. 

Example: 1. custom 
2. small-batch 
3. large-batch 
4. mass prod. 
5. continuous 

35% 
50% 
15% 
0% 
0% 

100% 

Definitions 

1. Custom: production of one or a few units to customer 
specification. 



130 

2. small-batch: job-shop manufacturing, production of a small num
ber of similar units on each run. 

3. large-batch: production of a large number of similar units. 
4. mass production: assembly-line manufacturing. 
5. continuous: production of liquids, gases and the like. 

Pleas:e indicate the proportions for your company. 

1. custom % 

2. small-batch ____% 

3. large-batch % 

4. mass prod. % 

5. continuous % 

Environment 

These questions are intended to identify the important factors of 
the environment outside the firm which affect your decision making, and 
to determine the extent to which these factors change over time. 

Please read the list and description of environmental components 
below and then answer the questions which follow. 

Environmental components 

1. market/customers: both distributors and users of your 
products. 

2. suppliers: for materials, parts, labor, equipment, capital 
and work space. 

3. competitors: who they are, how many there are Cfor both re
sources and markets). 

4. socio-political: government regulation, public attitude to
ward the industry and the products of the 
firm, trade unions, consumerism (size, in
fluence, direction of concern). 

5. technological: changes in the products themselves, the pro
cesses used to make them or the materials 
used to make them. 
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Questions for the Perceived Environment Measures 

1. Among the five components of the environment above, which 
have considerable and direct bearing on decision making with
in the manufacturing operation? (check the appropriate 
items) 

A. market 

B. suppliers_ 

C. competitors 

D. socio-political_ 

E. technological 

2. Please rank the items in terms of their importance to you as 
a manager in the manufacturing department. (1 » most 
important) 

1. 3. 5. 

2. 4. 

3. How often do significant changes occur in each of the envir
onmental segments identified as important to your decision 
making? Please indicate below by circling the appropriate 
value on the 6 point scale. You need only respond for those 
items identified in question 1. 

some- very con-
never rarely times often often stantly 

a) market 1 2 3 4 5 6 

b) suppliers 12 3 4 5 6 

c) competitors 12 3 4 5 6 

d) socio
political 1 2 3 4 5 6 

e) technological 12 3 4 5 6 

4. How often do you consider new and different environmental 
components in making decisions (e.g., if normally the market 
component is the item of significant concern, how often are 
factors other than the market of considerable importance)? 
Please circle the appropriate value below. 
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some- very 
never rarely times often often constantly 

Questions for the Objective Measure of Environment 

The following questions complete the measurement of the outer en
vironment. Please answer as completely as possible. 

1. Has there been a major change in channels of distribution at 
this firm during the last 3 years? yes no 

2. Does this company have more or less than 100 suppliers for 
raw materials and parts? more than 100 

less than 100 

3. Is this firm integrated backward (manufacturing firm that owns 
most or all of its own raw material sources)? yes no 

4. What is the approximate number of major competitors for this 
firm in its primary area of business? 

5. How many of the firms counted above (item d) have entered 
the industry within the last 2 years? 

6. Are 25% or more of your employees represented by a labor 
union? yes no 

7. Has your firm had a labor strike during the last 6 years? 
yes no 

8. Are you aware of a formal civil rights complaint or anti
trust action against the firm during the last 3 years? 

yes no 

9. Are you aware of the passage of any legislation that has sig
nificantly affected operations during the last 2 years? 

yes no 

10. How many product changes would you estimate have occurred in 
the last 2 years that have altered manufacturing procedures, 
equipment or processes significantly? 

11. Are you aware of a major technological advance in the industry 
in the last 5 years? yes no 

12.* The coefficient of sales variation for 5 years (2.). 
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13.* The ratio of R & D expenditures to total assets for the past 
2 years. 

*Items 12 and 13 were derived from annual report data. 
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Scoring of the Objective 
Measure Instrument for Environment 

Item No. Scoring 

1 1 if yes, 0 if no 

2 1 if more, 0 if less 

3 1 if no, 0 if yes* 

4 the number entered is used as the score 

5 the number entered is used as the score 

6 1 if yes, 0 if no 

7 1 if yes, 0 if no 

8 1 if yes, Q if no 

9 1 if yes, 0 if no 

10 the number entered is used as the score 

11 1 if yes, 0 if no 

12 example: assume sales for the last five years of $9.5 
billion, 8.8, 7, 6, and 4.5, respectively. The 
mean of this set is 7.2 billion and the standard 
deviation is 1.67. Therefore, the coefficient = 
1.67/7.2 or .23. The score would be .23 x 10 or 
2.3. 

13 score is the ratio of average R&D expenditures to aver
age total assets multiplied by 100 

*This "reverse" scoring is based on the rationale that a firm that is 
integrated backward has fewer worries about supplier changes, dependa
bility and the like. 
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Structure Questionnaire 

The total number of production foremen on duty in the plant during 
the day shift is . 

The total number of production workers on duty in the plant during a 
normal day shift is . 

The total number of full-time permanent production workers on payroll 
is . 

The number of separate levels of authority in the manufacturing de
partment managerial hierarchy is . 

The manufacturing operation is organized principally by: 

product ' process ' 

Product organization: plant boundaries or sections determined by 
categories of products being produced. Often, 
separate plants for separate categories. 

Process organization: plant boundaries or sections determined by the 
nature of the manufacturing task to be per
formed on the product. For example, separate 
plants for stamping, assembly, etc. 
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Effectiveness Questionnaire 

This section is designed to get a measure of the overall effec
tiveness of your manufacturing department in terms of goal accomplish
ment. I wish to re-emphasize that any information provided here will be 
strictly confidential and will never be reported either published or non-
published in such a way that a reader could associate the results with a 
particular company. 

1. Please list the top three (in terms of emphasis) objectives of 
the manufacturing department at your company. 

Weights 
1. 

2.  

3. 

2. Please indicate the relative priority of these objectives by as
signing each a value from 0 to 1.0 (i.e., a percentage) with the 
most important receiving the highest value and the least important 
receiving the lowest value. The sum of the weights for all three 
objectives should equal 1.0. 

Example: top three objectives weights 

1. cost effectiveness .4 

2. delivery performance .3 

3. product quality .3 
1.0 

You may use the column provided above (item 1) to give the weights 
for your department's objectives. 

3. How would you rate the overall effectiveness of the manufacturing 
department over the past 12 months? Please indicate by circling 
the proper number on the scale below. 

1 2 3 4 5 6 
very inef- moder. moder. effective very 
inef- fective inef. effec- effective 
fective 
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4. For each of the three objectives listed in items 1 of this sec
tion, indicate below your evaluation of the effectiveness of your 
manufacturing department in accomplishing that objective for the 
past 12 months. Do this by stating the percentage of the time 
that each objective was met during that period. 

Example: If the number one objective is efficiency and your ef
ficiency targets are being met about half the time, 
then the response would be 50%. Another way to look 
at this would be actual efficiency is consistently run
ning about 50% of objective or you are about 50% satis
fied with performance on this measure. 

Please make your responses below. 

A. objective 1: (please name) 

percent effectiveness (scale of 0-100%) 

B. objective 2: (please name) 

percent effectiveness 

C. objective 3: (please name) 

percent effectiveness 

NOTE: Item 3 was used as a check on the consistency of testimony. 



APPENDIX B 

SAMPLE COMPUTATION OF THE 
CO-ALIGNMENT INDEX FOR STRUCTURE 

Assumed Data 

1. type of environment = dynamic 

2. structure data for a sample firm: 

a. span of control = 15 

b. administrative intensity = .25 

c. number of levels = 4 

d. type structure = product 

Variable ps1 as2 uds^ ads^ 1 

spans 19-40 15 4 2 .8 

AI .388-1.0 .25 .13 1.3 .87 

levels 3-4 4 0 1.0 

type structure 1 1 0 1.0 

ci* 
,10—2. 
' 10 ' 

predicted score 
^actual score 
^unadjusted discrepancy score 
adjusted discrepancy score 

^co-alignment index 

Overall co-alignment index for this firm = .92 (3.67/4.0) 

Summary of Predicted Values 
for Each Variable 

1. Spans 
(range = 10-40) 
median = 19 

Predicted Values 
Stable 
Envir. 
10-19 

Dynamic 
Envir. 
19-40 
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4. type structure 
(product = 1) 
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2. Adm. Int. 
(range = .18-1.0) 
median = .388 

Predicted Values 
Stable 
Envir. 
.18-.388 

Dynamic 
Envir. 

.388-1.0 

3. levels 
(range = 3-9) 
median = 4 

4-9 3-4 

5. All three MP 
variables 

1-3.5 3.6-6.0 
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DEVELOPMENT OF THE POLICY QUESTIONNAIRES 
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List of Original Items 
Plant Size Variable 

very some, some., very 
inac. inac. inac. accu. acc. accu. 

1. In making decisions regarding 
plant size economies of scale 
are of prime importance. 12 3 4 5 6 

2. In making decisions regarding 
plant size, flexibility is 
of prime importance. 12 3 4 5 6 

3. It is better to reach a given 
production capacity by means 
of one large plant than by 
several smaller plants. 12 3 4 5 6 

4. Efficiency and effectiveness 
of operations are better fa
cilitated with several semi-
autonomous plants rather 
than one big plant. 1 2 3 4 5 6 

5. Technology permitting, manu
facturing departments should 
break large plants into small
er sub-plants with independent 
management and responsibili- 12 3 4 5 6 
ties. 

6. In general, small plants will 
outperform large plants. 

7. The coordination and cost 
disadvantages of multiple 
plants are outweighed by the 
advantages in management and 
flexibility. 

8. A good general rule is: the 
smaller the plant the better. 

9. The advantages of economies 
of scale outweigh the disad
vantages of large plant size. 

1 2 3 4 5 6 

1 2 3 4 5 6 

1 2 3 4 5 6 

1 2 3 4 5 6 

10. Large plants are a must in 
most manufacturing industries. 1 2 3 4 5 6 



142 

very ^ some. some. very 
Inac. inac. inac."* accu.^ acc. accu. 

11. The advantages of small 
plant size are minimal. 

12. Smart managers will put 
forth considerable effort 
to hold down plant size in 
handling future plant 
building decisions. 

13. Compared to other firms in 
this industry, we have larg
er plants and fewer plant 
sites. 

14. The idea of handling a manu
facturing operation as sev
eral mini-plants within one 
building is highly 
impractical. 

15. The idea of handling a manu
facturing operation as sev
eral mini-plants within one 
building is very appealing. 

16. Concentrating production op
erations in one facility is 
desirable whenever practical. 

17. Flexibility is greatly facili
tated by spreading production 
operations over several faci
lities rather than one 
facility. 

18. In evaluating alternatives 
for new plant sizes and ca
pacities, a flexibility cri
terion is rarely discussed. 

19. The idea of operating sepa
rate plants-within-a-plant is 
absurd. 

20. The idea of operating several 
separate plants-within-a-plant 
ought to be investigated and 
perhaps implemented. 



Column heading abbreviations 

^•very inaccurate 
^inaccurate 
3 
^somewhat inaccurate 
^somewhat accurate 
^accurate 
^very accurate 
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List of Original Items 
Plant Equipment Variable 

The following statements measure the decision orientation of 
your firm regarding equipment and tooling decisions. Please respond as 
previously advised (see plant size questionnaire). 

very some. some. very , 
inac. inac. inac. accu. acc. accu. 

.1. When the type of production 
allows a choice, general-
purpose equipment is favored 
over special-purpose 
equipment. 12 3 4 5 6 

2. Our firm buys tooling only 
when/because there is no 
alternative way to produce 
the product. 

3. When tooling is needed, tem
porary tooling is preferable 
to permanent tooling. 

4. In making equipment deci
sions, it is extremely impor
tant to consider the flexibi
lity of the equipment for 
alternate uses. 

1 2 3 4 5 6 

1 2 3 4 5 6 

1 2 3 4 5 6 

5. The amount of flexibility in 
use of the equipment is rarely 
a consideration in deciding on 
equipment changes. 

6. The nature of equipment used 
is totally dictated by tech
nical production considera
tions . 

7. When the technical require
ments of production permit a 
choice, temporary or no tool
ing is preferable to permanent 
tooling. 1 2 3 4 5 6 



145 

very ^ some. some. very g 
inac. inac. inac. accu. acc. accu. 

8. Whether the equipment is 
general-purpose or special-
purpose is usually not con
sidered in making equipment 
purchase decisions. 

9. The advantage of using 
general-purpose equipment 
where possible is minimal if 
it exists at all. 

10. The use of permanent tooling 
puts a firm at a distinct 
disadvantage in competing 
with firms using non-
permanent tooling. 12 3 4 5 6 

11. The advantage of general-
purpose equipment (in terms 
of production flexibility) 
is viewed as highly signifi
cant at our firm. 12 3 4 5 6 

12. If there is an advantage in 
using general- versus 
special-purpose equipment, 
it favors the latter. 12 3 4 5 6 

13. Special-purpose equipment 
yields competitive advan
tages not available with 
general-purpose equipment. 12 3 4 5 6 

14. The advantages of using 
general-purpose equipment 
(e.g., flexibility) are out
weighed by the disadvantages 
of such use. 12 3 4 5 6 

15. There is little if anything 
to be gained by the substi
tution of temporary for per
manent tooling where 
possible. 1 2 3 4 5 6 
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16. A technical requirement for 
"production tooling" is a 
serious constraint on a 
firm's ability to compete. 

17. The use of permanent tool
ing yields advantages which 
outweigh any disadvantages 
of such use. 

18. In handling equipment pur
chase decisions, the flexi
bility of the equipment is 
a low priority item. 

19. In handling equipment pur
chase decisions, the prob
lem of adaptability to 
changing production require
ments is given substantial 
emphasis. 

20. A policy of maximum flexibi
lity governs many of our 
equipment purchase 
decisions. 

very some._ some. very , 
inac. inac. inac. accu. acc. accu. 

1 2 3 4 5 6 

1 2 3 4 5 6 

1 2 3 4 5 6 

1 2 3 4 5 6 

1 2 3 4 5 6 
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List of Original Items 
Inventory Size Variable 

very some, some., very 
inac.^ inac. inac. accu. acc. accu. 

1. In managing inventories, our 
most serious concern is 
avoiding stock-outs. 12 3 4 5 6 

2. In managing inventories, meet
ing delivery requirements is 
the top priority. 12 3 4 5 6 

3. In managing inventories, the 
danger of product obsoles
cence is a low priority 
concern. 

4. In comparison to other 
firms in the industry, our 
firm probably has high in
ventory levels. 

5. If there is a bias in the 
management of inventories 
at our firm it is probably 
favoring low inventory 
levels. 

6. The danger of carrying high 
inventories in terms of 
product obsolescence is 
minimal. 12 3 4 5 6 

7. Our firm devotes consider
able effort toward main
taining inventories at the 
lowest possible level consis
tent with good customer 
service. 12 3 4 5 6 

8. There is a distinct advan
tage to the maintenance of 
relatively high inventory 
levels (as compared to 
competitors). 12 3 4 5 6 
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very some. some. very 
inac. inac. inac.^ accu.^ acc.^ accu.^ 

9. If storage costs were not a 
factor, we would probably 
raise our inventory levels 
immediately. 

10. The proper level of inven
tory is primarily a matter 
of ensuring that customer 
demand is met promptly. 

11. The danger of obsolescence 
of finished goods is a high 
priority issue in our inven
tory management practices. 

12. In managing inventories, we 
are extremely sensitive to 
the problem of market 
changeability. 

13. Maintenance of inventories 
at low levels facilitates 
adaptability to the market. 

14. In comparison to other firms 
in the industry, our firm 
probably has low inventory 
levels. 

15. In recent years (as com
pared to earlier philosophy 
of operation). Low inven
tories are the rule rather 
than the exception at our 
firm. 

16. The trend at our firm has 
been toward reducing inven
tory levels as long as sat
isfactory delivery perfor
mance is maintained. 
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very some, some., very ^ 
inac.l inac.^ inac. accu. acc. accu. 

17. In balancing the danger of 
stock-outs against obsoles
cence and storage costs, the 
latter has been receiving 
greater emphasis. 

18. Little effort is expended to 
determine the relationship 
of inventory size to market 
conditions. 

19. The relationship of inven
tory size to market condi
tions often dictates a po
licy of low inventory levels 
(i.e., bare minimum to meet 
current demand). 

20. In the long run, the advan

tages of a bias favoring high 
inventories usually outweigh 
any disadvantages of such a 
policy. 
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Sample Cover Letter for 
Content Validation of MP Measures 

Taylor Cox, Jr. 
College of Business 

and Public Adm. 
University of Arizona 
Tucson, Az. 85721 

Dr. Wickham Skinner 
School of Business Adm. 
Harvard University 
Cambridge, Mass. 02138 

Dr. Skinner: 

Your assistance is requested in evaluating the content validity 
of a set of measures for three manufacturing policy variables. The re
mainder of this letter provides details. 

I am a Ph.D. candidate in the College of Business at the Univer
sity of Arizona in Tucson. My dissertation topic is a study of manufac
turing policy as it is discussed in your articles (Manufacturing-Missing 
Link in Corporate Strategy and The Focused Factory). Specifically, I 
plan to do a field study which attempts to test the hypothesis that the 
external environment of the firm (in terms of a stable-dynamic dimension) 
will influence the specific policy choices among the standard alterna
tives in key decision areas (e.g., whether to use one large plant or 
several smaller ones). In order to pursue this research, I have de
signed a series of questionnaires to test the policy pre-disposition of 
the respondents. The respondents will be high-level manufacturing manag
ers and the test instrument is designed to determine which alternative 
in each key decision areas the policy of the responding firm favors. The 
three key decision areas along with the respective alternative policy 
choices are shown below. 

Decision Area Policy Alternatives 

1. plant size (A) one large plant or 
(B) several smaller plants. 

2. plant equipment and 
tooling 

(A) general-purpose equipment and 
temporary tooling or 

(B) special-purpose equipment and 
permanent tooling. 

3. inventory size (A) high levels or 
(B) low levels. 
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For each of Che decision areas a set of 20 statements has been 
prepared which are thought valid as indicators of which alternative the 
responding firm prefers. The sets of statements accompany this letter, 
and there are indications (to the right of each statement) as to which 
alternative agreement with the statement is thought to favor. For exam
ple, a score of 5 or 6 on item 1 in the set of statements for plant size 
is thought to favor alternative A (one large plant). 

In order to further establish the content validity of these meas
ures and to derive input for refining the questionnaire, you are re
quested to rate each item of each of the three sets of statements (60 
ratings in all) on a scale of 1-10. The higher the rating, the better 
the item is thought to represent the universe of possible measures of 
the variable involved. My purpose is to establish the appropriateness 
of the items to measure the variables they are intended to measure. 
Your ratings will be used to screen the items. 

Any comments you may wish to include in your response will be 
appreciated. Should you decide to help me with this project, I extend 
my heartiest thanks in advance. 

Best regards, 
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Response to the Requests for Evaluation 
of the Manufacturing Policy Measures 

Comment 

All three of the experts replied. Two of the three provided the 

requested numerical ratings of each item. One elected not to provide 

the ratings, but offered suggestions and observations instead. All three 

provided comments that were used in revising the questionnaires and in 

their administration. 

The tables which follow summarize the ratings of the items for 

each questionnaire. Following that are copies of the questionnaires used 

for the pilot study. 

Plant Size Questionnaire 

Rating Item Used, 
Item Rater 1 Rater 2 yes/no* 

1 8 7 yes 
2 6 7 no 
3 8 10 yes 
4 7 8 yes 
5 9 6 yes 
6 7 9 yes 
7 6 6 no 
8 7 8 yes 
9 7 9 yes 
10 8 7 yes 
11 7 6 no 
12 8 7 yes 
13 9 10 yes 
14 8 6 yes 
15 8 6 no 
16 8 9 yes 
17 7 6 no 
18 7 7 yes 
19 5 6 no 
20 7 5 no 

*One rule-of-thumb criterion used was to select items with a sum rating 
of 14 or more. Also, the degree of agreement between the raters was 
taken into account. A minimum of 10 items was sought. 
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Plant Equipment Variable 

Rating Item Used, 
Item Rater 1 Rater 2 yes/no 

16 9 yes 
2 7 6 no 
3 7 9 yes 
4 9 10 yes 
5 3 5 no 
6 5 5 no 
7 5 7 no 
8 7 5 no 
9 7 8 yes 
10 8 5 no 
11 8 9 yes 
12 7 7 yes 
13 7 5 yes* 
14 7 8 yes 
15 6 5 no 
16 5 0 no 
17 5 8 no 
18 8 7 yes 
19 8 9 yes 
20 8 9 yes 

*used after revision 

Inventory Size Variable 

Rating Item Used, 
Item Rater 1 Rater 2 yes/no 

18 4 yes 
2 8 7 yes 
3 3 7 no 
4 8 9 yes 
5 7 8 yes 
6 3 7 no 
7 4 5 no 
8 9 5 yes 
9 6 5 no 
10 6 5 no 
11 6 7 yes 
12 6 4 no 
13 6 6 no 
14 8 9 yes 
15 6 8 yes 
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Inventory Size Variable—Continued 

Rating Item Used, 
Item Rater 1 Rater 2 yes/no 
16 7 5 no 
17 2 8 no 
18 7 6 no 
19 8 6 yes 
20 8 8 yes 
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MP Questionnaire 
(Used for Pilot Study) 

Plant Size Variable 

the following questions are designed to determine to what extent 
specific policy orientations exist in your manufacturing department, and 
to identify what these policy orientations are. 

I. Plant Size 

A plant is defined as a building (or a set of buildings at a 
particular location and under a common management team) in which raw ma
terials or parts are processed to form a finished product. Given this 
definition, please answer the following general questions. 

1. How many plants does this company have? 

2. Describe the size of your plant (or average plant if more than 
one) in terms of one or more of the following dimensions. Please 
give as much information as possible. 

a. production capacity units per week. 

b. production capacity man hours per week. 

c. production capacity machine hours per week. 

d. floor space square feet. 

e. personnel 
working in the plant). 

(number of full-time employees 

3. Does your company have a formal or informal policy regarding 
ideal plant size? yes no 

4. If yes, please briefly describe that policy: 

The following statements measure the decision orientation of your 
firm regarding plant size. Please indicate the extent to which each 
statement is an accurate reflection of policy at your company by circling 
the appropriate number to the right of each statement. The scale is as 
follows: 



156 

6 =° very accurate 

5 = accurate 

4 = somewhat accurate 

3 =• somewhat inaccurate 

2 = inaccurate 

1 = very inaccurate 

very 
inac. 

1. In making decisions regard
ing plant size, economies of 
scale are of prime 
importance. 

2. Concentrating production op
erations in one facility is 
desirable whenever 
practical. 

3. It is better to reach a given 
production capacity by means 
of one large plant than by 
several smaller plants. 

4. Efficiency and effectiveness 
of operations are better fa
cilitated with several smaller 
plants rather than one big 
plant. 

5. Technology permitting, manu
facturing departments should 
break large plants into small
er sub-plants with independent 
management and responsibi
lities. 

6. In general, small plants will 
outperform large plants. 

7. Smart managers will put forth 
considerable effort to hold 
down plant size in handling 
future plant building 
decisions. 

8. A good general rule is: 
smaller the plant the 
better. 

the 

some. some. very 
inac. inac. accu. acc. acc. 

5 6 

5 6 

5 6 

5 6 

5 6 

5 6 

5 6 

5 6 



157 

very some. some. very 
Inac. inac. Inac. accu. acc. acc. 

9. The advantages of economies 
of scale outweigh the dis
advantages of large plant 
size. 1 2 3 4 5 6 

10. Large plants are a must 
in most manufacturing 
industries. 12 3 4 5 6 

11. Compared to other firms 
in this industry, we have 
larger plants and fewer 
plant sites. 12 3 4 5 6 

12. The idea of handling a 
manufacturing operation as 
several mini-plants within 
one building is highly 
impractical. 1 2 3 4 5 6 

13. In evaluating alternatives 
for new plant sizes and 
capacities, a flexibility 
criterion is rarely 
discussed. 113 4 5 6 
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MP Questionnaire 
(Used for Pilot Study) 

Plant Equipment Variable 

Does your firm have a formal or informal policy regarding the 
selection of plant equipment? yes no 

'If yes, please briefly describe what the policy is. 

The following statements measure the decision orientation of 
your firm regarding plant equipment decisions. Please respond as previ
ously advised (see Plant Size Questionnaire) 

very some. some. very 
inac. inac. inac. accu. acc. acc. 

1. When the type of production 
allows a choice, general-
purpose equipment is favored 
over special-purpose 
equipment. 12 3 4 5 6 

2. In making equipment deci
sions, it is extremely im
portant to consider the 
flexibility of the equipment 
for alternative uses. 12 3 4 5 6 

3. The advantage of using gen
eral purpose equipment where 
possible is minimal if it 
exists at all. 12 3 4 5 6 

4. The advantage of general-
purpose equipment (in terms 
of production flexibility) 
is viewed as highly signifi
cant at our firm. 1 2 3 4 5 6 



5. If there is an advantage 
in using general- versus 
special-purpose equipment, 
it favors the latter. 

6. Special-purpose equipment 
yields competitive advantages 
not available with general-
purpose equipment. This has 
made the former preferred 
over the latter at our firm. 

7. The advantages of using 
general-purpose equipment 
(e.g., flexibility) are out
weighed by the disadvantages 
of such use. 

8. In handling equipment pur
chase decisions, the flexi
bility of the equipment is a 
low priority item. 

9. In handling equipment purchase 
decisions, the problem of 
adaptability to changing pro
duction requirements is given 
substantial emphasis. 

10. A policy of maximum flexi
bility governs many of our 
equipment purchase decisions. 

11. When tooling is needed, tem
porary tooling is preferred to 
permanent tooling. 
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MP Questionnaire 
(Used for Pilot Study) 

Inventory Size Variable 

I. Does your firm have a formal or informal policy regarding the size 
of raw materials and/or finished good inventories? 
yes no 

If yes, please describe briefly what it is? 

Does the above pertain to: 

raw materials inventories 

finished goods " 

both of these " 

II. Is your firm presently using a formal inventory control system? 
yes no 

If yes, please indicate the name of the system. 

1. Materials Requirements Planning (MRP) 

2. Economic Order Points and Order Quantity (EOQ) 

3. IMPACT (Inventory Management & Control Techniques) 

4. ABC priority system 

5. Combination of listed above. 

III. What was the dollar value of finished goods inventories at your 
company on 1-1-80? 
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IV. The statements below measure the decision orientation of your firm 
regarding the size of finished good inventories. Please respond 
as previously advised. 

very some. some. very 
inac. inac. inac. accu. acc. acc. 

1. In managing inventories, 
our most serious concern 
is avoiding stock-outs. 

2. In managing inventories, 
meeting delivery require
ments is the top priority. 

3. In comparison to other 
firms in the industry, our 
firm probably has high in
ventory levels. 

4. If there is a bias in the 
management of inventories 
at our firm, it is probably 
favoring low inventory 
levels. 

5. There is a distinct advan
tage to the maintenance of 
relatively high inventory 
levels (as compared to 
competitors). 

6. The danger of obsolescence 
of finished goods is a high 
priority issue in our inven
tory management practices. 

7. In comparison to other firms 
in the industry, our firm 
probably has low inventory 
levels. 

8. In recent years (as compared 
to the philosophy in earlier 
years), low inventories are 
the rule rather than the excep
tion at our firm. 
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very some. some. very 
inac. inac. inac. accu. acc. acc. 

9. The relationship of inven
tory size to market condi
tions often dictates a policy 
of low inventory levels (i.e., 
bare .minimum to meet current 
demand). 12 3 4 5 6 

10. In the long run, the advan
tages of a bias favoring high 
inventories usually outweigh 
any disadvantages of such a 
policy. 12 3 4 5 6 

/ 
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Spearman-Brown Reliability Coefficients 
(Odd-Even Sums) for the Policy 

Questionnaires Used in the Pilot Study 

Plant Size 

xy 
, £xY . IMKIXl 

n 

/ [EX2 - -£^][£Y2 - -~p5" 

r = 13750 - (727)(686) 
rxy 13750 37 _ 271 _ 

j , 9 — 394.5 ~ *°y 

'[14655_ S22gKuiM _ 

r - 2r = lilZ - 81 
tt ~ l + r 1.69 " 

Plant Equipment 

r = „ 74 
xy 

r = .85 
tt 

Inventory Size 

r = .54 
xy 

rtt " -70 

xy product moment correlation 
for odd versus even items 
(sums). 

tt 
Spearman formula corrected 
reliability coefficient. 
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Table D-l. Concurrent Validity Checks-Pilot Study Data. — Ranks of 
firms on Policy variables from the Policy Questionnaires 
compared to Policy "Statements" and objective me?.r?ures where 
available. 

Firm 5 Firm 2 Firm 4 Firm 1 Firm 3 
PLANT SIZE 

Rank per Policy Question 
Questionnaire* 

(Mean Value on Scale**) 

Rank per Objective 
Measures 

Statement Bias 

4 13 2 

3.7 2.8 3.5 3.3 

n/a 1 2 3 

small seem- ? none 
ingly 
larger 

n/a 

*Higher rank = prefer small 
**3.5 or higher indicates preference for small plants 

Firm 5 Firm 2 Firm 4 Firm 1 Firm 3 
PLANT EQUIPMENT 

Bias per Questionnaire n/a n/a G.P. n/a n/a 

(Mean Value on Scale*) (4.3) 

Statement Bias none none G.P. none n/a 

*3.5 or + = preference for general-purpose equipment 

INVENTORY SIZE VARIABLE 

Rank per Questionnaire* 

Mean Value per 
Questionnaire* 

Rank per Objective 
Measures 

Statement Bias 

Firm 5 Firm 2 Firm 4 Firm 1 

3.5 3.4 

4 

3.2 

1 

4.3 

higher low low ? 
*higher rank = preference for higher inventories 
**score of 3.5 or higher indicates preference for low inventories. 



Table D-2. Factor Analysis, Plant Size Variable. — Quartimax rotated 
factor matrix after rotation with Kaiser normalization. 

Factor 1 Factor 2 Factor 3 Factor 4 Factor . 
Item 1 -.11113 .53630 -.04020 -.26390 .30551 
Item 2 -.07088 .94416 -.03922 .33013 -.05744 
Item 3 .38529 .57327 -.00224 -.21991 -.30183 
Item 4 .66159 .17936 -.20750 .04395 -.08470 
Item 5 .72699 -.12110 .16622 .01197 .15664 
Item 6 .61377 .33399 -.32730 -.07352 .14981 
Item 7 .61342 .15400 .04305 .56114 .02557 
Item 8 .72176 -.04308 .28434 .21768 -.06376 
Item 9 -.31996 .02067 -.04365 -.56382 -.15652 
Item 10 -.14744 -.35199 .02269 -.01651 -.04187 
Item 11 .08740 .05467 -.02068 .09140 .57552 
Item 12 .14613 .03625 .81755 -.03429 .15955 
Item 13 -.06741 -.11639 .63427 .06582 -.15905 

Factor Eigenvalue. Pet. of Var. Cum. Pet. 

1 2.95493 40. 4 40.4 
2 1.85015 25. 3 65.7 
3 1.14369 15. 6 81.3 
4 .74140 10. 1 91.4 
5 .62794 8. 6 100.0 

Graphic Plot of the Items 

vertical factor (2) 

2 

1 

9 

3 

6 

11 7 4 
12 horizontal factor (1) 

8 
13 

5 

10 
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Table D-3. Factor Analysis, Pilot Study, Plant Equipment Variable. — 
Quartimax rotated factor matrix after rotation with Kaiser 
normalization. 

Factor 1 Factor : 
Item 1 .84539 .08987 
Item 2 .15301 .66626 
Item 3 .90785 -.03336 
Item 4 .86957 .13124 
Item 5 .61405 -.09164 
Item 6 .73200 -.21751 
Item 7 .66044 -.22611 
Item 8 .89362 .23472 
Item 9 .84578 .34039 
Item 10 .85007 .35640 
Item 11 -.03514 -.29515 

Factor Eigenvalue 
1 6.00466 
2 .86286 

Pet, of Var. Cum. Pet. 
87.4 87.4 
12.6 100.0 

Graphic Plot of the Items 

vertical factor (2) 
* 

* 

* 

* 
* 

* 

* 2 
* 
* 

* 

* 

* 

* 10 
* 9 
* 

* 8 
* 

* 4 
* 1 

horizontal factor (1) * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* 

* 5 
* 

* 

* 7 6 
11* 

* 

* 
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Table D-4. Factor Analysis-Pilot Study, Inventory Size Variable. — 
Quartimax rotated factor matrix after rotation with Kaiser 
normalization. 

Factor 1 Factor 2 Factor 3 
Item 1 .21248 .81883 .26211 
Item 2 .13954 .91886 .04857 
Item 3 .70164 -.08155 .09376 
Item 4 .79249 -.07599 .18764 
Item 5 .04641 .12341 .41289 
Item 6 -.31266 -.26282 -.29468 
Item 7 .23721 -.54606 .43984 
Item 8 .62044 .16149 -.00003 
Item 9 ..48342 .08524 -.04757 
Item 10 .08153 -.05296 .74216 

Factor Eigenvalue Pet, of Var. Cum. Pet. 
1 2.40338 47.8 47.8 
2 1.76598 35.1 82.9 
3 .86183 17.1 100.0 

Graphic Plot of the Items 

vertical factor (2) 

2 

horizontal factor (1) 

10 3 4 

7 



Table D-5. Pilot Study Data (Using Subjective Measures of Environment). 

STABLE ENVIRONMENT DYNAMIC ENVIRONMENT 
Structure Policy Structure Policy 

Firm No. SC AI 
No. 

Lvls p/pft 
Plant 
Size 

Plant 
Eqmt. 

Inv. 
Size SC AI 

No. 
Lvls P/P* 

Plant 
Size 

Plant 
Eqmt. 

Inv. 
Size 

5(D) 15 na 4 1 48 49 35 

1(S) 13 .25 4 0 43 47 43 

4(D) 10 .71 3 1 49 54 31 

2(S) 22.5 .4 5 1 39 48 36 

3(S) 20.7 .08 3 0 

EX 56.2 .73 12 1 82 95 79 25 .71 7 2 97 103 66 

X 18.7 .24 4 .33 41 47.5 39.5 12.5 .71 3.5 1 48.5 51.5 33 

Accuracy 
of Model 
Prediction + + + + + 
*product = 1 
process = 0 

i—1 

SO 



Table D-6. Pilot Study Data (Using Objective Measures of Environment). 

STABLE ENVIRONMENT DYNAMIC ENVIRONMENT 
Structure Policy Structure Policy 

Firm No. SC AI 

No. 

Lvls P/P 
Plant 
Size 

Plant 
Eqmt. 

Inv. 
Size SC AI 

No. 
Lvls P/P 

Plant 
Size 

Plant 
Eqmt. 

Inv. 

Size 
5(D) 15 na 4 1 48 49 35 

1(S) 

4(S) 
2(D) 

13 

10 
.25 

.71 

4 
3 

0 
1 

43 
49 

47 
54 

43 
31 

22.5 .4 5 1 39 48 36 

3(D) 20.7 .08 3 0 na na na 

EX 23 .96 7 1 92 101 74 58.2 .48 12 2 87 97 71 

X 11.5 .48 3.5 .5 46 50.5 37 19.4 .24 4 .67 43.5 48.5 35.5 

Accuracy 
of Model 
Prediction + + 
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Table D-7. Data and Classification of Firms on the Environment 
Measures. 

SUBJECTIVE MEASURES OBJECTIVE MEASURES 
Respondent Class1 Score Rank^ Class Score" Rank 
firm 1 S 7 3 S 33 2 

firm 2 S 6.6 1 D 39 3 

firm 3 S 6.67 2 D 48 5 

firm 4 D 9 5 S 32 1 

firm 5 D 7.5 4 D 40 4 

^S =» stable, D = dynamic 
^Rank 1-5 with higher rank indicating more dynamic environment. 
Higher score indicates more dynamic environment. 

Table D-8. Co-alignment Test. 

Firm No. Effective Index SM1 OM1 

5 .85 3/6 3/6 

1 .695 5/7 4/7 

2 .796 4/7 2/7 

4 .778 5/7 2/7 

3 .85 2/4 2/4 

"htatio of items aligned as predicted to total items using subjective or 
objective measures. 
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MP Questionnaire 
Plant Size Variable (#3) 
(Used in Main Study) 

The following questions are designed to determine to what extent 
specific policy orientations exist in your manufacturing department, and 
to identify what these policy orientations are. 

1. How many plants does this company have? 

NOTE: A plant is defined as a building (or set of buildings at 
a particular location and under a common management team) 
in which raw materials or parts are processed to form a 
finished product. 

2. Does your company have a formal or informal policy regarding 
ideal plant size? yes no 

If yes, please briefly describe that policy. 

The following statements measure the decision orientation of 
your firm regarding plant size. Please indicate the extent to which 
each statement is an accurate reflection of policy at your company (or 
the part of the company that you are familiar with) by circling the ap
propriate number to the right of each statement. The scale is as 
follows: 

6 = very accurate 3 = somewhat inaccurate 

5 = accurate 2 = inaccurate 

4 = somewhat accurate 1 = very inaccurate 

very 
inac 

some. some. ver 
inac. inac. accu. acc. acc 

very 

1. Efficiency and effectiveness 
of operations are better 
facilitated with several 
smaller plants rather than 
one big plant. 1 2 3 4 5 6 
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very some. some. very 
Inac. inac. Inac. accu. acc. acc. 

2. Technology permitting, manu
facturing departments 
should break large plants 
into smaller sub-plants 
with independent management 
and responsibilities. 

3. In general, small plants 
will outperform large 
plants. 

4. Smart managers will put forth 
considerable effort to hold 
down plant size in handling 
future plant building 
decisions. 

5. A good general rule is: the 
smaller the plant the 
better. 
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MP Questionnaire 
Plant Equipment Variable (#4) 

(Used in Main Study) 

Does your firm have a formal or informal policy regarding the selection 
of plant equipment? yes no 

If yes, please briefly describe your understanding of that policy. 

The following statements measure the decision orientation of your firm 
regarding plant equipment decisions. Please respond as previously ad
vised (see Plant Size Questionnaire). 

very some. some. very 
inac. inac. inac. accu. acc. acc. 

1. When the type of production 
allows a choice, general-
purpose equipment is fa
vored over special-purpose 
equipment. 1 2 3 4 5 6 

2. The advantage of using 
general-purpose equipment 
where possible is minimal 
if it exists at all. 12 3 4 5 6 

3. The advantage of general-
purpose equipment (in terms 
of production flexibility) 
is viewed as highly signif
icant at our firm. 12 3 4 5 6 

4. If there is an advantage 
in using general- versus 
special-purpose equipment, 
it favors the latter. 1 2 3 4 5 6 
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5. Special-purpose equipment 
yields competitive advan
tages not available with 
general-purpose equipment. 
This has made the former 
preferred over the latter 
at our firm. 

6. The advantages of using 
general-purpose equipment 
(e.g., flexibility) are 
outweighed by the disad
vantages of such use. 

7. In handling equipment pur
chase decisions, the flex
ibility of the equipment 
is a low priority item. 

8. In handling equipment pur
chase decisions, the prob
lem of adaptability to 
changing production re
quirements is given sub
stantial emphasis. 

9. A policy of maximum flex
ibility governs many of 
our equipment purchase 
decisions. 

very some. some. very 
inac. inac. inac. accu. acc. acc. 

1 2 3 4 5 6 

1 2 3 4 5 6 

1 2 3 4 5 6 

1 2 3 4 5 6 

1 2 3 4 5 6 
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MP Questionnaire 
Inventory Size Variable 
(Used in Main Study) 

I. Does your firm have a formal or informal policy regarding the size 
of raw materials and/or finished good inventories? 
yes no 

If yes, please describe briefly what it is? 

Does the above pertain to: 

raw materials inventories 

finished goods " 

both of these " 

II. Is your firm presently using a formal inventory control system? 
yes no 

If yes, please indicate the name of the system. 

1. Materials Requirements Planning (MRP) 

2. Economic Order Points and Order Quantity (EOQ) 

3. IMPACT (Inventory Management & Control Techniques) 

4. ABC priority system 

5. Combination of listed above. 

6. Other (please specify) 

III. The statements below measure the decision orientation of your firm 
regarding the size of finished good inventories. Please respond 
as previously advised. 
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very very some. some. 
inac. inac. inac. accu. 

very 
acc. acc. 

1. In comparison to other firms 
in the industry, our firm 
probably has high inventory 
levels. 1 2 3 4 5 6 

2. If there is a bias in the 
management of inventories 
at our firm, it is probably 
favoring low inventory 
levels. 1 2 3 4 5 6 

3. In recent years, (as com
pared to the philosophy in 
earlier years), low inven
tories are the rule rather 
than the exception at our 
firm. 1 2 3 4 5 6 

4. The relationship of inven
tory size to market condi
tions often dictates a policy 
of low inventory levels 
(i.e., bare mini*mum to meet 
current demand). 12 3 4 5 6 



179 

Table E-l. Spearman-Brown Reliability Coefficients, Computations for 
the Plant Size Questionnaire. — Used in the main study. 

spondent^" 
X(sum/odd 
Items) 

Y (sum/even 
9 O 

spondent^" 
X(sum/odd 
Items) Items) X2 Y2 XY 

1 8 8 64 64 64 
2 7 7 49 49 49 
3 3 7 9 49 21 
4 8 10 64 100 80 
5 8 10 64 100 80 
6 9 8 81 64 72 
7 10 10 100 100 100 
8 9 10 90 100 90 
9 8 9 64 81 72 
10 5 3 25 9 15 
11 8 8 64 64 64 
12 8 8 64 64 64 
13 10 9 100 81 90 
14 9 6 81 36 54 
15 10 10 100 100 100 
16 9 9 81 81 81 
17 8 6 64 36 48 
18 10 10 100 100 100 
19 9 9 81 81 81 
20 11 9 121 81 99 
21 11 11 121 121 121 
22 6 6 36 36 36 
23 12 11 144 121 132 
24 10 10 100 100 100 
25 9 11 81 121 99 
26 10 9 100 81 90 
27 11 12 121 144 132 
28 6 6 36 36 36 
29 4 4 16 16 16 
30 5 5 25 25 25 
31 10 9 100 81 90 
32 5 8 25 64 40 
33 6 8 36 64 48 
34 7 6 49 36 42 
35 5 6 25 36 30 

284 288 2472 2522 2461 

EXY - (ZX)(SY) 
n 
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Table E-l—Continued 

rtt -
2 x .776 
1 + .776 

.87 

^•Questionnaires completed by subordinates of the head of Manufacturing 
are used here in addition to those used in the hypothesis testing 
^analysis. 

In order to balance the odd and even groups, item 5 was not used here. 



181 

Table E-2. Speaman-Brown Reliability Coefficients, Computations for 
the Plant Equipment Questionnaire, — Used in the main study. 

OS 
X2 Respondent (X) X2 ES(Y) Y2 XY 

1 14 196 13 169 182 
2 17 289 15 225 255 
3 12 144 14 196 168 
4 18 324 17 289 306 
5 15 225 15 225 225 
6 12 144 11 121 132 
7 14 196 14 196 196 
8 6 36 8 64 48 
9 17 289 10 100 170 
10 8 64 8 64 64 
11 7 49 7 49 49 
12 7 49 11 121 77 
13 14 196 12 144 168 
14 15 225 12 144 180 
15 11 121 15 225 165 
16 12 144 12 144 144 
17 11 121 15 225 165 
18 17 289 14 196 238 
19 9 81 11 121 99 
20 8 64 8 64 64 
21 18 324 14 196 252 
22 15 225 13 169 195 
23 13 169 12 144 156 
24 14 196 15 215 210 
25 13 169 15 225 195 
26 10 100 8 64 80 
27 12 144 11 121 132 
28 8 64 15 225 120 
29 9 81 10 100 90 
30 10 100 10 100 100 
31 13 169 10 100 130 
32 8 64 9 81 72 
33 10 100 12 144 120 
34 12 144 12 144 144 
35 14 196 12 144 168 

423 5491 420 5264 5259 

5n59 (423X420) 
n 183 183 

rxy = • 
[5491 - (423)2][5264 (420) 2-j 

n 

• (379)(224) 291 ~ *63 
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Table E-2—Continued 

"tt 
2 x .63 
1 + .63 

- .77 

NOTE: The factor analysis for this questionnaire produced evidence that 
items 6, 8, and 9 have questionable validity. Therefore they 
were not used in the computations of scores for the tests of hy
potheses and are also excluded here. 



2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

Spearman-Brown Reliability Coefficients, Computations for 
the Inventory Size Variable Questionnaire. — Used in the 
main study. 

OS 
(X) X2 ES (Y) Y2 XY 
7 49 7 49 49 
6 36 7 49 42 
7 49 7 49 49 
7 49 7 49 49 
8 64 5 25 40 
5 25 8 64 ' 40 
4 16 9 81 36 
8 64 9 81 72 
9 81 7 49 63 
9 81 9 81 81 
5 25 5 25 25 
5 25 4 16 20 
7 49 8 64 56 
3 9 3 9 9 
10 100 10 100 100 
4 16 5 25 20 
5 25 7 49 35 
9 81 9 81 81 
9 81 9 81 81 
9 81 9 81 81 
8 64 7 64 56 
10 100 8 64 80 
10 100 11 121 110 
8 64 9 81 72 
12 144 12 144 144 
9 81 9 81 81 
12 144 10 100 120 
12 144 7 49 84 
8 64 9 81 72 
11 121 9 81 99 
8 64 9 81 72 
10 100 10 100 100 
10 100 9 81 90 
10 100 7 49 70 
12 144 11 121 132 
11 121 9 81 99 
297 2661 290 2487 2480 



184 

Table E-3—Continued 

EXY - (EX)(EY) 

n 
xy / 

2480 - (297*290) 
36 

x2 _ (EX) y2 _ (EY)2 /(2661 - -^) • (2487 -

2480 - 2392.5 _ 87.5 . 4g 

• 31861 178*5 

2 x .49 _ .98 , , 
tt " l + .49 1.49 " 
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