A STUDY OF THE ACTUAL AND POTENTIAL USES OF
INDUSTRIAL ENGINEERING IN A DEVELOPING
ECONOMY: COSTA RICA

A THESIS
Presented to
The Faculty of the Division of Graduate
Studies and Research
By
‘Jorge E. Brealey

In Partial Fulfilliment
of the Requirements for the Degree

Master of Science in Industrial Engineerihg

Georgia Institute of Technology

June, 1975




A STUDY OF THE ACTUAL AND POTENTIAL USES OF
INDUSTRIAL ENGINEERING IN A DEVELOPING
ECONOMY: COSTA RICA

Approved:

/ ) - / ﬁ_h o am
D. E. Fyffe, Chairman 277

T. C]ar%

r pé’ e // ~
D approved by Chajrman: 6 ? 7\,'_




To my Mother
To the Memory of my Father
To Carol

To all those persons who had
helped me and inspired me to
reach this goal.




ACKNOWL.EDGMENTS

In the process of writing this thesis, the author received con-
siderable assistance from governmental agencies, industrial firms and
individual persons. The author would like to express his deep appre-
ciation to Dr. D. E. Fyffe, thesis director, for his guidance during
the preparation of this study. Also thanks are due to Dr., Thomas Clark
and Professor James Apple for their professional advice and encouragement
during the course of this study.

The author's gratitude is herewith expressed to all individuals

and organizations that made possible this study and its publication.




iv

TABLE OF CONTENTS

Page
ACKNOWLEDGMENTS . . . . & . o v e e e e e e e e e e e e e e e e iii
LIST OF TABLES .+ » v v v v e v e e e e e e e et L v
SUMMARY . . . . . . . e e e e e e e e e e e e e e e e e e e viii
Chapter
I. INTROBUCTION . . . . & v v o ot et s e e v e e 0 v e e e 1
Statement and Importance of the Problem
Objectives of the Study
Scope and Limitations
Definitions
Research Approach
IT. LITERATURE SURVEY . . . . . . « v v v ¢ v v v v v v v v s g
The Industrial Engineering Profession
Industrial Engineering in Developing Economies
Costa Rica as a Developing Economy
Discussion of Literature Survey
ITI. RESEARCH METHODOLOGY . . . . . . . . . « v . « v & ¢« v 4 . 22
Description of Survey Procedures and Questionnaires
Description of Survey Samples
Discussion of Sampling Biases
Validity and Reliability of Results
IV. DESCRIPTION AND DISCUSSION OF RESULTS . . . . . . . . . . 34
Objective No. 1
Objective No. 2
Objective No. 3
Objective No. 4
Case History Investigations
Summary and Discussion of Results
V. RECOMMENDED APPROACHES TO IMPROVE INDUSTRIAL
ENGINEERING PRACTICE IN COSTA RICAN INDUSTRIES . . . . . 66

Recommended Approaches




TABLE OF CONTENTS (Continued)

Page
VI. SUMMARY AND CONCLUSIONS . . . . . . v v v v v v v o v v . 74
Summary of Research
Conclusions
Recommendations for Future Research
Final Word '
APPENDICES
“A. COSTA RICAN SURVEY . . . . . . . « v o v v v v v e e 83
B. GEORGIA SURVEY . . . . & v v e e e e e e e e e e e e 99
C. CASE HISTORY ABSTRACTS . . . . . v & v v v v v e e v v 113
D. EXHIBITS . . . & v v v e e e e e e e e e s e e e e e e 129

BIBLIOGRAPHY . . . . & . o o o s e s e e e e e e e e e e 133




Table

10.

1.

12.

13.

14.

LIST OF TABLES

Structure of the Costa Rican Industrial
Sector (1960-1973} . . . . . . . ... e e e e

Distribution of Survey Responses . . . . . . e e e e e
Response Rate Analysis . . . . .. e e e e e e e e e e .

Validity Test Results (ltem 12, Costa Rican
Questionnaire) . . . . . . . . . . . . ...

Reliability Test Results (Item 12, Costa Rican
Questionnaire) e e e e e e e e

Utilization of Industrial Engineering Services
in Costa Rican Industries (A11 Respondents) . . . . . . .

Utilization of Industrial Engineering Services
in Georgia Industries (All Respondents)

Utilization of Industrial Engineering Services
in Costa Rican Industries {By Industry Type)

Utilization of Industrial Engineering Services
in Georgia Industries (By Industry Type)

Utilization of Industrial Engineering Services
in Costa Rican Industries (By Company Size) . . . . . .

Utilization of Industrial Engineering Services
in Georgia Industries {By Company Size} . . . . . . . . ..

Type of Functional Areas to Which Industrial
Engineers Devote their Attention in Costa
Rican Industries (Companies with I.£. Staffs) . . . . .

Type of Functional Areas to Which Industrial
Engineers Devote their Attention in Georgia
Industries {Companies with I.E. Staffs) . . . .

Type of Functional Areas to Which Industrial

Engineers Devote their Attention in Costa
Rican Industries (A11 Respondents)

vi

19
27
29

32

33

38

38

39

39

40

40

45

45

46




Table
15.
16.
17.

18.
19.

20.

LIST OF TABLES (Continued)

Type of Functional Areas to Which Industrial
Engineers Devote their Attention in Georgia
Industries . . . . . . . . L L 00 oL o e e e e e e

Types of Problem Areas Encountered in Costa
Rican Industries (A]] Respondents). . . . . . . e e e

Types of Problem Areas Encountered in Costa
Rican Industries {Companies with I.E. Staffs) . . . . . .

Types of Problem Areas Encountered in Costa Rican
Industries (Companies without I.E. Staffs) ... . . . . ...

Classification of Reported Managerial Reasons
for not Using Industrial Engineering Services . . . . .

Summary of Case History Investigations . . . . . . . ..

vii

Page

50

51

52

55
57




viii

SUMMARY

This research has been aimed at determining the uses and needs
for Industrial Engineering in a developing economy: Costa Rica. The
answers to the following guestions were considered: 1) What operational
problems that may call for Industrial Engineering are being experienced
by Costa Rican industries?, 2) What specific needs for Industrial Engi-
neering applications arise from these problems?, 3) How are these needs
presently being met?, 4) What can be done to meet these needs more
effectively?, and 5) How does a developing economy (Costa Rica) utilize
Industrial Engineering expertise as compared to a developed industrial
system (State of Georgia, U.S.A.).

The necessary data to answer these questions was collected by
means of two questionnaire surveys conducted among manufacturing firms
in Georgia and Costa Rica. Confirmation, interpretation and expansion
of Costa Rican survey results were made possible by the detailed investi-
gation of fourteen individual firms which were representative of the
Costa Rican responding group.

Based on the research data, it was concluded that: 1) there is
a need among Costa Rican industries for Industrial Engineering services,
2) the country's manufacturing sector is not utilizing this professional
service to the extent that the industrial needs seem to require, 3) for
the most-part, the existing industrial problem in Costa Rican industries
call for basic and traditional Industrial Engineering applications

rather than modern and sophisticated quantitative techniques, 4) a large
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portion of the country's manufacturing firms do not use the services
of Industrial Engineers not because they do not meet then but due to
economical reasons or lack of management knowledge concerning Industrial
Engineering practice, and 5) Georgia industries not only use Industrial
Engineering services to a larger extent than simiiar Costa Rican indus-
tries, but also they apply these services more effectively.

Based on the research findings, this study provides recommenda-
tions for the improvement of Industrial Engineering practice in Costa

Rican industries.




CHAPTER I
INTRODUCTION

In the past few years there has been much controversy concerning
the appropriate role of the Industrial Engineer in developing countries
(1).

Research studies have shown that the Industrial Engineering pro-

fession has a considerable contribution to make to the industrial develop-
ment of these nations if only its practitioners maintain their awareness
toward the objectives that pertain to industrialization and are able to
adapt their professional background to the needs of the developing indus-
tries.

Since Costa Rica meets the requirements of a "developing economy"
as described by Belshaw (27) and Meir (28), it is felt that a study of
Industrial Engineering applications in the manufacturing sector of the
country may provide the proper basis for determining the needs for this
prdfessiona1 service to the industry and at the same time, may help to
identify the type of 1ndu§tria1 Engineering methodology required to cope
with the problems of developing industries.

It is the purpose of this research to explore those operational
areas within the Costa Rican manufacturing sector which may benefit from
Industrial Engineering expertise. In doing so, this study attempts to
determine how Industrial Engineering services are being applied in Costa

Rican industries and how they should be used as a means to achieve more




efficiently the process of industrial development.

Statement and Importance of the Problem

For the past fifteen years, Costa Rica has experienced a rate
of industrial development far greater than any previous period (3).

This industrial growth has given birth to a new type of indus-
trial organization with more sophisticated technologies, larger produc-
tion capacity and higher operational complexity. With the introduction
of new technologies and production methods, a large portion of the Costa
Rican manufacturing sector has been experiencing many of the comﬁon prob-
lems typical of large manufacturing enterprises. Furthermore, traditional
methodology has proved td be ineffective in coping with these types of
problems. As a result, a great need has arisen in the country for pro-
fessional and technically oriented personnel capable of dealing with the
operational and technological difficulties of the new industrial organi-
zation.

Even though the country's industry has been able to overcome a
number of handicaps in industrial development, if the manufacturing sector
is to continue growing at the pace of the past fifteen years, attention
must be more sharply focused on those operational and technological prob-
lems affecting the industry today. In examining the possibility that a
large majority of these problems could be solved through Industrial Engi-
neering applications, it is significant to consider the conditions and
respects in which Industrial Engineering concepts could be applied to the

needs of industry. More specifically, an investigation must be made to

determine: (a) those problem areas in the industry that call for Industrial




'Engineering expertise, (b) the actual and potential uses of this pro-

fessional resource in the solution of industrial problems, (c) the types
of methodologies necessary to meet the needs of the developing indus-
tries, and {d) the possible ways of improving and strengthening Indus-
trial Engineering practice as a means of achieving the goals of indus-

trialization more efficiently.

Objectives of the Study

Before an effective analysis can be done on the actual and poten-
tial uses of Industrial Engineering concepts in Costa Rican industries,
a better understanding is needed of those operational problems thatlare
encountered in the industry itself. Furthermore, it may prove beneficial
(for comparison purposes) to analyze how an industrial system (State of

1 has

Georgia, U.S.A.) with wide availability of Industrial Engineers,
utilized this professional resource in attempting to solve its manufac-
turing and organizational problems.

It is the primary objective of this research to provide a
survey study that could be useful to Costa Rican industrial managers in
evaluating their needs for Industrial Engineering services. More specif-
ically, this research seeks to provide objective and meaningful answers
to the following questions:

1. To what extent are Industrial Engineering services being

used in Costa Rican industries as compared to industries with similar

characteristics in the State of Georgia (U.S.A.}?

]Georgia,Department of Labor Security Agency, Industries and
Occupations - 1975, Atlanta, Georgia, 1975.




2. In what specific functional areas do Industrial Engineers in
Costa Rican industries devote their attention, as compared to those
Georgia industries with similar characteristics?

3. Which, if any, organizational functions that cai] for Indus-
trial Engineering expertise are actually perceived by Costa Rican mana-
gers as significant problem areas in their organization?

4. In those companies where Industrial Engineering services are
not being used, what are some of the most important managerial reasons for
not utilizing this professional resource?

5. What are some of the specific ways of broadening and strength-
ening Industrial Engineering practice in Costa Rica, in view of existing

industrial needs?

Scope and Limitations

The scope of this research is restricted to the study of indus-
tries in Costa Rica and the State of Georgia {U.S.A.). Participating
companies were chosen from among those with 50 or more employees and in
one of the following industry groups:

Textiles
Food and Kindred Products
Plastic and Metal Industries

Chemical and Allied Products
Miscellaneous Manufacturing Enterprises.

The above restrictions were purposely applied in order that attention may
be more sharply focused on those industrial groups that constituted the
larger portions of Costa Rican manufacturing sector.

Due to the survey methodology used in this study, the results

obtained were subject to the degree of validity and reliability of the




data gathered. The effect of these factors on the final results is
discussed in more detail in the methodology portion of this report
(Chapter III).

The number of companies selected for the survey was limited
to 100 firms in Costa Rica and 100 in the State of Georgia. Although
these two groups are small when compared to the total industrial popu-
lation in both locations, it was felt that this number would provide a
representative cross-section of the industry from which to draw meaning-
ful conclusions.

In addition to the written survey questionnaire, fourteen parti-
cipants of the Costa Rican sample were investigated in more detail through
personal visits and interviews. Five of these firms which were repre-
sentative of the Costa Rican participating group in terms of industrial
classification, size and types of problems were chosen for case history
analysis. The operational and administrative procedures of each of these
combanies were evaluated in order to develop information which could be
helpful in interpreting and verifying the survey results.

This research was primarily conducted for exploratory purposes.
Although comparison is to be made among variables, the use of survey
methodology, rather than controlled experimentation prevents conclusions
concerning the cause and effect of any relationship discussed. In addition,
the quantity andrnature of the data collected precluded test for statis-
tical significance of these relationships. Furthermore, the study was
designed to gather descriptive information concerning the application of
Industrial Engineering concepts in Costa Rica and makes no attempt to prove

any causal relationship.




Definitions
Industrial Engineering functions used in this study were developed

from the definition of "Industrial Engineer" in the Directory of Occupa-

tional Titles (2). In designing the questionnaire forms, the following

1ist of Industrial Engineering functions was included:

Production cost analysis.

Production planning and forecasting.
Design of production processes.

Labor cost and performance evaluation.
Manpower resource allocation.

Labor training programs.

Plant facilities and layout.

Storage facilities design.

Expansion feasibility studies,

Design of safety programs.

Preventive maintenance programs.
Inventory control policies.

Quality control policies.
Transportation and distribution systems.
Scheduling and dispatching.

Cost reduction studies.

Work simplification studies.
Production capability analysis.

Industrial classifications used in the research were based on
five major groups of industries defined as follows:

Textiles: This group includes establishments engaged in the pro-
duction of textile mill products such as fabrics and yarns plus apparel
and other finished products made from fabrics and similar materials.

Food and Kindred Products: Firms processing or manufacturing

foods and beverages for human consumption and certain related products.

Chemical and Allied Products: Industries producing chemicals

and establishments manufacturing products by predominantly chemical

processes.

Metal and Plastic Industries: Companies engaged in the smelting




and refining of metals, and manufacturing of other basic metallic pro-
ducts. This group also includes firms involved in the molding of pri-
mary piastic and miscellaneous finished plastic products.

Miscellaneous Manufacturing Enterprises: This group includes

industries engaged in manufacturing products not classified in any of
the above groups. A significant portion of companies falling into this

category were part of the electronic industry.

Research Approach

Due to the fact that a consideration of the problems of the
industry would be impractical without the participation of those who are
best acquainted with the problems, this research is based on management's
response (Costa Rican and Georgia managers) to a questionnaire designed
for the investigation of Industrial Engineering practices in the manu-
facturing sector. One hundred industrial firms in Costa Rica and one
hundred in the State of Georgia were surveyed. The participants were
selected on the basis of employment size and type of goods produced. To
assure equal participation of every industrial group, approximately the
same number of questionnaires were sent to each group investigated.

Each company was asked to answer a number of questions designed
to: (a) collect information concerning problem areas that couid be ana-
lyzed and/or solved through Industrial Engineering techniques, (b) show
the actual utilization of Industrial Engineering concepts and the type of
personnel responsible for their application, (c) establish, in cases where
Indqstria] Engineering services were not being used, the most important

reasons for not utilizing this professional resource, {d) collect




information concerning the employment distribution of Industrial Engi-
neers among the different manufacturing sectors, and (e) obtain the reac-
tions and opinions of Costa Rican managers concerning a scheme to improve
Industrial Engineering practice in Costa Rican industry.

While the questionnaire responses provided much useful data, it
was felt that a more detailed investigation of a group of industries in
Costa Rica would be helpful ‘in interpreting and verifying the survey
results. Personal observation of the operational procedures of fourteen
firms which were representative of the group investigated, not only served
to clarify some of the survey findings, but also to confirm many of the
survey results.

Although the approach used in this study is directed only to the
analysis of Costa Rican industries, the conclusions and findings {when
properly qualified) may prove to be beneficial to other economies in a

similar process of industrial development.




CHAPTER 11
LITERATURE SURVEY

Industrial Engineering emerged as a separate discipline in the
late nineteenth and early twentieth centuries. However, it was not until
the post World War 11 period that the profession échieved its maturity
and became recognized as an effective means of coping with some of the
operational and organizational problems of 1ndustnyx

A large amount of literature exists today concerning the useful-
ness of Industrial Engineering not only in manufacturing but also in
non-manufacturing enterprises. While most of the articles in the iiter-
ature deal with situations characteristic of highly developed economies,
some of the more recent papers discuss the needs, uses and necessary
adaptations of Industrial Engineering activities for those countries in
the process of development,

In this chapter, it is the intention to provide the reader with
a review of the research that has been done in the following areas:

o The Industrial Engineering profession; its development,

importance and areas of application in a developed
society {(The U.S.A.).

¢ Industrial Engineering in developing economies; its needs,
adaptations and implementation problems.

e The characteristics that make Costa Rica a typical example
of a developing economy.

It is hoped that this study will introduce some concepts that will

aid in the investigation of Industrial Engineering practice in developing

nations.
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The Industrial Engineering Profession

Industrial Engineering is concerned with the design, improve-
ment and installation of integrated systems of men, materials,
and equipment.

It draws upon specialized knowledge and skill in the mathe-
matical, physical, and social sciences, together with the prin-
ciples and methods of engineering analysis and design, to
specify, predict, and evaluate the results to be obtained from
such systems. (4)

From the days of Taylor, there has been considerable development

in the field of Industrial Engineering with regard to concepts, tech-
niques and areas of application. Originally concerned largely with the
basic design of manufacturing plants, methods improvement, work measure-
ment, the design and evaluation of wage payment systems, cost control and
the like -- Industrial Engineering methodology has become, during recent
years, more quantitative by the use of methods in operations research,
mathematical programming and statistical analysis.

Today, the complexity of industrial and business operations demands

a new type of Industrial Engineer whom Wilson (5) describes as no longer
a time study man but a university trained engineer with an array of ana-

lytical tools, largely based on mathematical methods and supported by a

considerable amount of economics and behavioral sciences. The Directory

of Occupational Titles (2) outlines in more detail and attributes of

the modern Industrial Engineering in the following terms:

The Industrial Engineer is the practitioner that performs
a variety of engineering work in planning and overseeing utili-
zation of production facilities or other subdivisions of indus-
trial establishment.

He is the person that plans equipment layout, work flow and
accident prevention measures to maintain efficient and safe
utilization of production facilities.

He plans and oversees work studies and training programs to
promote efficient manpower utilization.

He develops and oversees, quality control, cost control,
inventory control and production standards. (2)
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As for the importance of the profession, Rathe (6) stresses that
its wide recognition lies not only in the effectiveness of its proce-
dures but also on the fact that its applications encompass literally
every type of human behavior. Furthermore, the significance of the pro-
fession is emphasized by the employment figures of its practitioners,
Geis (7) shows that the use of Industrial Engineers has increased
approximately 100 per cent over each of the last two decades (1952-1972),
while the U. S. Labor Department (8) projected the employment of Indus-

trial Engineers for 1985 as 190,000 or a 53.5% increase over 1975. This

is the highest projected percentage increase for any of the engineering
disciplines. Concerning the level of utilization of the profession
among the various sectors of the U. S. Economy, Geis (7) shows that a
remarkable increase has taken place in the government and service sec-
tors with a relatively constant utilization rate in the manufacturing
industries.

On the basis of the existing literature, it will be meaningful to
illustrate the participation of Industrial Engineers in the main three
sectors of the U. S. Economy: (a) government, (b) manufacturing indus-
tries, and (c) service industries.

Governmen;

The participation of the profession in this sector dates back to
Morris L. Cooke and his scientific management efforts in government (9).
In the early 1960's, Mundel (10) introduced the Industrial Engineering
team approach in the study of the effectiveness and efficiency of govern-
mental agencies and in formulating recommendations for management prac-

tice.
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Today, this engineering discipline is not only found in the
Federal Government but also in State and Local Governments. Luftig
and Friedman (11) describe some of the more common areas of Industrial
Engineering application in government as follows:

Work simplification studies

Methods Improvement

Organizational Planning

Budgetary analysis

Facilities planning and utilization

Urban planning and development

Management procedures

PERT

Operations Research
In addition, Geis (7) points out how the U. S. Postal Service (an
agency of the Federal Government), has largely utilized Industrial
Engineering expertise in improving materials handling programs and man-
power allocation,

In 1972 the governmental sector was employing 7% of the total
available Industrial Engineers in the country as compared to only 3% in
1966, and it is expected that as the government grows in size and com-
plexity, the need for Industrial Engineers will grow with it (Geis 7).

Manufacturing Industries

It is in this economic sector that the profession has had its
longest and most meaningful participation. At the present time, 70 per
cent of the total available Industrial Engineers in the United States
are dedicated (in one way of another) to manufacturing activities (Geis
7). According to Malcolm (12), Industrial Engineering is being applied
in this sector "as a means to bring economics, costing, human factors
and engineering systems to a total effort -- an effort directed to

optimize the use of physical and human resources in the achievement of
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production objectives.

As a staff member of the organization, Smith (13} points out that
the Industrial Engineer seems to be the professional that brings a busi-
ness sense of reality to the other engineers, by straddling the vast
gap between the practical manager and the development engineer, Fur-

~thermore, the literature, (e.g. 14, 15) Shows that in more recent years
the role of the Industrial Engineer in manufacturing enterprises has
not been Timited to engineering practice but has expanded to cover some

of the duties of management positions.

Some of the most important functions being assigned to this prac-
titioner in the manufacturing sector, are identified as follows (16):

Manufacturing Methods

Product Engineering

Product Line Development
Equipment Specification
Facilities Planning

Cost Control Development

Cost Reduction Programs

Wage Administration

Labor Incentive Programs

Labor Cost Analysis

Labor Relations

Quality Standards

Inventory Control Methods
Materials Handling Procedures
Preventive Maintenance Programs
Methods Improvement

Expansion Proposals

Production Standards

Production Scheduling and Forecasting

Service Industries

The service industries have shown the largest increase in the
employment of Industrial Engineers during the last few years. Today, 21%
of the professional force is participating in this sector as compared

to 4% in 1966 {Geis 7). The fastest growing utilization rate of Industrial
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Engineers is found in the transportation and health care systems.
Aft (17) outlines how, at the present time, many medium and large
hospitals in the United States are using Industrial Engineering tech-
niques to improve their work methods and procedures in achieving higher
operational efficiency and reducing organizational costs. More specif-
ically, Staib (18), describes the growth of Industrial Engineering
practice in Metropolitan New York Hospitals in such areas as:

Improving Public Services

Resources and Facilities Utilization

Cost Reduction in Patient Care

Manpower Allocation

Development of Nurse Staffing and Scheduling

With regard to transportation and distribution systems, Elias
(7) comments on how the airline, railroad and trucking industries have
taken advantage of Industrial Engineering techniques to investigate
methods and procedures to promote better and more efficient customer

service and to reduce their operational costs.

Other areas are described in the literature as utilizing Industrial

Engineering concepts to a lesser degree. Some of these areas are related

to agricultural activities, computer services, retail stores and public
libraries.

The challenge of the Industrial Engineering profession naturally
increases as industry and business size increases in complexity. The
need for scientific management and safety engineering in reducing cost
and increasing productivity and newer areas of work such as noise, air
and pollution control, appear to be some of the most important challenges

for Industrial Engineers in the next twenty five years {19).
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Industrial Engineering in Developing Economies

In the developing countries, where a 90 per cent growth rate
is expected by the year 2000, the Industrial Engineer will be
needed to train people, to plan the most efficient industrial and
agricultural systems and to manage the projects.

It may be that fully one half of the Industrial Engineers

required at that time in highly developed countries will be needed
in the not so developed nations (20).

During recent years, articles on the role of Industrial Engineer-
ing in developing economies have begun to appear more frequently in
literature. Most writers (e.g., 21,22) seem to agree that the Industrial
Engineering profession has a considerable contribution to make to the
industrialization process in developing nations. However, lack of
consistency e*ists among these authors as to the extent and type of
Industrial Engineering methodology required to meet the needs of these
economies. |

_ Mendenhall {(22) maintains that developing nations can benefit
greatly from the use of Industrial Engineers as long as these professionals
are able to adapt their educational background to fit the characteristics
and needs of the developing industries. Furthermore, he believes, that
because these countries are labor intensive economies by nature, the
vital function of this profession is not meant to concentrate in modern
quantitative techniques. Instead, traditional concepts of manpower
development and training are needed.

On the other hand, Hofmeister (23) believes that a considerable
change in Industrial Engineering methodology is not necessary when applied
to developing nations. Throughout his experiences in working with these

countries, Hofmeister concluded that when viewing the Industrial Engin-

eering process in its totality, most of the techniques practiced in
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developed societies are also applicable to developing economies and most
differences in practice are a matter of degree rather than nature.

Beenhakker (24} tends to agree with Mendenhall {22) that Indus-
trial Engineers in developing nations are faced with traditional types
of problems more often than developed countries. Thus, there is the
need for a more traditional approach in the solution of these problems.
However, Beenhakker believes that more modern techniques can benefit
the industrial development of these nations if the respective managerial
forces are willing to accept innovations and use their young Industrial
Engineers more efficiently.

Several examples of the establishment of this engineering disci-
pline in developing economies are discussed in the literature, {e.g.,

1, 10}. Israel, as outlined by Dathon (26), represents perhaps the
most meaningful case of hos Industrial Engineering practice can benefit
a developing nation. Dathon describes how, during the past twenty
years, Israel has taken advantage of these systems, new engineering
methods and efficient manpower utilization. In addition, Industrial
Engineers in Israel have participated in the improvement and design of
production methods, production cost analysis, cost reduction studies,
industrial relations problems and quality control programs.

Israel must be considered a very unigue example among developing
economies in regard to the application of Industrial Engineering concepts.
Other countries with similar characteristics have not been so successful
in implementing these concepts, for several important reasons outlined

by Adulbhan (1) and Beenhakker {24) as:




17

Historical mistrust of new innovations

Conformation by tool-oriented managers to their own work
habits rather than accepting new technologies.

Limited knowledge by management forces concerning Industrial
Engineering practice.

Unawareness of the profession.

Lack of identification of problems calling for Industrial
Engineering expertise.

Poor quality information.

Poor computer facilities.

Overeducated young engineers, and

Lack of national standards concerning the overall industrial
development.

In the specific case of Costa Rica, there appears to be no exist-

ing literature in the field discussed. However, considering the country

as a developing economy, the literature cited in previous paragraphs
provides a useful basis for further study of Industrial Engineering

applicability to economic development of Costa Rica.

Costa Rica as a Developing Economy

Underdeveloped nations may be generally characterized by
conditions of poverty, disease, illiteracy, rapid population
growth and low level of industrialization.

Those countries attempting to allevidate these conditions are

referred to as developing nations. (22)

Today, no single definition for "developing economies" is entirely
satisfactory. Nevertheless, it is possible to focus on some fundamental
characteristics considered by economists to be essential for economic
development. Belshaw (27) and Meier {28) outline some of these require-
ments as: {a) increase of real national income over a long period of
time, (b} increase in per capita income simultaneously with a reduction
in population growth rate, (c) establishment of health, education and

social programs to improve living standards, (d) adaptation of capital,

labor and technology to achieve economic independence, and (&) ability
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to produce the necessary consumer goods to satisfy economic needs.

Costa Rica, one of the six Central American Nations, presents many
of the characteristics described by Belshaw and Meir. With a popula-
tion of nearly 2 million people, Costa Rica has experienced during the
last twenty years (1954-1974), an increase in its Gross Nationa] Income
of approximately 400 per cent accompanied by a steady increase in per
capita income (29).

In the process of achieving economic independence, Costa Rica

has emphasized its industrial development. Today, the country is cap-

able, not only of producing most of the capital and consumer goods
required to meet its economic needs, but also to export a large amount
of them to foreign markets {29). The industrialization process has

been the most important factor in the Costa Rican economic development.
The contribution of the manufacturing sector to the country's economy
has doubled during the last decade and at the present time over 40 per
cent of the labor force is involved (in one way or another) in manufac-
turing activities {3). Table 1 shows the industrial growth that has
taken place in the last fifteen years in terms of number of firms estab-
lished and total capital invested. As it can be observed from the data
in the table, in 1960 only 8 manufacturing companies with a capital of
6.9 million colones (1.1 million dollars, exchange rate 1970), were
operating in the country. In 1973 a total of 855 companies with an
investment of over a billion colones made up the country's industrial
sector. Furthermore, the estimated investment involved in expansion
projects for established manufacturing firms between 1973-1975 surpassed

500 million colones (3).
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Table 1. Structure of the Costa Rican Industrial
Sector (1960-1973)

Number of New : Investment
Year Companies (millions of colones)
1960 8 6.9
1961 33 104.2
1962 46 77.2
1963 75 39.8
1964 81 122.6
1965 97 166.1
1966 139 190.9
1967 73 35.3
1968 73 52.4
1969 36 50.7
1970 27 23.8
1971 47 31.9
1972 ‘ 69 84.4
1973 51 36.6
TOTAL 855 1,042.8

Camara de Industrias de Costa Rica, Directorio Industrial 1974.
Page 12. San Jose, Costa Rica. (3)
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In the fields of education and health, Costa Rica, not only has
one of the highest literacy rates in the American continent but also the
best health care program in the Central American area (30).

Although it can not be said at this time that Costa Rica has
achieved complete economic independence, the economic behavior of the
past fifteen years certainly indicates that the country meets most of
the requirements of a "developing economy" as stated by Belshaw (27} and

Meier (28).

Discussion of Literature Survey

The literature survey was valuable in pointing out that the Indus-
trial Engineering profession has a considerable contribution to make to
the industrialization process of developing nations. Whether modern or
traditional methodology is more apt to fulfill the needs of these
economies, is a question that can not be answered in general terms
through the literature and must be analyzed on an individual basis for
each country.

Nevertheless, the following aspects were suggested throughout the
literature as meaningful for consideration for any study of Industrial
Engineering practice within the manufacturing sector of developing
nations:

® Current role of the Industrial Engineering profession
within the country's industry.

e Type of problems in the industry that call for Industrial
Engineering expertise.

e Type of Industrial Engineering methodology required to meet
the needs of the country's industry.

e Methods of improving Industrial Engineering practice to
accelerate the nation's industrial development.
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Chapter IV and V of this report are devoted to analysis of each
of these aspects for the specific case of Costa Rica, based on research

conducted in a number of the country's manufacturing establishments.
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CHAPTER 111
RESEARCH METHODOLOGY

The research phase of this study consisted of two questionnaire
surveys conducted among manufacturing firms in Costa Rica and the State
of Georgia (U.S.A.). In addition, a more detailed investigation was
done (through personal interviews and plant visits) in fourteen compan-
ies which were representative of the Costa Rican survey sample.

The Costa Rican survey was designed to study the actual and
potential uses and needs of Industrial Engineering within the country's
manufacturing sector. The Georgia survey, on the other hand, was intended
to collect basic data that could be used to illustrate how an industrial
system with large resources in the field of Industrial Engineering util-
izes this professional resource in the solution of manufacturing problems.
More specifically, the Georgia survey was expected to provide informa-
tion with regard to: (a) the use of Industrial Engineering services in
the manufacturing sector, and (b} the type of functional activities in
which the industries were or had used the expertise of Industrial Engi-

neers.

Description of Survey Procedures and Questionnaires

To insure the collection of reliable responses and to encourage
the participation of as many firms as possible, considerable care was
taken in designing the guestionnaire forms and in drafting the cover

letters used in the surveys. Copies of both, questionnaire forms and
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cover letters are included in Appendices A and B of this report.

Clarity, brevity and completeness were the criteria used in
developing questionnaire forms. Identification questions were 1imited
to those which permitted the analysis of responses by industry type and
company size {number of employees). Multiple choice and check list
answers were used where possible to make it more convenient for the
respondents to complete the forms and to facilitate the tabulation and
classification of responses.

The first portion of the questionpaires {items 1 to 8 in the
Costa Rican form and 1 to 10 in the Georgia survey) was designed to
gather information as to the respondent's identification (type of
industry and number of employees) and its use of Industrial Engineer-
ing services. The second portion of the questionnaires (item 12 in
the Costa Rican form and 11 in the Georgia survey) was intended to
accumulate comprehensive data concerning the type of functional activi-
ties assigned to Industrial Engineers in those companies using the
services of these practitioners. Item 13 of the Costa Rican question-
naire inquired into those operational and organizational areas (that
call for Industrial Engineering expertise) which were perceived by com-
pany officials as significant problems in their firms. In addition,
three questions were included in the Costa Rican questionnaire for the
purpose of obtaining management opinions and reactions concerning the
establishment of a non-profit consulting office to assist the industries
in activities related to Industrial Engineering.

Selection of Firms Surveyed

Participating firms were selected from among the following industrial
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groups: (a) Textiles, (b) Food and Kindred Products, (c) Plastic and
Metal Industries, (d) Chemical and Allied Products, and (e) Miscellan-
eous Manufacturing Enterprises. These industrial classification was
used because these groups were found to constitute the largest portion
of the Costa Rican manufacturing sector (3). A minimum employment of
100 persons was set for industries surveyed in Georgia because it was
felt that firms above 100 employees were more apt to be using Industrial
Engineering services (due to their size and requirements for special-
ized personnel) and thus could provide the necessary information for a
study of this nature. In the case of Costa Rican companies, no employ-
ment data was available prior to conducting the survey, so the selec-
tion of firms was independent of company size. A minimum employment
level of 50 persons was a random result of the outcome of the survey.
The final survey list were compiled from the Georgia Manufacturing
Directory (32) and the Directorio Industrial de Costa Rica (3). These
Tists contained names and addresses of 100 Costa Rican firms and 100
companies in the State of Georgia. In determining the size of the mail-

ing Tists, it was felt that the number and distribution of companies

chosen would provide a representative cross-section of industry from which

to draw meaningful conclusions.

Tabulation of Data

As completed questionnaires were received, the responding compan-
jes were classified by type of industry, company size, and on the stated
use or non-use of Industrial Engineering services.

A summary of tabulated answers to all items of the questionnaires
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is presented in Tables 1 to 12 of Appendix A and Tables 1 to 11 of
Appendix B of this report. Answers to item 3 of both questionnaires
(concerning company's sales figures) are not included in the analysis
of results since a large number of the participants considered this
confidential information. A more detailed analysis and discussion of
survey results are founded in Chapters IV and V of this study.

Case Histories

One of the primary purposes for the detailed investigation of a
number of representative Costa Rican firms during the course of the
research phase was to develop information which would be helpful in
interpreting some of the results of the comprehensive questionnaire sur-
vey. The case history analysis served not only to clarify certain sur-
vey findings, but also to confirm many of the survey results. Fourteen
case history companies were chosen after questionnaires were received,
and a special effort was made to choose firms that were representative
of the survey respondents and that were likely to be able to provide
useful information in interpreting survey results. The management and
operational procedures of these firms were analyzed through personal
interviews and visits to the manufacturing plants. Five of these four-
teen firms were selected for further discussion in this report (case
history abstracts, Appendix C) because they provided the necessary infor-
mation to clarify some questions that arose in the analysis of data. A
summary of these 1nvestigations is included in the case history portion

of Chapter IV.
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Description of Survey Samples

As of June 1, 1975, questionnaires have been received from 148
respondents. Of this number, 70 questionnaires were from Costa Rican
firms and 78 from companies in Georgia. Table 2 shows the percentage

distribution of responses in terms of industry type and company size.

Discussion of Sampling Biases

Two types of sampling biases may have affected the results of
this study: (a) errors due to biased source 1ist, and (b) bias from
non-respondents. The first of these biases is usually the result of a
non-representative list of participants. In this research, every effort
was made to compile survey lists which were representative of the indus-
trial populations investigated. However, due to the lack of existing
information concerning the internal structure of the industrial groups
surveyed (total number of companies in each group), no attempt was made
to prepare source lists in which the number of participants for each
group was proportional to the total population of each industry type or
size category. Furthermore, the limited number of firms that could be
identified in Costa Rica in the textile industry and with employment
level above 600, restricted the sample size in these two groups. The
effect of a bias source 1ist was significant in this research to the
extent that it prevented any meaningful éomparison of results among the
major industrial groups investigated.

The second type of sampling bias (due to non-respondents) has gen-
erally the effect of overstating survey results. It is always dangerous

to attempt to interpret the reasons for unreturned questionnaires, however,




Table 2. Distribution of Survey Responses

Costa Rica

Gegorgia

Percentage of

Percentage of

Number Total Responses Number Total Responses
DISTRIBUTION OF RESPONSES BY
INDUSTRY TYPE
Textiles 10 14.3 21 26.9
Food and Kindred Products 14 20.0 16 20.5
Plastic and Metal Industries 15 21.4 15 19.2
Chemical and Allied Products 17 24.3 15 19.2
Miscellaneous Manufacturing Enterprises 14 20.0 11 14.2
TOTAL 70 100.0 78 100.0
DISTRIBUTION OF RESPONSES BY
COMPANY SIZE
50 to 100 employees 16 22.9 N.A. N.A.
100 to 200 employees 32 45.8 21 26.9
200 to 400 employees 12 17.0 27 34.3
400 to 600 employees 7 10.0 17 22.2
More than 600 employees 3 4.3 13 16.6
TOTAL 70 100.0 78 100.0

L2
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it seems logical in this case to assume that a firm that was unfamiliar
with the Industrial Engineering profession would be more Tikely to not
answer the guestionnaire, than one which was familiar with it. This
assumption was partially confirmed by the fact that groups of firms

which showed high response rate were also the same which indicated that
they were using or had used Industrial Engineering services (see Tables

3, 8, and 10). This means that the results obtained in the surveys, with
regard to the overall use of Industrial Engineering assistance and utili-
zation of Industrial Engineering expertise in different operational areas,
may be overstated. In an actual situation, these fiqures may be smaller

than those presented in this report,

Validity and Reliability of Results

Validity is the extent to which a survey is successful in measuring
what it sets out to measure (33). while.it is simple to provide a defi-
nition of validity to measure it in practice is exceedingly difficult.

The validity of the data collected in this study may have been
affected by several factors. The first of these factors relates to the
design of the questionnaire forms and the clear exposition and wording
of the items included in the forms. In order to minimize this effect,
questionnaires were reviewed, prior to conducting the surveys, by some
of the academic advisors to the study who found them satisfactory as
wording and exposition of questions were concerned. Nevertheless, in
the analysis of data, the author felt that the validity of certain items
(e.g., # 12 Costa Rican questionnaire) may have been affected due to the

misinterpretation of questions by the respondents. The method of comparison




Table 3. Response Rate Analysis

TOTAL RESPONSE RATE

Costa Rica
State of Georgia (U.S.A.)

Number of Number of Response Number of Number of Response
questionnaires Responses Rate questionnaires Responses Rate

maiied mailed

RESPONSE RATE BY INDUSTRY TYPE
Textiles 12 10 83.3 22 21 95.4
Food and Kindred Products 21 14 66.6 20 16 80.0
Plastic and Metal Industries 21 15 71.4 20 15 75.0
Chemical and Allied Products 21 17 80.9 20 15 75.0
Miscellaneous Manufacturing

Enterprises 25 14 56.0 18 1 61.1

TOTAL 100 70 70.0 100 78 78.0

RESPONSE RATE BY COMPANY SIZE |
50 to 100 employees 20 16 80 N.A. N.A. N.A.
100 to 200 employees 40 32 80.0 25 21 84.0
200 to 400 employees 18 12 66.6 30 27 90.0
400 to 600 employees 16 7 41.2 25 17 68.0
More than 600 employees 6 3 50.0 20 13 65.0

TOTAL 100 70 70.0 100 78 78.0

6¢
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of survey results with results obtained by interview techniques was

used in testing the validity of the data gathered through item # 12 of
the Costa Rican survey. Table 4 presents the results of this test. No
testing procedure was applied to questions calling for factual answers.
However, this type of question often shows high validity because of the
specific nature of the information requested (33). Items requiring per-
sonal judgement are highly subjective by nature. Also, addressing the
problem of validity for questions of judgement is difficult due to the
lack of a criterion against which to compare the responses.

In summary, the validity of the data may have affected the results
of the study to the extent that it is not‘possib1e to determine if the
responses are fully representative of the actual uses and needs for
Industrial Engineering applications among the industries investigated.
Nevertheless, Table 5 shows that although the validity of some of the
data may be questionable, the results are still valid enough to draw
meaningful conclusions.

Reliability is the extent to which survey results repeat them-
selves independent of time, assuming no change in variables measured
(34).

Only the test-retest method was used in testing the reliability of
the data collected in this study. A1l other methods (odd-even compari-
son of questions and split ballot techniques) could not be applied to
the results of the study because the questionnaire format did not meet
the requirements for these testing procedures. The test-retest method
was used in item 12 of the Costa Rican questionnaire. Fourteen partici~

pants in the survey were retested a month after their responses were
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received. The answers to the questionnaire were compared with those of
the retest to determine if they repeated themselves. With the exception
of labor performance and accident prevention, the responses to all other
functions proved to be highly reljable (Table 5).

Answers that were specific by nature were not tested, however, it
is known that in most cases they are very reliable due to the type of
responses required (34). The problem of reliability for items of judge-
ment was not considered in this report.

With the exception of responses of judgement it can be conciuded
that the data Qathered through these surveys appears to be reliable

enough for the purposes of this research.
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Table 4. Validity Test Results (Item 12,
Costa Rican Questionnaire)

Percentage of Validity
Functional Area Agreedable Answers Level (*)
Time Studies and Standards 93.0 Good
Expansion Feasibility Studies 100.0 Good
Materials Handling 86.0 Good
Scheduling and Dispatching 86.0 Good
Cost Reduction Studies 86.0 Good
Work Simplification Studies 94.0 Good
Production Standards 71.0 Acceptable
Manpower Allocation 71.0 Acceptable
Labour Incentive Programs 78.0 Acceptable
Plant Facilities and Layout 71.0 Acceptable
Storage Facilities Design 71.0 Acceptable
Accident Prevention 71.0 Acceptable
Preventive Maintenance Programs 78.0 Acceptable
Production Cost Analysis 57.0 Questionable
Production Planning and Forecasting 64.0 Questionable
Design of Production Processes 57.0 Questionable
Labour Performance and Cost ' 64.0 Questionable
Labour Training Programs 57.0 Questionable
Inventory Control 57.0 Questionable
Quality Control 64.0 Questionable

Testing Procedure: Comparison of survey results with results obtained
by interview techniques.

Number of companies tested: Fourteen (14)

Criteria Used: Percentage of answers to the questionnaire that agreed
with the surveyer evaluation

(*) Standards Set: 80% or more consistent answers---Good Validity---
70% to 80% consistent answers----Acceptable Validity-
50% to 70% consistent answers--Questionable Validity-
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Table 5. Reliability Test Results {Item 12,
Costa Rican Questionnaire)

Percentage of

Answers that Reliability

Functional Area Repeated Level (*)
themselves

Production Cost Analysis 83.0 Good
Production Planning and Forecasting 86.0 Good
Design of Production Processes 86.0 Good
Production Standards 86.0 Good
Manpower Allocation 86.0 Good
Time Studies and Standards 100.0 Good
Labor Incentive Programs 93.0 Good
Plant Facilities and Layout §3.0 Good
Storage Facilities Design 93.0 Good
Expansion Feasibility Studies 100.0 Good
Preventive Maintenance Programs 86.0 Good
Inventory Control 86.0 Good
Quality Control 100.0 Good
Materials Handling 86.0 Good
Scheduling and Dispatching 100.0 Good
Work Simplification Studies 86.0 Good
Cost Reduction Studies 79.0 Acceptable
Labor Training Programs 79.0 Acceptable
Labor Performance and Cost 64.0 Questionable
Accident Prevention 64.0 Questionable

Testing Procedure: Test-retest method

Number of Companies Retested: Fourteen (14)

Criteria Used: Percentage of answers to the questionnaire that repeated
themselves in retest

Standards Set: 80% or more repeated answers--Good Reliability--
70% to 80% repeated answers---Acceptable Reliability--
50% to 70% repeated answers---Questionable Reliability-
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CHAPTER IV
DESCRIPTION AND DISCUSSION OF RESULTS

The questionnaire surveys conducted in the research phase of
this study were designed for the purpose of collecting information
that could be useful in fulfilling the following objectives of the
study:

(1) To defermine to what extent Industrial Engineering services
are being used in Costa Rican industries as compared to industries with
similar characteristics in the State of Georgia (U.S.A.).

(2) To identify those functional areas to which Industrial Engi-
neers in Costa Rican industries are devoting their attention as compared
to those Georgia industries with similar characteristics.

{3) To determine which, if any, organizational functions that
call for Industrial Engineering expertise were recognized by Costa Rican
managers as significant problem areas in their organizations.

(4) To identify, in those companies, that have never used

Industrial Engineering services, what were some of the most important

managerial reasons for not utilizing this professional resource.

A last objective of the study (To determine specific ways of
broadening and strengthening Industrial Engineering practice in Costa
Rican industries in view of their needs) will be the topic of discussion
of Chapter V.

The first portion of this chapter is devoted to the presentation
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and description of the data collected corresponding to each of those
objectives listed. (In objectives 1 and 2, .in addition to presenting

and describing the data, comparison is made between the results of the
Georgia and Costa Rican surveys.) Another section of the chapter pro-
vides further interpretation on some of the survey findings based on:
detailed investigations conducted in a number of Costa Rican manufacturing
companies. The final portion of the chapter is devoted to the summary

and discussion of research results. In each of the sections, the objec-

tives are restated for easy reference.

Objective No. 1

The first objective of the study was to determine to what extent
Industrial Engineering services were being used in Costa Rican industries
as compared to industries with similar characteristics in the State of
Georgia (U.S.A.).

In order to gather the necessary data for this analysis the partici-
pants in both surveys (Costa Rica and Georgia) were asked to indicate:

(a) if they were employing Industrial Engineers on a full-time basis,

(b) if they were using or had used consulting services in this professional
field, and {c) if they were or had received Industrial Engineering assist-
ance from corporate staffs. The responses to these questions were classi-
fied under three major categories: (a) companies with Industrial Engi-
neering staffs, {b) companies using only consulting services and/or
corporate assistance, and (c) companies that had never used Industrial
Engineers. A summary of the tabulated answers for the Costa Rican and

Georgia responses are presented in Tables 6 and 7 respectively. A more







