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ABSTRACT
A STUDY OF WORK ENVIRONMENT FACTORS
ASSOCIATED WITH THE TRANSFER

OF STATISTICAL PROCESS CONTROL TRAINING
TO SHOP-FLOOR APPLICATIONS

By
Daniel J. Fields

This study pro?ides an assessment of the transfer of
Statistical Process Control (SPC) training to on-the-floor
applications at a Ford Motor Company plant. Further, the
work environment factors which inhibit or aid this transfer
of training are identified.

Employees with demonstrated competency in SPC were
surveyed to determine thé most and least used procedures,
which backgrounds are using SPC more than others, and the
presence or absence of work environment factors. Further,
an analysis was conducted to determine the association |
between the use of SPC and work environment factors. Factor
analysis was also employed to determine common elements of
work environment factors.

The major findings of the study are:

1. Those procedures that are used most are applicable to on-
line process control, whereas the procedures used least are
applicable to off-line problem-solving and process
capability improvement.

2. Supervisors, managers and low'seniority employees use SPC
more than other groups.

3. The work environment factors present indicate a favorable



Daniel J. Fields

attitude toward quality, SPC, training, and employee
ability. Those absent indicate opportunies to apply specific
actions which are not currently utilized.

4. Factors having the strongest association with the use of
SPC are:

A. Recognition - is strongly correlated to the most
used procedures, yet is not fully utilized.

B. Employee selection of SPC procedures - is related to
problem—solving/capability improvement procedures currently
used least.

C. Review of SPC applications by others

D. Confidence - Employees are willing and‘able to use
SPC and believe that quality and the use of SPC are
important. |

E. Existence of a plan - Those who use SPC are more

likely to recognize the lack of an implementation plan.
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CHAPTER I
INTRODUCTION

Effective training of the American work force méy well
prove to be the key to competitiveness in the global economy
(Cocheu 1989). As technology advances, the mindless,
repetitive jobs once prevalent in manufacturing are
disappearing. They are being replaced by jobs that require
workers to use their skills and knowledge to make decisions
about how their work is to be performed (Amrine, Ritchey and
Moodie 1987). Coinciding with, and related to, the trend
toward decentralized decision making is the need for
improved quality. This research addresses improving the
effectiveness of work force training in the area of quality.
It analyzes the factors within the work place which lead to
the implementation of principles presented in the training.

Backaround of the Problem

After decades of decline in the quality of products and
services, the U.S. is experiencing a quality renaissance
(Stanenas 1987). ' The awakening occurred when.the recession
of 1980 caused American industries to identify the reasons
for loss of business to foreign competitors. Many countries
and industries were affected; however, Japan, the most
successful competitor, and the automobile industry, the

1
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largest and most typically American, were subjects of most
of the attention. A variety of reasons were brought forward
to explain Japan's capture of a growing share of the
automotive market. Although Japanese culture, wages, and
government policies were seen as favorable to efficiency,
lower prices and market penetration, these advantages were
offset to some degree by Japan's lack of native raw
materials and distance from markets. In the final analysis,
however, superior quality appeared to be the most important
factor in Japan's capture of world markets, not only in
automobiles but in many other products.

This had not always been the case. When Japan emerged
from World War II, it was not perceived as a producer of
quality products. 1In fact, quite the opposite was true.
Before the war the term "Made in Japan" had become
synonymous with cheap, shoddy merchandise and little
improvement was evident during the 1950's. As part of the
post-war reconstruction, the U.S. sent a number of prominent
quality experts to assist Japanese manufacturers in
improving the quality of their manufactured products
(Ishikawa 1989). One of these experts, Dr. W. Edwards
Deming, has been given more credit than any of the others
for converting Japanese quality from a liability to an
asset. In fact, the Japanese have bestowed his name on
their most prestigious annual quality award, "The Deming
Prize".

The Japanese accepted the visitor's message with
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unreserved enthusiasm achieving dramatic improvements in
quality in the 1960's and 1970's. Meanwhile, on the other
side of the Pacific, U.S. manufacturers continued to
emphasize quantity over quality. U.S. market demand was so
strong after the end of World War II that manufacturers had
become accustomed to an environment in which consumers had
been ready to purchase almost anything they produced. As a
result, the techniques that Dr. Deming and the others had
brought to Japan continued to be largely ignored in the
countfy of their origin.

By the 1970's the superior quality of Japanese products
began to affect competing American industries. The quality
practices followed by the Japanese increased customer
satisfaction with the product and, almost as importang,
lowered costs and prices. It became obvious that products
made right the first time cost less to produce. When the
recession of 1980 made foreign competition even more
troublesome, American managers began making frequent trips
to Japan to discover the secrets of their success
(Besterfield 1986).

They found the Japanese were succeeding because they
had taken seriously the advice of the American quality
experts and were following it conscientiously. They were
using statistical tools and methods of increasing employee
involvement and problem-solving, thereby using the minds as
well as the muscle of the entire work force. Statistics

were used extensively throughout the work force to solve



problenms.

out of desperation, American managers began to realize
that extraordinary efforts were needed to catch up with the
Japanese. Some adopted the Deming concepts because they
were effective; others simply had no choice. Some
manufacturers issued statements proclaiming a reborn
emphasis on quality improvement. Such statements usually
proclaimed a complete about-face on the issue of quality and
recognized that broad and deep chances in management
philosophy and employee relations were necessary to achieve
lasting improvement. One such statement presents the
philosophy of the Pontiac Motor Division of General Motors
(Pontiac Motor Division, 1982):

The Pontiac Quality Philosophy

Pontiac Motor Division commits itself to quality
as our number one business objective. We are
dedicated to operating under Dr. Deming's philosophy
of management, including extensive application of
statistical techniques and team-building efforts. We
intend to be innovative and to allocate resources to
fulfill the long-range needs of the customer and the
company. We will institute better job training,
including the help of statistical methods and will "do
it right the first time", eliminating scrap and waste.
We will provide a vigorous program for retraining
people in new skills, to keep up with changes in
materials, methods, design of products, and machinery,
and in the use of statistical techniques to identify
areas of improvement. We will reduce fear by
encouraging open two-way communication. We renounce
the old philosophy of accepting defective workmanship
in everything we do - paperwork, processes and
hardware. We must eliminate the dependence on mass
inspection for quality. We will maximize the use of
statistical knowledge and talent in both our division
and our suppliers. We will demand and expect
suppliers to use statistical process control to ensure
quality. Where possible, we will single source
purchased items with the supplier who demonstrates the
highest level of quality through statistical means.
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To be effective the Deminé cohcepts needed to become an
integral part of the institution. Clear definitions were
required to identify the benefits of compliance (or the
penalties for noncompliance). Institutionalization of the
Deming concepts required, among other things, a system of
vendor certification (Maass 1988). Although the criteria
and benefits of fhis certification are different for each
company, there is considerable commonality. A "certified"
supplier receives a "stamp of approval" to provide materials
or components to the certifying manufacturer. This may
reduce or even eliminate the work and cost of inspeption of
incoming materials. Selection as a single-source supplier
is likely to increase sales of the supplier. Conversely,
failure to obtain certification results in a loss of
business. A critical requirement for vendor certification
has come to be the application of Statistical Process
Control (SPC). ¥spc is a tool by which manufacturing
processes are monitored statistically and the results
displayed on a variety of charts and graphs. SPC can be
used by virtually anyone in a manufacturing organization to
identify, solve and prevent problems. Because of this
widespread use, particularly on the shop floor, operators
are the primary focus of SPC applications.

This has required a massive training effort. To apply
SPC, the work force must first be given an understanding of
why it is being used. Then, because workers are frequently

weak in basic mathematics and reading, it is frequently
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necessary to teach these skills are as a prerequisite to SPC

training. Also, process and teamwork skills are fundamental

to SPC and therefore must be taught to operators before SPC
can be used to solve production problems. Although such
comprehensive training requires large expenditures of time
and money, it is considered essential to survival.

Recently, Ford Motor Company has come to the forefront
of the quality renaissance. Ford approached Dr. Deming in
1980, shortly after several of its top level managers'viewed
the NBC television program called "If Japan Can...Why Can't
We?", highlighting Dr. Deming and the story of his success
in Japan. In an interview, Donald Peterson, who later
became chairman of Ford, described his early contact with
Dr. Deming (Galagan 1988):

I was president of Ford at the time, and I
arranged to meet Dr. Deming. It was clear that he had
no interest at all in working with any company on
quality unless the top person was dedicated to the
effort. So I guess I convinced him that quality was
our number-one objective and was going to be
forever, because I was able to get him to agree to be a
consultant to the company.

To emphasize the extent of that commitment, Peterson further
stated: |

If you go anywhere in Ford Motor Company and ask
where quality comes in the hierarchy of importance,
you'll get the answer that quality is number one.

Now a leader in quality, Ford attributes its economic
success in the mid and late 1980's to the ability to build
quality cars. Ford's vendor certification (Q-1) is
considered to be the ultimate distinction of manufacturing

excellence. Many of Ford's suppliers who have achieved Q-1



7
certification use it as a tool in marketing their products
to other customers. Such certification, however, is not
restricted to outside (non-Ford) vendors. Ford plants
‘'supplying components to Ford assembly operations also must
meet the high standards fof Q-1 certification to compete
successfully in the open market for Ford's business.

The Ford Ypsilanti Michigan Plant has achieved the Q-1
mark of distinction. This Michigan plant is part of the
Electronics and Fuel Handling Division and produces starter
motors and other products. It is now preparing to produce a
new product line, the Permanent Magnet (PM) starter and is
making extraordinary efforts to ensure that the PM starters
it produces will meet stringent SPC quality standards.

The PM starter will be a welcome addition to ﬁhe
plant's product line due to the creation of new jobs.
Production cutbacks over the past several years have
resulted in the loss of many jobs. This affected the study
in that very few low seniority employees were available.
Seniority is the primary basis for determining which
| employees are retained during cutbacks, with high seniority
employees having preference for available positions. The
exception to this policy is with non-union employees, such
as supervisors. While supervisors are sometimes hired from
within the ranks of union employees, supervisory positions
generally require a college degree which few union employees
have. Supervisors will therefore comprise the bulk of low

seniority employees. Regardless of job classification or
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seniority, PM starter employees need to use SPC.

An extensive training program has been developed to
provide employees working on the PM starter with the skills
necessary to implement SPC. This program is a joint effort
between company management and United Auto Workers (UAW). A
steering committee defined the skills required to work on
the new product. Assessment tools were developed to
determine what, if any, further training is required. Those
wishing to participate in the program are first provided
with an optional (not mandatory) basic skills assessment.
Based on this assessment, reading, writing and-math training
are provided to augment skills as necessary.

The next step in the training program is an assessment
of SPC skills (Gateway SPC). Employees take a written test
to determine if any portion of an eleven-module "Gateway
SPC" training program is required. While the assessment is
not mandatory to receive the Gateway SPC training, it must
be successfully completed to qualify to work on the PM
starter. ‘

After workers are qualified and selected for the PM
starter program,.additional training is provided. They are
provided with 40 hours of "Manufacturing Process", 28 hours
of "Team Building", 20 hours of "Business Economics", and 22
additional hours of SPC training (Modules 12 - 15). This is
termed generic training and will be used in all jobs to
improve quality. After the generic training, employees are

provided "Machine Specific" training which develops skills
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necessary to operate the new machinery used in the
manufacturing of the PM starter.

The intended result of the SPC training provided by the
Ford Ypsilanti plant (and othe; U.S. manufacturers) is that
employees will be able to apply their acquired skills to
achieve quality improvement. The Ford Ypsilanti plant has
made an effort to evaluate the skills and knowledge gained
by the employees as a result of the training, using course
evaluations and assessments. The difficult task of
determining whether the training has actually transferred to
on-the-floor applications still remained.

Statement of the Problem

The degree to which SPC training is transferred to on-
the-floor applications at the Ford Motor Company Ypsilanti
Plant will be assessed in this study. Further, the work
environment factors which aid or inhibit this transfer of
skills will be identified.

Need for the Study

In much of the training conducted in industry,
evaluation is separated from application. While SPC
training is considered extremely important, its evaluation
is often based on the number of training hours or the
percentage of the work force traingd. Those evaluations
which attempt to identify how well training is being.
conducted often rely on the subjective reaction of
participants. Negative reaction may be useful in

determining whether training is ineffective. Positive
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reaction, however, may be biased by the entertainment value
of the training. Participants may give a course high
ratings if they think it has been entertaining, even though
little learning may have occurred. ‘

The assessments used by the Yﬁsilanti plant go beyond
such subjective ratings and accordingly provide better
indications of what the participants have learned. They are
particularly useful when a pre-test and post-test are
conducted, which has also been done at the Ypsilanti plant.
While these assessments are more reliable than participant
reactions, they still do not indicate whether participants
are using on their jobs the skills they acquired during
training. It must also be recognized that training is not
the only factor that influences skill application.
Participants may know how to apply the skills presented in
the classroom, yet for a variety of reasons do not use them
on the job.

Purpose of the Study

The primary purpose of this study is to determine the
work environment factors which help or hinder the transfer
of SPC training to on-the-floor applications. It is a
broad-based exploratory field study that is guided by the
following objectives:

1. To identify the frequency of use of selected SPC
procedures
2. To determine whether differences in background

characteristics of employees (job classification, seniority,
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and training received) are associated with the frequency of
use of SPC
3. To identify the degree of existence of work environment
factors which may support the transfer of SPC training to
on-the-job applications
4. To determine the association between work environment
factors and the use of SPC
5. To determine if work environment factors can be grouped
into a few common factors.

When if has been determined what helps or hinders
employees in‘applying SPC training, future controlled
studies may be conducted of various approaches to the
utilization of positive transferability activities and to
the elimination of hindrances to transferability.

To conduct this study it was first necessary to define
desired SPC applications. This effort used training
objectives developed early in the program. The objectives,
nevertheless, had to be evaluated to determine if they were
still appropriate. Consideration wés given to those skills
whose transfer to the work place seemed most imminent. This
resulted in the hse of selected SPC applications, rather
than using all of the objectives of the training under
study.

Research Questions

The following research questions were formulated for

this study:

1. What is the frequency of use of selected SPC
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procedures, as reported by employees?
A. Which are used most?
B. Which are used least?
2. Are certain employee background characteristics
associated with the frequency of use of SPC?
A. Is job classification associated with the
frequency of use of SPC?
B. What is the association between seniority and
the use of SPC?
C. Is there an association between specific types
of training and the use of SPC?
3. To what extent do various work environment factors
exist, as reported by employees?
A. Which work environment factors do employees
perceive as being present?
B. Which work environment factors do employees
perceive as not being present?
4. How much of the frequency of use of each SPC
procedure may be attributed to each work environment factor?
5. Is there commonality of work environment factors?
Assumptions
1. The application of SPC is highly desired by Ford
plant management and would be economically beheficial to the
organization.
2. The objectives of the training are related to the
behavior expected of employees. |

3. The measurement instrument accurately measures
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employee application of SPC tasks.
Delimitations

The study was delimited as follows:

1. The sample was limited to employees actively
employed at the Ypsilanti plant during the study period.

2. Only one product line was used. This product line
may or may not inherently lend itself to SPC applications.
The skills, motivation, and backgrounds of the employees may
be different from other product lines. Additionally, the
work environment factors perceived to be present in this
product line may vary from other product lines. .

3. Only work environment factors associated with the
transfer of traininq were studied. There may be an
interaction between these and learning environment factors
which were excluded from the study.

4. Selective evaluation of training objectives was used
(only skill objectives, not knowledge or attitude).

Limitations

1. The sahple size was relatively small.

2. Subjects of the study may have had difficulty in
responding to survey questions because they may not have
understood the purpose of the study.

3. Respondent perceptions of the degree of use of SPC
and the presence of work environment factors may not have
been congruent with those actually used or present on the
job.

4. All variables affecting the use of SPC may not have
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been identified.

5. Variables may not have been pure, making them
difficult to isolate.

6. Implementation strategies may not be generalizable
to other situations.

7. The selection process for employee training may
reflect motivational, attitudinal, ability, or other
personality traits not present throughout the general labor
force.

8. Employees who participated in the study may have
different experiences than those who did not participate.

Design of the Study
‘ Surveys of Ypsilanti plant employees were conducted to
determine the extent of SPC applications and which work
environment factors exist to encourage these applications.
The survey population consisted of five groups:

1. Skilled trades employees

2. Production employees

3. First-line supervisors

4. Managers other than first-line supervisors

5. Other job categories
The data collected during the survey were then analyzed to
determine the frequency of use of each of 22 SPC procedures,
the presence of 38 work environment factors, and if there is
a relationship between the extent of use of various SPC
applications and the following:

1. Employee background characteristics such as job
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classification, seniority, or training

2. The perceived presence of various individual work
environment factors

3. The perceived presence of combinations of related
work environment factors.

Definition of Terms

The following terms are defined in the context in which
they are used in this study and appear in Continuing Process
control and Process Capability Improvement, published by
Ford Motor Company (Jessup 1985, pages 55 - 62):

Advanced Statistical Methods - More sophisticated and
less widely applicable techniques of statistical process
analysis and control than included in Basic Statistical
Methods. This can include more advanced control chart
techniques, regressidn analysis, design of experiments,
advanced problem-solving techniques, etc.

Awareness - Personal understanding of the
interrelationship of quality and productivity, directing
attention to the requirement of management commitment and
statistical thinking to achieve never-ending improvement.

Basic Statistical Methods - Applies the theory of
variation through use of basic problem-solving techniques
and statistical process control. Includes control chart
construction and interpretation (for both variables and
attributes data) and capability analysis.

Capability - When the process average plus and minus
the 3-sigma spread of the distribution of individuals is
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contained within the specification tolerance, or at least
99.73% of the individuals are within specification, a
process is said to be capable. Efforts to improve
capability must continue, however, conéistent with the
operational philosophy of never-ending improvement in
quality and productivity.

Cause-and-Effect Diagram - A simple tool for individual
or group problem-solving that uses a graphic description of
the various process elements to analyze potential sources of
process variation. Also called fishbone diagram or Ishikawa
diagram.

Characteristic - A distinguishing feature of a process
or its output on which variables or attributes data can be
collected.

control chart - A graphic representation of a
characteristic of a process, showing plbtted values of some
statistic gathered from that characteristic, a central line,
and one or two control limits. It minimizes the net
economic loss from Type I and Type II errors. It has two
basic uses: as a judgement to determine if a process has
been in statistical control, and as an operation aid to
maintaining statistical control.

control Limit - A line on a control chart used as a
basis for judging the significance of the variation from
subgroup to subgroup. Variation beyond a controi limit is
evidence that special causes are affecting the process.

Control limits are calculated from process data and are not
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to be confused with engineering specifications.

Detection - A past-oriented strategy that attempts to
identify unacceptable output after it has been produced and
then separate it from the good output. (See also
Prevention)

Pareto Chart - A simple tool for problem-solving that
involves ranking all potential problem areas or sources of
variation according to their contribution to cost or to
total variation. Typically a few causes account for most of
the cost, so problem-solving efforts are best prioritized to
concentrate on the "vital few" causes, temporarily ignoring
the "trivial many". |

Prevention - A future-briented strategy that improves
quality and productivity by directing analysis and action
toward correcting the process itself. Prevention is
consistent with a philosophy of never-ending improvement.
(See also Detection)

Problem-Solving - The process of moving from symptoms
to causes to actions to improve performance. Among the
techniques that can be used are Pareto Charts, cause-and-
effect diagrams, and statistical process control.

Special Cause - A source of v#riation that is
intermittent, unpredictable, unstable; sometimes called an
assignable cause. It is signaled by a point beyond the
control limits or a run or other non-random pattern of

points within the control limits.
Specification - The engineering requirement for judging
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acceptability of a particular characteristic. A
specification is never to be confused with a control limit.

Stability - The absence of special causes of -
variation; the property of being in statistical co<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>