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This study evaluated the changes which occur in 

manufacturing organizations in the plastic molding industry 

which implement statistical process control (SPC). The 

study evaluated changes in product quality, consistency, 

cost, changes in employee attitudes, and changes in the 

organization structure which occur after the implementation 

of SPC. The study was conducted in two phases. Phase 1 

consisted of an exploratory field study of a single 

manufacturing company. Phase 2 consisted of a field survey 

of three manufacturing companies in the same industry. 

An unexpected opportunity to evaluate the differences 

in effects of successful and unsuccessful SPC 

implementations occurred during the field survey. One 

plant, whose management assessed their SPC program as being 

unsuccessful, reported no economic or quality benefits from 

SPC. Neither did this plant report any changes in the 

attitudes or behavior of their employees. Neither of these 

findings was surprising since this plant was the only one of 

the four study plants which implemented SPC as a quality 



control program with no participation from the production 

department. 

The three plants whose management assessed their SPC 

programs as being successful reported reduced product 

variation and a decrease in the proportion of defective 

product produced as a result of SPC. No consistent evidence 

was found concerning a reduction in the material required 

per product resulting from SPC. 

No consistent evidence was found linking changes in 

employee attitudes and behavior to the implementation of 

SPC. The field study found a significant change in the 

employees1 attitudes toward management but no change in 

their attitudes toward the company. The field survey found 

no evidence of change in either dimension. 

Evidence was found for a change to a more organic 

structure during SPC training and to a more mechanistic 

structure during SPC implementation. The final form of the 

organization was more organic than before SPC. No 

consistent evidence was found for an increase in 

hierarchical levels or a reduction in the spans of control 

within the production departments as a result of SPC. All 

three of the plants with successful SPC programs increased 

the size and authority of their technical support staffs as 

a result of implementing SPC. 
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CHAPTER I 

INTRODUCTION 

From the end of World War II until the late 1960s, the 

United States was the unchallenged world leader in 

manufacturing. During the late 1960s the Japanese began 

seriously challenging the United States for leadership in 

both the world and domestic markets. During the 1970s and 

into the 1980s, wide gaps developed in many sectors between 

the quality and cost of domestic products and products 

imported from Japan. Although this gap has been narrowing 

in recent years, it is far from being closed. 

W. Edwards Deming is credited with institutionalizing a 

system of strategic manufacturing which enabled the Japanese 

to surge ahead of the Americans (5). Deming's philosophy 

stresses the role of top management in establishing an 

environment where all employees can focus on continually 

improving the performance of the organization. According to 

Deming (5) sales can be built and markets captured only when 

operations efficiently produce a superior product. Deming's 

answer to eliminating the competitiveness gap lies in 

improving quality and productivity. 

A key element of Deming's approach to improving quality 

and productivity is the use of statistical methods to 



analyze and control the manufacturing process. According to 

Deming, statistical process control (SPC) is a precursor to 

the process of continuous improvement (5, p. 354). Thus, 

implementation of SPC becomes a primary factor for regaining 

competitiveness for the U.S. manufacturing sector. 

Purpose of the Study 

The purpose of this study was to evaluate the changes 

which occur in the manufacturing organization which 

implements SPC. This study evaluated changes in product 

quality, consistency, and cost, changes in employee 

attitudes, and changes in the organization structure when 

SPC was implemented in the plastic molding industry. 

The study determined the changes in molded product 

variability, the proportion of defective parts produced by 

the process, and the average amount of material required to 

produce one acceptable part resulting from the 

implementation of SPC. These are the types of effects which 

are cited most frequently in the literature as being 

associated with the implementation of SPC (1, 6, 8, 9, 11, 

16) . 

The study also determined the effects on employee 

attitudes which resulted from participation in SPC training 

and implementation and the effects on the structure of the 

operating core resulting from SPC implementation. There has 



been little published research into these possible effects 

of SPC implementation. 

Definition of Statistical Process Control 

Statistical Process Control (SPC) is a system of 

statistical procedures designed to be employed on the 

factory floor to prevent defects. SPC is a significant 

departure from traditional quality control methods employed 

in most U.S. manufacturing plants. 

Traditionally, manufacturers relied on mass inspection 

and sampling of large lots of products at the end of the 

production line to assure quality. This approach resulted 

in high inspection costs and often high costs to sort or 

rework defective lots of product. SPC uses statistical 

methods to optimize the production process and then 

continually monitor the process for signs that it may have 

drifted out of control. Because SPC is employed on the 

factory floor at the time the product is being produced, 

problems with the process can be detected and corrected 

before large quantities of defective products have been 

produced. 

SPC may be divided into two parts. The first is 

conducting a process capability study. The second is 

implementing control charting. 

Process capability study assesses the variation within 

the process and analyzes this variability relative to 



product requirements or specifications (14, p. 273). There 

are two types of variation in a process (17, p. 115). The 

first is variation due to "common causes" which can be 

minimized but never entirely eliminated. Common variation 

determines the location of the control limits on a control 

chart. The second is variation due to "special causes." 

This type of variation shows up as points outside the 

control limits on a control chart. When these "special 

causes" have been identified and eliminated, a process is 

said to be in statistical control. Krupp (10, p. 17) 

suggests the purpose of process capability study is to 

answer the questions: 

1. Is the process stable (predictable)? 

2. Is the process in control? 

Control charting uses run charts with statistically 

determined upper and lower control limits drawn on either 

side of the process average (17, p. 114). Control charts 

provide a means for monitoring an in-control process so as 

to immediately detect when a "special cause" of variation 

occurs. 

Deming (5, pp. 340-341) lists seven advantages to a 

process which is in statistical control. 

1. The process has an identity; its performance is 

predictable. 

2. Costs are predictable. 



3. Regularity of output is an important by-product of 

statistical control. 

4. Productivity for the given system is maximized 

(costs are minimized). 

5. Relationships with vendors whose processes are 

in statistical control are greatly improved. 

6. The effects of a change in the system can be 

measured with greater speed and reliability. 

V. All-or-none inspection rules can be used to 

minimize the total cost of purchased materials coming 

from a process that is in statistical control. 

SPC is designed to be employed at the machine by the 

machine operator (2). This provides operators with greater 

responsibility for the quality of the products they produce. 

This increased responsibility requires the opening up of 

two-way communication channels between operators and 

management and increased participation of operators in 

problem identification, problem solving, and process 

improvement. 

Scope of the Study 

This study focused on a single manufacturing industry 

in order to provide increased depth of analysis. The 

industry studied is the plastic molding industry. 

This industry is characterized by a somewhat complex but 

well known technology which is well suited for SPC. 



One company within the injection molding industry was 

the subject of a field study to determine the effects of SPC 

implementation. The field study directly measured the 

effects of SPC implementation on product quality, 

consistency, material cost, employee attitudes, and the 

organization structure. 

Three additional companies within the same industry 

were the subjects of a field survey. The field survey 

evaluated the effects of SPC implementation by examination 

of company records, interviews with company personnel, and 

limited direct observation. 

Methodology 

The research study consisted of two phases. The first 

phase consisted of an exploratory field study to aid in 

establishing the theoretical framework for the second phase 

of the project—the field survey phase. 

Field Study 

The field study was conducted in the injection molding 

division of a diversified Fortune 500 company. The plant 

manufactures plastic parts, most of which are sold to other 

plants within the corporation. The subject manufacturing 

plant was selected for its convenience and accessibility to 

the researcher. The field study utilized the participant-

observer approach for collection of data. 



Changes in product quality and cost were evaluated 

using data collected from the process. A pre-implementation 

study established the baseline performance of the process. 

The variables recorded were product weight consistency, 

proportion of defective products produced, and average 

amount of material required to produce one acceptable part. 

A post-implementation study of the same variables determined 

changes which may have occurred as a result of the SPC 

implementation. 

Changes in employee attitudes were measured using a 

pretest-posttest, nonequivalent control group quasi-

experimental design. Both the experimental and control 

groups were taken from the same manufacturing plant and were 

selected by the plant management. The experimental group 

was composed of the employees currently assigned to the 

processes to which SPC would be first introduced. The 

control group was a convenience sample of other employees 

who worked in similar jobs within the same department. A 

questionnaire designed to measure the attitude variables, 

perception of control over quality and attitude toward the 

company and management, was administered immediately before 

SPC training (time 1) and after SPC implementation (time 2). 

Structural changes in the operating core were observed 

and recorded by the researcher who was a participant-

observer during the training and implementation process. 

Observed changes in the type of structure and span of 



control in the production department, and the size and 

authority of the technical staff were recorded during the 

course of the SPC training and implementation. 

Field Survey 

The field survey was conducted in a convenience sample 

of three plastic molding plants which had implemented SPC 

since 1987. The basic research questions addressed in the 

field survey phase were the same as those addressed in the 

field study phase, but they were operationalized somewhat 

differently. The field survey used a combination of semi-

structured interview and archival research methodologies. 

Changes in product quality and cost were evaluated 

qualitatively by interviewing a high level management 

representative within each survey plant. Where possible, 

quantitative data were also collected from plant records. 

Changes in employee attitudes were assessed 

qualitatively in the interview. Quantitative data 

documenting employee behavior before and after SPC 

implementation were also collected where possible. 

Effects on organizational structure were assessed 

qualitatively in the interview. Support documentation, such 

as organization charts, were also collected where possible. 

Theoretical Framework 

SPC implementation is presumed to have three types of 

effects on the organization and its members. First, the 



quality arid consistency of the products will improve. 

Concurrently, productivity will increase, and unit costs 

will decrease. Second, the attitudes and individual and 

group behaviors of the participants are expected to change. 

Third, the structure of the production department will 

change to adapt to the movement toward increased 

technological sophistication within the organization. The 

production department will become more organic during the 

training process and then revert to a more mechanistic 

structure during implementation of SPC. The final structure 

will be more organic than the original structure. This is 

consistent with Zaltman, Duncan, and Holbeck's (18) and 

Daft s (4) organizational change models. Most prominent 

will be the production organization's reduced span of 

control and increased number of hierarchical levels. The 

technical support staff will also increase in size and will 

be granted more authority in the new structure. 

The expected changes to the organization and its 

members as a result of implementing SPC are shown in the 

general effects model (Figure 1) and are summarized in the 

eight research questions examined in this research. Figure 

2 shows the operationalized effects model for the field 

study. Figure 3 shows the operationalized effects model for 

the field survey. 

The first three research questions relate to the 

effects on quality, consistency, productivity, and cost 
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which are most frequently associated with SPC. The 

variables examined in these research questions are product 

consistency (operationalized as product weight consistency), 

proportion defective products produced, and average amount 

of material required per acceptable product. During the 

field study, these variables were measured by collecting 

objective process data. During the field survey, these 

variables were measured by examining historical records. 

Research Question 1: The implementation of SPC will 
result in reduced variability in the individual product 
weights as evidenced by a reduction in the variance of 
the measured weights of the sample parts taken from the 
process. 

Research Question 2: The implementation of SPC will 
result in a lower proportion of defective products 
produced by the process. 

Research Question 3: As a result of reduced variance 
in product weights and reduced proportion of defective 
products, the average amount of material required to 
produce one acceptable unit of product will be reduced. 

Although there is evidence that other injection molding 

operations monitor part weight as the key variable in their 

SPC programs (12), there are many other variables which 

could be used (7) . Because it was expected that the field 

survey plants might monitor one or more of these alternative 

variables, for the field survey research question 1 was 

generalized as: 

Research Question 1A: The implementation of SPC will 
result in reduced variability in the process variables 
monitored as evidenced by a reduced range of 
measurements and a narrower spread between the control 
limits of the control chart. 
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Research questions 4 and 5 relate to the effects on 

employee attitudes expected to occur as a result of the 

implementation of SPC. The variables examined in these 

research questions are perceived control over quality and 

attitude toward the company and management. During the 

field study, these variables were measured directly by means 

of a questionnaire administered before and after SPC 

implementation. 

Research Question 4: Employees who participated in SPC 
training and implementation will report an increased 
feeling of control over the quality of their work than 
will those who did not. 

Research Question 5: Employees who participated in SPC 
training and implementation will report a more 
favorable attitude toward management and the company 
than will those who did not. 

During the field survey phase, these variables were 

assessed qualitatively by interviewing key management and 

operating personnel. Changes in attitude toward management 

and the company were also measured indirectly based upon the 

assumption that changes in attitudes will result in 

measurable changes in behaviors (Figure 3). Changes in 

labor efficiency, absenteeism rate, and turnover rate were 

used as indirect measures of changes in employee attitudes 

toward management and the company. The field survey phase 

has the following additional research question: 

Research Question 5A: Employees who participated in 
SPC training and implementation will show reduced 
absenteeism and turnover, and increased labor 
efficiency after implementation than before beginninq 
SPC training. 
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Research questions 6, 7, and 8 relate to the structural 

changes which are expected to occur in the organization as a 

result of the implementation of SPC. The variable examined 

in research question 6 was the type of organization 

structure in the production department. This was 

operationalized as the degree of formalization, 

participation, and job complexity. The variables examined 

in research questions 7 and 8 were span of control and size 

and authority of the technical staff. During the field 

study, the variables addressed in these three research 

questions were measured by direct observation and 

examination of company records. During the field survey 

phase, these variables were measured quantitatively by 

examination of historical records and qualitatively by 

interviewing key management personnel. 

Research Question 6: During the SPC training, the 
production department will adopt a more organic 
structure. During implementation of SPC, the structure 
will become more mechanistic. 

Research Question 7: After SPC implementation, the 
production department will exhibit narrower spans of 
control and an increase in the number of hierarchical 
levels. 

Research Question 8: After SPC implementation, the 
technical support staff will be larger and will 
exercise increased authority in the production 
organization. 
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Limitations of the Study 

Field Study 

The field study results are subject to five basic 

threats to validity. First is the threat to external 

validity created by the study of a single manufacturing 

plant. The generalizability of these findings can only be 

established by replicating this study in a variety of 

manufacturing organizations. This exploratory study 

establishes a methodology to employ in conducting the 

additional studies. 

A second threat arises from the small sample size 

utilized in this phase of the study. This precluded the use 

of certain statistical procedures such as factor analysis. 

A third threat arises from local history. During the 

latter stages of the study the plant entered a normal, 

cyclical decline in demand for its products. While no 

layoffs occurred, there was some transfer of personnel to 

different jobs. 

A fourth threat to internal validity comes from 

mortality. Because of attrition and transfers of personnel 

to other jobs, the experimental group lost five members and 

the control group two members during the study. 

A fifth threat arises from a Heisenberg effect. The 

Heisenberg principle, taken from the physical sciences, 

states that by measuring a system the observer alters the 

system. Figure 4 shows that during the pre-implementation 
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study of the process, the process variability declined after 

the first week although no known improvements had been 

introduced. The attention paid to the process may have 

resulted in increased operator and technical staff attention 

to the process leading to reduced variability. It is 

doubtful that this type of effect could be sustained without 

a system such as SPC. Heisenberg effects could lead to an 

understatement of the degree of improvement to the process 

resulting from SPC because the base line process variability 

would be understated. 

The field study phase is also subject to the two types 

of error which Riley (15) indicates are prevalent in 

participant observation: the "control effect" and the 

"biased-viewpoint effect." The control effect is the extent 

to which the method becomes an agent for change. In this 

study the method was intended to be an agent for change. 

The biased-viewpoint effect is the extent to which the 

researcher examines all of the variables or only those which 

catch his attention. This observer bias was controlled by 

having key participants review and verify the completed 

report of the exploratory field study (13). 

Field Survey 

The field survey serves to enhance the generalizability 

of the field study by being resistant to participant-

observer effects and by increasing the number of study 
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sites. However, the findings are still limited to one 

specific industry—plastic molding. The increase in 

external validity is limited since the survey plants 

represent a convenience sample rather than a random sample 

from the population. 

The internal validity of the field survey findings is 

further limited because the field survey is an ex post facto 

study. While some variables (e.g., absenteeism rate, labor 

efficiency, turnover rate, proportion defective) may be 

quantitatively assessed through examination of company 

records, others (e.g., authority of technical staff, 

employee participation in decision making) may only be 

qualitatively assessed through interviews of key company 

personnel. 

The major deficiencies associated with the use of 

archival data which cannot be controlled for in this study 

are selective deposition, selective survival, and selective 

retrieval (3, pp. 40-41). The data collected through 

interviews are subject to all the deficiencies of opinion 

research (3, pp. 44-45). These deficiencies are compounded 

by the interview subjects' memory biases since this is an ex 

post facto study. 
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CHAPTER II 

REVIEW OF RELATED LITERATURE 

This chapter reviews previously published research 

relating to the effects of implementing statistical process 

control (SPC). Since little has been written in this area, 

published research into the effects of implementing other 

related participatory processes are also reviewed. 

First, the literature relating to the quality and 

economic effects of the implementation of SPC is examined. 

Second, the link between SPC and other participatory 

processes is established, and the literature relating to 

effects on employee attitudes and behavior is reviewed. 

Third, implementation of SPC is established as a movement 

toward a more sophisticated technology. The significant 

prior research on the organizational effects of increased 

technological sophistication is summarized. 

Quality and Economic Effects 

The practitioner literature is replete with accounts of 

quality and economic improvements associated with the 

implementation of SPC. There are far fewer reports in the 

research literature of planned investigations into the 

quality and economic effects of implementing SPC. This 
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section will first examine the research literature followed 

by a summary of significant reports published in the 

practitioner literature. 

Oakland (17) cites a number of economic benefits 

deriving from the implementation of SPC. Among them are an 

improved reputation for high quality products leading to a 

steady or expanding share of the market. External failure 

costs, such as warranty claims, and loss of customer good 

will, are reduced as are internal failure costs, such as 

scrap, rework, and off-grade product. 

Clutterbuck reports on the improvements derived from 

the implementation of SPC at a major producer of 

photosensitive typesetting paper (2). By using SPC to 

provide rapid quality feedback to the production operators, 

production of defective product was reduced from eight 

percent to less than one percent. 

Hansel investigated the quality and economic effects of 

SPC implementation at two major electronics manufacturers 

(7). He reported a 91 percent improvement in productivity 

and a 177 percent improvement in quality over five years at 

one firm, and a 63 percent improvement in assembly quality 

and a 40 percent improvement in product reliability at 

another company. 

Depew (4) examined the effects of SPC training for 

production operators on product quality and productivity. 

Depew's study consisted of evaluating the quality and 
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productivity of a group of eleven production workers 

selected by management to receive training in SPC. Depew 

collected data on these employees for two weeks prior to 

their entering training (pre-training phase), during the six 

week training period (training phase), and for nine weeks 

after training was completed (post-training phase). He 

compared these data with similar data collected on an eleven 

member control group who had previously completed SPC 

training. Depew1s study found no effects on product quality 

or productivity as a result of SPC training. 

Depew's findings are counter to the effects 

hypothesized by others (McDermott (13), Mazzeo (12)) to 

result from training production operators in SPC. However, 

there are a number of factors which might have influenced 

the results Depew obtained. This research was limited to 

the study of a single SPC training class at a single 

location. The training and control group size (n = 11) and 

arbitrary selection of the study participants by management 

limit the validity of the study. The SPC training consisted 

of ten hours of instruction spread over a six week period. 

This training was required of all production and 

manufacturing personnel at the facility. There is no 

mention of whether this training was application oriented or 

whether the participants were required to utilize this 

training in their jobs. A confounding variable was also 
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introduced when major equipment modifications were performed 

half way through the post-training data collection phase. 

Keefer (10) also investigated the effects of SPC 

training on production employees. Reefer's study was a 

field experiment conducted using machine operators at three 

different manufacturing plants as subjects. The purpose of 

the study was to determine if training machine operators in 

SPC would have any effect on the amount of defective product 

they produced. 

Keefer assigned subjects randomly to experimental and 

control groups. The experimental group (n = 40) received 

modular instruction in SPC using self-instructional audio 

tapes, printed study guides, small group discussions, and 

computer simulation. The control group (n = 64) received no 

training in SPC techniques. 

The study concluded that operators trained in SPC could 

significantly reduce the amount of defective product they 

produced compared with untrained operators. Keefer found no 

significant difference in the percent of defective products 

produced by untrained operators using control charts. From 

this she inferred that SPC control charts used without 

companion SPC training did not enable the operators to 

produce significantly fewer defective products. 

There are numerous reports in the practitioner 

literature of the quality and economic effects of 

implementing SPC. Ohio Metal Products Company (OMPCO) in 
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Dayton, Ohio reported a 51 percent reduction in scrap and 

rework as a result of implementing SPC. The monetary 

savings over the first three years under SPC was $145,500 

(19). OMPCO implemented SPC at the insistence of one of its 

customers. OMPCO reported increased ability to meet 

customer's quality demands as a result of implementing SPC. 

Enoch Manufacturing Company in Clackamas, Oregon 

reported an 18 month payback for the computer equipment that 

they installed to run their SPC system (16). The payback 

resulted from a 10 percent reduction in the cost of scrap 

and rework. 

At Nypro, Incorporated, a worldwide leader in custom 

injection molding, SPC has become "an integral part of the 

culture and not just another quality tool to be pulled out 

for use on an application basis (9)." Nypro's on-line SPC 

system is credited with contributing to their recent 

improvements in both sales and profits. SPC has resulted in 

their major customers accepting Nypro's products without 

inspection while reducing Nypro's quality costs by $900,000 

per year since 1986. 

Effects on Employee Attitudes and Behavior 

Little has been written about the effects of the 

implementation of SPC on the attitudes and behavior of 

employees. The purpose of this section is to examine what 

has been written about the effects of SPC on employee 
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attitudes and behavior, and also to examine reports of the 

effects of the implementation of related quality management 

systems on employee attitudes and behavior. 

SPC is a participatory management system (1). Control 

charts are designed to be maintained on-line by machine 

operators. The process operators should have direct 

responsibility for collecting the process data, maintaining 

the control charts, and interpreting the results (14). The 

process operators and manufacturing engineers have the 

detailed knowledge required to correct process upsets and to 

use the control charts as devices for improving process 

performance. Hill (8) described the role of employees in 

process improvement/process control efforts: 

Employees must know how to solve problems. To do so 
they must be creative and self-disciplined; they must 
be able to think logically and to work with others; and 
they need good written and oral communication skills. 
Knowledge of statistics is essential for the research 
and control approaches and for management decisions. 
Don't rely only on employees who already have these 
skills. Provide the training necessary for others to 
function at the appropriate level. Turn the workers 
loose and get out of their way. They have the 
potential to do the job. Let them do it. 

Ebrahimpour and Lee (5) found that American 

manufacturing firms using some type of Japanese approach to 

quality management utilized quality control tools like SPC. 

These firms credited their quality improvement programs with 

increasing worker participation and efficiency. They found 

that all of the American electronic manufacturing firms they 

studied which had implemented nontraditional (advanced) 
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quality improvement programs exhibited similar 

characteristics. All had implemented quality training 

programs at all levels of the organization. Some form of 

participative management was introduced to open two-way 

communication. Employees were given new authority to stop 

the production line to eliminate quality problems. 

The types of changes which must occur in order for SPC 

to be used overlap those required for other participatory 

management practices. Among these are the adoption of 

quality circle concepts. Griffin (6) documented short-run 

improvements in employee attitudes and behaviors associated 

with the implementation of quality circles into a 

manufacturing organization. Employees who participated in 

quality circles reported increased job satisfaction, 

organizational commitment, and had a higher performance 

rating than members of the control group. This was, 

however, a short-run effect which disappeared after about 

eighteen months. 

Marks et al. (11), in a controlled study of quality 

circle implementation, found that participants' productivity 

and absenteeism improved significantly. Their results 

further suggested that quality circles tended to buffer 

participants from negative contextual variables. 
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Effects on Organization Structure 

The introduction of SPC represents a significant 

organizational change. Zaltman, Duncan, and Holbeck's (21) 

and Daft's (3) change models suggest that an organization 

must behave in an organic (less formal, more participatory) 

way when the situation calls for the initiation of change, 

and in a mechanistic (more formal, less participatory) way 

when implementation is required. They emphasize the need 

for effective conflict resolution, good interpersonal 

relations, the development of "switching rules" to signal 

when to shift from organic to mechanistic, and the necessity 

of integrating the shift into the organizational structure. 

This research suggests that implementing a significant 

change like SPC will have an effect on the organization's 

structure. 

SPC can also be viewed as an advanced technology. 

Montgomery (13) indicates that there are varying levels of 

sophistication in quality systems (Figure 5). The least 

sophisticated is acceptance sampling, followed by SPC, 

followed by design of experiments. Movement from acceptance 

sampling to SPC and design of experiments is interpreted as 

moving in the direction of greater technological 

sophistication. 

Woodward (20) operationalized the variable of 

technology by devising a scale of eleven classes of 

technology. The classes can be grouped into three broad 
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Fig. 5. Phase diagram of the use of quality assurance 
methods. Source: Montgomery, Douglas C. Statistical 
Quality Control. New York: Harcourt-Brace, 1985. 

categories—unit, mass, and process production. Movement 

from unit to process production is interpreted as moving in 

the direction of greater technological complexity or 

sophistication. Woodward found a number of relationships 

between the level of technological complexity and the 

structure of the organization. Direct linear relationships 

were found between technological complexity and span-of-

control of the chief executive and the number of levels in 

the production department. Woodward also found that 
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organizations in the middle of the scale (mass production) 

tended to be more bureaucratic than organizations at the 

ends of the scale (unit and process production). 

Mintzberg (14), drawing heavily upon Woodward's 

results, hypothesizes that as technology becomes more 

sophisticated the size and authority of the technical 

support staff increases. He further hypothesizes that as 

the technology becomes highly sophisticated (to the point of 

automation replacing unskilled operators), the operating 

core moves from a bureaucratic structure to an organic one. 

Ebrahimpour and Lee's (5) study found that firms which 

had implemented more advanced quality improvement programs 

moved toward a more organic structure in the operating core. 

Some form of worker involvement team (organic structure) 

emerged which was usually worker organized and run. Platz 

(18) reports the use of employee problem teams associated 

with the implementation of SPC at Michelin Tire Corporation. 

Implications of the Prior Research 

The research cited leads to the formulation of the 

research questions listed in chapter one which were the 

focus of this research. While there are some studies which 

question the economic effects of SPC training, there are 

numerous reports of significant economic effects of SPC 

implementation. 
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The introduction of SPC into an organization represents 

an increase in technological sophistication. The research 

cited above suggests that the implementation of SPC will 

result in changed employee attitudes and behaviors. 

The increased technological complexity resulting from 

the implementation of SPC will likely result in more 

hierarchical levels, a narrower span of control in the 

production department, and increased size and authority in 

the technical staff. There will likely be a structural 

change to a more organic form during the training process 

followed by a more mechanistic form as the changes are 

implemented. It would be expected from Ebrahimpour and 

Lee's (4) work that the final structure will be more organic 

than before the training process began. 
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CHAPTER III 

METHODOLOGY 

This study was designed to evaluate the following three 

types of effects which may occur in manufacturing 

organizations which implement statistical process control 

(SPC): (a) effects on quality and cost, (b) effects on 

employee attitudes, and (c) effects on organizational 

structure. The study was conducted in two phases. The 

first phase consisted of an exploratory field study to aid 

in establishing the theoretical framework for the second 

phase of the project—the field survey phase. 

Exploratory Field Study 

The first phase of this study involved an exploratory 

field study conducted in a single manufacturing plant of a 

large diversified corporation. The plant uses injection 

molding to manufacture plastic parts, most of which are sold 

to other plants within the corporation. 

Variables and Measures 

The quality and cost variables, product consistency, 

proportion of defective products produced, and average 

amount of material required per product were evaluated using 

data collected from the process. A pre-implementation study 
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established the baseline performance of the process. A 

post-implementation study determined changes which may have 

occurred. 

Attitude changes were measured using a pretest-

posttest, nonequivalent control group quasi-experimental 

design (2, 3). Both the experimental and control group 

participants were taken from the same manufacturing plant 

and were selected by the plant management. The experimental 

group was composed of the employees currently assigned to 

the processes to which SPC would be first introduced. The 

control group was a convenience sample of other employees 

who worked in similar jobs within the same department but 

who were not involved in the SPC training. 

A questionnaire designed to measure the attitude 

variables, perception of control over quality and attitude 

toward the company and management, was administered 

immediately before SPC training (time 1) and after SPC 

implementation (time 2). The questionnaire consisted of six 

items utilizing a five point Likert response scale. Face 

validity of the items was established through evaluation by 

a jury of experienced researchers from three universities 

who judged the face validity of each item. Reliability of 

the questionnaire was established using the internal 

consistency method (4, 7). 

Structural changes in the organization were observed 

and recorded by the researcher who was a participant-
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observer during the training and implementation process. 

Observed changes in the type of structure and span of 

control in the production department, and the size and 

authority of the technical staff were recorded during the 

course of the SPC training and implementation. 

Field Study Organization and Participants 

The field study was conducted in a single manufacturing 

plant of a large diversified corporation located in Texas. 

The corporation has more than twenty manufacturing plants 

located world-wide. Each plant is operated in a highly 

decentralized manner with considerable autonomy vested in 

each general manager. There are few functional 

relationships with central corporate staff units. Each 

plant is responsible for its own personnel, engineering, 

training, purchasing and manufacturing decisions, but such 

decisions must comply with general corporate guidelines. 

The majority of the study plant's sales was to other 

divisions of the corporation. 

The researcher was engaged as a consultant to provide 

initial training in SPC to the managers of the plant, to 

train the instructor, and to provide the curriculum for the 

training of the production supervisors and operators. As 

part of the initial training process, a pilot SPC 

implementation was conducted which convinced management of 

the benefits of proceeding with full implementation of SPC. 
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The actual training given the participants in this study was 

provided by the plant's quality engineer using the 

curriculum developed by the consultant. SPC implementation 

was accomplished by company personnel under the consultant's 

guidance. 

Field Study Procedures 

Nineteen employees who worked in the molding and 

fabrication processes were selected by management to receive 

SPC training. The eight remaining employees who worked in 

these same departments comprised the control group. 

The consultant conducted a two-week pre-implementation 

study of the molding process which would be used in the SPC 

training. The critical variable used to reflect the 

variability of the process was part weight. Three sample 

parts were collected at two-hour intervals, and the sample 

means and ranges were plotted on X-bar and R charts, 

respectively. The proportion of defective parts produced 

was recorded on a p-chart. The amount of material consumed 

by the process was monitored along with the number of 

acceptable parts produced. These same data were collected 

during a two week period after SPC had been implemented for 

this process. 

A pre-implementation questionnaire, containing the 

items in Appendix A, was administered separately to both the 

experimental and control groups on-site. The employees were 
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told that the survey would be used to assist the instructor 

in determining what topics to emphasize in the training 

process and to determine their current attitudes about 

quality related subjects. They were told that a follow-up 

survey would be taken at the end of the training. 

Participants were asked to use their mothers' names on the 

questionnaires rather than their own to assure 

confidentiality. It was explained that no one other than 

the consultant would have access to their individual 

questionnaires. The same questionnaire was administered to 

both groups at the end of the training period. The 

consultant was present during both questionnaire 

administrations. 

The consultant observed the organization of the 

production department during the six months preceding this 

study. During this time, baseline observations were made of 

the production department. Specific attention was paid to 

the structural variables of degree of formalization and 

participation, number of hierarchical levels, and span of 

control. The relationships between the support staff and 

the line staff were also documented. 

SPC Training 

SPC training was conducted on-site during normal 

working hours. Because the work schedules of the 

participants varied, they were divided into four classes. 
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Phase one of the training consisted of approximately fifteen 

hours of training in basic statistical methods. Emphasis 

was placed on the use of the methods in controlling the 

process rather than on theory or computation. 

Phase two consisted of constructing a cause and effect 

chart for the process where SPC was to be implemented. Each 

participant—operators, technicians, supervisors, engineers, 

managers—independently developed a list of causes for 

variation in the critical variable, part weight. The lists 

were then consolidated during a group meeting with the 

consultant acting as recorder. This master cause and effect 

chart was then distributed to each participant and posted in 

the process area. 

Phase three consisted of a process capability study 

conducted by the entire group. The group periodically 

measured the weights of sample parts selected from the 

process. Key process variables, identified by referring to 

the cause and effect chart, were also monitored. The 

participants maintained X-bar and R-charts for part weight 

at the work station. The quality engineer combined the 

daily charts into one weekly chart with updated control 

limits. Weekly meetings were conducted in which the group 

discussed the chart results and determined actions to be 

recommended to reduce the variability in the process. When 

the group and the process engineer agreed on a set of 

operating conditions for the process, the formal training 
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program was declared to be over. The group asked that they 

be allowed to continue meeting weekly to review the control 

charts and to discuss ways that further process improvements 

could be achieved. 

Measures 

Process variability was measured with control charts 

using part weight as the variable. Variation in the process 

mean was measured with the X-bar chart on which were plotted 

the sample means. Control limits were set at three standard 

deviations (3-sigma) above and below the grand mean. 

Variation in process dispersion was measured with the R-

chart on which were plotted the sample ranges. The upper 

control limit was set at three standard deviations above the 

grand range. Data for these charts came from samples of 

size three taken at two hour intervals from the process. 

Changes in process variation were determined using the 

F test on the variances of the individual observations 

before and after implementation of SPC. Changes in the 

ranges of the sample averages before and after SPC 

implementation were also taken as indicators of a change in 

process variation. 

Proportion defective was measured with a proportion 

defective or p-chart. Data collected at the two hour 

sampling intervals included the number of acceptable and 

defective (for all reasons) parts produced since the last 
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sample was taken. The proportion defective was plotted on a 

p-chart with the upper control limit set at three standard 

deviations above the center line. 

Material was delivered to the work station in standard 

size containers called gaylords, each holding an equal 

weight of plastic material. The time each container was 

delivered was recorded. The number of acceptable parts 

produced since the last material change was divided into the 

material weight delivered to obtain the average amount of 

material used per acceptable part. 

Feeling of control over the quality of work was 

measured by a two-item instrument using a five-point Likert 

scale. The scale extremes were "strongly agree" and 

"strongly disagree." 

Attitude toward management and the company was measured 

by a four-item instrument. Responses were recorded using a 

five-point Likert scale whose extremes were "strongly agree" 

and "strongly disagree." 

Changes in attitudes were assessed using the Student1s 

t test. The data were evaluated using the paired-difference 

test (5) in order to meet the independence requirement. In 

comparing two means, the results of the Student's t test and 

analysis of variance are equivalent (5, p. 351). 

Changes in organization structure were assessed by 

evaluating the degree of formalization and participation 

within the organization's operating core. More 
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formalization and less participation were interpreted as a 

move toward a more mechanistic structure. Less 

formalization and more participation were interpreted as a 

move toward a more organic structure (1). 

Span of control was determined by observing the number 

of employees reporting directly to the shift supervisor in 

the production department. Number of hierarchical levels 

was determined by observing the number of levels between the 

production manager and the production operators. Extent of 

support staff authority was determined by observing the 

number of staff personnel who exercised significant 

functional authority within the production department. 

Field Survey 

The second phase of this study consisted of a field 

survey. The field survey was conducted in the same industry 

as the one in which the exploratory field study was 

conducted—the plastic molding industry. The population 

consisted of a convenience sample of three plastic molding 

organizations which had implemented statistical process 

control (SPC) since 1988. 

The field survey was conducted at the participating 

organizations through the use of semi-structured interviews 

and examination of company records. A copy of the interview 

outline is in Appendix B. 
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The quality and cost variables were assessed 

qualitatively based upon the interviews conducted with plant 

management personnel. Quantitative back-up information was 

obtained, where possible, from plant records. This back-up 

information took the form of control charts and yield 

reports. 

Changes in employee attitudes were assessed 

qualitatively based on changes in employee behavior reported 

in the interviews with plant management personnel. 

Quantitative back-up information was obtained, where 

possible, from the plant records. This back-up information 

took the form of attendance records, and employee turnover 

data. Both the qualitative and quantitative data were 

evaluated using tabular procedures. 

Structural changes in the organizations were assessed 

qualitatively based upon the interviews conducted with plant 

management personnel. Quantitative back-up information was 

obtained, where possible, from the plant records. This 

back-up information took the form of organization charts 

showing the structures of the pre-SPC and post-SPC 

organizations. 

Organizations and Participants 

The field survey was conducted in three plastic molding 

manufacturing plants located in the state of Texas. Plant A 

was selected as a result of a mailing sent to molding 
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companies within the specified geographic area soliciting 

information about their use of SPC. Plant B was selected as 

a result of the researcher's prior consulting work in that 

plant. Plant C was selected as a result of a chance meeting 

where the researcher became aware of the company's recent 

implementation of SPC. 

Field Survey Plant A 

Plant A is a privately held custom molder of plastic 

parts. The plant's main products are various types of 

plastic closures for consumer products, plastic fittings for 

commercial products, and plastic components for the 

automotive industry. The plant employs approximately forty-

two personnel some of whom are temporary employees. Sales in 

1989 were approximately two to three million dollars and are 

projected to grow significantly during 1990. This growth 

was expected to be in products for the automotive industry 

where implementation of SPC would be a requirement for 

becoming a qualified supplier. 

The plant's molding manager initiated the 

implementation of SPC and provided the training to selected 

employees in the company. Approximately twenty one percent 

of the employees were included in the SPC training program. 

Among these were all the quality control personnel and 

molding supervisors. The training consisted of eight hours 

of initial training over a four week period followed by a 
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regular weekly meeting devoted to additional training and 

discussion of SPC issues. 

The primary control chart used in plant A's SPC program 

was the u-chart. The u-chart is an attribute control chart 

used to control the number of nonconformities per inspection 

unit (6). The charts are maintained by quality control 

personnel and are posted in the production area. On the 

backs of the u-chart forms, a running Pareto analysis is 

maintained to show the causes for nonconformance. 

The plant's molding manager provided the primary 

information about the effects of the SPC program. At the 

time of the interview the plant had been using SPC for about 

six months. 

Field Survey Plant B 

Plant B is a division of the same United States 

corporation as the field study plant. The plant uses 

extrusion injection plastic molding to produce plastic-

insulated wire and cable products. Plant B's general 

manager is granted considerable autonomy to manage the 

operation. The plant employs approximately one hundred 

personnel and has sales of approximately twelve million 

dollars per year. 

The researcher was engaged as a consultant to provide 

initial training in SPC to a cross section of the plant's 

personnel. The general manager and all of the manufacturing 
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management and supervisory personnel participated along with 

key individuals from engineering, maintenance and quality 

control. Selected hourly employees from the production 

department also participated in the training program. 

Implementation of SPC and additional training was 

accomplished under the direction of an SPC coordinating team 

appointed by the general manager. The team leader was one 

of the production supervisors. Other members were the 

quality control supervisor, chief quality control 

technician, and another production supervisor. All members 

of the SPC coordinating team had been participants in the 

SPC training program. 

The plant uses X-bar and R-charts to control the 

thickness or diameter of the extruded plastic coating on the 

wire from the extrusion process. The charts are maintained 

by the extruder operators and are posted at the machines. 

Quality control personnel and production supervisors use 

Pareto analysis to determine areas which need special 

attention. 

Interviews were conducted with the general manager and 

the SPC coordinating team leader approximately six months 

after the SPC program had been initiated. At the time of 

the interviews, SPC had been implemented on approximately 

thirty percent of the plant processes. 
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Field Survey Plant C 

Plant C is a manufacturing division of a larger, 

publicly held corporation. The main products of this plant 

are custom molded components manufactured of engineering 

plastic material. The plant employs approximately eighty 

personnel and has annual sales of between six and eight 

million dollars. 

At the time of the interviews the plant had been using 

SPC for approximately four months. The plant's chief 

engineer and quality assurance engineer were the primary 

sources of information about the effects of the SPC program. 

The chief engineer at the plant had purchased a 

computer based SPC training program which had been utilized 

to train all of the plant's quality assurance personnel. 

This training was accomplished over an eight week period 

with weekly sessions lasting about four hours. No 

production personnel and no management personnel outside 

engineering had received training in SPC. 

The plant quality assurance (QA) engineer had 

implemented SPC for all QA monitored dimensions on the 

molded parts. Samples were selected and measured by QA 

personnel. The sample data were plotted on X-bar and R-

charts on a computerized system in the QA laboratory. 
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Procedures 

The data used for this phase of the research were 

collected from three sources: interviews with key 

management personnel in each field survey plant, company 

records, and observation by the researcher during plant 

visits. 

Semi-structured interviews were conducted with 

management-level employees of each plant using the interview 

outline in Appendix B. The interview outline was designed 

to collect background information about the company, how and 

why the company implemented SPC, the economic, attitudinal, 

and organizational effects of the SPC implementation, and an 

assessment of the perceived effectiveness of the SPC 

implementation. The interviews were conducted in the plants 

by the researcher. 

The interviewees were asked to provide documentation of 

the effects of SPC on their plants. The documentation 

obtained consisted of organization charts, control charts, 

product yield reports, and employee attendance and turnover 

records. 

During the visits to each survey plant, the researcher 

was provided a tour of the facilities. The tours first 

provided a general overview of the plants' operations and 

then focused on the SPC systems. The researcher was able to 

observe the specific procedures used to collect and measure 

the samples and plot the data on control charts. Specific 
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attention was given to who collected the data, and how and 

by whom the data were used. The tours afforded the 

researcher to partially validate some of the information 

obtained in the interviews. 

Measures 

The economic impact of the SPC implementation on the 

plants was assessed by asking the interviewees to discuss 

the following effects on: 

1. product quality, 

2. product consistency, 

3. percent defective, 

4. the amount of material required per average good 

part, and 

5. machine utilization. 

Changes in employee attitudes resulting from the SPC 

implementation were assessed by asking the interviewees to 

discuss the following effects of participation in the SPC 

program on the participants: 

1. absenteeism, 

2. turnover, 

3. labor efficiency, 

4. satisfaction, and 

5. teamwork. 
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The effects of SPC implementation on the organizational 

structure were assessed by asking the interviewees to 

discuss the following: 

1. changes in organizational structure of the operating 

core—specifically changes in span of control and the number 

of hierarchical levels; 

2. employee participation in decision making; 

3. formalization; 

4. standardization of jobs; 

5. authority of the technical staff; and 

6. job complexity. 

In each case where the interviewees reported a 

perceived change as a result of the implementation of SPC, 

they were asked for copies of any documentation which would 

demonstrate this change. This documentation served as a 

cross check on the interviewees' responses. 
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CHAPTER IV 

PRESENTATION OF RESULTS 

This chapter presents the results of the analysis of 

the data obtained during the two phases of the study. First 

the results of the field study phase will be discussed. 

Then the field survey results will be discussed followed by 

a discussion of the overall results. 

Field Study 

The field study evaluated eight research questions 

divided into three categories of effects: quality and 

economic effects, effects on employee attitudes, and effects 

on organization structure. This section will discuss the 

results obtained during the field study relative to each 

research question. 

Quality and Economic Effects 

Table 1 presents the baseline (time 1) and post-

implementation (time 2) data for the process. The raw data 

are contained in Appendix C. 

Research Question 1: The implementation of SPC will 
result in reduced variability in the individual product 
weights as evidenced by a reduction in the variance of 
the measured weights of the sample parts taken from the 
process. 

53 



54 

TABLE 1 

FIELD STUDY BASELINE AND POST-SPC PROCESS DATA 

Baseline Process Parameter Post-SPC 
(Time l) (Time 2) 

Observations/Subgroup 

No. of Observations 

Observation Variance* 

Range of Sample Means 

Sample Range UCL 

Proportion Defective** 

Material/Part*** 

* Difference is significant at the 0.00006 level 

** Difference is significant at the 0.00004 level. 

*** Difference is significant at the 0 . 0 0 0 5 level. 

The process variability data were taken from the part 

weight x - b a r and range control charts for the process. T h i s 

analysis was conducted to determine if support could be 

found for research question 1. A significant reduction in 

the variance of the individual observations for part weight 

would indicate that the variability of the process had 

changed. Changes in the observed ranges of the sample means 

were also taken as an indication of changes in the variation 

of the process. 
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Table 1 shows that the variance of the individual 

observations decreased from 25 (n = 153) at time 1 to 0.16 

(n = 357) at time 2. The value of the F statistic (v., = 

152; v2 = 356) is 0.0064. This value of F is significant at 

the 0.000006 level indicating that a significant reduction 

in part weight variance was achieved coincident with the 

implementation of SPC. 

Table 1 also shows that the range of the sample means 

(maximum sample mean - minimum sample mean) is also 

substantially reduced. The time 1 range is 17.5 grams, 

while the time 2 range is 1.6 grams. This is a further 

indication of the decrease in part weight variation 

coincident with the implementation of SPC. 

The range control chart upper control limit (UCL) also 

was reduced from 1.70 grams to 0.52 grams. This is an 

indication of a decrease in the within-sample part weight 

variation. 

The reductions in part weight variance and the range of 

the sample means support the premise stated in research 

question 1. The field study data support the premise that 

the implementation of SPC will result in decreased 

variability in the individual product weights. 

Research Question 2: The implementation of SPC will 
result in a lower proportion of defective products 
produced by the process. 

Table 1 also contains the data used to assess research 

question 2. The data on proportion of defective parts 
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produced by the process were taken from proportion defective 

control charts. A significant reduction in the proportion 

of defective parts produced by the process from time 1 to 

time 2 would indicate support for the premise stated in 

research question 2. 

The proportion of defective parts produced by the 

process at time 1 was 0.00902 (0.902%). The proportion of 

defective parts produced by the process at time 2 was 0.0043 

( 0 . 4 3 0 % )—a reduction of 52%. The difference between these 

two values was tested using the normal approximation to the 

binomial distribution. (5 , pp. 85-87) The z score obtained 

was 63.82 indicating the difference is significant below the 

0.00004 level. 

The field study data support the premise stated in 

research question 2. The implementation of SPC results in a 

lower proportion of defective products produced by the 

process. 

Research Question 3: As a result of reduced variance 
in product weights and reduced proportion of defective 
products, the average amount of material required to 
produce one acceptable unit of product will be reduced. 

The data used to assess research question 3 are 

contained in Table 1. The data on the average amount of 

material required to produce one acceptable unit of product 

were collected from the process. Material was delivered to 

the process in uniform quantities. The number of acceptable 

units produced from each fixed quantity of material was 
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recorded. The average quantity of material per acceptable 

unit of product was calculated from these data. 

The average amount of material used per acceptable part 

at time 1 was 295.0 grams and 293.4 grams at time 2. The 

value of the pooled t-test statistic (5, pp. 79-80) is 7.952 

which indicates the difference is significant below the 

0.0005 level. 

The field study data support the premise stated in 

research question 3. The average amount of material 

required to produce one acceptable unit of product is 

reduced by the implementation of SPC. 

Effects on Employee Attitudes 

Effects of the implementation of SPC on the attitudes 

of the employees was measured using the questionnaire 

contained in Appendix A. The face validity of the items 

used to measure attitude changes was established by having a 

jury of experienced researchers evaluate each item (Appendix 

D). The jury consisted of academic researchers from three 

different universities. These researchers regularly use 

Likert scales in their research. The jurors rated the face 

validity of each item on a five-point scale with one 

indicating least face validity and five indicating most face 

validity. The data from this evaluation is contained in 

Table 2. 
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TABLE 2 

JURY DATA — ATTITUDE INSTRUMENT FACE VALIDITY 

Title/Affiliation 1 2 3 4 5 6 

Assoc. Prof, of Mgmt. 
Univ. of North Texas 4 5 3 4 3 3 

Assoc. Prof, of Mgmt. 
Univ. of North Texas 5 5 5 5 5 5 

Assoc. Prof, of Mkt. 
Sam Houston St. Univ. 5 5 5 5 5 3 

Prof, of Mgmt. 
Auburn Univ. 5 5 5 5 5 5 

Mean 4.8 5.0 4.5 4.8 4.5 4 . 0 

Variance 0.2 0.0 0.8 0.2 0.8 1.0 

Rating Key: 1 = Face Validity; 5 = Highest Face Validity 

Reliability of the instrument was assessed using the 

internal consistency method (1, 6). The coefficient alpha 

at time 1 was 0.5840 for feeling of control over the quality 

of the work and 0.7681 for attitude toward management and 

the company. 

After establishing the validity and reliability of the 

test instrument, the next step was to determine if the 

experimental and control groups were equivalent at time l 

(baseline). Table 3 shows that at time 1 the two groups 

were equivalent at the 0.01 level on five of the six items 

comprising the instrument. 
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TABLE 3 

FIELD STUDY BASELINE MEANS AND 
STANDARD DEVIATIONS 

Experimental 
Group 

Control 
Group 

Attitude Variable Mean S.D. Mean S.D. 

Feeling of Control 

Item 1 

Item 1 

Attitude Toward Mgmt. 

Item 3 

Item 4 

Attitude Toward Co. 

Item 5 

Item 6 

3.89 

3.84 

3.00 

4.00 

3.47 

3.53 

1.41 

1.21 

1.56 

1. 05 

1.07 

1.17 

2.75 

3.38 

4 .13 

5. 63 

4.25 

4.25 

1.28 

1.30 

0.84 

0.52 

0.71 

0.46 

Differences in means are significant at the .01 level for 
Item 1 only. 

Research Question 4: Employees who participated in SPC 
training and implementation will report an increased 
feeling of control over the quality of their work than 
those who did not. 

Data used to assess research question 4 are contained 

in Table 4. The first two items of the test instrument were 

designed to measure the feeling of control employees felt 

over the quality of their work. The difference between the 

time 1 and time 2 item scores (the difference scores) were 

used as a measure of the change in the employees' feeling of 
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TABLE 4 

PAIRED DIFFERENCE SCORES: TIME 1 - TIME 2 

Attitude Variable Group 
Difference 

Score 
Significance 

(df = 18) 

Feeling of Control 

Item 1 Experiment 
Control 

-0.7143 
+0.3333 

0.0840** 

Item 2 Experiment 
Control 

0.0000 
0.0000 0.5000 

Attitude Toward Mgmt. 

Item 3 Experiment 
Control 

+0.35714 
-0.66667 0.0680** 

Item 4 Experiment 
Control 

-0.07143 
-1.33333 0.0127* 

Attitude Toward Co. 

Item 5 Experiment 
Control 

+0.21429 
-0.16667 0.3016 

Item 6 Experiment 
Control 

-0.50000 
-1.33333 0.1914 

* Significant at .05 level. 

** Significant at .10 level. 

control over the quality of their work which occurred from 

time 1 to time 2. Paired t-tests were used to test the 

significance of the differences from time 1 to time 2. A 

significant difference in the difference score between the 

experimental and control groups was taken to represent the 

effect of SPC training and implementation on the employees' 

feeling of control over the quality of their work. 
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Table 4 shows that significant support was not found 

for the premise stated in research question 4. The 

experimental group response to item 1 did change 

significantly from time 1 to time 2, but the control group 

change in the opposite direction is not significant. The 

interpretation of this result is confounded by the lack of 

equivalency on this item at time 1. Neither the 

experimental nor the control groups response to item 2 

changed from time 1 to time 2. 

The field study data do not support the premise stated 

in research question 4. There is no measurable effect of 

SPC training and implementation on employees' feeling of 

control over the quality of their work. 

Research Question 5: Employees who participated in SPC 
training and implementation will report a more 
favorable attitude toward management and the company 
than those who did not. 

Research question 5 was addressed in a similar manner. 

The second pair of items on the test instrument were 

designed to measure the employees* attitude toward 

management. The last pair of items were designed to measure 

the employees' attitude toward the company. Some support 

was observed for the premise stated in research question 5. 
J 

There was a significant difference between the two groups in 

their attitudes toward management. Interestingly, this is 

more a result of an unfavorable change in the control group 

attitude toward management. This may indicate that 
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participation in the SPC program buffered the participants 

from negative contextual factors. Marks, Mirvis, Hackett, 

and Grady (3) reported this same phenomenon associated with 

participation in quality circles. There was no significant 

difference in either group's attitude toward the company. 

Effects on Organization Structure 

Effects of the implementation of SPC on the structure 

of the field study organization were assessed qualitatively 

based upon observations by the researcher as participant-

observer and by interviews conducted with plant management 

personnel. The general manager, quality assurance manager, 

and production manager were the key employees interviewed. 

Back-up documentation was obtained, where possible, from 

plant records. 

Research Question 6: During the SPC training, the 
production department will adopt a more organic 
structure. During implementation of SPC, the structure 
will become more mechanistic. 

Support was found for the premise stated in research 

question 6. The organization of the operating core at time 

1 was highly mechanistic. There was little operator 

participation in decision making or problem solving. 

Operator jobs were very formalized. The operators were 

rated primarily on the efficiency With which they performed 

their jobs. 

Significant changes occurred during SPC training. The 

operators became more involved in determining the causes of 
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variability in the process and determining how to eliminate 

those causes. The relationship between operators, technical 

staff, and supervisors became much less formalized. 

Operator input resulted in changes in work procedures. The 

quality of an operator's work became a greater factor in the 

employee's performance rating. 

After SPC implementation (time 2), the process 

variability was significantly reduced and the process was in 

statistical control as determined by the control charts. 

Fewer changes were required to maintain this control. As a 

result, the operators' jobs became as formalized as they 

were at time 1. One of the keys to maintaining control of 

the process was insuring that the operator procedures did 

not vary. Consequently, monitoring of the conformance to 

established procedures became more intense at time 2. 

Operator participation in problem identification was 

encouraged during times of process instability. This was a 

change from the situation at time 1. However, since these 

periods of instability were increasingly rare, the frequency 

of operator participation decreased over time. Quality 

retained its importance in rating employee performance. 

Research Question 7: After SPC implementation, the 
production department will exhibit narrower spans of 
control and an increase in the number of hierarchical 
levels. 

Support was found during the field study for the 

premise stated in research question 7. The perceived need 
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for closer monitoring of operating procedures led to the 

creation of a new position, cell supervisor, in the 

production organization. Figures 6 and 7 show the 

organization of the production department at time 1 and time 

2 respectively. The department was divided at time 2 into 

three work cells, and a set-up technician was assigned as 

supervisor of each cell. The intent was to provide closer 

coordination between operators and set-up technicians and to 

provide closer supervision to the operators. This change 

resulted in an additional hierarchical level and a reduced 

span of control in the production department. The greatest 

span of control at time 2 was five, whereas at time 1 it was 

twenty. 

Research Question 8: After SPC implementation, the 
technical support staff will be larger and will 
exercise increased authority in the production 
department. 

Increased size and authority of the technical staff 

coincident with the implementation of SPC was interpreted as 

support for the premise stated in research question 8. At 

time 1 the main source of technical support in process 

related areas came from within the production department. 

One process control engineer was responsible for 

establishing process conditions. He and the process 

technicians did all the troubleshooting of process problems. 

time 2 a functional relationship had been established 

between the quality engineer and the production department. 
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Previously, the quality engineer only became involved when 

defective parts were found in lots ready for shipment to 

customers. At time 2 he was involved in establishing and 

maintaining control of the process in order to prevent 

production of defective parts. A process engineer was also 

added to the staff to assist in process design and process 

improvement. These changes are consistent with the premise 

stated in research question 8. 

After the field study findings had been analyzed, the 

field survey phase was begun to determine whether the field 

study findings could be generalized to other organizations 

in the same industry. The next section of this chapter 

addresses the findings of the field survey phase. 

Field Survey 

The field survey evaluated the same basic concepts as 

did the field study. Two changes in the research questions 

were necessitated by the difference in methodologies used in 

the field survey and the field study. Research question 1 

was replaced by research question 1A, and research question 

5A was added. 

Table 5 presents background data for the three 

organizations surveyed in this phase of the research. The 

managers of plants A and B considered their implementations 

of SPC to be successful, while the managers of Plant C did 

not. Plant C's management considers SPC to be a quality 
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TABLE 5 

BACKGROUND DATA ON FIELD SURVEY PLANTS 

Question Plant A Plant B Plant C 

Do you consider SPC 
to be a success? Yes Yes No 

Time since start of 
SPC implementation < 1 Yr. < 1 Yr. < 1 Yr. 

% of processes 
using SPC < 60% < 60% < 60% 

Annual sales 
(in millions) $2.5 $17 $6-$7 

No. of employees 42 100 80 

Employees trained 
in SPC only 

9 
QC & Prod. 

18 
Cross section 

6 
QC 

SPC charts used u-chart 
Pareto 

X-bar 
Range 
Pareto 

Cause/Effect 

X-bar 
Range 

control tool, and provided training to quality control 

personnel only. The control charts are maintained by 

quality control personnel and are only shared with 

production personnel during weekly staff meetings. The 

quality engineer reported a high level of conflict between 

the production and quality control departments. The quality 

control engineer has offered to train production employees 

in SPC, but production has declined to participate. 

Plant A and B provided training to a cross section of 

employees which included both production and quality control 
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personnel. The control charts are maintained on the 

production floor. The production and quality control 

departments cooperate in the analysis of the control chart 

data and in the location and correction of process problems. 

The analysis of the field survey findings includes a 

discussion of the implications that the differences between 

the SPC programs assessed by plant management as being 

successful (plants A and B) and the SPC program assessed by 

the management of plant C as being unsuccessful. 

Table 6 presents the data relating to the effects of 

the implementation of SPC on the three organizations. 

Research questions 1A, 2, and 3 are addressed by the data in 

the economic effects section of Table 6. 

Research Question 1A: The implementation of SPC will 
result in reduced variability in the process variables 
monitored as evidenced by a reduced range of 
measurements and a narrower spread between the control 
limits of the control chart. 

Both plants with SPC programs their management rated as 

being successful reported improved product consistency after 

the implementation of SPC. Plant B reported an improvement 

in consistency of 15% to 18%. The plant B SPC coordinator 

reported that the process capability of one process had been 

improved from Cp = 0.84 at time 1 to Cp = 1.14 at time 2. 

Cp, called the process capability ratio, is a measure of the 

capability of a process to produce products within the 

specification limits (5). A Cp = 1.00 implies that over the 

long term, 0.27% of the product will fall outside of the 



70 

TABLE 6 

EFFECTS OF SPC IMPLEMENTATION ON FIELD 
SURVEY PLANTS 

Criteria Plant A Plant B Plant C 

Economic: 
Effect on quality Rejects reduced 

by 87.5% 
Little 
effect 

No change 

Effect on consistency Much improved 15%-18% 
improvement 

Unknown 

Effect on % defective Reduced from 
5.9% to 0.2% 

Decreased 
by 5% 

More rejects 
found by SPC 

Effect on amt. of 
material/part No effect Decreased Unknown 

Effect on machine 
utilization Improved No change Lower with SPC 

Attitude: 
Effect on absenteeism 

Effect on turnover 

Effect on labor 
efficiency 

Effect on employee 
satisfaction 

Effect on teamwork 

Reduced from 
5% to < 2% 

No turnover 

Increased from 
70%-75% to 90% 

Improved 

Improved 

No change 

No turnover 

No change 

Improved 

Improved 

No change 

No turnover 

Lower with SPC 

No change 

Organization: 
Effect on span of 
control No change No change No change 

Effect on no. of 
levels Added 1 No change No change 

Effect on employee 
participation in 
decision making Increased Increased Increased 

Effect on job 
formalization Increased Increased Increased 

Effect on job 
standardization Increased No change Increased 

Effect on job 
complexity Increased No change Slight increase 

Effect on authority 
of tech. staff Increased Increased Slight increase 
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specification limits, assuming that the process mean is 

properly centered on the specification midpoint. Plant C, 

which assessed their SPC program as being unsuccessful, had 

no data to determine the effect of SPC on product 

consistency. The data in Table 6 from plants A and B 

support the premise stated in research question 1A. 

Research Question 2: The implementation of SPC will 
result in a lower proportion of defective products 
produced by the process. 

Plants A and B reported decreases in the proportion of 

defective products as a result of quicker problem 

identification and correction with SPC. These findings, 

shown in Table 6, support the premise in research question 2 

that implementation of SPC will result in a reduction in the 

proportion of defective products produced by the process. 

Plant C, whose management rated their SPC program as 

being unsuccessful, reported a higher proportion defective 

after SPC implementation. This was explained by the 

increased number of products inspected under SPC than under 

the previous quality control program. More of the defects 

produced by the process are now being detected. Because 

their's is strictly a quality control program, there is no 

immediate feedback to the production department and thus no 

opportunity for rapid identification and correction of the 

problems. There is, therefore, no effect of the program on 

reduction of the causes for the defective products. 
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Research Question 3: As a result of reduced variance 
in product weights and reduced proportion of defective 
products, the average amount of material required to 
produce one acceptable unit of product will be reduced. 

Plant A reported no measurable effect of the SPC 

program on the amount of material required to produce one 

acceptable part. Plant C had not assessed this measure and 

had no historical data upon which to base an analysis. 

Plant B reported a decrease in the amount of material 

required. Management based this conclusion on an 

engineering report, shown in Appendix E, analyzing material 

consumption for one of the processes which recently was 

placed under SPC. 

The data relating to research question 3 are mixed. 

Plant A's data support research question 3's premise, while 

the data from plant B do not. No data were available to 

assess this effect in plant C. 

Research Question 4: Employees who participated in SPC 
training and implementation will report an increased 
feeling of control over the quality of their work than 
will those who did not. 

Management personnel in plants A and B reported an 

improvement in employee morale associated with their ability 

to better understand the processes with which they work. In 

management's opinion the employees felt empowered under SPC 

to identify and correct problems causing product defects. 

Employees reported that SPC training provided them with 

insight and techniques which they could use to produce 

better quality products. The managers of these plants 
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indicated that their employees seemed more satisfied under 

SPC than under the previous quality control system. This 

information supports the premise stated in research question 

4. The management in plant C reported no such changes in 

their employees' feeling of control over the quality of 

their work. This may be related to the lack of involvement 

of production personnel in the SPC program. 

Research Question 5: Employees who participated in SPC 
training and implementation will report a more 
favorable attitude toward management and the company 
than will those who did not. 

Interviews with management personnel in all three 

survey plants resulted in no data relating to research 

question 5. The managers reported no ability to assess the 

employees' feelings about the company and its management. 

Research Question 5A: Employees who participated in 
SPC training and implementation will show reduced 
absenteeism and turnover, and increased labor 
efficiency after implementation than before beginning 
SPC training. 

Research question 5A postulates that employees 

participating in SPC will have lower absenteeism and 

turnover, and increased labor efficiency after the 

implementation of SPC than before. Only plant A reported a 

change in absenteeism associated with the implementation of 

SPC. This plant reported a decrease in absenteeism from 

five percent during the three months prior to SPC to less 

than two percent during the most recent three month period 
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since SPC had been implemented. This result is confounded 

by the simultaneous implementation of a change in the 

attendance enforcement policy at this company. It is 

impossible to differentiate the effects on absenteeism of 

the policy change from the effects of SPC implementation. 

None of the survey plants reported a change in employee 

turnover associated with the implementation of SPC. All 

three plants reported no turnover among employees 

participating in the SPC program during the six months prior 

to or the six months after SPC implementation. No support 

was found for the premise contained in research question 5A 

that absenteeism and turnover would be reduced by 

implementing SPC. 

Plant A reported an increase in employee labor 

efficiency from 70 to 75 percent before SPC to 90 percent 

after SPC. Plant B reported no change in labor efficiency 

associated with the implementation of SPC. Plant C reported 

that labor efficiency declined slightly because quality 

control was rejecting more products under SPC than before. 

This reflects the ineffective implementation of SPC at plant 

C which only resulted in more rework without providing 

information necessary to troubleshoot the process problems. 

The field survey results provide no conclusive support for 

the premise, stated in research question 5A, that labor 

efficiency would be increased by the implementation of SPC. 
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Research Question 6: During the SPC training, the 
production department will adopt a more organic 
structure. During implementation of SPC, the structure 
will become more mechanistic. 

Research question 6 relates to the process of SPC 

implementation as well as to the end result. The premise in 

question 6 states that the organization will become more 

organic during SPC and then more mechanistic during SPC 

implementation. The field survey was better suited to 

evaluating the end result than to evaluating the process 

which had taken place at some time in the past. The 

measures used to assess the current structure of the 

organization relative to the pre-SPC structure were degree 

of employee participation in decision making, job 

formalization or discipline, job standardization, and job 

complexity. 

Table 6 shows that all three plants reported an 

increase in the degree of employee participation in decision 

making. The managers of all three plants indicated that 

employees involved in SPC now have more input into technical 

decisions than they had prior to the implementation of SPC. 

Plant B provided a copy of a Pareto analysis (Appendix F) 

performed by production employees to support their 

recommendation that a modification be made to one of the 

production machines. This type of input had never been 

received prior to SPC. 
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Plants A and C indicated an increase in job complexity 

under SPC. These findings indicate a more organic tendency 

in the final structure of the production organization. 

All three plants indicated an increase in job 

formalization under SPC. The plant A production manager 

referred to this as a more formal paperwork system under 

SPC. The control system is now more formal than before SPC. 

Plants A and C reported an increase in job standardization 

under SPC. Operating and set-up procedures have been 

standardized reducing the latitude of production employees 

to alter process conditions by heuristics. These findings 

indicate a more mechanistic structure than prior to SPC. 

Research question 6 is based upon the work of Zaltman, 

Duncan, and Holbek (7), and Daft (2). Their models suggest 

that organizations behave in more organic ways (more 

participatory) during the initiation of change and in more 

mechanistic (more formal, less participatory) ways during 

the implementation of change. The field survey findings 

indicate these organizations appear to have followed this 

change model and ended up more formal and standardized, yet 

retaining a vestige of the more participatory initiation 

structure. When viewed in this way, the findings support 

the premise stated in research question 6. 

Research Question 7: After SPC implementation, the 
production department will exhibit narrower spans of 
control and an increase in the number of hierarchical 
levels. 
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None of the three survey plants reported any change in 

the span of control within the production department. Only 

plant A reported an increase in the number of hierarchical 

levels. No definitive support was found for the premise, 

stated in research question 7, that SPC implementation will 

result in a decreased span of control and an increased 

number of hierarchical levels in the production department. 

Research Question 8: After SPC implementation, the 
technical support staff will be larger and will 
exercise increased authority in the production 
organization. 

All three survey plants reported an increase in the 

authority of the technical support staff associated with the 

implementation of SPC. Plants A and B had increased the 

size of their technical staff at time 2~plant A added one 

employee to quality control; plant B added one technical 

support manager. Both plants indicated a further increase 

was being considered. The managers of plants A and C 

indicated that the technical staff always had more authority 

than they exercised. Under SPC they utilized that authority 

more. These findings support the premise based on 

Mintzberg's work (4) and stated in research question 8 that 

SPC implementation will result in a larger technical support 

staff with increased authority in the production 

organization. 



78 

Overall Results 

The field study and field survey results must be viewed 

together in order to obtain a clear picture of the effects 

of the implementation of SPC on an organization. Table 7 

provides a summary of the combined results. 

Clear support for research question 1 was found in both 

the field study plant and the field survey plants with 

successful SPC programs. In three of the four plants 

studied, the introduction of SPC resulted in reduced product 

variability. In the fourth plant, plant C with the 

unsuccessful SPC program, no data were available to assess 

this measure. 

Support was found for research question 2 in the plants 

with successful SPC programs. In these plants, the 

implementation of SPC reduced the proportion of defective 

products. Data from plant C, whose management assessed 

their SPC program as unsuccessful, refuted the premise 

stated in research question 2. 

Partial support was found for research question 3 in 

the plants with successful SPC programs. The material 

required to produce one acceptable product was reduced in 

the field study plant and in plant B. No effect was found 

in plant A. No data were available to assess this measure 

in plant C. 

The results concerning the effect of SPC implementation 

on employees' feeling of control over quality were mixed. 
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TABLE 7 

COMBINED FIELD STUDY AND FIELD SURVEY RESULTS 

Field Study 

Research Question 
Field 
Study Plants A fie B Plant C 

Economic x 

1/1A. SPC will result 
in reduced product 
variability. 

Supported Supported No data 

2. SPC will result in 
lower proportion of 
defective product. 

Supported Supported Not supported 

3. SPC will result in 
less material required 
per product output. 

Supported Mixed results No data 

Attitude: 

4. Participation in SPC 
will increase employee 
feeling of control 
over quality. 

Not 
supported 

Supported Not supported 

5. Participation in SPC 
will result in improved 
employee attitude toward 
management & company. 

Mixed 
results 

N/A N/A 

5A. Participation in SPC 
will result in: 
-reduced absenteeism 
-reduced turnover 
-increased labor 

efficiency 

N/A 
N/A 
N/A 

Not supported 
Not supported 
Mixed results 

Not supported 
Not supported 
Not supported 

Organization: 

6. During SPC training, 
organization will be-
come more organic. 
During SPC implemen-
tation, organization 
will become more 
mechanistic. 

Supported 

Supported 

Supported 

Supported 

Supported 

Supported 

7. SPC will result in: 
-narrower span of control 
-more hierarchical levels 

Supported 
Supported 

Not supported 
Mixed results 

Not supported 
Not supported 

8. SPC will result in: 
-larger tech. sup. staff 
-with increased authority 

Supported 
Supported 

Supported 
Supported 

Not supported 
Supported 
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No consistent support was found. The results for plants A 

and B supported the premise in research question 4, while 

the results from the field study plant and plant C refuted 

it. 

Only partial support was found for the premise stated 

in research question 5. The field study results were not 

significant for the dimension, attitude toward the company. 

While the results indicated a significant change in the 

dimension, attitude toward management, the combined results 

fail to clearly support the premise. 

No support was found for the premise stated in research 

question 5A. The only supporting data for reduced 

absenteeism as a result of the implementation of SPC were 

found in plant A. This result was confounded by the 

coincident change in attendance policy at that plant. 

Support was found for the premise stated in research 

question 6. All the plants reported changes consistent with 

the change models of Zaltman, Duncan, and Holbek (7), and 

Daft (2). 

No consistent support was found for the premise stated 

in research question 7. Only the field study plant reported 

a decreased span of control associated with the 

implementation of SPC. Two of the four plants reported an 

increase in hierarchical levels. 

Support was found for the premise stated in research 

question 8. Only the data from plant C failed to support 
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the premise that implementation of SPC results in increased 

for the technical support staff. The results from all four 

plants support the premise, based on Mintzberg's (4) theory, 

that the authority of the technical support staff is 

increased. 
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CHAPTER V 

CONCLUSIONS AND RECOMMENDATIONS FOR 

ADDITIONAL RESEARCH 

This chapter presents the conclusions drawn from the 

analysis of the study data. First it will address an 

unexpected issue which the study uncovered. Then it will 

assess the insights which the research study has provided to 

the questions which the study was designed to answer. In 

addition, suggested directions for future research into the 

consequences of implementing statistical process control 

(SPC) will be presented. 

Successful and Unsuccessful Implementations 

This study was not intended to address whether or not 

particular SPC implementations were successful. The 

research design called for two plastic molding companies to 

be included in the field survey phase of the research. 

However, the participation of a third company, plant C, 

enabled the researcher to gain preliminary insight into the 

consequences of an unsuccessful SPC implementation as 

assessed by the company's own management. Additional 

research is required before any firm conclusions can be 

drawn. However, the results presented in Table 7 in Chapter 

IV indicate several possible differences between plant C and 

83 
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the other three plants whose managers had assessed their SPC 

implementations as being successful. 

Specifically, only plant C among the four plants 

included in this study failed to report any positive 

economic or quality effects from implementing SPC. Plant C 

was also the only plant not to report at least some 

noticeable change in employee attitudes or behaviors. 

These results are not surprising since plant C 

implemented SPC as a quality control program only rather 

than as a program involving the production department. The 

approach taken by plant C is contrary to that discussed in 

Chapter I and advocated by Deming (5), Block (2), and others 

(3, 10, 11, 14, 15). These authors recommend involving 

production personnel, including machine operators, in the 

SPC program. Without prompt feedback of SPC information 

about the process to the production department, it is 

difficult to understand how SPC will stabilize the process 

or improve the quality of the process output. 

Plant C actually reported an increase in the proportion 

of defective products as a result of implementing SPC. This 

is most likely due to the increased number of sample parts 

from the process that plant C's quality personnel are 

inspecting under SPC. This increase in sample size serves 

to minimize the probability of a type II error (consumer's 

risk) but increases the number of defective items 

identified. Given a constant level of output, the 
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proportion of defective products identified will inevitably 

increase if the inspection sample size is increased. 

These findings are consistent with Reefer's (12) 

results showing no improvement in the proportion of 

defective products associated with SPC when the operators 

were not included in the SPC training program. Without the 

involvement of the production employees, it is also 

difficult to understand how SPC will affect their attitudes 

or behavior. 

Study Conclusions and Research Recommendations 
Successful SPC Implementations 

This section discusses the conclusions which may be 

drawn from the research results. Areas for additional 

research are also identified. 

Quality and Economic Effects 

The first areas specifically addressed by the study 

were the quality and economic effects of the implementation 

of SPC. Significant evidence was found for the reduction of 

variation in the product due to SPC. All three successful 

SPC users reported a lower proportion of defective products 

associated with the implementation of SPC. These results 

are consistent with those of Oakland (7), Clutterbuck (3), 

Hansel (9), and others (11, 17, 19). The findings refute 

those of Depew (6) who found no effects on product quality 

as a result of SPC training. 
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Within the limitations imposed by the small convenience 

sample of study plants, one may conclude that, within the 

plastics molding industry, SPC can be expected to improve 

product quality when implemented as more than just a quality 

control tool. When production operators are involved in the 

training, implementation, and operation of the SPC program, 

this study found that product quality improved. When the 

production operators were not involved, this study found 

that product quality did not improve. 

The findings were mixed concerning a reduction in the 

amount of material required per part due to SPC. Two of the 

three plants with successful SPC programs reported a 

decrease—one did not. This could be explained by a lack of 

reporting systems to track material usage per part produced. 

Effects on Employee Attitudes 

This study provided little clear insight into the 

effect of SPC on employee attitudes. The field study 

results supported an increased feeling of control over 

quality among employees participating in SPC. However, no 

support was found during the field survey. The field survey 

documented a significant improvement in participant 

employees' attitude toward management, but no significant 

change in their attitude toward the company. 

If SPC is considered as being part of a participative 

approach to total quality control, as suggested by Benassi 
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(1), the lack of documented attitudinal effects is 

surprising. Griffin (8) documented short-run improvements 

in employee attitudes and behaviors associated with another 

participatory quality program, quality circles. Marks et 

al. (13) found a decrease in absenteeism among participants 

in a quality circle program. 

One possible explanation for the failure to find 

attitudinal effects involves the timing of the assessment of 

employee attitudes. In this study, the post—implementation 

assessment was done within six months of the implementation 

of SPC. A longer period of involvement in the SPC program 

may be required to alter deep seated attitudes of production 

employees toward management and the company. This could be 

determined by a longitudinal assessment of employee 

attitudes in companies which have implemented SPC. 

Effects on Organizational Structure 

Significant support was found for the organization 

becoming more organic during SPG training and more 

mechanistic (formalized) during SPC implementation. This is 

consistent with Zaltman et al. (20), and Daft's (4) 

theories. The final forms of the organizations were also 

determined to be more organic than prior to SPC training. 

These changes are consistent with Ebrahimpour and Lee's (7) 

findings. 
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These findings can be explained by the nature of SPC 

implementations. During the training phases, the field 

study plant and field survey plants A and B involved the 

operating personnel in developing cause-and-effeet charts 

for the process and in doing Pareto analysis of problems 

observed in the process. The production operators 

participated in developing standard procedures for setting 

up and operating the process in order to reduce process 

variation caused by operator-to-operator differences. In 

these ways, the production employees actively participated 

in the SPC training process in a more organic environment 

conducive to their participation. 

After SPC implementation, there was increased emphasis 

on operating the process using the jointly developed 

standard procedures. The increased emphasis on 

standardization and on control resulted in less latitude for 

operator individuality in operating procedures. The 

resulting working environment was more mechanistic than the 

training environment but more organic than the pre-SPC 

environment because operator input on process improvement 

and problem resolution was still encouraged. 

Only the field study plant demonstrated narrower spans 

of control within the production organization after the 

implementation of SPC. This might be explained by the 

already narrow spans of control which existed in the field 

survey plants prior to the implementation of SPC. It may 
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have been more appropriate to assess first whether a 

particular span of control is best suited for an SPC 

environment. Those plants with inappropriate spans of 

control, according to the previous assessment, could be 

assessed for changes. Those with appropriate spans of 

control would not be expected to change. 

Two of the three plants with successful SPC 

implementations reported an increase in hierarchical levels 

as a result of their SPC program. This finding might be 

explained by the increased emphasis on standard set-up and 

operating procedures adopted in these plants to minimize 

operator-to-operator process variation. The field study 

plant management cited this as a factor resulting in the 

change. They also cited the desire to create a more 

conducive environment for teamwork and rapid response to 

process upsets. Their approach was to create cell teams 

which included the set-up technician as team leader (new 

position). 

All three plants reported increasing the size of their 

technical support staffs and increasing their authority 

after SPC. These findings are consistent with Mintzberg's 

(16) predictions about the types of organizational changes 

associated with increasing technological sophistication. 

These findings may be explained by the increased emphasis on 

rapid identification and resolution of process problems and 
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the increased attention to process improvement which 

necessitated an increase in technical staff and involvement. 

Suggestions for Additional Research 

There are other areas associated with SPC beyond those 

listed previously which would appear to benefit from 

additional research. One of the more obvious needs is for 

the expansion of the research begun in this study into 

organizations outside the plastic molding industry. This 

would serve to test and extend the external validity of the 

findings reported here. 

Further investigation within the plastic molding 

industry has already been mentioned. This additional 

research would serve to test and extend the internal 

validity of the findings reported here. One particularly 

important need is to determine if employee attitudes change 

over extended time periods in plants using SPC. A 

longitudinal study to address this question could provide 

insight into whether attitudinal changes do occur with SPC 

but were missed by this study because the post-SPC attitude 

assessment was made too soon after SPC implementation. 

Additional research covering a larger sample size is 

needed to determine whether SPC has an effect on material 

consumption per part and spans of control. In particular, 

an assessment of whether a particular range of span of 
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control is most appropriate for an SPC environment is 

needed. 

This study has identified effects associated with the 

implementation of SPC which are often overlooked by 

practitioners. Further knowledge of all the potential 

consequences of implementing SPC could improve the chances 

of the success of those implementations. 
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Strongly 

Disagree Neutral 

Feeling of Control Over the Quality of Work 
1. The people most responsible 

for product quality in this 
company are in QC 5 4 3 

2. I have little control over 
the quality of the products 
I work with . . . . . . . . . 5 4 3 

Attitude Toward Management 

3. I have confidence in the 
management of this company. . 1 2 3 

4. The managers of this 
company are always willing 
to listen to my ideas for 

doing things better . . . . . 1 2 3 

Attitude Toward the Company 

5. (Company Name) is the best 
company I have ever worked 
for 1 2 3 

6. I feel have a good future 
with this company 1 2 3 

Strongly 
Agree 
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Field Survey Interview Record 

Interview Date: 

Company Name: _ 

Interviewee: Title: 

Interviewer: 

COMPANY SIZE 

Annual Sales: 

No. of Employees: 

Independent Co. Y N Div. of 

Main Product: 

SPC HISTORY 

Why did you decide to implement SPC? 

When did you implement SPC? 

How did you implement SPC 

Selected processes? 

All processes? 

Training: 

x-section? 

All employees? 



98 

Selected employees? 

Inside trainer? 

Outside trainer? 

Video course? 

Audio course? 

Formal training? 

Informal training? 

How long was training period? 

What changes did you expect as a result of implementing 

SPC? 

DIFFERENCES OBSERVED SINCE SPC IMPLEMENTATION 

Economic 

Product quality: 

Product consistency: 

% defective: 

Amt. of material per avg. good part: 
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Machine utilization: 

Attitude 

Absenteeism: 

Turnover: 

Labor efficiency: 

Satisfaction: 

Teamwork: 
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Organization 

Structure (operating core) 

Span of control 

No. of levels 

Participation in decision making 

Formalization 

Standardization of job 

Authority of technical staff 

Job complexity 

Do you consider your implementation of SPC to be a success? 

Why or why not? 
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PART: SL r r o n t Beie l (Pll 871-9598) 
| j 0 . | 4 preimplementat lon (Ho SPC; Ho Robot) 

l i i i r r r P R f l PUI.L- BACK HAT I. HATER MATF.RIAI, I REJECTS 
HIGH LOH BACK PRES FEED A B V/R m BOX f CtCtES SHORT COSH HI8C 

PART HEIGHT 
X-l X-2 X-3 

0.02 
0.02 
0.02 

0.02 
0 .02 
0.02 
0.02 

0.02 
0.02 
0.02 
0.02 

0.02 

Downtina to change noz 
1650 1500 0.02 25 

1600 1500 
1650 1500 
1650 1500 
1650 1500 
1(50 1510 
1650 1510 
1650 1525 
1650 1510 
1700 1500 
1100 1500 
1700 1500 
1700 1500 

100 
100 
100 

100 
90 
90 
80 
90 
90 
90 
90 
90 

1650 1560 
1620 1500 
1650 1550 
1650 1550 
1650 1550 
1650 1550 
1700 1540 
1700 1510 
1700 1540 
1700 1510 
1650 1500 
1650 1500 
1650 1500 
1650 1500 
1600 1500 
1600 1500 
1600 1500 
1600 1500 
1600 1500 
1600 1500 
1600 1500 
1600 1500 
1650 1500 
1650 1500 
1650 1500 
1620 1500 
1620 1500 
1620 1500 

0.02 
0.02 
0.02 

0.02 
0.02 
0.02 
0.02 

0.02 

0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0 .02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 

25 
25 
50 
50 
50 
50 
(0 
60 

60 
60 
90 
90 
90 
90 
75 
55 
75 
75 

80 
80 

90 
90 
90 
75 
75 
75 

V 6149 42 
V 6149 42 
V 6149 <2 
V 6149 42 
V 6149 42 
V 6149 42 
V (149 42 

V 6149 51 
V 6149 51 
V 6149 51 
V 6149 51 

93 
155 
160 
149 
140 
144 
155 
152 

58 
73 
75 
76 

0 0 
0 1 
0 1 
0 9 
0 40 
0 30 
0 30 
0 35 
6 12 
0 50 
0 50 
0 12 

V 6149 51 
V 6149 51 
V 6149 51 
V 6149. 51 
V 6149 -
V 6149 51 
V 6149 50 
V 6149 50 
V 6149 50 
V 6149 50 
V 6149 50 
V 6149 50 
V 6149 50 
V 6149 50 
V 6149 50 
V 6149 50 
V 6149 50 
V 6149 50 
V 6149 50 
V 6149 
V 6149 
V 6149 
V 6149 
V 6149 
V 6149 
V 6149 
V 6149 
V 6149 
V (149 

38 
157 1 
153 11 
131 0 
149 0 
150 0 
152 0 
152 1 
159 4 
156 0 
161 0 
147 
177 
149 
151 
143 
157 
155 
155 

.156 
168 
164 10 
167 17 
171 
162 
155 
142 
151 
156 

hernocouple ( replacQ n o t z l e h e a t e r c o n t r o l u n i t . 
I C 

0 0 

0 0 

6 

0 0 

0 1 0 

299.5 299.5 299.7 
308.6 310.0 310.3 
306.8 308.1 305.5 
309.6 309.2 306.8 
304.0 304.4 303.9 
304.9 304.5 304.5 
304.9 306.0 305.5 
303.3 304.5 303.5 
295.8 294.7 294.7 
302.3 302.1 302.9 
302.8 302.3 302.5 
304.2 303.1 302.6 

300.9 301.4 301.6 
302.2 303.7 302.5 
311.2 310.9 308.9 
310.2 310.6 310.8 
309.9 310.5 310.4 
309.9 309.3 305.8 
309.4 309.8 306.7 
305.1 305.2 305.3 
305.9 305.9 305.5 
305.4 305.2 305.6 
305.0 305.1 305.1 
304.5 304.3 304.3 
301.5 303.3 301.2 
300.2 302.1 301.0 
301.4 301.0 302.4 
298.9 300.2 306.4 
302.1 301.3 301.3 
301.1 300.6 301.3 
300.6 301.2 301.4 
298.2 299.3 299.8 
296.4 296.8 296.8 
297.1 297.0 296.3 
307.8 307.5 307.3 
299.9 300.5 300.6 
299.7 300.5 300.3 
299.2 301.7 301.3 
302.9 302.7 301.9 
301.8 302.2 301.4 
300.8 300.8 301.4 

CYCLE TIME 
X-l X-2 X-3 

iTToT i I T T 4 O F 
44.60 44.46 44.34 
45.04 44.43 44.27 
45.19 45.53 48.09 
46.59 46.01 46.18 
45.87 45.44 46.47 
47.23 46.63 44.56 
45.09 45.83 45.56 
43.37 43.80 43.45 
42.55 43.05 42.97 
43.09 42.83 42.94 
41.90 41.92 43.07 

51.19 45.73 45.87 
45.27 45.15 46.38 
47.59 43.95 44.20 
47.15 48.71 48.14 
48.07 47.32 47.92 
45.54 45.66 47.46 
45.68 45.62 46.41 
46.05 44.75 44.74 
45.48 45.50 45.46 
44.83 44,93 44.87 
44.26 44.28 44.20 
45.67 46.54 46.10 
45.30 46.69 44.99 
44.13 45.40 48.02 
44.50 44.74 44.51 
46.51 46.76 45.62 
45.33 45.36 45.42 
44.47 45.27 45.27 
44.71 46.79 47.68 
44.34 44.37 44.36 
44.31 44.29 45.02 
44.29 44.33 44.30 
43.99 44.06 43.95 
45.47 44.37 44.76 
44.98 44.90 44.30 
43.84 44.57 44.17 
46.53 45.36 45.88 
44.48 45.35 44.48 
44.65 45.00 45.32 
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PARI! S I F r o n t B o i e l (PH 8 7 1 - 9 5 9 8 ) _ , 
HACH Ho: 14 P r e i m p l e m e n t a t i o n (Mo 3 PC; Ho Robo t ) 

INJECT PPIS PULL- BACK MAT'L 
HIGH LOH BACK PRJE9 FEED 

1550" Use" oToT T I T O f 
1550 1650 0 . 0 2 110 5 . 5 0 
1550 1650 0 . 0 2 110 5 . 5 0 
1550 1650 0 . 0 2 110 5 . 5 0 
1600 1650 0 . 0 2 110 5 . 5 0 
1600 1650 0 . 0 2 110 5 . 5 0 
1600 1650 0 . 0 2 110 5 . 5 0 
1600 1650 0 . 0 2 110 5 . 5 0 
1650 1650 0 . 0 2 100 5 . 6 3 
1650 1650 0 . 0 2 100 5 . 6 3 
1650 1650 0 . 0 2 100 5 . 6 3 
1650 1650 0 . 0 2 100 5 . 6 3 
1550 1650 0 . 0 2 110 5 . 5 0 
1550 1650 0 . 0 2 110 5 . 5 0 
1550 1650 0 . 0 2 110 5 . 5 0 
1550 1650 0 . 0 2 110 5 . 5 0 
1600 1650 0 . 0 2 110 5 . 5 0 
1600 1650 0 . 0 2 110 5 . 5 0 
1650 1650 0 . 0 2 100 5 . 6 3 
1650 1650 0 . 0 2 110 5 . 6 3 
1550 1650 0 . 0 2 110 5 . 5 0 
1550 1650 0 . 0 2 110 5 . 5 0 

X s a s / H e e k e n d s h u t d o w n . 
1600 1650 0 . 2 2 110 5 . 5 0 
1600 1650 0 . 2 2 110 5 . 5 0 
1600 1650 0 . 2 2 110 5 . 5 0 
1650 1650 0 . 2 2 100 5 . 5 0 
1650 1650 0 . 2 2 100 5 . 5 0 
1650 1650 0 . 2 2 100 5 . 5 0 
1650 1650 0 . 2 2 100 5 . 5 0 
1550 1650 0 . 2 2 110 5 . 5 0 
1550 1650 0 . 2 2 110 5 . 5 0 
1550 1650 0 . 2 2 110 5 . 5 0 
1550 1650 0 . 2 2 110 5 , 5 0 

HATER 
A & 

MATERIAL I REJECTS 
V/R LOT BOX f CYCLES SHORT COSM HISC 

PART HEIGHT 
X»1 X-2 X-3 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

V 27007 14 
V 27007 H 

27007 14 
27007 14 
27007 14 
27007 14 
27007 14 

V 27007 14 
V 27007 14 
V 27007 14 
V 27007 14 
V 27007 14 
V 27007 13 
V 27007 13 
V 27007 13 
V 27007 13 
V -
V -
V -
V 6149 73 
V 6149 73 
V 6149 73 

HOTE: T e n p e r a t u r e s t p u l l - b a c k a r e 
j e t p o i n t s - n o t a c t u a l r e a d i n g s . 

6149 72 
6149 72 
6149 72 
6149 72 
6149 72 
6149 72 
6149 72 
6149 72 
6149 72 
6149 72 
6149 92 

Avg. Cy 
Tot. Cy 

163 
167 
164 
174 
171 
154 
155 
165 
138 
161 
163 
162 
322 

61 
203 

79 
169 
154 
141 
150 
158 
171 

156 
158 
135 
162 
162 
161 
161 

157 
180 
156 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 

2 
5 
4 
0 
0 
0 

0 
0 
0 
1 
0 
0 
3 
1 
0 
0 
0 
0 
0 
2 
1 

0 
0 
0 
3 
0 
0 
0 
2 
2 
1 

2 9 3 . 7 2 9 3 . 9 2 9 4 . 0 
2 9 4 . 0 2 9 4 . 0 2 9 3 . 9 
2 9 4 . 1 2 9 4 . 2 2 9 4 . 1 
2 9 4 . 1 2 9 4 . 0 2 9 4 . 0 
2 9 4 . 1 2 9 4 . 1 2 9 4 . 0 
2 9 3 . 9 2 9 3 . 9 2 9 3 . 8 
2 9 4 . 0 2 9 4 . 0 2 9 4 . 1 
2 9 3 . 8 2 9 3 . 8 2 9 4 . 0 
2 9 3 . 9 2 9 3 . 9 2 9 4 . 0 
2 9 4 . 2 2 9 3 . 9 2 9 4 . 1 
2 9 3 . 8 2 9 4 . 1 2 9 4 . 1 
2 9 4 . 3 2 9 4 . 3 2 9 3 . 9 
2 9 4 . 1 2 9 3 . 8 2 9 4 . 0 
2 9 4 . 0 2 9 3 . 7 2 9 3 . 8 
2 9 3 . 7 2 9 3 . 8 2 9 3 . 6 
2 9 3 . 6 2 9 3 . 5 2 9 3 . 6 
2 9 3 . 6 2 9 3 . 5 2 9 3 . 7 
2 9 3 . 4 2 9 3 . 7 2 9 3 . 6 
2 9 3 . 4 2 9 3 . 6 2 9 3 . 4 
2 9 4 . 1 2 9 4 . 3 2 9 4 . 4 
2 9 5 . 2 2 9 5 . 2 2 9 5 . 2 
2 9 5 . 5 2 9 5 . 2 2 9 5 . 2 

2 9 7 . 2 2 9 7 . 0 2 9 7 . 3 
2 9 7 . 2 2 9 6 . 9 2 9 7 . 0 
2 9 6 . 8 2 9 6 . 8 2 9 6 . 7 
2 9 6 . 8 2 9 6 . 9 2 9 6 . 9 
2 9 6 . 9 2 9 6 . 9 2 9 6 . 7 
2 9 7 . 1 2 9 6 . 9 2 9 7 . 0 
2 9 7 . 2 2 9 7 , 2 2 9 7 . 2 
2 9 7 . 1 2 9 7 . 3 2 9 7 . 4 
2 9 7 . 2 2 9 7 . 0 2 9 7 . 0 
2 9 7 . 2 2 9 7 . 1 2 9 7 . 1 
2 9 6 . 9 2 9 7 . 1 2 9 6 . 9 

CYCLE TIME 
X - l X-2 X-3 

4 2 7 5 T 4 L 5 T 4 o r 
4 3 . 1 1 4 2 . 4 0 4 2 . 0 6 
4 2 . 4 1 4 1 . 4 5 4 1 . 9 6 
4 1 . 2 5 4 1 . 9 3 4 1 . 4 1 
4 2 . 6 5 4 0 . 0 0 41 .24 
4 1 . 4 1 4 2 . 0 6 4 2 . 1 5 
4 1 . 7 8 42 .37 4 2 . 8 5 
4 1 . 0 9 4 3 . 2 5 42 .19 
4 3 . 8 9 4 4 . 0 4 43 .87 
4 3 . 8 7 4 4 . 0 6 43 .92 
4 3 . 7 4 4 3 . 6 2 4 4 . 0 6 
4 3 . 9 5 43 .44 4 3 . 9 7 
42 .74 4 2 . 8 0 4 2 . 7 6 
4 2 . 9 9 4 2 . 7 5 4 3 . 1 1 
4 2 . 8 2 42 .44 4 2 . 5 9 
4 2 . 5 7 4 1 . 6 5 41 .82 
4 3 . 8 7 3 9 . 6 4 4 1 . 2 3 
4 3 . 8 2 4 3 . 7 8 4 2 . 1 9 
4 4 . 1 0 4 3 . 7 1 43 .74 
4 4 . 4 8 4 3 . 7 8 4 3 . 8 5 
4 4 . 1 3 4 2 , 8 3 4 2 . 9 1 
4 2 . 6 2 41 .97 41 .92 

4 2 . 4 8 4 2 . 8 3 41 .52 
4 3 . 8 6 4 4 . 8 6 4 4 . 5 3 
4 2 . 8 1 4 1 . 9 2 41 .19 
4 4 . 8 8 4 5 . 1 5 4 4 . 0 8 
4 4 . 7 4 44 .74 44 .67 
4 5 . 8 4 4 4 . 5 3 44 .79 
4 4 . 5 1 4 4 . 7 0 44 .57 
4 3 . 5 6 4 4 . 0 9 43 .74 
4 3 . 4 1 42 .97 4 2 . 8 5 
4 3 . 0 1 4 1 . 4 8 4 2 . 1 3 
4 2 . 9 1 4 2 . 5 1 4 3 . 0 6 

155 0 . 4 8 1 . 6 7 0 . 1 1 
p o p . Mean 
Pop. S.D. 
P o p . M a i . 
F o p . Min , 

2 9 8 . 8 4 3 . 8 6 

5 . 0 3 . 0 6 

3 1 1 . 2 8 7 . 0 7 
2 9 3 . 4 2 2 . 8 3 
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PART: SL Fron t Beze l (PH 871-9598) 
HACH Ho: 14 p r e i a p l e o w i t a t i o n (Ho SPC; Ho Robot) 

IHJECT PRES PULL- BACK MAT'L 
HIGH LOH BACK m S FEED 

leoo 1500 0 . 0 2 75 5 . 6 3 T 

1625 1500 0 . 0 2 90 5 . 6 3 T 

1625 1500 0 . 0 2 90 5 . 6 3 T 

1625 1500 0 . 0 2 90 5 . 6 3 T 

1625 1500 0 . 0 2 90 5 . 6 3 T 

1600 1400 0 . 0 2 90 5 . 7 5 T 

1600 1400 0 . 0 2 90 5 . 7 5 T 

1600 1650 0 . 0 2 90 5 . 7 5 T 

1600 1650 0 . 0 2 90 - T 

1650 1650 0 . 0 2 80 5 . 6 3 T 

1650 1650 0 . 0 2 80 5 . 6 3 T 

1650 1650 0 . 0 2 80 5 . 6 3 T 

1650 1650 0 .02 80 5 . 6 3 T 

1575 1650 0 .02 90 5 . 6 3 T 

1575 1650 0 .02 90 5 . 6 3 T 

1575 1650 0 . 0 2 90 5 . 6 3 T 

1575 1650 0 . 0 2 90 5 . 6 3 T 
Weekend ahutdown. 

1600 1650 0 . 0 2 100 5 . 7 5 T 

1600 1650 0 . 0 2 100 5 . 7 5 T 

1600 1650 0 . 0 2 100 5 . 7 5 T 

1650 1650 0 . 0 2 100 5 . 6 3 T 

1650 1650 0 . 0 2 100 5 . 6 3 T 

1650 1650 0 . 0 2 100 5 . 6 3 T 

1650 1650 0 . 0 2 100 5 . 6 3 T 

1550 1650 0 . 0 2 110 5 . 5 0 T 

1550 1650 0 . 0 2 110 5 . 5 0 T 

1650 0 . 0 2 110 5 . 5 0 T 

1550 1650 0 . 0 2 110 5 . 5 0 T 

1600 1650 0 .02 100 5 . 7 5 T 

1600 1650 0 . 0 2 - 5 . 7 5 T 

1600 1650 0 . 0 2 100 5 . 7 5 T 

1600 1650 0 . 0 2 - 5 . 7 5 T 

1650 1650 0 . 0 2 100 5 . 6 3 T 

1650 1650 0 . 0 2 100 5 . 6 3 T 

1650 1650 0 .02 100 5 . 6 3 T 
1650 1650 0 .02 100 5 . 6 3 T 

1550 1650 0 . 0 2 110 5 . 5 0 T 

1550 1650 0 . 0 2 110 5 . 5 0 T 

1550 1650 0 . 0 2 110 5 . 5 0 T 

1550 1650 0 . 0 2 110 5 . 5 0 T 
1600 1650 0 . 0 9 110 5 . 5 0 T 

1600 1650 0 . 0 9 110 5 . 5 0 T 

1600 1650 0 . 0 9 110 5 . 5 0 T 

1600 1650 0 . 0 9 110 5 . 5 0 T 

1650 1650 0 . 0 2 100 5 . 6 3 T 

1650 1650 0 . 0 2 100 5 . 6 3 T 

HATER 

C 
C 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
e 
c 
e 
c 
? 

c 
c 
c 
c 
e 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

MATERIAL I R E J E C T S 

V/R LOT BOX I CYCLES SHORT COSH HI3C 

V 6149 
V 6149 
V 6149 

6149 
6149 
6149 
6149 
6149 
6149 
6149 
6149 
6149 
6149 
6149 
6149 
6149 
6149 

4 
3 
3 
3 
3 
3 
3 
3 
3 
3 

60 
60 
60 

60 
60 
60 
60 

159 0 
187 3 
163 12 

27007 
27007 
27007 
27007 
27007 
27007 
27007 
27007 

V 27007 
27007 
27007 
27007 
27007 
27007 
27007 
27007 
27007 
27007 
27007 
27007 
27007 
27007 
27007 
27007 
27007 
27007 

161 
172 
208 
140 
159 
162 

141 
149 
160 
173 
159 
162 

. 183 
156 

92 
154 
139 
155 
160 
319 
168 
158 
181 

494 
184 
156 
158 
140 
161 
156 
159 
161 
178 
166 
156 
178 
154 
159 
156 
136 

9 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
7 
0 
1 

0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
3 
1 
0 
0 
0 
0 
0 

0 
0 
0 
0 
1 
2 
2 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

20 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

PART HEIGHT 
X - l X-2 X-3 

3 0 T X 3 0 9 . 6 3 0 0 X 
300 .9 2 9 9 . 5 300 .8 
298 ,9 2 9 9 . 3 299 .0 
298 .0 299 .0 298 .9 
2 9 7 . 5 298 .9 299 .0 
299 .2 299.7 300 .5 
298 .9 300.7 2 9 9 . 1 
305 .2 306 .3 305 .2 
305 .9 3 0 6 . 1 3 0 6 . 5 
306 .0 3 0 6 . 3 306 .2 
3 0 7 . 1 307.4 307 .4 
302 .7 3 0 3 . 5 303 .0 
3 0 2 . 5 3 0 3 . 3 302 .0 
301 .8 302 .8 301 .4 
302 .1 302 .2 302 .1 
3 0 1 . 5 301.4 300 .5 
302 .6 302 .6 301.7 

3 0 0 . 5 299 .9 3 0 0 . 5 
301 .8 302 .9 302 .6 
300 .9 301 .0 300 .7 
300 .8 300 .8 3 0 0 . 5 
293 .6 292.4 293.2 
293 .6 293 .8 293 .8 
294 .2 294.4 294.4 
294 .0 294 .1 2 9 4 . 3 
294 .0 2 9 4 . 1 294 .1 
2 9 4 . 1 293 .8 2 9 4 . 1 
294 .0 2 9 4 . 1 294 .1 
294 .0 294 .2 2 9 4 . 3 
294 .2 294 .1 293 .9 
294 .4 294 .7 294 .7 
293 .8 293 .7 293 .9 
294 .3 294 .5 294.4 
294 .2 2 9 4 . 1 293 .8 
294 .0 293 .8 293 .1 
293 .8 293 .1 293 .9 
293 .8 293 .9 293 .9 
293 .9 293 .9 293 .9 
294 .2 294 .3 294 .2 
294 .1 293.7 293.7 
294 .1 294 .0 294 .0 
293.7 293 .9 294 .0 
293 .6 293.7 293 .7 
293 .9 2 9 4 . 1 2 9 4 . 1 
2 9 4 . 3 294 .0 293 .8 

CYCLE TIKE 
X-l X-2 X-3 

44792"44768" 4 5 I T 
43 .45 43 .23 43.42 
43 .22 43.26 43 .31 
43.24 43.29 43.37 
44 .16 44 .10 43.99 
43 .08 43.24 43.87 
43 .43 46.54 43.30 
43 .55 43.19 43.82 
43 .76 43 .53 43.87 
44 .62 44 .65 44 .85 
43 .32 43.87 43 .80 
44 .13 44.22 44.34 
44 .28 44.06 43 .71 
42 .98 43 .00 43.10 
4 2 . 2 3 42.42 42 .40 
42 .81 43 .00 43 .06 
42.64 42 .59 42.64 

46 .45 45 .36 45.42 
42 .70 44 .11 43.19 
40.07 42 .01 42.59 
44 .21 44.94 44.06 
44 .23 43.84 44 .99 
44.64 43.88 43 .95 
43 .52 44.14 44 .51 
42 .19 41.07 42 .89 
42.32 41 .20 42 .20 
42 .53 42 .73 41 .58 
42 .26 42 .21 41.37 
42.02 42.96 45 .11 
41 .51 41 .55 43 .00 
43 .80 41 .40 37.30 
43 .43 42 .00 87.07 
44.52 44.32 44.74 
43 .61 44.06 44.35 
43 .91 43 .55 43.22 
43 .45 43 .98 43.58 
42 .38 41 .45 42 .00 
4 1 . 7 6 4 2 . 5 3 4 1 . 7 6 
42.26 41.67 41.77 
42.41 41.54 41.54 
41.32 42.17 41.06 
22 .83 38 .19 41 .03 
42 .63 32 .38 44.06 
43 .80 42 .15 42 .08 
44 .02 44 .05 43 .98 
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PABT: SL Front Bezel (PH 871-9598) 
HACH Ho* 14 Phase 2 PreirapleroQntation (With SPC; Ho Robot) 

l i n r r r PRTS PULL- BACK MAT'I. HATER MATERIAL I I REJECTS 
I ? S E W FEED A B m m BOX CYCJ.E9 SHORT COSH HISC 

0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 

0.02 

0.02 

0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 

Heekend shutdown. 

1600 1650 
1(00 1(50 
1600 1(50 
1600 1650 
1650 1650 
1650 1650 
1650 1650 
1650 1650 
1550 1650 
1550 1650 
1550 1650 
1550 1650 
1600 1(50 
1600 1650 
1600 1650 
1600 1650 
1650 1650 
1650 1650 
1650 1650 
1650 1650 
1550 1650 
1550 1650 
1550 1650 
1550 1650 
1600 1650 
1600 1650 
1600 1650 
1600 1650 
1650 1650 
1650 1650 
1650 1650 
1650 1650 
1550 1650 
1550 1650 
1550 1650 
1550 1650 
1600 1650 
1600 1650 
1600 1(50 
1600 1650 
1(50 1650 
1650 1650 
1650 1650 
1650 1650 
1550 U50 
1550 1650 
1550 1(50 
1550 1650 

110 
110 
110 
110 
100 
100 
100 
100 
110 
110 
110 
110 
110 

110 
110 

110 
110 
110 
110 
110 
125 
125 
125 
125 
110 
110 
110 
110 
110 
110 
110 
110 
110 
110 
110 
110 
110 
110 
110 
110 
110 
110 
110 
110 
110 
110 
110 
110 

5 .63 T C " V 6149 170 120 0 0 0 

5 .63 T C V 6149 170 140 0 0 0 

5 .63 T C V 6149 170 136 0 0 0 

5 .63 1 C V 6149 170 • 181 0 0 0 

5 .63 T C V 6149 170 119 0 0 0 

5 . 6 3 T C V 6149 170 158 0 0 0 

5 .63 T C V 6149 170 157 2 0 0 

5 . 6 3 T C V 6149 170 158 i 0 0 

5 . 5 0 T C V 6149 170 145 2 0 0 

5 .50 T C V 6149 170 160 0 0 0 

5 . 5 0 T C V 6149 246 148 0 0 0 

5 . 5 0 1 C V 6149 246 . 166 0 0 0 

5 .63 T C V 6149 246 152 0 0 0 

5 . 6 3 T C V 6149 246 157 0 0 0 

5 . 6 3 T C V 6149 246 80 ' 0 0 0 

5 . 6 3 T C V 6149 246 155 0 0 0 

5 . 6 3 T C V 6149 246 153 0 0 0 

5 . 6 3 T C V 6149 246 163 0 0 0 

5 . 6 3 T C V 6149 246 158 2 0 0 

5 . 6 3 T C V 6149 246 155 0 11 0 

5 . 5 0 •r C V 6149 136 164 0 2 0 
5 . 5 0 T C V 6149 136 167 0 0 0 

5 . 5 0 1 c V 6149 136 144 0 0 0 

5 . 6 3 T c V 6149 136 150 0 5 0 
5 . 6 3 T c V 6149 136 155 0 0 0 

5 . 6 3 1 c V 6149 136 158 0 0 0 
5 . 6 3 T c V 6149 136 164 0 0 0 
5 . 6 3 T c V 6149 136 162 0 0 0 
5 . 6 3 1 c V 6149 136 135 0 0 0 
5 . 6 3 T c V 6149 262 162 0 0 0 

5 . 6 3 T c V 6149 . 262 160 0 0 0 

5 .63 T c V 6149 262 163 0 0 0 
5 . 5 0 T c V 6149 262 149 0 0 0 

5 . 5 0 T c V 6149 262 149 0 0 0 

5 . 5 0 T c V 6149 262 173 0 1 0 
5 . 5 0 T c V 6149 262 149 0 0 0 
5 .63 1 c V 6149 262 182 0 0 0 
5 . 6 3 T c V 6149 262 90 0 0 0 
5 . 6 3 T c V 6149 132 125 0 0 0 
5 . 6 3 T c V 6149 132 144 ' 0 0 0 

5 . 6 3 1 c V 6149 132 147 0 0 0 

5 . 6 3 1 c V 6149 132 163 0 0 0 
5 . 6 3 T c V 6149 132 167 0 0 0 
5 . 6 3 T c V 6149 132 165 2 0 0 
5 .00 7 T c V 6149 132 162 4 0 0 
5 . 0 0 ? 1 c V 6149 132 162 1 0 0 
5 . 5 0 T c V 6149 132 149 0 0 0 
5 . 5 0 T c V 6149 132 162 0 0 0 

PART HEIGHT 
X-l X-2 X-3 

299.2 298.1 290.2 
297.0 297.0 297.1 
297.1 297.1 297.2 
297.6 297.8 297.3 
297.1 297.3 297.3 
297,4 297.4 297.4 
297.4 297.6 297.5 
297.1 297.0 297.1 
297.0 297.0 297.1 
297.6 297.5 297.6 
297.6 297.3 297.5 
297.2 297.2 297.4 
297.9 297.9 290.4 
297.3 297.1 297.7 
297.4 297.6 297.7 
297.6 297.4 297.3 
297.0 297.4 297.5 
297.6 297.7 297.6 
297.0 297.0 297.3 
297.1 297.0 296.9 
297.2 297.1 297.1 
297.1 297.1 296.9 
297.2 297.1 297.0 
296.9 297.2 297.2 
297.6 297.3 297.2 
297.3 297.3 297.3 
297.3 297.2 297.1 
297.0 297.2 297.4 
296.8 296.9 296.9 
297.0 297.2 297.3 
297.1 297.0 297.2 
297.1 297.2 297.2 
297.0 297.2 296.9 
297.2 297.2 297.1 
297.1 297.1 296.9 
296.7 296.7 296.7 
296.8 296.9 296.8 
296.3 296.6 296.6 
297.8 297.8 297.8 
296.7 296.6 296.6 
296.7 296,7 296.7 
297.0 297.1 297.1 
297.0 296.9 296.9 
297.3 297.4 297.6 
297.7 297.8 297.7 
298.2 298.2 298.0 
297.8 297.8 297.6 
297.5 297.4 297.4 

CYCLE TIME 
X-l X-2 X-3 

4 0 T 4 5 7 7 0 " 4 5 l f 
45.08 46.01 45.08 
45.05 44.00 45.09 
45.18 44.00 45.12 
45.03 45.27 45.06 
45.45 45.34 45.45 
45.30 45.70 45.58 
45.63 45.63 45.40 
45.13 44.54 45.31 
45.74 45.35 45.21 
45.19 44.27 44.45 
45.41 44.52 44.36 
45.81 46.83 45.16 
42.82 43.75 43.82 
43.98 43.43 43.12 
44.49 42.05 46.15 
43.84 44.40 43.37 
43.88 44.62 43.70 
43.90 44.20 44.65 
44.90 44.83 43.66 
43.18 42.82 42.26 
44.20 43.83 43.45 
43.18 42.37 42.16 
42.95 43.00 42.65 
43.59 39.57 42.15 
43.15 43.75 43.32 
43.35 43.41 43.82 
43.53 43.75 43.15 
43.44 43.76 43.64 
44.32 44.06 44.40 
44.22 43.77 43.45 
43.63 43.00 43.61 
42.74 42.70 42.18 
42.89 41.99 41.99 
43.57 42.47 42.20 
41.45 42.01 41.10 
43.06 43.68 43.15 
43.03 42.66 43.91 
43.88 42.71 42.61 
43.16 42.03 43.43 
43.98 42.67 43.61 
42.97 43.04 43.77 
43.14 43.28 43.66 
43.71 43.15 43.11 
43.24 42.17 42.30 
42.31 42.78 42.97 
42.38 41.90 41.91 
41.70 43.89 41.31 
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TART: SL front Hotel (PH 871-959B) 
HACH Ho: 14 Phase 2 Preijoplementation (With SPC; Mo Robot) 

IHJECT PRES PULL- BACK MAT'L WATER MATERIAL • J I REJECTS PART WEIGHT CYCLE TIME 
HIGH LOW BACK PRES FEED A 1 V/R LOT BOX CYCLES SHORT COSH MISC X-l X-2 X*3 X-l X*2 X-3 

\ W lisT oToT 110 5.63 T C V 6149 132 121 0 0 0 297.0 296.8 296.7 42742"4375T 4311 
1600 1650 0.02 110 5.63 T C V 6149 127 151 0 0 0 297.3 297.4 297.2 43.39 42.07 42.15 
1600 1650 0.02 110 5.63 T C V 6149 127 175 0 0 0 297.6 297.9 297.7 43.88 42.15 42.90 

Down - SCI closed loop process controller Installation, 
End data collection for preijoplementation with SPC/no robot. 

Avg. Cy 152 0.49 0.67 0 
Tot. Cy 2806 . Pop. Mean 297.3 43.69 

Pop. S.D. 0.4 1.21 
Pop. Max. 298.4 46.83 
Pop. Mln. 296.3 39.57 
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SITUATION: I am developing a scaling instrument to use in my 
dissertation research. I request your support in establishing face 
validity for the instrument. You have been selected because you 
have no prior knowledge of my dissertation research, and therefore 
can offer an unbiased opinion about the instrument. If you would 
agree to assist me, please examine the attached instrument, 
complete this form, and return it to me. Your cooperation is 
appreciated. 

1. NAME: 

2. TITLE: 

3. Which of the following statements most closely describes your 
use of Likert scales in your research? 
a. I have used Likert scales in more than 10 research 

proj ects. 
b. I have used Likert scales in at least 5 research projects. 
c. I have used Likert scales in less than 5 research 

proj ects. 
d. I do not use Likert scales in my research. 

4. Evaluate the attached instrument. Record your opinion about 
how well each item will measure the concept written in bold 
letters above the items. Your opinion is to be recorded using 
a 5 point scale with 1 representing the lowest face validity 
and 5 representing the highest face validity. 

Increasing Face Validity 

Concept: Feeling of 
control over the quality 
of work. 

Item 1 1 2 3 4 5 

Item 2 1 2 3 4 5 

Concept: Attitude 
toward management. 

Item 3 1 2 3 4 5 

Item 4" 1 2 3 4 5 

Concept: Attitude 
toward the company. 

Item 5 1 2 3 4 5 

Item 6 1 2 3 4 5 

THANK YOU 
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P rom 
Subl: 

INTEROFFICE MEMO 

SPC Coordinator Date: 1 May 1990 
Mfg. Consultant Copy: 

- 1267 Production Run 

The current run of E21619029C (1267) product is being made 
under SPC. We have revised the control limits to reflect 
current process capability. This has resulted in a lower 
center line (approximately $450 compound savings for this run 
alone) and a significantly improved process capability ratio 
(from 0.039 to 1.135 — ultimate goal is 1.33). You and 
Connie are reading and interpreting the charts regularly; you 
and I discuss the results frequently. I think the progress 
you are making in getting all the operators trained in the 
use of the control chart is excellent. 

I am also staying in touch with Barbara on any wire from this 

production run which is rejected by QC. To date, there have 

been two rejections: 

4/27 No Tag 2,000 ft at spooler for BAD TRAVERSE LAY 
4/30 2d shift 10,000 ft at extruder for SCRAPED JACKET 

The scrap loss amounts to approximately $444 plus extra 

downtime at the spooler. I offer the following course of 

action for your consideration whenever we have a QC reject on 

a product running under SPC. 

1) Find the bad wire and do not allow it to be scrapped 

until you complete this evaluation. 

2) Identify the date/shift/operator when the bad wire 

was run. 

3) With the operator's help, try to determine precisely 
why the defect occurred and what can be done to 
prevent its happening again. This should generally 
be handled in a positive way with the operator (ie 
how can we help you insure this doesn't happen again). 

4) Respond to the operator's input — ie if he 
identifies a particular cause for the defect, work to 
eliminate or at, least minimize the cause. 

5) Insure that all shifts are aware of the cause 
identified with a particular reject so we can all learn 
from the ONE defect — each of us will not have to 
experience the problem personally to learn from it. 

6) Release the defective wire for final disposition (eg 

scrap). 

Failure analysis is an important part of any improvement 

process. It is particularly valuable in an SPC environment 

if we view each defect as an opportunity to learn more about 

our process. Of course, our goal is to make this type of 

learning experience very infrequent. 
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Conn if- and Gordon analyzed the wire rejects by extruder 
and cause. Their roost recent analysis shows that extruder 
#6 generates the most scrap and the major cause is tangled 
wire. The take-up on this machine appears to be the 
problem. Gordonj Jim, and I discussed the problem on 5/22 
and decided to install the smaller (but worn) sheaves. 
This seemed to minimize the problem. Connie is repeating 
her reject analysis for this machine with the smaller 
sheaves. 

I also discussed a possible design for adjustable sheaves 
for #6 with Nghinh. He thought the concept was feasible, 
but made several improvements to the conceptual design. 
Gordon also had suggestions for simplifying the design. 
Adjustable sheaves could minimize cost and machine 
downtime while also reducing tangled wire rejects. 
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