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ABSTRACT

| N

] This research explored the relationships of supervisory and
individual variables to the productivity and job satisfaction of scientists
and engineers in a selected Air Force research and development labora-
tory.

Productivity was defined as quantity of output and was measured
across six different types of output. Job satisfaction was measured by
the Hoppock measure.

Supervisory and individual variables were measured by nine
demographic variables and the following measurement scales: '1) the

Supervisory Behavior Description Questionnaire (SBDQ), 2) the Leader

rf Reward Behavior Instrument (LRBI), and 3) The Rotter Internal-External
; ,

(I-E) Scale of Control of Reinforcement. These variables were then
tested for their relationships with the criteria.

The method was a questionnaire administered to the individual

scientist/engineer. Usable information was obtained on 326 civilian and
military scientists/engineers resulting in a sample of 272 nonsupervisory
sEientists/engineers and 54 group leaders. .

Factor analysis indicated, with the exception of the Ro\tfer 1B
scale, that the measurement scales were valid. The analysis of the Rotte_;

I-E scale indicated that the scale has questionable validity, is multi- N\

dimensional, and may be sensitive to population differences. k

viii i .
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7 For both the nonsupervisory scientists /engineers and the group
leaders, the following relationships were found. No relationship was
found between productivity and job satisfaction. Although higher educa-
tion, grade, and experience were associated with higher productivity, no
single predictor variable was shown to be significantly associated with ail
six of the productivity variables, including leader behavior and the Rotter
score. However, consideration and positive leader reward behavior were
positively related to job satisfaction. Education was found to be asso-
ciated to job satisfaction: positively for the nonsupervisory scientists/
engineers and negatively for the group leaders.

The total Rotter score was negatively associated with job satis-

faction for the nonsupervisory scientists /engineers.




PRODUCTIVITY AND JOB SATISFACTION IN
RESEARCH AND DEVELOPMENT:
ASSOCIATED INDIVIDUAL AND SUPERVISORY VARIABLES

CHAPTER 1L INTRODUCTION

e

L1 Overview

The questions of organizational (situational) determinants and/
or individual determinants of output and job satisfaction as they relate
to reward perceptions in a Research and Development (R&D) Organiza- 1
tion have been only recently investigated. The major portion of reward-
contingency research has been directed at the impact of monetary rewards :
on motivation and performance (Sims and Szilagyi, 1975). Additionally,
such topics as supervisory style, morale, employee satisfaction, com-
munications systems, etc., have been studied for a number of years
although these topics have not been thoroughly related to reward-contingency
research. However, the current government position on R&D is to get
more R&D for the dollars expended. Vincent (1972) identified this change
in R&D policy and recommended that "in order to get more R&D for the
dollars expended, it becomes imperative that management be able to iden-

tify factors which influence productivity".

The purpose of this research then is to investigate the relation-
ships among individual perceptions of reward - both as a generalized
expectancy and as a perception of leader reward behavior, and leader
behavior (supervisory style) as they relate to productivity and job satis=-

faction.




1.2 Statement of the Problem

What is the relationship between the productivity and job satis-
faction of AF R&D scientists /engineers and their generalized expectancy
of reward? Is the productivity and job satisfaction of scientists /engineers
related to their perception of leader reward behavior? Does a relation-
ship exist between the individual's generalized expectancy of reward and
the individual's perception of leader reward behavior? What effect does
the supervisory style have on productivity, job satisfaction, and the indi-
vidual's perception of leader reward behavior?

The basic problem can be related to the Lewinian field theory
whereby the work behavior of the individual was postulated to be a func-
tion of the individual and his environment, i.e., Behavior = f (individual
X environment) (McCarrey and Edwards, 1973). Thus, productivity and
job satisfaction can be thought of as being determined by both the indivi-
dual and the environment. The supervisor is the individual's main
contact with the environment: the supervisor controls the positive or
negative rewards which are given to the individual. Similarly, the
individual's expectancy of reward, both as a generalized and leader-
oriented concept impacts upon productivity and job satisfaction. The
goal then is to determine how certain management practices affect the

individual's perceptions and ultimately productivity and job satisfaction.




L3 Limitations

This study investigated AF R&D scientists /engineers only. It
was further limited to one AF laboratory and involved working level
scientists /engineers and group leaders. This policy included both
military and civilian personnel, but excluded all levels of management,
staff and administrative personnel, technicians, and trainees except for
the group leaders.

L4 Definitions

The following definitions serve to clarify the terms which will
be used throughout this report:

l. Internal: an individual who perceives positive and/or nega-
tive events as bcing a consequence of his own actions and thereby under
personal control.

2. External: an individual who perceives positive and/or nega-
tive events as being unrelated to his own behavior in certain situations
and therefore beyond personal control.

3. Initiating Structure (S): Reflects the extent to which an
individual is likely to define and structure his role and those of his
subordinates toward goal attainment. A high score on this di mension
characterizes individuals who play a more active role in directing
group activities through planning communicating information, trving

out new ideas, etc.




4. Consideration (C): Reflects the extent to which an individual
is likely to have job relationships characterized by mutual trust, respect
for subordinates' ideas and consideration of their feelings. A high score
is indicative of a climate of good rapport and two-way communication.

A low score indicates the supervisor is likely to be more impersonal in
his relations with group members.

S. Productive: an individual, who, based on the productivity
measures used in this research effort, produced one or more items of
output.

6. Nonproductive: an individual who, based on the productivity
measures used in this research effort, did not produce any outputin a
particular category.

LS Hypotheses

The following hypotheses were tested:

1. A positive relationship exists between productivity and job
satisfaction.

2. A positive relationship exists between productivity and an
internal.

3. A positive relationship exists between job satisfaction and

an internal.




4. A positive relationship exists between both productivity and
job satisfaction and positive leader reward behavior. A negative rela-
tionship exists between both productivity and job satisfaction and puni-
tive leader reward behavior.

S. A positive relationship exists between both productivity and
job satisfaction and the supervisory style of "Consideration".

6. A negative relationship exists between both productivity and
job satisfaction and the supervisory style of "Initiating Structure".

L6 Objectives

The following objectives will serve as guidance during this
research effort:

l. Using the developed survey. collect data on a sample of
scientists /engineers from an AF R&D laboratory.

2. Test the relationships among the following factors: produc-
tivity, job satisfaction, generalized expectancies for internal versus
external control of reinforcement, leader reward behavior, super-
visory style, and certain statistical control data such as education,
age, experience, etc.

3. By using the collected data, attempt to recommend certain
laboratory policies which would improve /maintain the current manage-

ment practices.
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CHAPTER 2. LITERATURE REVIEW

2.1 Introduction

There are many basic problems when one tries to study an area
such as productivity. First, there are many methods which may be
used to measure productivity. These various methods have certain
advantages dependent upon the circumstances. One must decide what
method best fits the situation dependent upon the desired result of the
measurement and the individuals being surveyed.

The second problem deals with both the organizational and indi-
vidual differences which impact upon productivity. There are a variety
of factors such as supervisory style, innovation, morale, satisfaction,
etc., which might affect the productivity of individuals and uldmately,
the organization. By necessity, these factors must be limited to allow
for a manageable research effort. In particular, the following factors
will be investigated in this research effort: supervisory style (leader
behavior), internal versus external control of reinforcement, and
leader reward behavior. Prior to reviewing the literature regarding
these factors, the concepts of productivity and job satisfaction must be
described as they relate to measures of these concepts.

2.2 Productivity
Many forms of identifying productivity are available. McCarrey

and Edwards (1973) list nine performance measures which are




dimensions of scientist performance: 1) productivity rank - order
scores (peers), 2) creativity rank - order scores (peers), 3) depart-
mental percentile score, 4) professional recognition score, 5) comm-
unications rank - order scores (peers), 6) quality of published work
(peer ratings), 7) originality of published work (peer ratings), 8) cita-
tion rate (number per paper), and 9) publications rate (number per
year). for purposes of this research, however, only output that can be
quantitatively identified will be used to represent a worker's productivity.
Although a qualitative assessment of R&D productivity is often more prac-
tical than a quantitative measure, quantity is easier to determine and
measure, and much less subjective (Hughes Study, 1974).

Due to the practicality of a quantitative measure and the ease
with data may be gathered, a quantitative productivity measure was used
in this study. The specific details of the productivity measure are des-
cribed in the following chapter.
23 Job Satisfaction

The basic factors of job satisfaction may be broken into two types:
those characteristics of the individual and those characteristics of the
job. As factors associated with job satisfaction, these factors incor=-
porate the personal characteristics of each individual and the organiza-

tional characteristics of each job.




In particular, the individual characteristics of age, education,
intelligence, sex, occupational level and individual differences have
been investigated as they relate to job satisfaction (Fournet, 1966).
Various research efforts have concluded that each of these character-
istics can have considerable impact on an individual's job satisfaction.
For example, some research indicates that satisfaction or morale
increases as the job level progresses (Fournet, 1966). This research
indicates that a Maslow-type satisfaction of different needs may be pre-
sent which progression from lower job levels to higher job levels
satisfies.

In contrast to individual characteristics, many studies have
indicated that the work situation has tremendous impact on job satis-
faction. Some factors which have been related to job satisfaction include
organization and management, immediate supervision, social environ-
ment, communication, security, monotony, and pay. Job satisfaction
could depend, in part, upon the effect of these factors by the extent to
which they lower or increase the worker's self-evaluation (Vroom, 1962).
- In an attempt to capture the individual's job satisfaction, Hoppock
in 1935 formulated a four question measure for job satisfaction. The
intent of the four questions was to capture various aspects of an indi-
vidual's satisfaction with his job in a global rather than specific measure

of job satisfaction.
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. The validity and reliability of this measure has been fairly well
established. Using a data base of over 28, 000 responses, McNichols,
Stahl, and Manley (1976) found that Hoppock's measure appears to be
a meaningful global measure of an employee's perception of his job
satisfaction over a wide range of organizations. In particular, it was
found that "... the measure performs consistently when applied to a
variety of sample populations including many different job categories,
organizational levels and demographic groupings'.

Thus, the Hoppock measure of job satisfaction was used in this
study. The specific details of the measure are described in Chapter 3.

2.4 Leader Behavio_r

Among some of the large scale psychological research programs
on leader behavior, one which had considerable i mpact was conducted
at Ohio State University during the period 1945-1956. This research
revealed two basic dimensions of leader behavior in the formal organi-
zation, "Consideration' and "Initiating Structure'. These basic
dimensions were derived from the initial investigation of eleven dim-
ensions of leader behavior descriptions (Stogdill and Coons, 1957).

As a result of the research effort, it was found that leader behavior
could be described in the dimensions of "Consideration" and "Initiating

Structure".




The leader behavior research resulted in three separate devices
to measure the behavior: the Leader Behavior Description Question-
naire, the Supervisory Behavior Description Questionnaire, and the
Leadership Opinion Questionnaire. All questionnaires rely upon the
"Consideration" and "Initiating Structure' concepts, but approach the
measurement of leader behavior from different avenues.

The Leader Behavior Description Questionnaire (LBDQ) is a
measurement of the subordinate's perception of leader behavior ori-
ginally containing 150 questions. The Supervisory Behavior Description
Questionnaire (SBDQ) was developed by Fleishman containing 48 ques-
tions for use in industry.

A recent study by Szilagyi and Keller (1976) has shown the
SBDQ to be a "better measure" than the LBDQ by using concurrent vali-
dity analysis. Although no significant differences were found in corre-
lation with the leader consideration dimension, there were significantly
different results reported in the leader initiating structure di mension
with the SBDQ being more valid.

In contrast to the LBDQ and SBDQ, the Leadership Opinion Ques-
t-ionnaire (LOQ) approaches the measurement from a different perspec-
tive. The LOQis a Likert-type attitude scale which assesses leadership
attitudes. Each supervisor is asked not to indicate how he performs
in the work situation but how he believes he should perform (Stogdill

and Coons, 1957).

10




The design of all questionnaires is to provide independent meas-
ures of ""Consideration” and "initiating Structure'. The scales for
these two dimensions have been shown to be reliable and independent in
a wide variety of situations (Stogdill and Coons, 1957). Thus, due to
the rating of the SBDQ as a "better measure”, it will be used in this
study. Addirionally, however, there is yet little evidence of the predic-
tve validity of these two dimensions nor the kinds of situational variables
which might effect such validity (Korman, 1966).

In an attempt to capture the situational variables which affect the
predictive validity of these dimensions, Kerr found that the variables
which moderate the validity of the leader behavior prediction are the fol-
lowing: subordinate need for information, job level, subordinate expec-
tations of leader behavior, perceived organizational independence, leader's
similarity of attitudes and behavior to managerial style of higher manage-
ment, leader upward influence, and the characteristics of the task (Kerr,
1974). Thus, the relationship between leader behavior, employee atti-
tudes, and job performance is substantially affected by the organization
in which the leadership takes place.

Since the supervisory style has considerable impact on produc-
tivity and job satisfaction, this concept was investigated using the SBDQ.
The specific details of this measure are discussed in the following

chapter.
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2.5 Internal Versus External Control of Reinforcement

Various research efforts have been conducted which have con-
cerned themselves with man's ability to control his personal environment.
In particular, the role of reinforcement, reward, or gratification is
recognized as a crucial one in the acquisition and performance of skills
and knowledge (Rotter, 1966). One of the research efforts in this
regard is the Internal-External Control of Reinforcement described by
Julian B. Rotter.

Rotter's theory is based on a general principle that: "Internal
control refers to the perception of positive and /or negative events as
being a consequence of one's own actions and thereby under personal
control; external control refers to the perception of positive and/or
negative events as being unrelated to one's own behavior in certain situ-
ations and therefore beyond personal control" (Lefcourt, 1966). Thus,
the basic theoretical background for Rotter's Internal-External concept
is that a reinforcement acts to strengthen an expectancy that a parti-
cular behavior or event will be followed by that reinforcement in the
future. If the reinforcement is perceived to be contingent upon the
{ndividual's own behavior, reward or punishment in the future will be
seen as causally related to past behavior. Likewise, if the individual
senses no relationship between behavior and reward or punishment, the
reward or punishment will be perceived to be beyond the individual's

control. Thus, Rotter (1966) hypothesized that "depending upon the

12
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individual's historv of reinforcement, individuals would differ in the
degree to which they attx-ibﬁted reinforcements to be their own actions".

The items in the Internal-External (I-E) scale deal exclusively
with the individual's belief about the nature of the world, that is, the
items are concerned with the subject's expectations about how rein-
forcement is controlled.

In general, most studies have reported an unusually consistent
set of findings. The validity and reliability of the I-E scale has been
extensively tested and on the whole, substantiated the concept's useful -
ness in several areas. Data tends to support Rotter's contention that
the internal-external control theory is a generalized expectancy opera-
ting across many situations (Joe, 1971).

Due to the possible impact of the feelings of power /powerlessness
which are entailed in the I-E concept, this concept was investigated in
the study. The specific details of the I-E scale are described in
Chapter 3.

2.6 Leader Reward Behavior

In 1971, W.E. Scott, A.]. Reitz, and R.D. Johnson developed an
instrument which is designed to measure the degree to which the sub-
ordinate perceives that the rewards, or outcomes (positive or negative),
he receives through his supervisor reflect his performance, or accom-

plishments, on the job. The instrument is based on two dimensions:

13
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"positive reward behavior", representing the relatdonship between good
performance and leader-administered rewards such as recognition and
pay increases, and "punitive reward behavior", representing the rela-
tdonship between low job performance and leader corrective behavior
(Johnson, 1973).

In a study conducted in a major midwestern university's medical
center using the instrument, it was found that across all occupational
skills, there was a relationship between job satisfaction and positive
leader reward behavior. However, in relation to job satisfaction and
punitive reward behavior, varying relationships existed across occupa -
tional skills (Sims and Szilagyi, 1975).

The effects of leader reward behavior were found by Stevens (1976)
to have an association with productivity in an AF research and develop-
ment laboratory. For this reason, the Leader Reward Behavior instru-
ment was used in this study and its specific details are described in
Chapter 3.

a7 Theory Relationships

One commonly held view of supervision for R&D engineers is that
the supervisor should do little except keep out of the way of his subordi-
nates. This viewpoint indicates that the soundest wav to encourage high
achievement is to secure good people, give them good equipment, and
then leave them alone. However, current results show that this view-

point may not be entirely accurate.
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In a research effort conducted by Pelz, it was found that producti-
vity was highest when independence from the supervisor is combined with
frequent contact with him, that is, when the individual has frequent inter-
action with the supervisor, but also has considerable voice in the final
decisions (Pelz, 1956). Additional support for such a theory is from
Lawler and Hall who conclude that the more the engineer feels he has
control over what goes on, the more he feels his job allows him to be
creative and satisfying (Lawler and Hall, 1967).

In light of these conclusions, what would one expect from a survey
of R&D engineers using the SBDQ? In general (placing aside individual
differences between engineers), one would expect that R&D engineers in
a laboratory would perceive their supervisor as being rather low or mode-
rate in "Initiating Structure" and high in "Consideration". Thus, the
supervisor would provide an environment characterized by mutual trust,
respect for his subordinates' ideas, and consideration of their feelings,
while taking a less active role in structuring the roles of his subordinates
toward goal attainment. One would expect an unsuccessful supervisor to
exhibit or be perceived by his subordinates as exhibiting behavior contrary
to that described above. This point is consistent with Stogdill and Coons
(1957), with Hill and Hunt (1973), and with Bradwhat (1970), whose data
showed respondent preference for structure to diminish at higher organi-
zational job levels. Additionally, Bradshaw (1970) found preference for
consideration to be relatively constant across different organizational
levels.
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However, could the individual's perception of his supervisor be
based on some other factor such as the individual's expectancy of inter-
nal versus external control of reinforcement or the leader's perceived
reward behavior? This author believes that the individual's self-
conception would impact greatly on his perception of his supervisor.
Additional studies tend to support this expectation. The individual who
perceives that he has control over what happens to him may conform or
may go along with suggestions when he chooses to and when he is given
a conscious alternative. However, as indicated in one study, if such
suggestions or attempts at manipulation are not to his benefit or if he
perceives them as subtle attempts to influence him without his aware-
ness, he reacts resistively (Rotter, 1966). Thus, if a supervisor

were attempting to slightly structure the work situation, the internal

may perceive the supervisor in a negative sense of "Initiating Structure".

Additionally, Evans (1973) found that people with a high internal orien-
tation (on the I-E scale) have stronger consideration relationships than
do people whose orientation is external.

In this same vein, one could hypothesize that most engineers
should express internal tendencies. If this hypothesis is correct, the
series of studies provided by Rotter (1966) express strong support for
the hypotheses that an internal is likely to:

(a) be more alert to those aspects of the environment which pro-
vided useful information for his future behavior;
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(b) take steps to improve his environmen.tal condition;

(c) place greater value on skill or achievement reinforcements
and be generally more concerned with his ability, particularly his fail-
ures; and

(d) be resistive to subtle attempts to influence him.

If these hypotheses are valid, the implications for successful leader
behavior in an R&D laboratory are evident, assuming most individuals
are internals.

Additionally, as suggested by the work of Sims and Szilagyi (1975),
the internal who has the desire to control his future will probably react
favorably to a supervisor who he perceives to be high in positive reward
behavior. As stated by Lawler and Porter (1967), ... the greater the
value of a set of rewards and the higher the probability that receiving
each of these rewards depends upon effort, the greater the effort that

will be put forth in a given situation"”. The subordinate's perception of

his chance of receiving rewards should i mpact both on job satisfaction

and productivity. Thus, the combined effect of leader behavior, internal-

external theory, and leader reward behavior for R&D engineers are far-
reaching.

If most engineers are internals, they would show more overt
striving for achievement than externals who feel that they have little
control over their rewards and punishment. This hypothesis has been

substantiated and internals tend to manifest greater interest and effort
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in achievement-related activities than do externals (Lefcourt, 1966).
In some respects, Rotter's internal-external concept and the leader
reward behavior concept could be compared to a theory advanced by
Vroom of ego involvement. In this theory, the degree of job involvement
(an apparent correlation between involvement and leader behavior can be
drawn) for a particular person was measured by his choice of "ego"
rather than extrinsic factors in describing sources of satisfaction and
dissatisfaction on the job. A person was described as ego-involved in
a task or job to whatever extent his self-esteem (or internal character-
istics) is affected by his perceived level of performance (Vroom, 1962).
Vroom found that persons high in ego-involvement were rated higher in
job performance than those with low ego-involvement. Thus, one could
hypothesize that an internal who perceives his rewards as based on his
own actions would tend to be more ego-involved in a work setting.
Vroom (1962) discovered that individuals ego-involved in their jobs
were more affected by the extent to which their jobs gave them an oppor-
tunity for self-expression and that the greater the opportunity for self-
expression, the greater the job satisfaction and productivity.
Additionally, studies have shown that job satisfaction and produc-
tivity is congruent with the immediate supervisor's personal support and
interest for the worker (Fourmet, 1966). This result would tend to sup-
port the hypotheses that in an R&D laboratory, the successful supervisor

would be rated high on the "Consideration" dimension.
g
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Thus, itis clear from the previous studies that productivity and

job satisfaction might be affected by such factors as supervisory behavior,
leader reward behavior, and the individual's perception of his control of
reinforcement. The methods which were used to identify the relation-

ships among these factors are described in Chapter 3.
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CHAPTER 3. METHODOLOGY

3.1 Introduction

The purpose of this chapter is to 1) discuss the survey technique
which will be used, 2) describe the samp le, 3) describe the distribution
method, 4) describe the questionnaire's structure, 5) describe the meas-
urement scales, 6) list the variable abbreviations, and 7) discuss the
analytic methods which will be used to analyze the data.

3.2 Survey Technique

The use of a questionnaire as a data collection technique is fairly
commonplace in the study of productivity and job satisfaction. Addition-
ally, the need for a large volume of data in a relatively short period of
time was the primary factor involved in selecting the questionnaire over
other data collection techniques. There were 540 scientists /engineers
selected to participate in this survey and they were allowed four weeks
to complete and return the questionnaire.

Due to the nature of some questions, the question of anonymity
was satisfied by the survey technique. Personal data on each respon-
dent was obtained by some demographic questions which did not allow
for identification of specific respondents. Additionally, the response
rate and validity of responses tend to be higher when anonymity is

insured for the respondents.
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Some of the inherent disadvantages of the survey technique are
response rate and the respondent's psychological feelings about involve-
ment. Each of these disadvantages was partially compensated for by
the location of the survey participants. Additional action was taken to
further compensate for these disadvantages.

To insure a response rate which would permit a meaningful
analysis of the data, the complexity of the questionnaire was reduced as
much as possible, although this factor could still limit the number of
responses. Additionally, the Commander of the laboratory surveyed
was personally interested in this study and signed a cover letter which
w as attached to the questionnaire requesting each respondent's assist-
ance in supporting this research effort. Appendix A contains these
letters.

The second disadvantage of the survey technique was partially
modified by the involvement of top management in this research effort.
Besides providing a charge number for the time involved in completing
the survey, the Commander's letter promised a short summary of the
survey results to all interested participants. The questionnaire also
contained a letter from the researcher stating that each participant was
welcome to contact the researcher on any questions that might arise.
Additionally, space was provided in the questionnaire for comments

concerning the scope, intent, and length of the questionnaire.
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To insure that the questionnaire was returned in time for appro-
priate analysis, a deadline was imposed on the respondent. A date was
identified which allowed the participants four weeks to return the com-
pleted questionnaires. It was felt that this time period was long enough
to include most periods of worker absenteeism, including vacations.

3.3 Sample

Support for this research was provided by the Air Force Flight
Dynamics Laboratory (AFFDL) at Wright-Patterson Air Force Base,
Ohio. As previously indicated, laboratory management actively sup-
ported this research. In addition, a sufficient number of scientists/
engineers existed within this laboratory to provide a good data base.

The AFFDL administrative offices provided the necessary per=-
sonnel information to identify specific individuals to receive the survey
questionnaire.

Since the intent of the research was to survey primarily first-
line supervisors and nonsupervisory scientists /engineers, 540 scien-
tists /engineers were identified out of approximately 1000 people working
in the laboratory. These individuals were identified by using laboratory
personnel rosters and included all individuals which meet the above

survey criteria.
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3.4 Distribution

On 8 April 1977, 540 questionnaires were distributed to the five
divisions within AFFDL. By 22 April 1977, the response rate was 53
percent and gradually leveling off. By the cut-off date, 1 May 1977, 6l.1
percent of the questionnaires had been returned.

Four of the returned questionnaires were deleted from the survey
analysis due to the respondents failure to complete any of the measures.
These deletions resulted in 326 questionnaires (60. 4 percent of the sur-
vey sample) being included in the final data analysis.

The 326 questionpaires consisted of 273 questionnaires with no
missing data and 53 questionnaires with some missing data. The missing
data was generally restricted to one of the parts, basically the Rotter
I-E scale, for any one respondent and provided useful data in the anal-
ysis of chﬁzether completed parts. The impact of excluding the 53
questionraires was considered more critical than the impact of the
missing‘data on the analysis.

& Due to the missing values, some analysis is based on a sample
size of 326 while some analysis is based on a sample si7e as low as 214.
Additionally, the group leaders accounted for 54 of the returned ques-
tionnaires. The sample size which is pertinent for a particular analysis

is included in the discussion of the results.
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3.5 Questionnaire Structure

The questionnaire used in this study consisted of five previouslv
validated and reliable instruments. The first draft of the question-
naire consisted of the following sections: output/productivity and demo-
graphic questions, Rotter's I-E scale, Hoppock's Job Satisfaction measure,
and the Supervisory Behavior Description questionnaire.

Further analysis and discussion of this draft resulted in the modi-
fication of some of the statistical and demographic questions and the
addition of two sections dealing with leader reward behavior and a man-
agement development program currently being implemented in the
laboratory at the request of the laboratorvy management.

The final questionnaire consisted of five main parts plus two
cover letters (see Appendix A). Parts A, B, and C were similar to
the draft questionnaire and consisted of the following question categories:
output/productivity and demographic information, Rotter's I-E scale, and
Hoppock's Job Satisfaction measure.

Part D was maodified to include both the Supervisory Behavior
Description questionnaire and the added Leader Reward Behavior instru-
;nent. This part required the respondent to identify his perceptions of
his supervisor's management behavior and his supervisor's reward
behavior.

Part E was added at the request of laboratory management as a
means to determine the respondent's awareness of the team development

program currently being conducted in the laboratory.
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Due to the proven validity and reliability of the instruments used
in the questionnaire, no pretest of the questions readability and compre-
hensibility was felt to be necessary.

The details of these measurement scales are discussed in Section
3. 6.

3.6 Measurement Scales

Several measurement scales were used throughout this question-
maire, basicallyﬁorresponding to the different instruments which were
contained within. The purpose of this section is to describe the various
scales used in the questionnaire. The measurement scales which are des-
cribed in turn are:

1)  Output/productivity;

2) Rotter's I-E scale;

3) Hoppock's Job Satisfaction measure:

4) the Sﬁpervisory Behavior Description Questionnaire; and

5) the Leader Reward Behavior Instrument.

3.6.1 OQutput/Productivity

The output measurement was a quantitative measure only and
was similar to the measure used at AFFDL by Stevens (1976). As
indicated in Table I, the productivity of each respondent is determined
by the idem:iﬁcatioﬁ of the quantity of each output category over the past

two years. All outputs are treated separately in any analysis.
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TABLE 1
Output/Productivity Categories

Variable
Number Qutput Included
| Published Papers in Technical or Professional Journals
2 Unpublished Manuscripts
3 Technical Reports
4 Technical Memorandums
5 New or improved processes, products, and techniques,
and patents or patent application.
6 Hardware /software specifications, test reports, test
plans, statements of work, requests for proposal
7 Oral presentations to technical or professional audiences

The output/productivity section of the questionnaire can be refer-
red toin Appendix A, Part A, Section L.
3.6.2 Rotter's I-E Scale

Rotter's I-E scale is a forced-choice, 29 item battery consisting
of 6 fillers and 23 questions which are summed for a total score. The
scale is designed to find out the way in which certain important events in
our society affect different people. As a measure of personal belief,
there are no right or wrong answers to the Rotter questions, however, a
low score indicates that the person feels he has control over his rewards
while a high score indicates that the person feels he has little control

over his rewards.




The [-E scale, contained in Part B of the questionnaire, was deter-

mined by Rotter (1966) to be one dimensional. Additional studies, how-

ever, by Cherlin and Bouque (1974) and Gurin (1969) have indicated that §
the scale is multidimensional. The analysis of this question will be i
discussed in the section on analytic methods.

3. 6.3 Hoppock's Job Satisfaction Measure

Hoppock's job satisfaction measure is a four-question survey .
which deals with the respondent's perceptions of his job. Using a seven
point Likert-type scale, the answers to each question are scored from 1
to7. The individual answers are summed to arrive at a total score whose
value then ranges between 4 and 28, with the lower scores indicating les<
job satisfaction.
The Hoppock measure is Part C of the questionnaire. It has been
shown to be a global measure of job satisfaction which is relatively easy
to administer and is highly valid and reliable (McNichols, Stahl, and
Manley, 1976).

3. 6.4 Supervisory Behavior Description Questionnaire (SBDQ)

The SBDQ, contained in Part D of the questionnaire, was developed
1;y Edwin A. Fleishman and was based on the "Consideration' and "Init-
iating Structure" format resulting from the Ohio State studies in the
1950s. The SBD is a 48 item questionnaire where each item is scored

from O to 4, dependent upon the response. The "Consideration" portion

(SBDQC) of the questionnaire consists of 28 questions for a range of
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possible scores of O to 112, while the "Initiating Structure" portion
(SBDQI) consists of 20 questions for a range of possible scores of O to
80.

Evidence that each portion of the SBDQ is valid and reliable was
presented by Fleishman (1957) where most of the items assigned to each
portion had high loadings with that dimension and insignificant loading
with the other dimension.

3. 6.5 Leader Reward Behavior Instrument

The Leader Reward Behavior Instrument, contained in Part D of
the questionnaire, is a 22 item instrument dealing with a subordinate's
perception of his supervisor's use of a reward svstem. Developed by
Scott, Reitz, and Johnson in 1971, the Leader Reward Behavior Instrument,
which utilizes a seven-point Likert scale, consists of two portions: the
Leader Reward Behavior Positive (LRBP) and the Leader Reward Behavior
Punitive (LRBN). The LRBP consists of 16 questions for a total range
of possible scores of 16 to 112, while the LRBN consists of 6 questions
with a range of possible scores of 6 to 42.

The technique of factor analysis is used to test the dimension-
ality of this instrument and is described in Section 3. 8.

3.7 Variable Abbreviations

Table II lists the different sections identified in the questionnaire
and their associated variables and variable abbreviations used for anal-

ysis purposes.
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TABLE II
Variable Abbreviations

Variable
Category and
Abbreviation

Variable Title

Demographic Control Variables

AGE
GRADE
YRRSEC
YRSIS
EDCTN
NCWR
NCWD
CONM
YEXP

Productivity
PVAR 1
PVAR 2
PVAR 3
PV;‘\R 4
PVAR 5
PVAR 6
PVAR 7
Group Leader
GPL

I-E Scale

R1 to R29
ROT

Age

Civilian grade or military rank

Actual years in section

Actual years under immediate supervisor
Level of education

Percent of current work in research

Percent of current work in development
Percent of current work in contract monitoring
Years of scientific /engineering experience

Published papers in professional /technical journals
Unpublished manuscripts

Technical Reports

Technical Memorandums

New or improved processes, products, and techniques,
and patents or patent application

Hardware/software specifications, test reports, test
plans, statements of work, requests for proposals

Oral presentations to technical or professional audiences

Identification of group leaders

Rotter's 29 questions
Rotter's total summed score
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TABLE II
(continued)
Variable
Category and
Abbreviation Variable Title
Job Satisfaction
HI to H4 Respondent's score for each Hoppock question
HOP Job satisfaction summed score
Supervisory Behavior
S1 to S48 Respondent's score for each SBDQ question
SBDQC Consideration total score
SBDQI Initiating Structure total score
] Leader Reward Behavior
L1 to .22 Respondent's score for each leader reward behavior
question
LRBP Positive reward behavior total score
LRBN Punitive reward behavior total score
Team Development
AWARE Awareness of team development program
PART Participation in team development program
MILCIV Identification of Military Respondents

3.8 Analytic Methods

The objectives which were introduced in Chapter [ dictate the

use of certain analytic techniques.

Many of the variable relationships require relatively simple stat-

istical techniques while others require more complex and detailed
analytical techniques. The following analytical techniques were iden-

tified for application to the survey data. [In addition, the techniques
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were available in local computer facilities through the Statistical Package
for the Social Sciences (SPSS).

Due to the fact that the group leaders are included in survey data,
analysis of the data required the application of the analytical techniques
to both the nonsupervisory group and the group leaders as two separate
and distinct groups.

Additionally, a commonly held practice requires at least one data
point for each estimated parameter. For this reason, certain analytical
techniques could not be aprlied to all the data. Techniques where the
amount of data points did not satisfy this requirement are identified in
subsequent sections.

3.8.1 Frequencies and Statistics

Means, standard deviations, frequency of responses, and the
number of valid data responses was identified for each variable, where
appropriate, using the statistical routines available in SPSS. This anal-
ysis allows a quick check for the data's distribution and the appropriate-
ness of the responses.

3.8.2 Factor Analysis

Each of the instruments in this questionnaire have been factor
analyzed in other studies. In particular, Rotter's I-E scale and the
Leader Reward Behavior ins‘rument have been investigated for their

dimensionality. For this reason, factor analysis was applied to the
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survey data to test for the dimensionality of each of these measures for
this sample.

The SBDQ could not be factor analyzed because the amount of data
was not large enough to meet the aforementioned restriction.

There are three decisions to be made when utilizing factor anal-
ysis. The method of factor analysis, the method of axis rotation, and the
decision rule to apply to the initial factors must be identified.

The SPSS manual identifies five factor analysis methods. Princi-
pal factoring without iteration was selected as the factor analysis tech-
nique for this research because of its frequency of use in this type of
research and the recommendation of the writers of the SPSS manual to
those individuals who are unfamiliar with factor analysis methods (Nie,
et al, 1975).

The VARIMAX orthogonal method of rotation was also selected
because of its frequency of use and the same recommendations by the
authors of the SPSS manual.

Harman (1976) identifies two decision rules to apply to select
factors which have any practical significance. These decision rules are:
1) the scree rule, and 2) the rule which proscribes retaining a number
of factors equal to the number of principal components whose eigenvalues
are greater than one. For purposes of this study, only the second deci-
sion rule was used to select significant factors because of its frequency

of use.
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3.8.3 Correlation Analysis

The next step in the analysis process was a general check of the
linear relationships between the variables in Table [I. For those vari-
ables approximated by a normal distribution, the Pearson Product-
Moment correlations were calculated using the appropriate SPSS routine.

[t was expected that the productivity variables would not approxi-
mate normal distributions (Stevens, 1976), therefore, nonparametric
techniques within SPSS were used to calculate variable correlations.

For purposes of this research, if nonparametric correlations are re-
quired, the Spearman correlation coefficients were calculated and used
for determining variables relationships.

3.8.4 Regression Analysis of Predictor Variable

Once the degree of linear correlation between variables had been
determined, an investigation was made on the amount of variance dis-
played by the criterion variables. Due to the expected nature of the
productivity distributions, regression analysis was used to analyze only
the job satisfaction variable.

Although a number of regression techniques are available, for-
v)ard stepwise inclusion was selected as the most appropriate regression
method for this analysis. Forward inclusion was used on the job satis-
faction variable with the individual variables and supervisory variables

serving as the predictor variables.
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Due to the small number of data points available on group leaders,

regression analysis was not used to analyze the job satisfaction of these

individuals.

3.8.5 Test of Means

As a result of the analysis it is hoped that distinctions may be
made between productive and n productive individuals. In an attempt
to determine differences within laboratory groups, tests of means were
utilized to test for differences in the individual and supervisory variables
between the productive and nonproductive groupings.

Due to the robustness of the t test (Boneau, 1960), this test was
used to test for significant differences between means for both the pro-
ductive and nonproductive nonsupervisory scientists /engineers and for
both the productive and nonproductive group leaders.

3.8.6 Discriminant Analysis of Productivity

The final analysis technique used was discriminant analysis. This
analysis was based on a collection of variables and was an attempt to
derive discriminant functions which could allow the classification of the
RONsSuUpervisory scientists /engineers into productive and nonproductive
categories.

Although a number of reasonable SPSS techniques existed, vari-
ables which minimized the Wilk's lambda were selected with an F cri-
terion of 3.0 established for both inclusion and deletion of variables.

Finally, the prior probabilities used in this study were based on group size.
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For the reader unfamiliar with the discriminant analysis results,
the maximum chance criterion was provided in the results as a guide to
the merit of the discriminant function classification results (Morrison,
1969).

Discriminant analysis was not applied to the group leaders be-

cause of an inadequate sample size for the technique.




CHAPTER ¢

RESULTS

4.1 Overview of Analysis

4.2

4.3

4.4

Due to the large amount of analysis performed on the question-
naire data, the results of the analysis will be presented in a manner which
allows a logical flow from the analysis of one area to related areas. Addi-
tdonally, the amount of the results was increased because of the need to
divide the sample into nonsupervisory scientists/engineers and into group
leaders. Separate results will be presented for the two groups. For
these reasons the following outline will serve as a guide to the analvsis

results presented in this chapter:

Introduction
4. 2.1 Deleted Variables
4. 2. 2 Statistical Characteristics of the Respondents

Dimensionality of the Measurement Scales
4.3.1 Rotter's I-E Scale
4.3.2 Leader Reward Behavior Instrument

nalysis of Productivity Variables
Productivity Statistics
Correlations Between Qutput Variables

Analy

4.4.1

4.4.2

4.4.3 Correlations Between Productivity and Demographics

4.4.4 Correlations Between Productivity and Predictor

Variables

4.5 Tests of Means Between Productive /Nonproductive

Categories

4.4.5.1 Tests of Means Based on Demographic
Variables

4.4.5.2 Tests of Means Based on Predictor
Variables

4,4.6 Discriminant Analysis of Productivity Variables
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4.5 y
1 Job Satisfaction Statistics
2 Correlations Between Job Satisfaction and Demographics
3 Correlations Between Job Satisfaction and Predictor
Variables
4 Regression Analysis
4.6 Analysis of Team Development Questions
4.7 Summary of Results: Hypotheses Tested
4.7.1 Comparison for Nonsupervisory Scientists /Engineers
4.7.2 Comparison for Group Leaders
4,2 Introduction
A preliminary analysis of the returned questionnaires resulted in
the deletion of one productivity variable from further analysis. In addi~-
tion, the productivity variables were approximated, as expected, more by
an exponential than a normal distribution. As a result of these distributions.
the nonparametric Spearman correlation coefficient was calculated for the

productivity variables.

4. 2.1 Deleted Variables

One productivity variable was deleted from further analysis due to
the questionable validity of a number of responses. The variable "oral
presentation to technical or professional audiences” (PVAR 7) appeared
to be interpreted differently than was originally intended by the researcher.
The actual number of such presentations reported by some of the respon-
dents was inordinately high for a two year reporting (for example, fifty
presentations). Since this variable was designed to measure "'oral pre-

sentations' at professional symposiums, it was clear that this variable

37




was not interpreted by the respondents as it was originally designed and
thus, deletion was valid for this variable.

This inflated productivity value could have been caused by either
the respondents reporting productivity for a time period greater than a
two year reporting period or by including any form of briefing or presen-
tation as a part of this output.

The former problem was taken into account during the initial anal-

ysis of the questionnaire. A maximum number of fifteen published papers.

ten unpubli shed manuscripts, 20 technical reports or technical memoran-
dums, 20 new or improved processes (PVAR 5) and 20 hardware/software
specifications (PVAR 6) was considered a reasonable maximum amount
which could be produced in a two year period. Respondents which ex-
ceeded these quantity values were deleted from any analysis dealing with
productivity as a relatively continuous measure, but were used in analysis
dealing with nonproductive or productive dichotomies. This deletion re-
sulted in the loss of three nonsupervisory scientists and engineers and one
group leaders for the correlation analysis and did not significantly affect
the results.

4. 2.2 Statistical Characteristics of the Respondents

Tables III and IV identify the general demographic characteristics

of the nonsupervisory scientists /engineers and of the group leaders sur-

veyed. The coding scheme for these variables may be found in Appendix B.
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TABLE III

Demographic Characteristics of the Respondents

Variable 1 Mean /Standard Deviation/Range
Abbreviations Nonsupervisory Group Leaders
N = 272 N = 54
AGE 36.6/9.1/22-64 42.4/6.5/31-64
YRSSEC 3. 9/8, 2 /027 7.6/6.8,0-26
YRSIS 3.5/4.0/0-20 2.8/3. 070-13
NCWR 32.0/37.2/0-100 16. 6/21. 4 /0-75
NCWD 55.9/39. 5/0-100 34. 3/33. 6/0-100
CONM 22.2/27.4/0-100 9.9/13.0/0-50
YEXP 12.0/8. 4 /0-38 17.9/7. 6/0-40

I See Table II for explanations of abbreviations
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4.3 Dimensionality of the Measurement Scales

In order to test the dimensionality of the measures for this sample,

principal factoring without iteration with varimax rotation was applied to
Rotter's [-E scale and the Leader Reward Behavior Instrument. The
following criteria were used throughout the factor analyses unless other-
wise noted: 1) the number of factors retained was equal to the number
of principal components whose eigenvalues were greater than one and

2) items were considered to "load" on a rotated factor if their loadings
on that factor were .40 or greater. In each case, previous studies pro-
vided data which allowed the comparison of the factor analysis conducted
on this sample with other research efforts.

4.3.1 Rortter's [-E Scale

In his formulation of the I-E scale, Rotter conducted two factor
analyses (Rotter, 1966). The first analysis, involving some 400 cases,
indicated that much of the variance was included in a general factor.
Several additional factors involved only a few items, and only a small
degree of variance for each factor could be isolated. A similar result
was obtained by Franklin (1963) where all of the items loaded signifi-
cantly on a general factor which accounted for 53% of the total scale
variance.

The Pearson product moment correlation coefficients obtained

by correlating the individual Rotter questions +re contained in Appendix C.
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These coefficients reveal that many questions were significantly inter-
related. A factor analysis of the 23 questions which make up the total
Rotter score resulted in seven factors.
Appendix D contains the results of the factor analysis including
the eigenvalue for each factor and the varimax rotated factor matrix.
Table V provides a summary of the factor analvsis. The items

(R1 to R29) correspond to the questions (1 to 29) contained in Appendix

A (Part B).
TABLE V
Rotter [-E Scale Factor Analysis (N=273)

Factor | Factor 2 Factor 3 Factor 4
R3(. 43) R4(.357) R2(. 67) R9Y(. 61)
R12(. 73) R6(. 64) RI8(. 43) R13(. 47)
R17(. 67) R11(. 53) R21(. 76) R15(. 39)
R22(.73) R16(. 71)
R29(. 46) R25(. 45)

R28(. 64)
Factor 5 Factor 6 Factor 7
R7(. 61) R10(. 70) R5(. 60)
R20(. 66) R23(.75)
R26(. 61)

The results of Table V clearly indicate that the Rotter [-E scale
is multidimensional for this sample, a contradiction to Rotter's claim

that the scale measures the one dimension of general control. Other
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researchers (Gurin, 1969; Cherlin, 1974) have found that the character-
istics of the population sampled may affect the structure of the factors
obtained. In particular, Cherlin found two factors which he referred to
as gerneral control and political control. If these same terms were applied
to the present analysis, the only clear-cut factor is Factor 1 which cor-
responds to Cherlin's political control. The remaining factors reveal no
distinct separation of items into categories. Although the scale does not
measure one di mension and therefore it would be invalid to identify inter-
nals or externals, it was decided that the total Rotter score might provide
a valuable prediction of productivity and job satisfaction and, therefore,
was used in additional analyses.

4.3.2 Leader Reward Behavior Instrument (I.RBI)

The Pearson correlation coefficients obtained by correlating the
individual LRBI questions with each other are contained in Appendix E.
These coefficients reveal that many questions were significantly inter-
related. A factor analysis of these questions resulted in three new factors
being identified with eigenvalues greater than one. Very little variance
was explained by the third factor and it was eliminated in order to compare
the results of this study with the original analysis by Johnson (1973).

Table VI provides the eigenvalues and associated percent of explained

variance.
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TABLE VI

Eigenvalues of LRBI Factor Analysis

Percentage Cumulative

Factor Eigenvalue of Variation Percentage
1 8. 81286 40. 1 40. 1
2 2. 53789 1L 5 SL6
3 1.07063 4.9 96, 3

The data included in Table VII contains the rotated factor matrix
derived from this sample and the factor matrix derived by Johnson (1973)

in the original factor analysis of the instrument.

TABLE VII

[Leader Reward Behavior Factor Analvsis

Sample Analysis Johnson Analvsis
Factor 1 Factor 2 Factor 1 Factor 2
L1 .79 -.08 .71 = U7
L2 ~, 28 . =17 . 49
LS g | -.15 . 70 -.10
L4 . 58 - 30 . « B
LS -. 04 . o0 -.06 .33
L6 .78 O b .06
L7 .00 . 68 -. 01 . 56
L3 ot 7 « 1 .70 « O
L9 . 90 o . 62 -. 03
LI10 .83 -.01 o B d -. 01
LIl . 2D IS «dS . 60
L12 . 19 «i .} .08 « 05
L13 « 70 .06 . 70 = U2
L14 .81 .03 s 10 .01
L15 . 84 . 00 .78 -. 01
L16 .70 . &l .59 . 24
L1/ .20 O3 .12 . 39
L18 . 66 .38 .56 .41
L19 02 .11 . 64 13
L.20 . 67 -.07 . 62 -. 06
L2l « 08 . &1 .41 o&f
L22 .74 .25 . Ok . B
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As identified by Johnson, Factor 1 was termed positive reward
behavior and Factor 2, punitive reward behavior. The factor analysis
results indicate that L2, LS, L7, L1, L12, L17 load only on the second
factor while the remaining items load only on the first factor.

Clearly, the results of the factor analysis reveal two distinct
factors: Factor 1 which can labeled "Positive Reward Behavior", repre-
senting the relationship between good performance and leader-administered
rewards; and Factor 2 which can be labeled "Punitive Reward Behavior",
representing the relationship between low job performance and<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>