‘1

»)

2

*)

e FILE CORY

AD-A161 188

COMMUNICATION AND PSYCHOLOGICAL TYPE IN A

§is TENT \_ TRT NRCA 'Z T A "S q"‘ 19}
THESIS
rances P. Belford Dorsev E. Hizdon T
ptain, USAF Major, USA

DEPARTMENT OF THE AIR FORCE
AIR UNIVERSITY s

AIR FORCE INSTITUTE OF TECHNOLOGY

Wright-Patterson Air Force Base, Ohio

This document has been

for public release and eale; itg
distribution s unlimited.

85 11 12 103







The contents of the document are technically accurate, and
no sensitive items, detrimental ideas, or deleterious
information are contained therein. Furthermore, the views
expressed in the document are those of the author(s) and do
not necessarily reflect the views of the School of Systems
and Logistics, the Air University, the United States Air
Force, or the Department of Defense.

' Accession For

I-- -

i NTIS GRA&I

i DTIC TAR

. Unannounced O
© Justifieation 4

i By e
‘ Distribution/v B ‘

E Availnhility Codes

| S e r—

sviil and/or
Dist special

.,[




AFIT/GLM/LSM/858-5

COMMUNICATION AND PSYCHCLOGICAL TYPE IN A

LATENT MATRIX ORGANIZATION: A CASE STUDY

THESIS

Presénted to the Faculty of the School of Systems and Logistics
of the Air Force Institute of Teéhnology
Alr University
In Partial Fulfillment of the
Requirements for the Degrees of
Master of Science in Logistics Management
and

Master of Science in Systems Management

Frances P. Belford, B.A. Dorsey E. Higdon, Jr., B.S.

Captain, USAF Ma jor, USAF

September 1985

Approved for public release; distribution unlimited



Preface

We are most grateful to our thesis advisor, Dr. Terrance M. Skelton,
and to our reader, Mr. Dennis Campbell, for their patience and guidance
throushout this research effort. Their assistance and optimism helped
us through many a bleak moment in this learning experience.

We also wish to thank the men and women of the orsanization about
which this thesis is written, nameless though they are. It would have
been impossible to do the research without their cooperation. Their
villingness to assist us in cbtaining our graduate degrees is deeply
apprec!ated.

‘e also wish to thank our families and friends fcr nutting up with
us during the rough times, and for understandins when we could not be
with them. We especially thank Wendv, who has been in the trenches with
us every step of the way. Her support and encouragement have kept us
going. She has been an integral part of this thesis effort, and has
sacrificed much in helning us reach our goal. She has managed the roles
of wife, mother, and thesis partner admirably, and we salute her. Thank
vou, Wendy, from both of us.

Last, but most important, we thank God for His manvy gifts and bles-

sinzs, withcut which none of this would have been possible.

Frances P. Relford Dorsey E. Higdon, Jr.

ii



Table 2£ Contents

Preface . . L] . . . . ¢ e . ¢ o . . L] L] . L] . .

List of Tables L] . . * e . L] e 0 * @ . ] L] L] .

Abstract L] . LI} . . . . . LI} L] [] L] . L] 3 . . L]

IO IntrOdUCtion ¢ » . . L] O . e o . . . . .

General Issue . . .
Problem Statement .
Background . . . . .
Research Objectives
Research Questions . .
Assumptions . . . . .
Limitations . . .. .. . ..

. . . °
. o . . Y 0
3 . . . o 3
. o .
. 3 . 3 .
. . . 3 . . .
. 3 ° . ° . °
3 . 3 . 3 3 .

II. Literature Review . . . . . . . . . . . .

Matrix Management Review . . . . . .
Variations of the Matrix Structure .
Communication in the Matrix . . .
Communication and Psychological Type
III. Methodology . . . . . v . v v v v v v ..
General Approach . . . . ., . . ...

Instrumentation . . . . . . . . ..
Specific Procedure . . . . . . .. .

Iv. Findings and Analysis . . . . ... ...

Research Question One .
Research Question Two .

Research Question Three . . . . . .
Research Question Four . . . . . . .
Research Question Five . . . . . . .
V. Conclusions and Recommendations . . . . .

Summary of Findings and Conclusions
Recommendations . . . .

Appendix A: Psychological Type Descriptions . . .

Appendix B: Communication Style Preferences of
the 16 Psychological Types . . . .

111

3 Y . .

3 . . . 3 . .

Page

i1
























segment of the organization that conducts and reports the test is orga-
nized along functional lines. Operationally, however, with test or
project teams, lateral communication and coordination, and consensus
decision making at certain points, the organization appears to he struc-
tured as a variant of the matrix. In this particular Air Force test
organization, is there a relationship between the organization's opera-
tional structure and the problem of meeting the technical report produc-

tion time limit?

Background

This organization, with its operations oriented toward a
specific test or project and with people from various functional areas
involved in planning, conducting and reporting a test, exhibits charac-
teristics that point to a form of the matrix organizational structure.

Thae matrix structure, in theory, can be defined as an organiza-
tional structure in which a project orientation has been superimposed ou
a traditional functional hierarchy (31:113-114). There are usually two
lines of authoritv--one along functional lines and ome along project
lines. !embers are responsible to functional supervisors as well as
project managers.

3ecause of its complex nature, the matrix depends on good communi-
cation--the uninhibited flow of information--to achieve its goals
(3:533; 4:379; 30:168; 42:242). However, two types of communication
problems are common in matrix organizations. First, the nature of the
matrix is such that people from different backgrounds who communicate
based upon those differing perspectives may not always understand each

other (4:384-385; 42:242). The test organization under study exhibits
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II. Literature Review

This chapter presents a review of the literature concerning the
matrix organizational structure, Carl Jung's theory of psychological
type, and the Myers-Briggs Type Indicator. The matrix structure is
defined and its use is reviewed from its development in the early 1960s
to the present. Both functional and project-oriented organizations are
discussed to facilitate better understanding of the matrix organization
itself. The environmental conditions for which a matrix structure is
best suited are presented, as are some of the positive and negative
characteristics associated with such an organization. Variations of the
matrix orsanizational form are then addressed, followed by an in-depth
discussion of communication in the matrix organizationm.

Juna's theory of psychological type is then presented. Its role as
the basis for the ilyers-Brigss Type Indicator is reviewed, and develop-
ment of the Indicator is discussed. Descriptions of the functional and
attitudinal types are presented, with emphasis on their relationship to
comnunication. The chapter concludes with a discussion of the Indica-

tor's uses in research on communication problems.

Matrix Manacement Review

According to Donald R. Kingdon, twentieti-century man's large scale
orzanizational structure traditionally followed a hierarchical pattern,
stressins the superior-subordinate relationship, vertical chain of
authority, and well-defined rules for coumunication and interaction
(27:1-4,24). In the 1960s, however, another important type of orgsaniza-
tional structure--the matrix--was recocnized.

2-1






























Variations 25 the Matrix Structure

Cleland points out that today there is no one single form of
organizational structure known as the matrix organization (6:48).
Rather, there are many organizations which employ various versions of
the matrix structure previously described. As Cleland comments,

A kaleidoscope of matrix management systems is emerging in the

theory and practice of management today. These systems appear

to have one overriding characteristic--a departure from the

classical model of management in favor of a multidimensional

system of sharing decisions, results, and rewards in an
organizational culture characterized by multiple authority-

responsibility-accountability relationships. (6:48)

Both Galbraith and Youker discuss variations on matrix design (22;
63). They describe organizational structure as a continuum, with the
functional organization at one end and the project organization at the
other (22:151; 63:51). "The matrix form falls in between and includes a
wide variety of structures, from a weak matrix near functional to a
strong matrix near project” (63:51). A given organization's position on
the continuum is determined by its authority structure, mechanisms for
integration across functional lines, and formal information system
(22:151).

Cleland comments that an organization employing matrix management
concepts should be viewed and described not only by its systems--"all
the properties of organizational structure, management processes and
systems, interpersonal relationships and behavioral patterns” (6:49)--
but also in terms of its operational context (6:49). He defines an
operational description as one which

relates the structure, processes, relationships, and patterns

of the matrix management system to a number of observable

criteria which, if satisfied, indicate that matrix management
exists. (6:49)
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because of their differing orientations: the matrix [project]
personnel define the issues from the perspective of the task,
whereas the functional personnel define them from the perspec-
tive of the functional area of specialization...but both per-

spectives are required for organizational performance.
(42:242)

PP AL
George Y. Lacovitz aiso discusses communication as a potential problem
in a matrix organization.

Fach of us speaks the language of our background and

discipline. As we adopt the protective coloration of our

functions, we become reluctant to share information, to let

others know what we know (after all, 'knowledge is power').

Our communications tend to be self-serving, our views of other

functions stereotyped. (34:601)

The importance of communication to the efficient operation of a
matrix organization is obvious. However, experience has shown that com-
munication problems do occur within matrix organizations despite the
emphasis placed on avoiding such problems.

The organisation gives rise to an increase in formal communi-

cations, through meetings and memos, many of which are con-

cerned with trivialities or with individual managers' attempts

to cover themselves against blame, by putting everything in

writing. (30:168)

Thomas J. Peters describes the problems of one large multinational cor-
poration--the "endless time spent in meetings and in building personal
relationsnips, and in communications . . . " (47:17) keeps the organiza-
tion from responding quickly in a "turbulent market . . . [where] . . .
very short communications lines, quick decisions, (and] alertness"
(47:17) are needed.

Another generally recognized communication problem is discussed by
Barndt. "The encoding-decoding problem is the familiar but difficult
one ~f semantics, or meanings that we attach to symbols, where one

person's or group's meanings are not the same as anccher's” (4:384).

According to Barndt,



Two conditions likely to exist in the matrix organization
heighten the possibility of encoding-decoding problems.
First, the matrix team normally consists of a number of
individuals from identifiably distinct occupational special-
ties. The specialized language or jargon that goes with each
should be expected to cause problems, when messages from one
specialist are interpreted by another. In addition, the
loyalties to professions and the acquired values of various
specialist group members are likely to result in group frames
of reference that view such subjects as cost, time deadlines,
and technical perfection in different ways. (4:385)

Murray and Stickney point out that “"management in the matrix
organization must stress the need for a free flow of communication based
on fact and mutual trust” (42:250). However, as Knight comments,

Blocks to the free information flow which matrix structures

depend on can be created by managers who feel that the matrix

constitutes a threat to their autonomy and power. They see

the boundaries of their sphere of control overlaid by the new

horizontal groupings and react defensively by withholding

information and emphasizing formal communications channels.

(30:166)

Stuckenbruck addresses how communication problems result in
conflicts within the matrix.

Poor communication, however, is certainly the basic cause of

most misunderstandings and conflicts. This may be due either

to the inability or reluctance of one or both persons to

express themselves or to their inability to understand the

situation or see the other side of the picture . . . . Such

personal conflicts are much more likely to occur in a matrix
organization, because of the diversity of the people involved

and the number of contacts to be made. (51:339)

The importance of communication to the efficient working of a
matrix organization is obvious. "Managers and researchers . . . agree
that communication processes underlie most aspects of organizational
functioning and are critical to organizational effectiveness” (50:461).

Any problem -shich impedes communication, and thus information flow,

impedes the matrix as a whole. Likewise, any effort which improves












possitle a more complete description of any given type (38:302; 39:18).
"To assess fully an individual's type, we must identify his dominant
attitude and his superior [dominant] and auxiliary functions” (8:973).

The Judgment and Perception dichotomy is therefore concerned with
whether an individual uses judgment or perception in dealing with the
outer world. The Judging (J) type uses a judging function (Thinking or
Feeling) to handle the outer world and thus prefers things to be planned
and controlled. The Perceptive (P) individual uses a perceptive process
(Sensing or Intuition) to deal with the outer world and enjoys flexi-
bility and spontaneity (43:6). "By definition, J [Judgment] and P
[Perception] refer to the process used for extraverting; thus they point
directly to the dominart function of extraverts and to the auxiliary
function of introverts” (39:19).

People need both the Judgment and Perception attitudes, but they
are not both used at the same time. When the Perceptive attitude is in
use, the individual is gathering information through either the Sensing
or Intuitive function, and the Judgment attitude is turned off. Like-
wise, when the Judgment attitude is being used, the individual is pro-
cessing the information through either the Thinking or Feeling function,
and the Perceptive attitude is subordinated. Regardless of the indi-
vidual's preferred attitude toward interacting with the outer world,
there is a need for development of the other attitude to provide balance
(46:69-74).

By adding the Judgment-Perception index to the three existing
indices, Myers had four scales available for use in determining an
individual's type. She designed the Indicator as a self-report
questionnaire which would allow the respondent to choose the
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four-letter types and their descriptions are found in Appendix A. Brief
descriptions of the first three categories follow.

Functional Descriptions. Sensing (S) types prefer to gather data

or information using the five physical senses. They are interested in
facts, actualities, and the present, can easily adjust to step-by-step
procedures, and are able to tolerate routine and details (45:51; 48:3).

Wwith good type development, the expertise in sensing can lead
to a differentiated awareness of present experience, acute
powers of observation, a memory for facts and detail, and a
capacity for realism, for seeing the world as it is. Acti-
tudes characteristically developed as a preference for sensing
include a reliance on experience rather than theory, a trust
of the conventional and customary way of doing things, a pref-
erence for beginning with what is known and real, and moving
systematically and step-by-step, tying each new fact to past
experience and testing it for its relevance in practical use.
To most sensing types, 'real intelligence’ is characterized as
being sound, accurate and having common sense. (39:15)

Intuitive (N) types prefer to gather data or information through
in-direct means such as a "sixth sense” or insight. They are interested
in theories, ideas, patterns, possibilities, and relationships and tend
to be future-oriented. They do not enjoy routine and repetitive activi-
ties, but instead prefer change and challenge (46:2; 48:3).

iith good type development, development of intuition can lead

to insight into complexity, an ability to see abstract,

symbolic, and theoretical relationships, and a capacity to see

future possibilities, often creative ones.

Attitudes characteristically developed as a result of a pref-

erence for intuition include a reliance on inspiration more

than past experience, an interest in the new and untried, and

a preference for learning new materials through an intuitive

grasp of the meanings and relationships. To most intuitive

types, 'real intelligence' is shown by insight in grasping

complexities, and flashes of creativity. (39:15)

Thinking (T) types prefer to process information--to reach conclu-
sions or make decisions--in a logical, analytical, and impersonal

manner. Their impersonal approach may lead them to pay insufficient
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the individual to the environment. Extraverts prefer to focus their
attention on the external wecrld of people and things. They enjoy vari-
etv, action, and the company of other people. They tend to dislike
activities which are complicated, take a long time, or otherwise slow
them down (39:17; 43:6; 46:7-8,53-56; 48:6).

With mature type development, extraverts typically create a

life with action, social contacts, and a wide circle of ac-

quaintanceships. Characteristics typical of those who prefer

the extraverted attitude are sociability, outspokenness, ease

of communication, awareness of and reliance on the environment

for stimulation and guidance, and an action-oriented, often

imrulsive way of meeting new events. (39:17)

Introversion (I) refers to that attitude or orientation toward life
in which energy flows inward from the environment to the individual.
Introverts prefer to focus their attention on the inner world of con-
cepts and understanding. They prefer peace and quiet for concentration,
do not mind being alone, and often appear detached or withdrawn. Long
or detailed jobs do not bother them. They are private individuals who
@o oot easily reveal themselves to others, and may experience difficulty
in communicating (39:17; 43:6; 46:7-8,53-56; 48:6).

Introverts typically create a life with time for contempla-

tion, socializing with intimates and close friends. Charac-

teristics typical of those who prefer the introverted attitude

are a thoughtful contemplative detachment, interest in clear

conceptualization of ideas, and a relative unawareness of

changes in the outer situation, discounting their importances

in any important decisions. Privacy and time to go into depth

are important for introverts, who are postulated to have a

aqreater capacity for sustained attention than extraverts.

(39:17)

The Judging (J) type prefers to use one of the judging functionms,
either Thinking (T) or Feeling (F), in dealing with the outer world.
Judging types "live in a planned, decided, orderly way, wanting to

regulate life and control it"” (43:6). They thrive on order and
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structure, and thus work well with schedules and plans. They are com-
pelled to reach a decision--to come to a conclusion--and may do so too
soon, without fully considering all the pertinent facts (39:18; 43:6;

46:69-75; 48:5).

A preference for the judging attitude leads to a desire for

decisions, with a minimum of information-gathering. Judging

types tend to prefer to organize and plan their lives, using

their energies to control events more than in understanding

them. When at their best, they are likely to be rated

responsible, dependable and decisive. (39:18-19)

Perceptive (P) types prefer to use one of the perceptive functionms,
either Sensing (S) or Intuition (N), to deal with the outer world. They
“"live in a flexible, spontaneous way, wanting to understand life and
adapt to it" (43:6). These types are characterized by spontaneity,
open-mindedness, curiosity, and adaptability. They are not in a hurry
to make decisions and may resist doing so (46:69-75).

A preference for the perceptive attitude leads to an open,

curious desire for understanding events with relatively little

pressure to control them. When at their best, perceptive

types are called receptive, under-tanding and flexible.
(39:19)

Thus Myers developed the various type descriptions and the psycho-
metric questionnaire known as the Myers-Briggs Type Indicator. Based on
Jung's theory, the Indicator is a paper-and-pencil instrument which,
when completed, reports the respondent's indicated preferences in four
categories. The four areas include the preferred attitude or orienta-
tion toward life, represented by the Extraversion-Introversion (E-I)
scale; the preferred method of perception or way of gathering informa-
tion, represented by the Sensing-Intuition (S-N) scale; the pre-ferred
method of judgment or way of processing information, represented by the

Thinking-Feeling (T-F) scale; and the preferred way of dealing with
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dominant function. For Introverts, the primary style is that of the
auxiliary function (because Introverts face the world with their aux-
iliary functions) as determined by the J-P function. The secondary
style is the dominant function, while the tertiary style is the oppo-
site of the auxiliary, and the least preferred style is the opposite of
the dominant function. When individuals whose preferences are not the
same try to communicate, one or both may have to adjust to one of the
lesse~ preferred styles (62:32). The 16 possible communications style
preferences are shown in Appendix B.

Yeakley goes on to use the unique communication style preferences
in devising a numerical method of ranking the relative difficulty expe-
rienced in adjusting one- and two-way communication styles between any
two psychological types (61; 62). The ranking uses an ordinal scale
ranging from 1 to 24 for one-way dyads, and from | to 17 for two-way
dyads. One is the lowest ranking and represents the least amount of
similarity between two different psychological types and, therefore, the
maximum probability of difficulty in adjusting communication styles.
Seventeen and 24 are the highest scores and represent the maximum amount
of similarity between two psychological types and thus the minimum
possibility of difficulty in adjusting communication styles (62:34-36).
With this ranking it is possible to use derived quantitative values in
comparing various communication situations. The one-way and two-way
rankings are shown in Appendix C.

In another example of communication research, George H. Jensen and
John K. DiTiberio discuss ongoing studies involving the use of the
Indicator to evaluate and improve the way people write (25). The Indi-
cator has been used at the University of Illinois and Georgia State
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The questions were jointly developed by the researchers, beginning
with the objectives of describing how the organization operates and
determining the perceptions of the process, and then listing areas in
which information was needed. The researchers then drafted the ques-
tions, attempting to make them as understandable as possible (24:4).
The questions were then arranged to "follow each other naturally”
(24:4). The questions were further refined through a process of joint
and individual brainstorming.

The first twelve questions were essentially the same for all re-
spondents, allowing direct comparison of answers among not only those
with the same role in the process but also across roles. The additional
questions in each interview guide were developed to further explore the
interviewee's specific role in the process. The interview guides were
then reviewed by two AFIT faculty members for comments and subsequent
refining. Appendixz D contains a complete set of interview guides.

The Myers-Brigss Tvpe Indicator. The Indicator was used to deter-

mine the information gathering and processing preferences of key partic-
ipants in the technical report preparation process. Information gather-
ing and processing preferences are psychological characteristics and,
therefore, require a psychological instrument to measure them.

The Indicator consists of a self-administered, non-threatening 126~
iten paper-and-pencil questionnaire (Form G) which could be completed in
approximately one hour (41:321; 45:7; 53:323). The format is forced
choice, in that the respondent must answer with one of the available
choices rather than create an individual answer (41:321; 45:2,84;

53:323). The items include both phrase questions and word pairs

34



(38:309-310). A copy of this questionnaire is not included in this
docunent.

Published by Isabel Briges Myers in 1962 after almost 20 years of
developuent and refinement, the Indicator has been used extensively in
research. In particular, it has been used to study methods of learning
and teaching, occupational career choices, interpersonal communication,
and team building (38:295). More recently it has been used to study
how individual differences affect the writing process (25:286), with the
intent to "more effectively individualize writing instruction” (25:286).

The researchers decided to use the Indicator for a number of rea-
sons. First, a single instrument was desired to limit the amount of
time the respondents were involved in the research effort and thus were
away from their work. Second, the instrument was easy to administer and
did not pose a threat to the participants. Third, since it has been
used for over 20 years, with an additional 20 years of development,
revision, and refinement, it is a widely recognized and accepted psycho-
metric instrument with a large volume of validity and reliability data
available (38:315-331; 41:321-322; 45; 53:323-324). Finally, studies
performed by other researchers, especially in the areas of teamwork and
comnunication, demonstrate its applicability to this research effort (5;

25; 38:335-336; 61; 62).

Svecific Procedure

Data Collection. Data was collected in two visits to the test

organization. The first visit was for one day and the second wa: for

five days.
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data on the timeliness of past reports, was given to the researchers for
their use. This documentation was brought back to AFIT and was very
valuable in analyzing the interworkings of this organization and in
planning for further data collection through the interview process.

The coples of the control forms used to trace the documents
vere a primary source in identifying, for purposes of the interviews and
adninistering the Indicator, the key positions of participants in the
technical report preparation process. These forms substantiated a pre-
liminary identification of the deputate technical advisor, the division
technical advisor and the editor from the editing branch as key partici-
pants in the technical report preparation process. Others identified
were the test engineer as the author and--in the division with the two
additional editors--those individuals. Additionally, by noting the
length of time involved in preparation of the data, the researchers
determined that other key participants could affect the timeliness of
the technical report. These people included the analysts and mathemati-
cians who planned and performed the data reduction for the tests. Even
though their expertise was not required for data reduction in all tests,
in many cases their efforts had a significant impact on the report
preparation. They were therefore included in the interviews and psycho-
metric evaluation along with the deputate and division technical advi-
sors, the editors, the division editors, and the test engineers.

The proposed plan for additional data collection on the second trip
was accepted, and the second visit to formally interview participants
and adninister the Indicator was arranged.

In the interim between the two visits, the procedure for future
data collection was finalized. The researchers decided to limit the
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and the Indicator answer sheets were scored and the results tallied. In
addition, if any of the respondents preferred not to be recorded, the
and-vritten responses had to be typed for analysis.

The analysis itself was carried out on a question-by-question
basis. The researchers addressed each research question individually,
first presenting the findings and then analyzing them.

Research Question 1, "How does this test organization function as a
variant of a matrix organization while planning, conducting, and report-
ing tests?", was addressed as follows. The matrix management literature
served as the framework with which data gathered by the researchers was
compared. Data consisted of test organization docuﬁentation and inter-
view responses.

Research Question 2, "low can the information gathering and proces-
sing preferences of key participants in the technical report process be
described?”, was evaluated by using the Myers-Briggs Type Indicator to
assess the preferences. An authorized AFIT faculty member scored the
questionnaires and assisted the researchers in interpreting the results.
The participants' responses were collectively analyzed to obtain an
assessment of the group as a whole.

Research Question 3, "How do tiese preferences of the key partici-
pants compare relative to their roles in the operational structure?”,
vas answered on the basis of the Myers-Brizgs Type Indicator results and
the team structures identified in the early part of the interview pro-
cess. Fach team was examined in terms of the preferences given by each
team member when they completed the Indicator.

Research Question 4, "How can the perceptions of the technical
report preparation process held by key participants in that process be
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IV. Findings and Analysis

This chapter presents answers to the research questions. Each
question is discussed individually; thus the chapter is divided into
five sections. Within each section, relevant data is presented, and

discussion and analysis follow.

Research Question One

How does this test organization function as a variant of a

matrix organization while planning, conducting, and reporting

tests?

This question is answered in two parts. The first section
describes the organization and the test process in which the organi-
zation is involved. To manage and report test results, units within the
orsanization use local documentation which defines the policy and proce-
dures for these functions. The researchers used these documents to
describe the organization and the test process.

The second part of this answer shows why this organization can be
classified as a matrix variant. To define this organizations' opera-
tional structure, the researchers used the matrix literature as a fraue-
work with vhich to compare organizational documentation and interview
responses. The interviews included questions about the roles of people
in various positions in the operational structure, as well as broad
questions that allowed the interviewee to explain how the testing pro-
cess worked. Probing encouraged the interviewees to amplify answers.

As a result of these interview characteristics, the interview responses

provided valuable information on the organization's structure.



The Organization and the Test Process. The Test Engineers' Hand-

2225, published by the test organization, provides helpful backgrcund
information, not only for the newly assigned test engineer but also for
those seeking to understand the test process. The first portion of the
following description is based upon this document.

This Air Force test organization "is responsible for the accep-
tance, coordination, and documentation of tests" (60:3) performed as
part of the developmental test and evaluation of specific new systems
being acquired by the Air Force. The purpose of developmental test and
evaluation is to demonstrate that the “"engineering design and devel-
opoent [of a system] are complete [and] that the system . . . meets
specifications” (60:13).

The organization is composed of four divisions which manage tests
fror a wide variety of Air Force programs (60:3-4). The four divisions
may be grouped into two general categories, one category having, tvpi-
cally, more technologically complex test items, or testing techniques,
than the other. For the purpose of this research, one division was
chosen from each category. The division representing the more complex
tests was designated Division A, while the division representing the
less complex tests was designated Division B. The four production divi-
sions are assisted by a support division which provides various kinds of
services to these test-managing divisions, including editing of the
technical reports prepared after each test (60:4). In addition to this
support division, the test organization depends strongly on other base
organizations for support in most aspects of its testing (60:10). One
such organization, a data reduction support unit, takes raw, unprocessed
data from the tests and transforms it into a more useful form (60:24).
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simplified version of this process, from the initial drafting of the
technical report through signature (10:4-6,19).

The Organization as a Matrix Variant. The operational characteris-

tics of an organization often provide a more meaningful representation
of its interworkings than does the official structure. The official
structure of the test organization is functional, with a vertical chain
of command and separate test divisions defined by types of systems
tested (60:3-4). Operationally, however, the organization exhibits
characteristics that suggest other structural forms. The fact that the
test organization "relies heavily on other organizations . . . to pro-
vide support . . . in most phagses of testing” (60:10) and the fact that
the test engineer communicates laterally with these organizations in
conducting and reporting tests imply that the organization may not be
purely functional as it manages testing activities.

Four major charactefistics which are discussed in the literature on
the matrix structure are also seen in this test organization. These
four characteristics include 1) project orientation, 2) use of teams, 3)
consensus decision making, and 4) informal communication channels.

Project Orientation. The first characteristic is the project

orientation of the organization. Characteristics of the project organi-
zational form, which is at the opposite end of the spectrum from the
functional form (22:151; 53:51), are seen in this functionally-structured

organization. The United States Air Force Dictionary defines the word

"project” as "a planned undertaking or assignment to accomplish some-
thing specific"” (59:403). Each test which the organization plans,
conducts, and reports is essentially a project, in which the test orga-
nization is trying "to demonstrate the program objectives and provide
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data for recommendations and decisions to continue or increase the
commitment of resources for acquisition” of a new system (60:13). This

project orientation is also seen in the Test Engineers' Handbook, where

the test englneer is tasked to maintain a "project file [for] each DT&E
(development test and evaluation] project [{which the organization has
been] tasked to manage, support or monitor" (60:85).

This view of the test effort as a project was also substantiated in
the interview responses of key participants in the technical report
preparation process. One editor, for instance, freely used the term
"project” in an answer. One test engineer used the term seven times in
answering a question concerning who establishes work priorities. All of
the mathematicians used the word "project” during their interviews, with
two of them referring to their job title as "project mathematician.” In
addition, one used some form of the term "project” ten more times
throughout the interview (35; 36; 37). All of these uses vere in refer-
ence to the test effort. One mathematician repeatedly used the term
"project officer” in referring to the test engineer. Others interviewed
gave special note to the test engineer's role in this context. One
division editor said, "The test engineer is the focal point. He's the
only person . . . [whose] name has been assigned to a project” (l14). An
analyst agreed, saying "He is the prime focal point of the whole test”
(2).

Use of Teams. The matrix management literature identifies

other characteristics of these organizations which are applicable here.
pavid I. Cleland, in discussing an organization'’'s structure in terms

of its operational context, mentioned several characteristics that indi-
cate "some type of matrix management” (6:49) in operation. Ome

4=7



characteristic was the use of teams to accomplish organizational goals
(6:49). The use of teams in conducting and reporting tests is seen in
the planning meetings that occur when the test request is received.
Likewise, the method of test is prepared by "a team of experts” (60:26).
Teamwork is also seen later during the technical report preparation
phase, as the attendees at the coordination meeting collectively review
the technical report to ensure a technically accurate and editorially
correct document (10:6).

Interviews with key participants also verified the presence of
teams in the operational context. One analyst from the data reduction
support organization, when discussing his roles in the technical report
oreparation task, said the analyst's job was "to sit down with the test
engineer and/or other customers to try to come up with the data products
that are needed to satisfy those objectives” (l). The individual later
said, "And then from those products, we put our heads together collec-
tively . « . " (1). These statements point to teamwork. Additionally,
one test engineer, in responding to the same question about roles,
remarked that one cannot have pride of authorship--that team effort
ylelds the best product (54). One division editor, who attends the
coordination meetings, also affirmed that the attendees function as a
team (14). In stronger words, this same individual described the team
effort saying, "I think that the engineers fail to grasp this, but
writing a tech report is a group effort. As a group, we are the expert
in getting out a tech report” (l4).

Teamwork can also be seen as the test engineers work with editors
and mathematicians. One editor expressed a philosophy toward working
with the test engineers that demonstrates positive teamwork, saying that
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"If you will work with them, and help them, rather than tell them about
the negative, you know, kind of guide and push a little bit, they are
very easy to work with" (19). One test engineer described the benefits
of a good working relationship with the mathematician, saying "1f you |
work with him close enough, he knows what you're trying to do, and you
get a feel for what he's doing” (55). Finally, from the mathematician's
perspective, an excellent example of teamwork with the test engineer is
illustrated in this interview response.

Normally we have coordination meetings, and he says what he

wants, what he needs. . . . I try to present that to him in

the best, most efficient way possible. If I can come in here

and do this little thing over here at no additional expense or

something, I'll suggest it, something like that. We really

think about each other. (37)

Consensus Decision Making. In addition to the use of teams,

Cleland included the practice of consensus decision making as a matrix
characteristic (6:49). Consensus decision making implies group decision
making and occurs in many of the activities mentioned in the previous
discussion of teams. Interview response examples that described
decision-making situations in the test effort illustrate this character-
{stic. One mathematician, for instance, when asked about interaction
with the test engineer, responded, "We get together with the test engi-
neer. . . . [If there are] any questions on what type of data products
they need, we'll sort of iron these out™ (35). This type of decision
making occurs during the planning process. Later in the technical
report preparation process, decisions on what the technical report
should say must be made. One test engineer gives an example of this in

working with the editors, saying, "Then you try and explain to them (the






This test organization's vertical chain of command was noted ear-
lier. The depree of development of the informal communication or
lateral coordination in this organization can best be seen in the inter-
view responses. For instance, the coordination which occurs between the
test engineer and the editor in perfecting the technical report can be
seen in two examples. One editor, in telling about editing the draft
technical report, said, "we call in the engineer and say 'Here you have
said this, and now you're saying this. What point draws them to-
gether?'" (18). Likewise, one test engineer spoke from the test engi-
neer's perspective by saying that "if they have questions, the first
thing they'll do is call you . . . and ask if you can come up" (58).
This individual went on to say that the editors will “"explain why they
want it changed” (58) and that sometimes "you have to go up and justify
. . . to them why it has to be that way” (58). The importance placed on
informal communication by those in the organization is also illustrated
by interview responses that show the displeasure of those involved when
there is no communication or limited potential for communication. In
the first case, one analyst revealed a problem stemming from non-commu-
nicative test engineers: "It seems like recently they are more con-
cerned with scheduling missions, . . . and seeing that everything is
working smoothly, than they are with what we are actually doing here”
(2). An example of the limited potential for communication is explained
by one editor in saying "I would like . . . them not to go on TDY
[temporary duty] or on leave [vacation] the day they bring the report in
and leave us stuck” (18).

Looking deeper at this organization's communication in comparison
with the literature on matrix communication, the researchers saw one
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TABLE 2

Type Table and Indicator Results Summaries
N=18
ISTJ ISFJ INFJ INTJ
9 0 1 1
EV = .84 EV = .84 EV = .28 EV = .28
ISTP ISFP INFP INTP
2 0 1 0
EV = .84 EV = .84 EV = .28 EY = 28
ESTP ESFP ENFP ENTP
1 0 0 0
EV = 2.53 EV = 2.53 EV = .34 EV = .84
ESTJ ESFJ ENFJ ENTJ
1 0 0 2
EV = 2,53 EV = 2,53 EV = .84 EV = .84
Conparisons of Dichotomous Pairs:
Actual Values Expected Values
E: 4 S:13 T:16 114 E:13.5 13.5 T:9 J:9
I:14 N: 5 F: 2 : 4 I: 4.5 4.5 F:9 P:9
Combinations of Perception and Judgment (columns):
Actual Values Expected Values
ST:13 IT: 3 ST:6.75 NT:2.25
SF: 0 MF: 2 SF:6.75 NF:2.25
lleaviest Concentration of Respondents, Excluding Attitude:
Actual Values Expected Values
TJ:13 TJ:4.5
STJ:10 STJ:3.375
NTJ: 3 NTJ:3.375
llote: E = Extraversion T = Thinking EV = Expected Value
I = Introversion F = Feeling
S = Sensing J = Judzing
N = Intuitive P = Perceiving
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Intuitive (N) function, is defined as the process by which an individual
prefers to gather information and thus becomes aware of what is occur-
ring in the world around him (48:2-3). Second, the process of judging,
as expressed by either the Thinking (T) or Feeling (F) function, is
defined as the method by which an individual prefers to process--to Sort
out, order, and reach a conclusion about--the information which has been
gathered (48:2,4).

There are four possible combinations of the functions associated
with these two processes--Sensing-Thinking (ST), Sensing-Feeling (SF),
Intuition-Thinking (NT), and Intuition-Feeling (NF). These combinations
are sometimes called the two-letter combinations and refer to the two
letter abbreviations used for them as part of the Myers-Briggs type for-
mula. The 16 four-letter preference types, as measured by the Myers-
Briggs Type Indicator, are extensions of the 4 two-letter types. They
additionally reflect a preferred orientation toward life by adding the
Extraversion-Introversion (E-I) attitudes, and a preferred method of
dealing with the outside or public world by adding the Judgment-Percep-
tion (J-P) attitudes (46; 48).

Eight of the possible 16 four-letter types were seen in this re-
search. These results will first be analyzed at the level of the
various single functions. With that analysis as a base, the discussion
will then be extended to various two- and four-letter combinations.

Functional Preferences. An examination of the one-letter percep-

tion preferences revealed that the ratio of Sensing types to Intuitive
types was 13 to 5. The ratio of expected distributions for a sample of
18 is 13.5 to 4.5. The sample population thus appears representative of
the general population for this preference. The almost three-quarters
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types with Judging as their preferred method of dealing with the outer
world. They make decisions based upon logic and in an analytical man-
ner, and enjoy a planned and orderly life. They are often considered to
be the "tough-minded, executive” (45:68) types who can get the job done.

Four-letter Preferences. If all four indices of the Myers-Briggs

Type Indicator are considered, the preferences are concentrated in the
ISTJs, with 9 of the 18 respondents falling into this category. The
other responses included two ISTPs, one ESTP, one ESTJ, one INFJ, one
INFP, one INTJ, and two ENTJs. Brief descriptions of all 16 types are
found in Appendix A. For a sample size of 18, one would expect to find
.84 each for ISTJ, ISTP, ISFJ, ISFP, ENFP, ENFJ, ENTP, and ENTJ. One
would expect to find .28 each for INFJ, INFP, INTJ; and INTP. One would
also expect to find 2.53 each for ESTP, ESTJ, ESFP, and ESFJ. Comparing
actual distributions to expected distributions, there are 10.7 times as
many ISTJs as expected, 3.6 times as many INTJs as expected, but oanly .4
times the number of ESTPs and ESTJs as expected. The ISTJ is an Intro-
verted Sensing type with Thinking as the auxiliary function and Judging
as the preferred attitude for interaction with the outer world. This
type is characterized by strong powers of concentration, a fascination
with observable facts, noticeable logic and analytical abilities, and

a high propensity for organization (38:305). Those who prefer this type
must, however, guard against being too impersonal and making decisions
too quickly before they have all the pertinent data.

Analysis. The 13 to 5 ratio of Sensing (S) to Intuition (N)
suggests that this group is well-suited for dealing with factual mat-
ters, but has some Intuitive types available to be open to new possi-
bilities. The preponderance of Thinking (T) over Feeling (F) (16 to 2)
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suggests that the group's modal judgment function is based on logic and
1s analytical. The group probably appears cold and impersonal to the
Feeling types who may feel uncomfortable, misunderstood, and out of
place. The Thinking group is well-suited to perform the objective kinds
of tests and evaluations which are its mission. The 14 to 4 ratio of
Judging (J) to Perceiving (P) also favors the unit mission. The orga-
nized and systematic nature of the Judging type, and the ability to
tolerate detailed procedures, is ideal for the test and evaluation
mission. Judging types, however, do not adapt well to change, and must
rely on the Perceiving types to provide balance when needed. Also, the
Judging types tend to make decisions too quickly, thus good relation-
ships with the Perceiving tyﬁes would help to ensure that enough facts
had been included in the decision. The preponderance of Introverts (I)
in this group, 14 coupared to 4 Extraverts (E), suggests a group capable
of sustained concentration and attention to detail. Again, these
characteristics favor the test and evaluation mission. However, the
group may not communicate well, and must rely on the Extraverts to keep
the communication channels open. It is likely that written forms of
communication are used extensively, rather than meetings, telephone
calls, or other forms of personal interactioms.

The concentrations of Sensing-Thinking (ST) and Thinking-Judging
(TJ) follow naturally from the preponderance of Sensing, Thinking, and
Judging types in the sample. The characteristics of the separate func-
tions are combined and enhance one another as the functions themselves
are combined. The heaviest concentration of four-letter types is nine
ISTJs. This group deals well with facts and details. They are tolerant
of step-by-step procedures and do not mind long, drawn out tasks. They
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are logical and carry out objective analyses. They may appear cold,
impersonal, and withdrawn. This type may get so involved with the facts
that they fail to see various possibilities and options open to them.
They may also have difficulty adapting to changing situations. Tha2
group as a whole needs the balance of Intuitives (N) to help see the
possibilities, Perceiving (P) types to deal with change, and Extraverts
(E) to help keep communication flowing. They are, however, well-suited
for the detailed, fact- and procedure-oriented test and evaluation mis-

sion with which they are faced.

Regsearch Question Three

How do these preferences of the key participants compare
relative to their roles in the operational structure?

This question is answered by describing and comparing the informa-
tion gathering and processing preferences of the key participants in
terms of their membership in one or more of five teams. As described in
Chapter 3, each team consists of one test engineer and at least three
other individuals. Membership in each of the teams is shown in
Appendix F.

Each team is discussed and analyzed separately. Team composition
is presented, followed by identification of individual information
gathering and processing preferences. Applicable type characteristics
are then discussed. Each section concludes with a discussion and
analysis of the team's preferred communication styles. Each section
contains a table which summarizes applicable data.

Eight of the 16 possible psychological types are represented within
the 5 teams. Brief descriptions of those eight types follow. More
detailed descriptions of all the types are found in Appendix A.
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The ISTJ is an Introvert (I) with Sensing (S) as the dominant func-
tion and Thinking (T) as the auxiliary function. This type is charac-
terized by an interest in the inner world of concepts and ideas, a
reliance on observable facts, use of logic and an analytical way of
decision making, and well-developed organizational abilities (38:305).

The ISTP type is an Introvert (I) with Thinking (T) as the dominant
function and Sensing (S) as the auxiliary function. This type is
characterized by an interest in an internal world of thought, a reliance
on factual information, use of logic and analytical decision making
techniques, and the ability to adapt to changing situations (38:305).

The ESTP type is an Extrovert (E) with Sensing (S) as the dominant
function and Thinking (T) as the auxiliary function. This type is char-
acterized by an interest in the external world of people and things, a
reliance on observable facts, use of logic and analytical methods of
making decisions, and an adaptability to change (38:305).

The ESTJ is an Extravert (E) with Thinking (T) as the dominant
function and Sensing (S) as the auxiliary function. This type is cha:i-
acterized by an interest in the outer world of people and things, a
fascination with observable facts, reliance on logic and analytical
methods when making decisions, and a propensity for organization
(38:305).

The INTJ is an Introvert (I) with Intuition (N) as the dominant
function and Thinking (T) as the auxiliary function. This type is
characterized by interest in the internal world of ideas, an ability to
see the possibilities in a situation, reliance on logic and analytical

ways of making decisions, and a talent for organization (38:305).
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subjective manner. More detailed descriptions of the types are avail-
able in Appendix A.

As a group, the team has ratios of one Extravert to six Introverts,
six Sensing types to one Intuitive type, six Thinking types to one
Feeling type, and four Judging types to three Perceiving types. The
Extraversion-Introversion (E-I) ratio indicates a team which is probably
quiet and restrained. While Introversion brings strong powers of con-
centration to the group, it also brings a tendency to withdraw into the
inner world. The tendency to communicate is slow, possibly guarded.

The single Extravert may not do much to improve or influence overall
communication, and probably feels out of place if more than a few of the
group get together.

The Sensing-Intuition (S-N) ratio points to a group which is fact-
and detail-oriented. The single Intuitive is definitely a minority in
this group and, while personally open to theories, possibilities, and
relationships, may have little effect on the team as it goes along its
way.

Likewise, the Thinking-Feeling (T-F) ratio suggests a team which
uses logic and analysis and is procedure-oriented. It is likely that
little attention is given to people, and the general atmosphere is
somewhat cool and impersonal. Again, the single Feeling type is a
minority. This person makes decisions in a subjective manner based on
personal feelings and values. Warm, considerate, and caring, the Feel-
ing type is pronme to withdraw inward if the Thinking types become
overpowering.

The Judping-Perceiving (J-P) ratio is somewhat more balanced, which
suggests a group that does not rush to closure quite as quickly as
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In terms of Myers-Briggs Type Indicator preferences, both Test
Engineer 3 and Editor 1 were described as ENIJs, while Analyst 2 and the
Deputate Technical Advisor were both ISIJs. The ENTJ prefers to gather
conceptual information through the use of the Intuitive function, and
processes that information in a logical and analytical manner, using the
Thinking function. The ISTJ prefers to gather factual information
through use of the five senses as represented by the Sensing function,
and then processes that data in using logical and analytical methods
through the Thinking function. Both the ENTJ and ISTJ prefer to use a
Judging (J) function to deal with the world. The ESTJ therefore faces
the world with the dominant Thinking function, while the ISTJ reserves
the dominant function (Sensing) for the inner world and thus faces the
outer world with the auxiliary Thinking function. More detailed
descriptions of both types can be found in Appendix A.

As a group, the team is evenly split on the Extraversion-
Introversion (E-I) and Sensing-Intuition (S-N) preferences, with ratios
of two to two on both. On the Thinking-Feeling (T-F) and Judging-
Perceiving (J-P) preferences, however, the ratios are four to zero in
both cases. Thus, while the team is balanced in the Extraversion-
Introversion and Sensing-Intuition areas, it is entirely a Thinking and
Judging, or TJ, team. Neither Feeling (F) nor Perceiving (P) is repre-
sented.

The balancing of the four members' Extraversion-Introversion pref-
erences suggests that both types will be comfortable with the team. The
two Extraverts may provide each other with the external stimulation and
focus that each needs, but are not so many in number that they will
overwhelm the two Introverts, who might rather be left alone. The
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balancing of the Sensing-Intuition preference bodes well for the team's
production of the technical rebort, particularly since the report's
Intuitive author (Test Engineer 3) had the document reviewed by the
Sensing Deputate Technical Advisor who would be inclined to ensure that
all the necessary facts were present.

The imbalance in the Thinking-Feeling preference suggests that the
team may use logic and be impersonal and businesslike. The members are
not particularly concerned with how people feel, thus the team might
appear cold in its businesslike approach. This should not be a problem,
however, as all four team members are Thinking types and will not be
bothered by the cool atmosphere. The logic and analytical abilities
associated with the Thinking type are suited to the scientific and
technical work encountered in the developmental test and evaluation
area.

The imbalance in the Judging-Perception preference is both positive
and negative. On the positive side, the Judging type prefers to live an
ordered life and can easily handle details, step~by-step procedures, and
routine. In an environment where these abilities are important, such as
in conducting a test which must be done in a specified step-by-step
manner, or in editing a document which must meet strict format require-
ments, an imbalance toward Judging types does not cause a problem. On
the negative side, however, the Judging types feel impelled to reach a
decision--and may do so too quickly. They feel a need to get finished
with whatever they are doing, even 1f the task is not really finished.
Here the team could benefit from the presence of a Perceiving type who

could temper the Judging tendency to reach closure.
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Division Technical Advisor 1 is an INTJ, and the Deputate Technical
Advisor is an ISTJ. The ISTP and ISTJ prefer to gather factual informa-
tion through use of the five senses and the Sensing (S) function, and
process that information through logic and analysis, using the Thinking
(T" function. Both the ENTJ and INTJ prefer to gather data via a "sixth
sense” and the Intuitive function, and process the information using
logic and analytical methods through the Thinking (T) function. More
detailed descriptions of all four types can be found in Appendix A.

As a group, the team contains one Extravert and three Introverts,
two Sensing types and two Intuitive types, four Thiiking types and zero
Feeling types, and three Judging types to one Perceptive type. The one
to three ratio of Extraverts (E) to Introverts (I) suggests a quiet and
reserved group in which the Extravert may sometimes feel uncomfortable
and somewhat lacking in stimulation. The Extravert can make a positive
contribution to the team by drawing out information from the quiet
Introverts.

The team exhibits a balance between the Sensing (S) types and
Intuitive (N) types. The two types can complement each other 1{f they
are motivated to do so. The Sensing types can deal with the facts and
details, while the Intuitive types can handle th :ory and suggest possi-
bilities that the Sensing types otherwise may not see. Thus the infor-
mation that this team gathers can be well-balanced between specific
facts and broad relationships and possibilities.

The predominance of Thinking (T) types over Feeling (F) types
suggests a logical, impersonal and businesslike group. The members may
appear cool and detached in their dealings with others because they are
not people-oriented. This may not bother the group members because they
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division editors, 1 division technical advisor, and the deputate techni-
cal advisor. Of these people, two gave "historical documentation” as
r.eir only answer, while the other eight mentioned at least one other
surpose as well. Answers placed in this first category contained state-
nents such as "For historical purposes. It just documents that a test
was done here” (55), "It is a record of what has been done for poster-
ity" (17), and "To document testing they've done" (56).

Nine respondents made statements which showed that they viewed the
technical report as a means of reporting the findings/results of a test.
The nine individuals included three test engineers, one editor, one
jivision editor, one division technical advisor, one mathematician, and
both analysts. Of these nine respondents, five saw "giving results/re-
sortiag findings" as the sole purpose of the technical report. Answers
placed in this second category included comments such as "Just to get a
summary of what the test has done" (13), "To give, I guess, the final
‘=suits of the test--the real nuts and bolts of the test" (36), and "To
3ive the people on the outside results of our tests. It is not supposed
to give you any kind of answers” (58).

Six respondents indicated that the technical report was used by the
test requester or other agencies as an aid in decision making. The six
individuals included one division editor, one division technical advi-
sor, the deputate technical advisor, two mathematicians, and one ana-
lvst. Of these six respondents, two gave decision making as the only
surpose of the technical report. Answers placed in this third category
included statements such as "to provide information based upon which
decisions can be made concerning further development or procurement of
that item for the Air Force inventory” (12) and "Supposedly it explains
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the item that was being tested. Is it acceptable? Does it meet specs?
It . . . [enables] someone to pass judgment--do we manufacture this, or
do we improve it, or what" (37). One respondent said, "I feel like
sometimes lots of money depends on a proper tech report. . . . the Air
Force might make a decision to buy that system” (14), but the respondent
then indicated that many people in the organization did not share that
perspective. Another individual commented that, although the technical
report was supposed to provide the test requester with information to
aid in the decision making process, "usually those decisions are made
long before the TR [technical report] is actually published” (15).

Four individuals said that the technical report was a source of
information for other researchers. The four--one test engineer, one
editor, one division technical advisor, and the deputate technical advi-
sor--all gave answers of this type in addition to one or more of the
three types previously discussed. Answers placed in this fourth cate-
gory included comments such as "[It] is also used for information [and]
research” (17), "The TR [technical report] should answer questions about
how you did it, later on" (54), and "To prevent someone from repeating a
test unnecessarily” (12). One respondent highlighted the bellef that a
technical report serves more than one purpose. "The . . . purpose of
the TR [technical report] is to document the results for posterity, so
it goes into a central data bank and it's always there for people to
refer back to" (15).

To summarize thus far, 18 participants provided 29 answers which
were grouped into 4 categories. Ten answers were placed in the category
of historical documentation, nine were placed in the category of report-
ing findings/results, six were placed in the category of supporting
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decision making, and four were placed in the category of information for
other researchers.

In further analysis, the first two categories--historical documen-
tation and reporting findings/results--can be combined into a larger
category of simply "providing information.” Likewise, the third and
fourth categories--support for decision making and information for other
researchers--can be combined into a second larger category of "providing
information necessary for some action to occur.” That is, the purpose
of the technical report, as seen in the answers associated with the
first two categories, is merely to provide information, with little if
any thought given to whether or how the gaining organization will use
that information. However, a second purpose of the technical report, as
seen from the answers in the third and fourth categories, is to provide
information on which some action will be based. If the numbers of
responses are also combined, there are 19 responses in the “providing
information” category, and 10 responses in the "providing information
for action" category. Thus two patterns of thought concerning the
technical report's purpose emerge.

These two thought patterns or purposes are important in light of
the emphasis placed on producing the technical reports within the
specified time limits after completion of active testing. For those
individuals who believe that some action will occur as a result of the
technical report, especially if the action involves a development or
production decision in an Air Force acquisition program, the need to
meet the established time limit has some meaning and is real. For those
individuals who believe that no action will occur as a result of the
technical report, the need to meet the deadline is artificial and has

4-50






TABLE 9

Perceived Audience Responses

Cat | Cat 2 Cat 3 Cat 4 Cat 5

Test Zngineer | X
Test Engineer 2 X
Test Engineer 3 X
Test Engineer 4 X
Test Engineer 5 X
Editor ! X
Editor 2 X
Editor 3 X
Division Editor 1! X
Division Editor 2 X X
Div Tech Adv 1 X X
Div Tech Adv 2 X
Dep Tech Adv X X
Mathematician 1 X
Mathematician 2 X
Mathematician 3 X
Analyst 1 X
Analyst 2 X
Note: Cat 1 = Customer
Cat 2 = Upper Management
Cat 3 = Scientific/Testing Community
Cat 4 = Researchers
Cat 5 = General Public

Div Tech Adv = Division Technical Advisor
Dep Tech Adv = Deputate Technical Advisor
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Additional analysis reveals an interesting difference among the
categories. The first, third, fourth, and fifth categories all carry
with them the connotation of concern for the reader's 3bilitv to under-
stand what is written in the technical report. All iddress, in varying
degrees, the technical level at which the document should be written, as
well as its completeness. The second category, however, does not show
the same type of concern for the reader as do the other four. Here
concern is instead focused on doing whatever must be done to get the
document signed, which may or may not be what is necessary to insure
reader understanding. Four of the 16 answers are found in Category Z,
while the remaining 12 answers are spread across the other 4 categories.
Thus the ratio of concern for getting the document signed versus concern
for the reader is one to three. All four individuals who gave the
Category 2 response are assigned to the same work unit within the test
organization--a unit which has, in management's view, historically expe-
rienced difficulty in meeting established deadlines--thus their answers
may reflect their reaction to external pressure to now meet the dead-
lines. As one individual stated "I guess ultimately around here you
have to worry about who signs it, to get it out of here" (14).

while the mathematicians and analysts do not participate in the
actual writing of the technical report, the data that they prepare for
the test engineers has a significant impact on the technical report.

The researchers therefore believed it was important to determine who the
mathematicians and analysts were thinking about as they performed their
tasks. Interview Question 8 was presented to both groups.

Two mathematicians and both analysts identified the test organiza-
tion in general--and test engineers specifically--as their customers,
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{ndicated that time limits should be determined on a case-by-case basis.
Category 2 consists of those answers which characterized the time limits
as unrealistic and arbitrary. Category 3 includes answers which stated
that there was no problem with the existing time requirements. Category
4 is composed of those answers which related the time limits to the need
for goals. Category 5 consists of responses which indicated that the
time limits are satisfactory after one has gained some experience on the
job. Table 10 shows the categorization of individual responses.

Seven individuals responded that the length of time allowed for the
report process should be determined on a case-by-case basis. The seven
respondents included three test engineers, one editor, one division
editor, and both division technical advisors. Three of the participants
gave this as their only answer, while four also had a second answer.

All three of the engineers commented on the differences among tests and
stated that variations in tests should be considered when the time
requirements are established. Technical reports from tests performed on
completely new items or in new areas of technology could be expected to
take longer to write than those from standard types of tests or tests on
items with existing data bases (56; 57; 58). One division technical
advisor and the editor thought the length of the report cycle should
include some consideration of the number of pages in the report (16;
17), with the editor describing variations in report size as "everything
from Peter Rabbit to Sears Roebuck” (17). The division editor also
mentioned the size of the report. "It should depend on the report
itself. Some reports are so small that 60 days is plenty of time.

Other reports are so complex and so large that 120 days isn't near
enough” (13). The second division technical advisor remarked that it is
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difficult to know, while in the planning stages of the test, how long it
will take to write the report. Therefore, there should be room for
adjustments on a case-by-case basis (15).

Six respondents stated that they thought the existing time require-
ments were unrealistic. The six individuals included one test engineer,
one editor, one division editor, one division technical advisor, the
deputate technical advisor, and one analyst. Of these six people,
three gave "unreal/arbitrary” as their only response, while the other
three also had a second answer. The division editor commented that the
current 60-day limit is unrealistic because there is only one test
engineer assigned to a test. The test engineer cannot humanly do every-
thing that should be done every day--schedule resources, fly, attend
meetings, analyze data, and write the draft technical report--by him-
self, thus the 60-day limit is not realistic. The division editor also
remarked that the 60-day limit is attainable, but only if a test team
concept is used and changes are made to the technical report review
cycle (14). The division technical advisor agreed that 60 days is
unrealistic: "I think 60 days is unreal--totally ridiculous. For one
thing, to have 60 days for all reports, whether the report is 20 pages
or 200 pages or even longer, 1s kind of silly” (16). The deputate
technical advisor stated, "I think it's an arbitrary number--written
down on a pilece of paper by someone who had little knowledge of how long
it took to write a report and what it took to write a report” (12). The
analyst felt that the 60-day limit is unreasonable in light of the
amount of data generated. Modern technology makes it possible to col-
lect vast amounts of data. "“When you have large instrumentation sys-
tems, they gather a tremendous amount of data, and you are trying to do
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Both the editor and the analyst remarked on the need for deadlines, with
the editor commenting: "I believe that maxim, your work fills up the
time no matter how many days you have" (18).

Two individuals, both test engineers, commented that the existing
time requirements are satsifactory, but each then qualified the remark.
One respondent gave this as his only answer, while the other had a
second answer. Both indicated that the time limit was satisfactory now,
after they had gained some experience and had written several technical
reports (55; 57). As one of them explained:

Right now I'd say it's adequate, but when I first got here I

thought it was inadequate. The longer you stay here, you

learn the system and you know a lot of shortcuts you can take.

You do your first tech report. 1It's pretty difficult because

you never have done one and it's a new thing to you. But the

more you do, the more confident you get. You know you can

write something and know it's going to get chopped up, but the

basic thought is going to stay there. So I think it's pretty

realistic, after you've been here three vears. It's touzh on

second lieutenants, though, first assignment. . . . (56)

To summarize the preliminary analysis, 18 participants gave 24
responses which have been grouped into 5 categories. The categories
include 1) determining time limits on a case-by-case basis, 2) charac-
terizing time limits as unrealistic and arbitrary, 3) evaluating time
limits as presenting no problems, 4) characterizing time limits as
goals, and 5) evaluating time limits as satisfactory, with a caveat.
Seven responses were assigned to Category l; six answers were placed in
Category 2; five answers were put in Category 3; four responses were
grouped in Category 4; and two answers were placed in Category 5.

Analysis of the responses by category reveals two points. First,

the responses in Categories 1,2, and 5 all acknowledge, implicitly if

not explicitly, that the current report cycle time limit leads to some
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10 respondents also gave answers which were placed in other categories.
All 10 participants remarked that the first step in developing a tech-
nical report included collecting and compiling the data (1l; 12; 13; 14,
13: 1%; 363 56; 57; 58). One of the division editors commented: "It's
just a matter of gathering all this data and putting it together into
some kind of semblance that would look halfway legible, so that you can
see what you are doing” (13). One of the divisica technical advisors
pointed out a problem associated with the data.

Wwith our test reports, the major effort is put into data

reduction, not the actual writing. Our biggest bottleneck is

the problem of getting through all the data. It's not just

the fact that the math lab is not getting it out to us. It's

just that there's a lot of data we have to deal with. Some of

the data we have to go through by hand to get it ready to give

to them [the data reduction organization], and that is very

time-consuming. (16)
One test engineer summarized this aspect of preparing a technical
report, saying it amounted to "getting all of your data, . . . gleaning
through that and taking the unnecessary data out of there, and having it
compiled in a logical manner which a knowledgeable person can make some
sense out of" (58).

fight respondents identified development of formatted text as a
critical step in drafting a technical report. The eight included three
test engineers. the three editors, one division editor, and the deputate
technical advisor. Four of these individuals had answers placed in
other categories as well. The three editors emphasized the importance
of following the guidelines on format while drafting the report's text
(17; 18; 19). Two of the engineers indicated that they viewed drafting

formatted text as the second step in development of the report, coming

immediately after collection and compilation of data (56; 57). One of
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Five participants focused on the test objectives as outlined in
the method of test. These respondents included one editor, one division
editor, both division technical advisors, and the deputate technical
advisor. Each of the five also had an answer in at least one other
category. All five indicated that the test objectives were at the
center of the test itself, and thus should be completely addressed in
the technical report (12; 13; 15; 16; 18). The editor and deputate
technical advisor remarked that they checked to see if each objective
was tracked throughout the technical report (12; 18). One of the
division technical advisors said that he looked to see whether the test
objectives had been met (16). The division editor said the technical
report was reviewed for conformance to the objectives in the method of
test, commenting: “"You do just whatever your objective states. You
don't do more, and you don't do less. You have to do exactly as your
MOT [method of test] states” (13).

Five of the participants remarked that they looked at details
during the review process. The five respondents were the three editors,
one division editor, and one technical advisor. All five had an answer
in at least one other category as well. Two editors, the division
editor, and the division technical advisor indicated that they looked at
details such as grammar, punctuation, and spelling (13; 15; 17; 19).

All three editors emphasized the necessity of checking the sequencing of
all figures, tables, and appendices (17; 18; 19). One editor also
pointed out the need to insure that administrative security practices
and procedures were followed (17).

Four individuals said that they examined the reports for data and
technical content. The four respondents inciuded one division editor,
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both division technical advisors, and the deputate technical advisor.
One individual gave this as his only response, while the other three
each had an answer in at least one other category. All four indicated
that the amount and type of data included in a report, when combined
with applicable technical explanations, must be sufficient to substan-
tiate or justify the report's conclusions (12; 14; 15; 16).

In synopsis, five test engineers each gave two answers when asked
what guidelines they used in writing a technical report. Each replied
that he or she used both published guidelines and existing technical
reports.

The other eight people assigned to the test organization were asked
what guidelines they use when reviewing technical reports. The 8
respondents gave 20 answers, which were grouped into 4 categories.
Category | addressed review for format requirements and included six
responses. Category 2 covered the tracking of test objectives and
included five answers. Category 3 comprised those answers dealing with
review for editorial details, a total of five responses. Category &
included four answers and addressed review for data and technical con-
tent.

Evaluation. The 13 individuals assigned to the test
organization were asked to evaluate, from their own perspective, how
well the technical report preparation process actually worked. Inter-
view Question 14 was posed to the test engineers, editors, division
editors, division technical advisors, and the deputate technical
advisor. The mathematicians and analysts were not included in this part
of the research since they do not participate in the actual writing of
the technical report. The 13 participants each gave a single response

4-71






their evaluations. The respondents in this category included all the
test engineers, all the editors, one division editor, one division
technical advisor, and the deputate technical advisor. The four respon-
dents who qualified their answers included two test engineers, the
division editor, and the deputate technical advisor. One of the test
engineers said the process was effective in that the technical report
got published, but remarked that the result was "not worth the hassle
and personal stress” (54). The second engineer indicated that the
process worked, but expressed a belief that the engineers should give
more thought to how the technical report will be written while they are
involved in active testing (57).

I did learn one thing, though, especially in taking

photographs and in some of my test procedures. I am going to

think more about the TR [technical report] during the test--

think more about what I want to do--and put--in that report,

and what kind of information I need to gather and how to

document it so that it's easy to find. (57)
The division editor remarked that the process accomplished its intended
function, but re-emphasized an earlier comment. "Like I was saying
before, I think you have to look at everything on a case-by-case basis”
(13). The deputate technical advisor agreed that the process worked
well. He pointed out, however, that he was viewing the process from the
outside and could not be sure how well the process was working at the
lower levels of the organization (12).

But I'm not down in the bowels of the process. I'm sitting up

above looking down. . . . I do know that from my viewpoint up

here, the quality is good, timeliness is pretty good. So,

from the measures of merit that I have, it looks pretty good.

(12)

Three other respondents, two test engineers and one editor, agreed that

the current process worked well, and added that they knew of no other
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used. Two of the engineers and the deputate technical advisor said that
the final review and signature level should be delegated to the test
organization level (12; 54; 56). Another test engineer recommended
removal of one of the intermediate levels of review, but did not state
specifically who should sign the technical report (55). Second, the two
division editors both suggested reducing the number of revisions which
occurred. One of them commented that use of computers with word proces-
sing capabilities actually increased the typing workload and impeded the
preparation process. Each review level thought it was easy to make
changes and print new versions of the report, so changes which were not
absolutely necessary were made (13). The other division editor recom-
mended that all levels of review be sent the first draft and then be
required to attend a single coordination meeting. "I think that, if all
the technical advisors were to show up at one meeting, having already
read the draft, we would only have one change, instead of as we do now"
(14). All changes could then be incorporated at one time, and two
revisions could be eliminated (14). The division technical advisor
suggested a third change to the review process. This individual would
acquire the personnel and equipment necessary to perform the artwork
functions currently done by illustrators within the technical support
division. He believes that, by adding the artwork capability to his
existing divisinn-level editing capability, technical reports from his
division would remain under division control throughout the editing and
review process. Thus he would be better able to ensure the reports'
timeliness (16). Finally, the editor suggested that test engineers
should not be sent on temporary duty, nor should they be given leave,
immediately after the draft technical report was sent to the editors.
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The editor remarked: "There's always someone you can ask questionms to,
but I do like the engineer that wroce the report because he knows better
than anyone else" (18).

In the second category, three individuals suggested two changes to
the test cycle planning process. The three included two test engineers
and one editor. One of the test engineers also gave an answer in
another category. All three respondents suggested that differences in
the kinds of tests and in test situations should be considered when
report time limits are assigned. The editor said, "I would change the
rigid time schedule because what 1s realistic for one report is not
realistic for another one” (17). One of the test engineers pointed out
that the two divisions perform completely different kinds of tests and
suggested that the established time limits should reflect consideration
of those differences. Since the tests are not the same, the same time
constraints should not be applied arbitrarily to all tests (54). The
second engineer recounted an incident where an engineer had to write two
different technical reports from one test, yet was given no additional
time to complete the writing. The engineer commented, "I think they
should have a little consideration” (57).

In the third category, two individuals--one test engineer and a
division technical advisor--recommended two changes to the actual tech-
nical report writing process. The test engineer commented on the orga-
nization's usual policy of not making recommendations in the technical
report.

I think it would be kind of nice to be able to put in some--

what I call real--conclusions. We really don't put conclu-

sions in our conclusions. They are more of a rehash of the

results. . . . I guess, basically, I'd like to use my engi-

neering degree a little bit more than I do. I like to be able
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to use a little bit of engineering judgment sometimes, which I
don't get to do. (58)

The division technical advisor remarked that he would change the timing
of the emphasis which is placed on writing the technical report.
Management says that the engineer should begin drafting the technical
report as soon as active testing starts, and should continue to work on
it throughout active testing so that there will be no problem meeting
the deadline once testing is completed. However, no management emphasis
or attention is given to the technical report until after the report
phuse begins. The division technical advisor commented that increased
supervisory attention to the writing, earlier in the testing, might
improve the overall technical report preparation process. "I think if
people put a little more emphasis on it, in other words if they cared
more and reflected that care in their supervision, it might make it all
easier as the process goes along” (15).

In the last category, two editors had two different suggestions for
changes in workload scheduling. One editor commented on a given test
engineer's involvement in several tests at any particular time, suggest-
ing that the engineer should be allowed to "completely finish one thing
before he has to start the second thing” (18). The second editor
remarked that better quality reports would result if there were some way
to level out the flow of reports into the editing function. The work
was described as "one of those types of businesses where you are either
so swamped you can hardly see where you are going, . . . or you have
nothing to do whatsoever” (19). The editor did not, however, think that

such a smoothing of the incoming workload was possible.

4-80



The 15 responses given by the 13 participants have thus been
grouped into four major categories of suggested changes. The four
categories include 1) changes to the review process, 2) changes to the
way time limits are assigned, 3) changes to the writing process, and 4)
changes to workload scheduling. Eight responses were grouped in
Category ., three answers were placed in Category 2, and two responses
each were assigned to Categories 3 and 4.

Further analysis of the categorized responses highlights Categories
1 and 2. Eight of the 15 responses were placed in Category 1. Six of
those eight responses suggested some change in the level or number of
reviews, either delegating final review to a lower level, deleting one
intermediate level, or holding one review meeting -ttended by all levels
of review. In all three instances, the suggestions would theoretically
result in fewer revisions to a given draft and therefore less time spent
in the report cycle.

Three responses were assigned to Category 2. These answers sug-
gesied that differences in tests and test situations should be consi-
dered when time limits are assigned. Those tests which are unusual or
particularly complex would be more difficult and time consuming to
document than would standard or less complex tests. If the time limits
were adjusted accordingly, there would be fewer problems and complaints
of unrealistic deadlines.

Although the mathematicians and analysts are not directly involved
in writing and reviewing the technical report, the researchers were
interested in their perspective of the technical report process. All
five were asked Interview Question 17: "If you could change one thing
in your interaction with the test engineer, what would you change, and
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TABLE 16

Technical Report Purpose Responses By Role Groups

Provide Information Provide Information
Only For Action
Cat 1 Cat 2 Cat 3 Cat 4
Test Engineer 1 X X
Test Engineer 2 X X
Test Engineer 3 X
Test Engineer 4 X X
Test Engineer 5 X
Editor 1 X X
Editor 2 X
Editor 3 X
Division Editor 1 X X
Division Editor 2 X X
Div Tech Adv 1 X X X
Div Tech Adv 2 X
Dep Tech Adv X X X
Mathematician 1 X
Mathematician 2 X
Mathematician 3 X
Analyst 1 X X
Analyst 2 X

Note: Cat | = Historical Documentation
Cat 2 = Reporting Results/Findings
Cat 3 = Decision Making
Cat 4 = Research Data
Div Tech Adv = Division Technical Advisor
Dep Tech Adv = Deputate Technical Advisor
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information only and providing information for action in the technical
report.

The mathematicians and analvsts are combined in the last group in
the table. Six answers were given by these five individuals. Three of
the answers are in Category 2, reporting results and findings, in the
area of providins information only. The other three responses are in
Category 3, aiding decision making, in the area of providing information
for action. No answers were given which fit into either Category 1 or
Category 4. There 1s, therefore, less variation in the answers given by
this group whose members are not assigned to the test organizationm.

Each person sees the technical report as either reporting the results or
as impacting decisions on the future of the system being tested. In
addition, as a group the mathematicians and analysts see the technical
report as both providing information only and providing information for
decision making.

In comparing perceptions of the technical report's purpose by the
roles of the participants, the researchers observe that the test engl-
neers and editors in general agree that the technical report's purpose
is to provide information. The report is not to be used later,
as support for any action. The middle and upper management personnel,
the technical advisors, however, have a broader perspective on the
nurpose of the technical report, seeing it both as providing information
only and providing information for further action. The mathematicians
and analysts as a group also hold this dual perspective. However, since
they are not as thoroughly familiar with the technical report as are

those in the test organization, their answers show less variation as
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TABLE 18

Time Limit Responses By Role Groups

Cat 1 Cat 2 Cat 3 Cat & Cat 5

Test Engineer 1
Test Engineer 2
Test Engineer 3
Test Engineer 4

Test Engineer 5

X X

Editor 1
Editor 2
Editor 3
Division Editor

Division Editor

Div Tech Adv 1
Div Tech Adv 2

Dep Tech Adv

Mathematician 1
Mathematician 2
Mathematician 3
Analyst 1

Analyst 2

Note: Cat |l =
Cat 2 =
Cat 3 =
Cat 4 =
Cat 5 =
Div Tech

Case~By-Case Basis

Unrealistic

No Problems

Goals

Satisfactory With Experience

Adv = Division Technical Advisor

Dep Tech Adv = Deputate Technical Advisor
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not included in this subsection because these individuals, as stated
before, are not involved in actually writing the technical reports.

Table 12 contains a summary of responses, for the remaining indi-
viduals interviewed, to the question of what they look for when they
receive a technical report for review. This table is modified by sep-
arating the two role groups, the editors and technical advisors. The
new table 1s Table 20.

The first group in Table 20 is the editors, including the division
aditors. The five editors gave eleven answers which fell into all four
catesories. Category 1, which contains responses focused on the format
requirements, and Category 3, which contains responses that relate to
editorial details, each received four answers. One editor and one
division editor in addition mentioned that they checked the report to
see if the test objectives tracked throughout the report and with the
method of test (13; 18). The other division editor reviews technical
sevorts for data and technical content which differs significantly from
the viewpoint of the other editors (14). This individual has a techni-
cal backsround and considerable special experience which the editors do
not have, explaining this variance in response to the interview ques-
tion. Overall, though, this group sees format requirements and edi-
torial details as the focus of their review.

The second group in Table 20 include the technical advisors.

This group had nine answers to the question about what they look for in
a draft technical revort. All three advisors review the document in
relationship to the test objectives and for data and technical content
(12; 15; 16). In addition, the deputate technical advisor also looks at
the format in these reports, and one division technical advisor checks

4-99






advisor who reviewed technical reports against all indicated criteria

(14; 15).

Changes to the Process. Table 14 was modified so that the

test engineers were separated from the editors and division editors, who
were separated from the division technical advisors and deputate techni-
cal advisor. This new table is Table 21. The mathematicians and ana-
lysts are not included in this portion of the analysis because they were
not questioned concerning changes to the technical report preparation
process. They were asked a related question, though, and their re-
sponses are discussed at the end of this section.

Beginning with the first group in Table 21, one can see the test
engineers' six answers to the question of "What would you change?” in
the technical report preparation process. Three of them stated they
would change either the level of signature or the number of reviewers in
the review process (54; 55; 56). Two test engineers suggested changes
to the procedure for assigning time limits for the technical reports, in
light of different testing and reporting situations (54: 57). The fifth
test engineer suggested modifying the writing process to include "real
conclusions” in the technical report (58). The agreement by three of
the five test engineers on eliminating at least one level of review is
probably the most significant point in this analysis. As the role group
responsible for preparing technical reports, these test engineers must
follow the documents through the coordination and review cycle. They
thus have more first-hand experience with all the levels of review than
does any other role group.

The editor group gave a total of six answers to the question of
suggested changes. The two division editors each said that changes
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TABLE 22

Technical Report Purpose Respcnses By Division A Teams

Provide Information

Provide Information

Only For Action
Cat 1 Cat 2 Cat 3 Cat 4
Team 1:
Test Engineer 1 X X
Editor 1 X X
Division Editor 1 X X
Division Editor 2 X X
Div Tech Adv 2 X
Dep Tech Adv X X X
Mathematician 1* X
Analyst 1* X X
Team 2:
Test Engineer 2 X X
zditor 3 X
Division Editor 1 X X
Division Editor 2 X X
Div Tech Adv 2 X
Dep Tech Adv X X X
Mathematician 2% X

Note: Cat l

Cat 3
Cat &4

= Historical Documentation

Cat 2 = Reporting Results/Findings
= Decision Making

Research Data

* = Individual Not Formally Assigned to Test Organization

Div Tech Adv = Division Technical Advisor
Dep Tech Adv = Deputate Technical Advisor
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TABLE 23

Technical Report Purpose Responses By Division B Teams

Provide Information Provide Information
Only For Action
Cat 1 Cat 2 Cat 3 Cat 4

Tean 3:
Test Engineer 3 X
Editor 1 X X
Dep Tech Adv X X X
Analyst 2* X
Tean &
Test Engineer 4 ’ X X
Editor 2 X
Div Tech Adv 1 X X X
Dep Tech Adv X X X
Mathematician 3* X
Team 5:
Test Engineer 5 X
Editor 1 X X
Div Tech Adv ! X X X
Dep Tech Adv X X X

Note: Cat 1| = Historical Documentation
Cat 2 = Reporting Results/Findings
Cat 3 = Decision Making

Cat 4 = Research Data

* = Tndividual Not Formally Assigned tc Test Organization
Div Tech Adv = Division Technical Advisor

Dep Tech Adv = Deputate Technical Advisor
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of the team members giving answers that fell into Categories l and 2,
with 9 of the 12 answers lying in the area of merely providing informa-
tion. Division Editor 2 and the Deputate Technical Advisor are the only
two members who saw the technical report's purpose as a decision-making
aid, and in the case of the Deputate Technical Advisor, also a reference
for later researchers. Five of the seven members of Team 2 saw the
purpose of the document as reporting results and findings, revealing the
general impression of the group.

In Table 23, showing the teams in Division B, Team 3 shows a
slightly stronger preference for the technical report as a document to
merely provide information. Within that broad area, the unanimous
agreement by the test organization members was that the technical
report's purpose is to provide historical documentation. Cnly Analyst 2
in Team 3 gave the purpose as "to describe the work and the results of
the test” (2). From the standpoint of providing information for actionm,
however, two of the four members stated that the technical report could
be an aid in later research.

Team 4 responses also contain a unanimous statement amorg test
organization team members that the technical reports’'s purpose is his-
torical documentation. The only person in Team 4 who did not express
this was Mathematician 3 who saw it solely providing the information a
decision maker would need (37). Two of the other four members agreed
with Mathematician 3 by also mentioning this purpose. There is an equal
division in Team 4 between the purposes of merely providing information
and providing information for action, with five responses in each area.

Team 5, with no members from the data reduction support organiza-
tion, has nine answers from its four members. The team consensus is
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that the technical report has multiple purposes. Three of the four
members had more than one answer, with both technical advisors riving
answers that fell into the same three categories. There is excellent
agreement between them, and good agreement between them and Editor 1, on
this question. Test Engineer 5, in contrast, merely sees it as report-
ing results to those "on the outside” (58).

Comparing the team responses, team members in Teams 1, 3, 4, and 5
are'fairly equally divided between the technical report's purpose being
to merely provide information and its purpose being to provide informa-
tion for action. The consensus among Team 2 members is that its purpose
is to merely provide information. Among the Team 3 and 4 team members
assigned to the test organization, the responses all included historical
documentation as a purpose of the technical report. Historical documen-
tation was also the strongest answer in Team 1. Lastly, Test Engineer 5
is the only test engineer whose only answer was different from the other
members of Team 5. Except for Team 2, the teams have a reasonably broad
view of the purpose of the technical report. The Team 2 technical
report was the most timely in its division; therefore, no correlation
can be made with timeliness for this aspect of the technical report
preparation process.

Intended Audience. Team responses concerning the perceived

audience are shown in two tables. Table 24, for the Division A teams,
and Table 25, for the Division B teams, were made based upon the
summarized responses in Table 9. The mathematician and analyst team
members are not represented in the tables or the analysis of this aspect
of the process because they were not questioned regarding the audience
for the technical report.
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TABLF 24

Perceived Audience Responses By Division A Teams

Cat 1 Cat 2 Cat 3 Cat 4 Cat 5
Team 1:
Test Engineer 1 X
Editor 1 X
Division Editor 1 X
Division Editor 2 X X
Div Tech Adv 2 X
Dep Tech Adv X X
Team 2:
Test Engineer 2 X
Editor 3 X
Division Editor 1 X
Division Editor 2 X X
Div Tech Adv 2 X
Dep Tech Adv X X

Note: Cat 1 Customer

Cat 3
Cat &

Scientific/Testing Community

Cat 2 = Upper Management
= Researchers

Cat 5 = General Public
Div Tech Adv = Division Technical Advisor
Dep Tech Adv = Deputate Technical Advisor
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TABLE 25

Perceived Audience Responses By Division B Teams

Cat 1 Cat 2 Cat 3 Cat 4 Cat 5
Teams 3:
Test ZIngineer 3 X
Editor | X
Dep Tech Adv X X
Team 4:
Test Engineer 4 X
Editor 2 X
Dis Tech Adv ! X X
Dep Tech Adv X X
Team 3:
Test Engineer 5 X
Zditor 1| X
Div Tech Adv | X X
Dep Tech Adv X X

Note: Cat
Cat
Cat
Cat
Cat 5

£ Lo o —
[ I B B ]

Customer

Upper Management
Scientific/Testing Community
Researchers

General Public

Div Tech Adv = Division Technical Advisor
Dep Tech Adv = Deputate Technical Advisor
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more than Team 3 because the Division Technical Advisor | answers in-
clude the general reader as well as those interested in research.

Time Limits. Table 10 contains the responses for all the

interviewees when questioned about the time requirements. These
responses are grouped by teams for tests functionally managed by Divi-
sion A in Table 26, and for tests functionally managed by Division B in
Table 27.

From Table 26, 6 of the 12 Team 1 responses are in Category 2,
corresponding to a view of the time limits as unrealistic. Only two of
the eight people on this team did not have an answer in this category.
One of these two, Division Editor 1, did, however, state that the tech-
nical reports should be evaluated on a case-by-case basis, implying the
existence of a problem (13). The other member of the team, Mathemati-
cian 1, saw no problems with the time limit (35). Further analysis
reveals that this individual was the most junior mathematician, in terms
of experience, of the mathematicians interviewed (35; 36; 37). Mathema-
tician | also iid not know what was involved in the task of putting
together a technical report, as seen in the answer to another interview
qﬁestion (35). These considerations help to explain the Mathematician 1
response in light of every other member of Team 1 seeing problems with
the time limits.

Team 2 had eight answers to the time limit question as summarized
in Table 26. The answers vary across four of the five categories, with
only three answers in a single category. With only four of the seven
members of Team 2 commenting on the problems with the time limits, there
i{s not a strong implication of problems by team members. Editor 3 and
Mathematician 2 stated there were no problems from their perspectives
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TABLE 27

Time Limit Responses By Division B Teams

Cat 1 Cat 2 Cat 3 Cat 4 Cat 5
Tean 3:
Test Engineer 3 X
Editor | X X
Dep Tech Adv X
Analyst 2 X
Team 4:
Test Engineer 4 X X
Editor 2 X
Div Tech Adv 1 X X
Dep Tech Adv X
Mathematician 3 X
Team 35:
Test Engineer 5 X
Editor 1 X X
Div Tech Adv 1 X X
Dep Tech Adv X

Note: Cat
Cat
Cat
Cat
Cat

[V, 0 S VO o B

Case-By—-Case Basis
Unrealistic

No problems

Goals

Satisfactory With Experience

Div Tech Adv = Division Technical Advisor
Dep Tech Adv = Deputate Technical Advisor
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(19; 36), and Test Engineer 2 commented that "it's pretty realistic
after you've been here three years” (55). Therefore, experience was an
important factor in the individual's perspective. In summary, Team 2
varied in its members' perceptions, with a small majority who saw prob-
lems with the time limits.

In Table 27, the Team 3 responses suggest problems with the time
limits, with one exception. Analyst 2 has no problems with the time
limits, while the other three members either see the need for more
evaluation of the technical reports on a case-by-case basis, or see the
time limits as unrealistic (2; 12; 17; 56). The validity of the general
consensus concerning problems with the time limits is more firmly estab-
lished by the fact that the analvsts are not directly involved in the
preparation of the technical report.

Team 4 shows considerable variation in responses to this question.
Seven answers cover all five categories, with a maximum of two answers
in each of two categories. However, these two categories are not
directly related since one seeks evaluation of time limits on a case-by-
case basis, and the other emphasizes tying time limits to goals. Team 4
is therefore characterized by the variation in its members' perceptions,
there being no general consensus.

The responses of the last team in Table 27, Team 5, show that the
members see problems with time limits. Five of the six answers fall
into the case-by-case evaluation category or the unrealistic characteri-
zation category. The single answer not in these categories is the
Division Technical Advisor 1 anawer relating time limits to goals (15).
The other half of this individual's response included the need for
“"ad justments made on a case-by-case basis” (15). Therefore, with each
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member alluding to at least one problem, the consensus is that there are
problems with time limits.

Looking at all the teams together, the researchers see a variance
in response, although the majority of individuals on each team saw prob-
lems with the time limits. The overall impression of Team | was that
the time limits are unrealistic. The Team 2 responses were varied but
with the most agreement that the time limits are unrealistic. The
Team 3 members assigned to the test organization saw problems with the
time limits and were divided between seeing the need for case-by-case
analysis and stating that they were unrealistic. The Team &4 responses
were the most varied of all the team responses. Even in the two in-
stances where two answers fell in one category, those answers were not
in agreement. In essence, Team 4 had no internal agreement. The Team 5
responses were similar to the Team 3 responses in that, in general, they
varied closely between the need for case-by-case analysis and the state-
ment that the time limits for the technical report were unrealistic. 3

Development of the Technical Report. The three subsections of

this aspect of the technical report preparation process include: 1)
tasks involved in the process, 2) guidelines used to write and review
the report, and 3) evaluations of the process. The latter two areas
will not be addressed in this analysis. In the guidelines section the
test engineers were not asked the same question as were the other
groups. The evaluation section was thoroughly covered in Research
Question 4.

Table 11 contains the interviewees' responses to the question of
what is involved in the task of preparing a technical report. The
responses in this table are regrouped by team for each of the five teams
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Report Preparation Task Responses By Division B Teams

TABLE 29

Cat 1 Cat 2 Cat 3 Cat 4
Team 3
Test Engineer 3 X X
Editor 1 X
Dep Tech Adv X X
Analyst 2* X
Team 4
Test Engineer 4 X X
Editor 2 X
Div Tech Adv ! X X
Dep Tech Adv X X
Mathematician 3% X
Team 3
Test Engineer 5 X
Editor 1 X
Div Tech Adv 1 X X
Dep Tech Adv X X
Note: Cat Collecting and Compiling Data

Cat

1=
Cat 2 = Developing Formatted Text
3 = Answering Test Objectives
Cat 4 = Do Not Know

* = Tndividual Not Formally Assigned to Test Organization

Div Tech Adv = Division Technical Advisor
Dep Tech Adv = Deputate Technical Advisor
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task (2). There is consensus among all team members who are in the test
organization that the task involves developing formatted text (12; 17,
56). Test Engineer 3 and the Deputate Technical Advisor also said the
task involves collecting and compiling data, but there is consensus in
this team which prepared and processed a technical report within the
time limit (12; 56).

The responses for Team 4 are divided between Categories 1l and 2,
with two exceptions. Division Technical Advisor 1 commented on the task
including answering the test objectives and Mathematician 3 did not
comment on what was involved in the task (15; 37). Answers by all the
test organization personnel fall into either the area of collecting and
compiling data or the area of developing formatted text, being divided
equally for Team 4, which was late in getting its technical report
through the process.

The Team 5 responses also fall into Categories 1 and 2, with one
exception. The Division Technical Advisor 1 comment on including the
test objectives is the exception. This team prepared and processed a
technical report within time limits. Their answers are divided fairly
equally between collecting and compiling data and developing formatted
text.

In comparison, Teams 2, 3, and 5, whose reports were timely, had
less deviation in responses among the four categories than did Teams 1
and 4, whose answers fell into all four categories. Most of the answers
for all five teams fell into the areas of collecting and compiling data
or developing formatted text, with all of the Team 2 responses falling
into one of these areas. Except for Test Engineer 1, the test engi-
neers' answers were in good agreement with the answers of their teams.
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Changes to the Process. For this final aspect of the process,
the individuals and their responses in Table 14 are grouped by teams and
separated into two tables. Division A teams are shown in Table 30 and
Division B teams are shown in Table 3l1. Table 14 and, correspondingly,
Tables 30 and 31 do not include the mathematicians and analysts since
they were not asked a question related to changes in the technical
report process.

Team 1 wanted to see changes primarily in the review process for
the technical report. Five of the six members suggested changes in that
phase of the process, and one member, Editor 1, stated the need for
change in the "rigid time schedule” for the reports (17). Although a
consensus exists that changes in the review process are needed, the
changes sought are varied. Test Engineer | and the Deputate Technical
Advisor, two of the five suggesting changes here, wanted the level of
signature on the technical report reduced. Two others, the division
editors, suggested reducing the number of rewrites which occurred. All
four of these suggestions relate to each other as general methods for
reducing time spent in coordination in this organization. However, the
fifth suggestion, by Division Technical Advisor 2, which would allow
Division A to acquire illustrators for the division, is specific to
Division A and would not benefit the organization as a whole. Overall,
for Team !, the general consensus is that the review process needs
changing. Lowering the signature level and reducing rewrites are the
changes that were most often mentioned.

From Table 30, the consensus for Team 2 is to change the review
process. Only one member, Editor 3, answered the question suggesting a
change not related to the review process. Editor 3 wanted a consistent
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TABLE 30

Suggested Change Responses By Division A Teams

Cat 1 Cat 2 Cat 3 Cat 4
Team 1:
Test Engineer ! X X
Editor 1 X
Division Editor 1 X
Division Editor 2 X
Div Tech Adv 2 X
Dep Tech Adv X
Team 2:
Test Engineer 2 X
Editor 3 X
Division Editor 1 X
Division Editor 2 X
Div Tech Adv 2 X
Dep Tech Adv X

Note: Cat 1 = Changes to Review Process
Cat 2 = Changes to Time Limit Assignments
Cat 3 = Changes to the Writing Process
Cat 4 = Changes to Workload Scheduling
Div Tech Adv = Division Technical Advisor
Dep Tech Adv = Deputate Technical Advisor
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flow of technical reports into the editor, neither too many nor too few
(19). The changes desired by those in the consensus varied, with one
suggested change as different from the others as the Editor 3 answer was
different from the consensus. The change that Division Technical Advi-
sor 2 wanted (acquiring illustrators) was discussed in the Team 1 analy-
sis of this question (16). The other four recommended changes relate to
reducing the amount of coordination and, specifically, eliminating some
of the upper management review. Changing the review process is the
consensus view of the change needed; the most supported change is reduc-
ing the number of reviews.

The responses by the Team 3 agree for two of the three people. Not
only do Test Engineer 3 and the Deputate Technical Advisor agree there
should be a change in the review process, but they also agree the
technical report should be signed at a lower level. Editor 1l differs
from them in the change that is needed, seeing a need to modify how time
limits are assigned (17). Therefore, the most significant point for
Team 3 is that two of the three members agree exactly on the change that
is needed.

The responses by the Team 4 members are varied across all four
categories. Although the answers given by Editor 2 and the Deputate
Technical Advisor fall in the same category, that of changing the review
process, their proposals for change differ greatly. Editor 2 wanted the
test engineer to always be available to answer questions during the
review, while the Deputate Technical Advisor wanted the technical report
signed at a lower level (12; 17). The other three answers are in

different categories, showing that there is not a consensus for Team 4.
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archical structure. The test organization thus qualifies as a "latent
matrix,” the term used by Gano S. Evans (21:78,80-31). The organization
can be further classified as the “"project within function" variation of
Kenneth Inight's secondment model abproach to matrix management
(29:151).

The researchers conclude, therefore, that this test orsanization
does function operationally as a matrix variant in the testing process.

Research Question Two.

How can the information gathering and processing oreferences

of key narticipants in the technical report process be

described?
The information gathering and processing preferences for the 18 key
participants in the technical renort process were assess by using the
Myers-Briggs Type Indicator, an instrument based on Carl Jung's theory
of psychological types. Of the 16 unique four-letter types the Indi-
cator identifies, 8 were seen among these 18 individuals. The most
prominent four-letter type found among these participants was ISTJ, with
nine individuals typed accordingly. The ISTJ is an Introvert (I) with
Sensing (S) as the dominant function and Thinking (T) as the auxiliary
function. Normative data based on the research of Isabel Mvers and
others sugpests that, in a population of 18, one would expect a distri-
bution of .84 ISTJs (26; 40; 45). The actual distribution of 9 is
roughly 10.7 times as many as would be expected in a groun renresenta-
tive of the population at large.

The researchers conclude, in this case, that the group of par-
ticipants studied are primarily ISTJ. They may be characterized by

their powers of concentration, their fascination with observable facts,



their use of logic and analysis, and their propensity to 3et things done
(38:305). Conversely, this type may tend to make decisions too quickly
before they have all the pertinent data, and may not be open to all the
possibilities. They must also guard agalnst being too impersonal and
somewhat uncommunicative.

This group is not heterogeneous; therefore, decisions may not be as
thoroughly considered as they should be. In this environment, they
probably will not have as many problems as they might in another
environnent where more--or more intense--interpersonal interaction was
required. If the organization contained more Extraverts, Intuitive
types, Feeling types, and Perceiving types, more resources would be
available from which to draw to balance out the strong ISTJ tendencies.

Research Question Three.

How do these preferences of the key participants compare
relative to their roles in the operational structure?

This question was answered by describing and comparing the information
gathering and processing preferences of the key participants in terms of
their membership in one or more of five teams. There are four to eight
members on each of the five teams, with the test engineer as the team's
focal point. All five teams are composed largely of ISTJs.

Team 1 includes two Intuitive Feeling (NF) types, who may feel
stressed in this environment, which is mostly Thinking Judging (TJ).
There is a possibility of communication difficulty betwen the NFs and
the TJs.

Team 2 includes one NF and is mostly Sensing Thinking (ST). The

Judging-Perceiving (J-P) ratio is relatively equal. As with Team I, the
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NF may feel stressed or isolated in this environment. There is the
possibility of communication difficulty between the NFs and STs.

All the members of Team 3 are TJs. Team 3 is well balanced in the
Extraversion-Introversion (E-I) and Sensing-Intuition (S-MN) preferences,
but includes no Feeling types or Perceiving types. Team members may
feel impelled to reach a decision--and may do so too quickly--but taey
should have minimal difficulty communicating.

As with Team 3, the Team 4 members are all TJs. Team 4 includes no
Feeling types, no Perceiving types, no Extraverts, and one Intuitive
type. This team could have significant problems with premature closure,
or the tendency to reach a decision. Team 4 may also be short sighted
and too inward looking.

Three of the four members of Team 5 are TJs, with one Sensing
Thinking Judging type and two Intuitive Thinking Judging types. The
team exhibirs a balance between Sensing (S) types and Intuitive (N)
types and all are Thinking (T) types. The test engineer, who is ISTP,
may be uncomfortable with the Judging (J) types.

The researchers conclude that all the teams are almost entirely
Thinking (T) types, predominantly TJ. Most teams may have closure
problems. The teams are not heterogeneous; therefore, there are few
other resources, such as Extraverts, Intuitive types, Feeling types or
Perceiving types to draw on for augmentation if needed.

Research Question Four.

How can the perceptions of the technical report preparation
process held by key participants in that process be described?

This question was answered by presentation and analysis ol the key

participants' responses to interview questions covering five aspects of
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the technical report and its preparation process. The five aspects
included 1) the purpose of the technical report; 2) the intended
audience; 3) the assigned time limits; 4) the development of the techni-
cal report, including the tasks involved therein, guidelines for prepa-
ration and review, and an evaluation of the process; and 5) suggested
changes to the process.

Purpose of the Technical Report. The 18 participants inter-

viewed gave a total of 29 answers when asked the purpose of the techni-
cal report. These answers were divided into four categories including
1) historical documentation, with ten answers; 2) reporting results and
findings, with nine answers; 3) support for decision making, with six
answers; and 4) information for future researchers, with four aaswers.
Two patterns of thought emerge when Categories 1 and 2 are conmbined into

a larger category of simply "providing information,” and Categories 3
and 4 are combined into a second larger category of "providing informa-
tion for action to occur.”

The researchers' first conclusion for this aspect of the technical
report is that the participants are divided in their perception of the
technical report's purpose. The second conclusion is that there may be
a difference between the perspectives of management and workers in this

area.

Intended Audience. The 13 participants assigned to the test

orzanization were asked who they were thinking about when they performed
their tasks in the technical report preparation process. They gave a
total of 16 responses. These responses were divided into five cate-
sories including 1) the customer, with four answers; 2) upper manage-
ment, with four answers; 3) the scientific or testing community, with
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Guidelines. The five test engineers were questioned with
regard to the guidelines used in writing a technical report. They gave
10 answers in total which fell in.o 2 categories: 1) published
guidelines, with 5 answers and 2) old technical reports, with 5 answers.

The other eight participants assigned to the test organization were
asked what they looked for in the technical report, when reviewing a
draft copy. Their 20 aaswers were divided into &4 categories: 1) review
for format requirements, with 6 answers; 2) review for test objective
tracking, with 5 answers; 3) review for editorial details, with 5
answers; and 4) review for data and technical content, with 4 answers.
Results showed the three editors and one division editor all answered
with responses that fell into Categoriles 1l and 3. There was a notice-
able difference in the review between Divisions A and B. The Division A
technical advisor reviews the report for test objectives and technical
content only, while the Division B technical advisor reviews the tech-
nical report in all four categories. The Division A technical advisor
has a supnort staff who provide format and editorial support which the
Division B technical advisor does not have.

Conclusions include the fact that upper management reviews the
document for technical accuracy and test objective tracking, and the
editors, including one of the division editors, review it primarily for
format and detail.

Evaluation. The 13 participants in the test organization
who are involved in the actual writing and reviewing of the technical
report were asked to evaluate that process. They gave 13 answers which
were divided into 2 categories: 1) the process works well, with 11
answers and 2) the process does not work well, with 2 answers.

5-8



The conclusion is that the majority of the participants evaluate
the process as working well.

Changes to the Process. The 13 participants who are involved

in writing and reviewing the technical report were asked what they would
change in the process. They gave 15 responses, which could be split
into 4 categories: 1) changes to the review process, with 8 answers; 2)
changes to time limit assignments, with 3 answers; 3) changes to the
writing process, with 2 answers; and 4) changes to workload scheduling,
with 2 answers. A majority of the responses related to changes in the
review cycle and suggested some change in the level or number of
reviews, either delegating final review to a lower level, deleting an
intermediate level, or holding one review meeting atfended by all levels
of review.

The mathematicians and analysts were questioned about what they
would change in their interaction with the test engineer. The five
individuals gave a total of six answers, which were grouped into four
categories: 1) test engineer inexperience, with two answers; 2)
improved coordination, with two answers; 3) improved planning, with one
response; and 4) no suggestions, with one response.

The conclusion from the analysis of responses relating to changing
the process is that the review cycle should be shortened. A conclusion
from the responses of the mathematicians and analysts to their question
is that there is no consensus of what should be changed, unless the test
engineer inexverience relates to the poor coordination.

Research Question Five.

How do these percentions held by key participants conmpare?


































































14.

15.

16.

17.

18.

21.

2
o
.

How are the data used?

What do you think of the time requirements for the report? (This
refers to the 60-day time limit.)

How do you feel about your role in the Test Orzanization's
technical report preparation process, i.e. what are your likes and
dislikes?

If you could change one thing in your interaction with the test
engineer in the Test Organization's reporting process, what would
you change, and why?

In your opinion, what, 1f anything, could be done to improve the
usefulness of the data?

low many tests are you involved in at any particular time?

tho establishes your work priorities?

tthat are your guidelines or standards for your part in the process?

How many hours a week do you work?
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