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ABSTRACT

of 1, 500 scientists and engineera from 73 companies, B research institutes,

and 2 universities; and the flow of scientific and technical information (flow

T ‘lvl'r..‘i.

process) inherent in satisfying these needs. Interviewers asked 63 questions
in the following four subject areas: {1) the USER of scientific and technical
inférmation, (2) the user's most recent scientific or technical TASK, (3) the
user's general UTILIZATION of the information system, and (4) the user's
SEARCH AND ACQTVISITION process for information used in task performance.

Many studies have been performed, and much has been wrilten, concerning
the flow procese. The tendency has been to examine only small portions of
the process, or to speculate about large portions of the process in generali-
ties., Therefore, very little of a comprehensive, definitive, anrd unifying
nature actually has been said about the process. This investigation is the
first attempt to obtain so much data on 80 large a portion of the process, and
its analysis is the first attempt to draw definitive and unifying conclusions

from such daca.

Gosls for the flov process, future analysis of the flow process, character-
tzation of the flow process, and analysis of flow-process data are summarized.
In additior:;, the goals and future analysis recommendations reflect work per-

formned by tke anthor after completion of the study.
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DEDICATION

This paper is respectfully dedicated to the inspiring memory of Dr. Edith S.
- Jay, whose scientific ability was as brilliant in the unstructured area of
vague abstraction as it was in the highly structured area of extreme detail.

She made a unique contribution to each colleague and to each task.
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INTRODUCTION

A major investigation to determine how scientists and engineers acquire

information has been recently completed. The objective of the investigation

was to characterize scientific and tecanical information needs, and the flow

of scientific and technical information (flow nrocess) remired to satisfy .
these nceds. The study's conclusions arc as important to individual organi-

zations ag they are to the government, and as important to scientific and

technical management as they are to those directly concerned with the flow

process.

-Data were obtained by personal interviews, with a representative sample of

1, 500 from a population of approximately 120. 000 scientists, engincers, and
technical personnel. These pergonnel were employed by 73 companies,
8 research institutes, and 2 universities, The Appendix lists participating

organizations, with the number of personne! interviewed from each.

To ensure high-quality data, the interviewers were thuroughly trained, and
the interviews were carefully recorded and checked for accuracy and
congistency. The interviewers asked 63 questions in the following four
subject areas: (1) the USER of scientific and technical information, (2) the
user's most recent scientific or technical TASK, (3) the user's peneral
UTILIZATION of the information system, and (4) the user's SEARCH AND

ACQUISITION process tor information used in task performance.

Many studies have been performed, and much has been written, concerning
the flow proccss. The tendency has been to examine only small portions of
the process, or to speculate about large portions of the process in generali-
ties. Therefore, very little of a comprehensive, definitive, and unifying
nature actually has been said about the process. This investigation is the
first attempt to obtain 80 much data on so large a portion of the process,

and its analysis is the first attempt to draw definitive and unifying conclusions

from such data. During this analysis, qualitative question responses were

Wi i




R Ll LUl |

transformed into numerical form, a process model for relatiunships among
questiona was constructed and estimated, and numerical relationship results

were transformed back to qualitative form.

Goals for the flow prucess, future analysis of the flow process, character-
ization of the flow process, and analysis of flow-proccass data are discussed
in subsequent gections. This discussion sumunarizes the investigation, which
is completely described in Reference 1. In addition, the goals and future
analysis recommendations reflect work performed by the author after the

publication of Reference 1.

Refercence 2 prescnts the application, to a process or system in general, of
the recommended program for analysis and optimization, as well as the first
two portions of the analysis. Computer programs used in the analysis are

documivnted in Reference 3.

The surveyed organizations constitute a rcasonable cross-section of scientific
and technical organizations 1 general, althuugh they were sclected on the
basis of being defense contractors (sce Appendix). In the absence of a compar-
ably comprehensive and definitive investigation of the flow process in general,
it 18 informative to view the results of the study as generally indicative, if

not actually applicable.

For this reason, the terminology employed here has been selected to mim-
mize dependence upon the defense industry. The correspondence between the

terminology and that of Reference | is as follows:

¢ User's salary level replaced user's equivalent GS rating.
® Documentation Center replaced Defense Documentation Center,

) Government Information Center replaced DOD Information Center,




GOALS FOR THE FLOW PROCLSS

THE FLOW PRNOCESS

E ©  section. It represcnts either of the following proccascs’

The conclusions of the investigation provide a set of goals for the flow pro-
cess, and a measure with which to evaluate a general information system.
These goala arc supported by the characterization of the flaw process below,

and the numerical results which appear in Volume 1l of Reference 1.

Figure 1 is helpful in visualizing the goals described by the remainger of this

® The flow process in task performance, when UTILIZATION repre-
sents the utilization of the information svstem in task performance.

@ The flow proccas in general, when TASK represents the user's

scientific or technical task in general.

FLOW PROCESS M98
w SEARCH AND ACQUISITION PROCESS
g NTIFIC UTILIZATION OF INFORMATION SY STEM
nomicaL INFORMATION
INFORMATION INFORMATION
BASE
VSN
INECRMATI
QTHER
SOURCES OF
INFORMATION
SCIENTIFIC
R TECHNICAL
ASK
RGURE §
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RRIDGE THE INFORMATION GAP

An information gap exists between the user of scievntific and technical
information, and the information system which saerves his needs,  This
information gap must Le bridped if the user is (o obtain high-guality

information.

REORIENT THE USKR AND THE INFORMATION SYSTEM

Both the tsve ain vne Information aystein need to he reariented. Screntists
and vngineers, cspecially those in management or those posscssing an
advanced degree, must become getjve seckers of high-quality informatian
scrvices. Forats part, the information system must become an active

provider of high-quality information services, not merely a passive document

repository.

EXPAND THE INFORMATION BASH

An information base forms the foundation of the information system. In
gencral, it contains information which is conceptual and rescarch-oriented.
The information base has to be expanded to include design and performance

information, and information which is developmient- and production-oriented.

RESTRUCTURE THE INFORMATION BASE

The information basc is composed of information media which convey the

information, Four lthe most part, these media are written in form, formal in
composition, and textual in Jayout. It miust be restructured to indlude media
which are oral in form, informal and semiformal in composition, and graphi-

cal in layout,
MARKE THE INFORMATION BASKE FLEXIRLE

The information hasce should be made flexible to permit:

[ Information to be indexed, abstracted, sclectively orgamized, and
sclectively analyzed,
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® Information to be selectively repackaged in information media of
appropriate form, composition, and layout.

) Information media to be indexed and abstracted.

MAKE THE INFORMATION BASE MOBILE

The informatiun base needa to be made mobile, so that information aware-
ness is automatic, rapid, and selective; and information acquisition is quick
and easy.

EXPAND THE INFORMATION SYSTEM

Expert personnel must be employed to expand the information system by
providing both information resources and connections with the informal
information system ('invisililc colleges'’). This expansion will add an
entirely new dimension to the information system.

EXTEND THE INFORMATION SYSTEM

The information system has to be extended into the local work environment
by the automatic and selective dissemination of abstracts for media in the
information base, and listings of disciplinary areas with an expert's level
of competence in each area.

B L —— -




FUTURE ANALYSIS OF THE FLOW PROCLESS*

The inveatigation has generated a great deal of valuable data concerning the
flow prucess. Analysis of the data, despite funding and time limitations
inherent 1n an exploratory study, has yielded considerable insight into the
flow proccas. This analysis also indicates that certain portions of the {low
process merit additional inveatigation, and that certain portions of the

analysis merit refinement.

A complex, but as-yel incompletely characterized, relationship exists
between the flow process and the perfurnmiance of goivntific and technical
tasks. Tu in:prove task performance (improve quality, reduce cost, or
shorten timye), both the government and individual organizations have made
large investments in improvement of the flow process by improvement of the
information system (see Figure 1), Sufficient improvement in (optimi,zation
of) the {flow prucess 18 achweved, when sufficient improvement in {optimiza-

tion of) taak performance ts achieved,

Therefure, the additional investigation should bie performed in the framework

of a general program for analysia and optimization of the flow process with

respect to task performance.

The analysis provides the basis for this program of analysis and cptimiiza-
tion in the following manncr;
. A model of the flow process with which to plan investigations and
perform analyses.

@  An analytical approach to transform qualitative question responsea
into numerical form, tu construct and estimate a process model
for relationships among questions, and to transform the numerical
rclationship results back to qualitative form.

The application of the first two porticns of the above-mentioned analytical

approach to a procecss or system in general is contained in Reference 2.

“The future analysis reconimendations should be assigned priorities
according to the twin criteria of objectives and avatilable resources.

oy
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ADDITIONAL INVESTIGATION
Invegtigation of the following arcas appcara pronising:

. The feasibility of the conclusions, and their effect upon the flow - .
o e process. : '

. The effect of the quality and timeliness of information acquired upon ) .
the quality, cost, and speed of task perfermance.

3 . The difficulties encountercd in the utilization of the information . "
. system, “with an emphasis upon scparating those aitributable to - -
. B ingide the organization from rhose attributable to vutaide the .
R Sl ©0 77 777 organization.

® The nusers who, though copgnizant of certain portions of the informa-
tion system, do not use them. -

K ‘The utilization of the inforrnation syetem in task performance.

® Those areas suggested by refined analysis of the data.
BR ) Y

. _PROGRAM FOR ANALYSIS AND OPTIiMIZATION

The flow process (Figure 1) is guite complex, and experimentation (investi-

gation) regarding it is both difficult and expensive. For such a process,

mathematical solation for ouiputs in rerms ef inputs is usually nou f asible,
" and computer simulation is often an effective and efficient complement to

cxperimentation.

When a mode! (mathematical represcentation) for the process is translated
intn a simulation computer program (compuler representation) for the
process, the process and the cffects of various factors upon it may be
sirnulated. The accuracy and precisivn of the cuoinputer simulation increase
a5 the accuracy and precision ot the model increase, which occurs as

knowledge concerning the process increases,

Four periods occur in the ¢volution of a body of knowledge as it matures
from an art into a science; these are description modeling, prediction, and
contrel and optim:zation. Computer simulation yields appropriate results
in the moaeliag, prediction, and control and optimization periods. With the
completion of this investigation, knowledge concerning the flow proccess is

eme:ging from the description period and entering into the modeling period.




. —r———

T

et R

i

e

A program that providcs u meaningful framework for the coordination of
wxperimentation and computer simulation in the analysis and optimization of i

the flow process is illustrated by Figure 2, and is composed of the following

10 basic atages:

I. Quantitative process analysis developa a model by transforming
qualitative elements of the pracess into numerical form, and by
constructing a model for relationships among component parts of
the process. The transformation of elements is accomplished by
arranging the clements into an informative detailed (local) structure,
and then associating a meaningful number with each element.
Construction of the model is accomplished by arranging the compo-
nent parts into an informative general (global) structure, and then
specifying the general form for meaningful relationships among
component parts.

2. Experimental trial produces experimental data.

3. Maodecl estimation produces, from experimental and available
auxiliary data., estimateg of unapecified constants in the general
form of relationships in the model; and a preliminary, but insuffic-
ient, evaluation and validation (positive check) of the process
represgentation by the model.
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--—-.- -modified to yield a program for design and optimization (Figure 3).

10

10,

Simulation programming translates the model into a simulation

computer program,

Simulation trial produces simulation data.

Model and simulation data coaparison provides an evaluation and
validation of the model's representation by the simulation computer

program.

Experimental and simulation data cotnparison provides an evaluation
and validation of the proceas' representation by the combination of
model and simulation computer program.

program hus been validated.

Thus, the process'
representation by the model is indirectly evaluated and validated,
given that the model’'s representation by the simulation computer

Experimental and simulation data analysis characterizes and evalu-
ates the process, in terms of criteria and constraints, and suggests

modification of the process for optimization (achievement of
sufficient improvement).

Optimization modifies the process and applies appropriate stages of
the program to the modified process, in an iterative manner until

sufficient improvement is achieved.

Design of experimental and simulation trials aids optimization,

For the design of a new flow procese. the approach of this program may be

application to a process or system in general, of botn the program for

analysis and optimization and the program for degign and optimization, is

presented in Reference 2.

REFINED ANALYSIS OF THHE DATA

Lecausc only a small fraction of the effort expended in collecting data is

typically devoted to their analysis, a la~ge amount of the information they

contain gencrally is undiscovered and unexploited.

standing af the {low process may be acnieved ih

of the data, as follows:

Investigation of the cffect of organization gize, industry, and
interviewer bias upon answers to guestions.

A more profound under-

sough more refined analysis

Improvement in the arrangement of responses to a question, and the
association of a numerical value witk each response, with the objec-

tive of improving the linearity of rvelationships among questions.
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PROGRAM FOR DESIGN AND OPTIMIZATION
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FGURE 3

. Division of the 1, 500 users into appropriate groups for analysis and
comparison, such as the three groups formed by those who acquired:
conceptual information, design and performance information, and
production information.

® Incorporation into the aralysis of differences betwecn the corres-
ponding characteristics of the desired and actually received
informa*ion, and additional special indexes.

e Reformulation and re-estimation of appropriate linear relationships
among questions, to reflect the above improvements and to investi-
gate more specific relationships which involve only single questions
(rather than combinations of related questions).

! . Formulation and estimation of additional linear relationships within
the flow process, such as those which reverse the input/output
relations of the flow process (under the chara~terization below)--
for the investigation of the selective dissemiration of information.
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CHARACTERIZATION OF THE FLOW PROCESS

The findings of the investigation, which characterize the flow process, are
highlighted in this section. They are illustrated by the accompanying figures,
and supported by the numerical results in Volume III of Refoerence 1.

TYPES OF INFORMATICN

Almost one-half of the information was in engireering fields, and almost two-
fifths of it waa in scientific fields (see Figure 4). In the conceptual-design
and performance-production cycle, over 60% of the information involved

design and performance (Figure 5).

MEDIA FOR CONVEYING INFORMATION

Oral information was wanted more than one out of three times, and semi-

forinally written information also was wanted more than one out of three

FIELD OF INFORMATION

RGURE 4
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CONCEPTUAL-DESIGN AND PERFORMANCE:PRODUCTION w43mia
CYCLE LOCATION OF INFORMATION

LIS
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FIGURE §

_ times (Figure 6). Over 60% of the information was degired in more than one

document (see Figure 7). Almost three-fifths of the time, a specific answer
was needed; and over one-third of the time, a detailed analysis was necded
(see Figure 8).

FIRST SOURCE CONTACTED FOR INFORMATION

Eighty percent of the time, the users first searched for information within
the local work environment (see Figure 9). The local work ervironment
extends only as far from the user as an internal consultant. It does not
extend as far from him as his organization's technical information center

(library), which is his connection with the formal information system.

ACQUISITION TIME FOR INFORMATION

Almost one-half of the information was needed within 7 days, and almost

three-fourths of it was needed within 30 days (Figure 10). Except for 5% of




DESIRED COMPOSITION OF INFORMATION MEDIA

12.5% 0, A

ORAL

INFORMAL DOCUMENTATION

0 hl“hLm-\-u |.\ .-A|l\\1‘hh\n‘h“|rui u-mi.iu‘m

PYE‘RCGNT ARE: "ORAL CONTACTS-ALL OTHER" (18%) AND

TARE: “PERSONAL NOTES, PERSONAL LOGS AND
CE, MEMOS AND TWX' (6%}, AND "DRAWINGS

T T

€. THOSE REgPWSES WITH OVER 3 PERCENT ARE: "“SYSTEM SPECIFICATION DOCUMENTS "

4, 5%) AND "MANUALS" (3, 5%),
D. THOSE RESPONSES WITH OVER 3 PERCENT ARE: "JOURNALS" {4.5%) AND TEXTBOOKS" (3.5%).
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DESIRED DEPTH OF INFORMATION MEDIA
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DESIRED ACQUISITION TIME FOR INFORMATION
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the information, the information necds were satisfied within the allowable

2cquisition timic (see Figure 11).

UTILIZATION OF INFCRMATION

Over two-fifths of the information was used throughout the entire task, and
over one-third ot it was used in major portions of the task (Figure 12).
Almost 80% of the information was absolutely essential to the task, and over

15% of it was extremely helpful in the task (see Figure 13},

UTILIZATION OF THE INFORMATION SYSTEM

e 11

Of the users, 95% utilized their organization's technical informatio: center

(library), and over 50% utilized it twice a month or more (Figure i4).

Title listings or abstracts of information media would have been useful for

{inding more than two-{ifths of the needed information. lowever, the

17
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EXTENSIVENESS OF INFORMATION UTILIZATION
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ESSENTIALITY OF INFORMATION UTILIZATION

ABSOLUTELY ESSENTIAL oz Sezizzzagza e

EXTREMELY HELPFUL Voo A 1
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NEITHER ESSENTIAL NOR HELPFUL J§ 0.5%

FIGURE 13
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Technical Abstract Bulletin (TAB) was utilized by less than two out of five
users; and it was unknown to over two out of five users (Figure 15). Less
than 20% of the users utilized the Scientific and Technical Acrospace Reports

(STAR), while over 60% of them did not know of it (Figure 16).

'7"'0ver two out of five users encountered difficulties in the utilization of the

information aystem. Lack of timely awareness of information accounted for
almost two-fifths of these difficulties, and lack of timely acquisition ¢of

information accounted for over one-half of them (sec Figure 17).

SCIENTIFIC OR TECHNICAL TASKS

.__More than 50% of the tasks were in engineering fields. and more than 30% of

them were in scientific fields (see Figure 18). In the rcsearch-development-
preoduction cycle, almost two-thirds of the tasks were development
{Figurc 19).

the conceptual-design and performance-production cycle (see Figure 20).

Two out of three tasks involved design and performance, within

UTlLlZATIQN OF TECHNICAL ABSTRACT BULLETIN h
USE Y N W@ 35%
KNOW OF, BUT DO NOT USE IT 4
£0 NOT KNOW OF 1T Ml I a3,5%
FIGURE 15




1 e

UTILIZATION OF SCIENTIFIC AND TECHNICAL AEROSPACE REPORTS
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UTILIZATION AWARENESS, ACQUISITION AND UTILITY DIFFICULTIES
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UTILITY OF
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10 COMPANY COMPANY

43402

TIHELY 16.5% 21.5% i
OFTNFORMN on | INTERNAL TO COMPANY EXTERNAL T0 COMPANY BOTH  [s3n
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TIMELY
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TERNA EXTIRNA 80T
TO COMPANY T0 COMPANY
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FIGURE 17
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CONCEPTUAL - DESIGN AND PERFORMANCE - PRODUCTINON
CYCLE LOCATION OF TASK

OLNGH 3 *rar A Ei |

FIGURE 20

USERS OF SCIENTIFIC AND TECHNICAL INFCRMATION

Over one-half of the users held engineering positions, and almost one-third
oi them held scientific positions (Figure 21). In the research-development-
production cycle, two out of three users occupied development positions
{Figure 22). Of the users, 40% were not managers, and over 30% managed
from one to five persons (see Figure 23). More than one-half of the users
possessed a bachelor's degree, and almost one-third of them possessed an

advanced degree (see Figure 24).

In general, these significant users of scientific and technical information

were the real users of the information system--and also the ones most

frustrated by difficulties involving its use.
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USER'S FIELD OF POSITION

" FIGURE 21
USER'S RESEARCH - DEVELOPMENT - PRODUCTION
- = =" " ""CYCLE LOCATION OF POSITION
FIGURE 22
24
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FLOW PROCESS FROM AN INPUT/OUTPUT POINT OF VIEW

For design and analysis of the flow process, it is meaningful to consider the
flow process from an input/output point of view. Input represents "tendency

~ to influence, " output repregents ''tendency to be influenced, " and an arrow
repregents "'the tendency of influence from input to output. "

_ The components of the flow process are USER, TASK, UTILIZATION, and

- "SEARCH AND ACQUISITION., For the flow process in general, USER and
TASK act as input components; and UTILIZATION and SEARCH AND
ACQUISITION act as output components (Arrow 1 in Figure 25). The other

" " input/output relations among components of the flow process have the
following:

° JSER as input component, and TASK as output component {(Arrow 2
in Figure 25).

e USER as input component, and UTILIZATION as output component
(Arrow 3 in Figure 25).

- INPUT-QUTPUT RELATIONS AMONG COMPONENTS OF FLOW PROCESS

SCIENTIFIC OR
TECHNICAL
TASK

AL oA

*THE ARR&% POINT FROM INPUT (TENDING TO INFLUENCE; TO QUTPUT (TENDING TO
BE INFL 11:]8

FIGURE 2§
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e USER, TASK, and UTILIZATION as input components, and SEARCH
AND ACQUISITION as output component (Arrows marked 4 in
Figure 25).

Within each component, there are input factors and output factors. Factor
represents ''combination of rclated questions. " Figures 26 through 30 pre-
sent input and output factors for USER, TASK, UTILIZATION, SEARCH AND
ACQUISITICON, and the flow process, respectively. In thege figures, input
factors are ranked in order of their overall contribution to the relationships
within the stated component(s).

One must realize, however, that the statistical techniques of the analysis
can merely characterize a relation. They cannot imply that a relation is

cause-and-effect, for this can only be determined by a thorough understanding
of the flow process.

M-43420

USER INPUT AND OUTPUT FACTORS

® USER'S HIGHEST DEGREE ® USER'S RESEARCH-DEVELOP-

MENT-PRODUCTION CYCLE

® USER'S AGE LOCATION OF POSITION

® USER'S FIELD OF DEGREE ® USER'S FIELD OF POSITION
® USER'S JOB AND COMPANY

® USER'S MANAGEMENT AND
EXPERIENCE

SALARY LEVEL

FIGURE 26
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3
j TASK INPUT AND OUTPUT FACTORS Maun
® USER'S RESEARCH-DEVELOPMENT- © FORMALITY AND TYPE OF
PRODUCTION CYCLE LOCATION OF TASK OUTPUT
POSITION 3
® USER'S FIELD OF POSITION
] © TASK INITIATOR AND RECIPIENT , 3
® RESEARCH-DEVELOPMENT-PRODUCTION ® TASK DURATION AND ] ;
CYCLE AND CONCEPTUAL-DES IGN AND PERCENT OF TIME :
3 PERFORMANCE -PRODUCTION CYCLE
LOCATION OF TASK 3
i @ FIELD OF TASK
? ® USER'S HIGHEST DEGREE ]
® USER'S MANAGEMENT AND SALARY LEVEL ® USER-TASK FLEXIBILITY INDEX
FIGURE 27
M-amis E
; UTILIZATION INPUT AND OUTPUT FACTORS
| |
: ® USER'S RESEARCH-DEVELOPMENT- ® UTILIZATION PROPRIETARY
i PRODUCTION CYCLE LOCATION OF AND SECURITY RESTRICTIONS
POSITION
® USER'S HIGHEST DEGREE ® UTILIZATION AWARENESS, %
® USER'S MANAGEMENT AND SALARY ACQUISITION AND UTILITY s
OIFFICULTIES ;
_ LEVEL
® USE OF SPECIALIZED INFORMA-
TION CENTERS
® USE OF ORGANIZATION'S TECHNICAL ® UTILIZATION EFFORT INDEX
INFORMATION CENTER
® USE OF SPECIALIZED INFORMATION
SERVICES
® USE OF TECHNICAL ABSTRACT BULLETIN @ UTILIZATION PROBLEMS INDEX
ANC DOCUMENTATION CENTER

FIGURE 28
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® DESIRED VOLUME AND DEPTH
OF INFORMATION MEDIA

@ DESIRED COMPOS(TION AND LAYOUT
OF INFORMATION MED A

@ TASK DURATION AND PERCENT OF TIME

©® RESEARCH-OEVELOPMENT-PRODUCTION
CYCLE AND CONCE PTUAL-DE SIGN AND
PERFORMANCE ~PRODUCTION CYCUE
LOCATION OF TASK

©® DESIRED CONCEPTUAL-DESIGN AND
PERTORMANCE - PRODUCTION CYCLE
LOCATION OF {NFORMATION

@ FORMALITY AND TYPt OF TASK QUTPUT
© USER'S MANAGEMENT AND SALARY LEVEL
® UTILIZATION PROBLEMS INDEX

® FIELD OF TASK

©® USER'S RESEARCH-DEVELOPMENT-
PRODUCTION CYCLE LOCATION OF
POSITION

@ TASK INITIATOR ANO REC)PIENT

® USER'S FIELD OF POSITION

SEARCH AND ACQUISITION INPUT AND OUTPUT FACTORS e
@ UTILIZATION EFFORT INDEX ® LOCATION OF AND WNY USED FIRST

SOURCE FOR INFORMATIOM

® LOCATION OF AND ACQUISITION FROM
FIRST SOURCE FOR INFORMATION

@ ACTUAL VOLUME AND DEPTH OF
INFORMATION MEDIA

® ACTUAL COMPOSITION AND LAYOUT
OF INFORMATION MEO1A

© CONCEPTUAL-DES IGN AND PERFOR-
MANCE - PRODUCTIOM CYCUE
LOCATION OF INFORMATION

© FIELD OF INFORMATION

©® DESIRED ACQUISITION TIME FOR
INFORMATION

® ACTUAL ACQUISITION TIME FOR
INFORMATION

© CONTRIBUTION OF INFORMATION
10 TASK

® USERULNESS OF TITLE LISTINGS OR
ABSTRACTS FOR INFORMATION

® DISCOVERY OF POST TASK INFORMATION

©® SEARCH AND ACQUISITION
INADEQUACY INDEX

FIGURE 29

FLOW PROCESS INPUT AND OUTPUT FACTORS
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UTILIZATION AWARDMES S, ACQUI S1TION AMD UTILITY DIFFICRTIES
UTILIZATION EFFORT INDEX

UTILIZATION PROSUEMS HNDEX

PRI o eccmon

OESIRED VOLUME AND DEPTH OF INFORMATION MEDIA

OESIRED COMPOSITION AND LAYOUT OF INFORMATION MEDIA

LOCATION OF AMD WHY USED FIRST SOURCE FOR INFORMATION
LOCATION OF AND ACQUISITION FROM FIRST SOURCE FOR INFORMATION
ACTUAL VOLUME AND DEPTH OF INFORMATION MED A

ACTUAL COMPOS I TION AND LAYOUT OF INFORMATION MEDIA
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FIELD OF INFORMATION

DESIRED ACQUISITION TIME FOR {NFORMATION

ACTUAL ACQUISITION TIME FOR |NFORMATION

CONTR[BUTION OF INFORMATION TO TASK

USERMNES S OF TITLE LISTINGS OR ABSTRACTS FOR |NFORMATION
OISCOVERY OF POST TASK INFORMATION

SEARCH AND ACQUI S1TION INADEQUACY {NDEX

FIGURE 30
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ANALYSIS OF FLOW-PROCESS DATA

OVERVIEW OF TlIE ANALYSIS :

The data consist of |, 500 transcribed interviews, each containing anawers to - ’ l T
55 questions having allowable responses which are qualitative, and 8 qucstions
having allowable responses which are quantitative. Figures 4 through 24
summarire the responscs to 21 significant qucstions, and Figures 26 through N DS
30 summarize the subject of all but cight less-important questions. For a - R
complete listing of questions and their responses, Appendixes 5 and 6 to

Volume ]I of Refervnce | should be consulted.

Detailed information describing small portions of the flow process is provided

by one-way and two-way {requency distributions (for example, Figurcs 4 -
through 24). A one-way frequency distribution is the distributionof the 7
percentage of answers to a question that corresponds to each (allowable) - = T =
question response, and a two-way frequency distribution is the distribution
of the percentage of answers to a pair of queations that corresponds to each

pair of (allowable) question responscs (sce Table 1).

In addition, the relationship analysis cycle yields general infcrmation
describing both small and large portions of the flow process (for example,
Figures 26 through 30). In this cycle, qualitative questiun responses are
transformed into numerical form, a process model for linear relationr .ps
among qucstions is constructed and estimated, and numerical relationship

results are transformed back to qualitative form (see Figure 31),

Transformation of gualitative question responses into numerical form is
accomplished by arranging the responses into an informative detailed {local)
structure, and then associating a meaningful number with each responsec.

The construction of a process model for linear relationgehips among questions
is accomplished by arranging the questions into an informative general
(global) structure, and then specifying the general form of meaningful linear
rclationships among questions. Next unspecified constaits, in the general

form of these relationships in the process model, are estimated from the

3
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Table 1

ONE-WAY AND TWO-WAY FREQUENCY DISTRIBUTIONS

One-Way Frequency Distribution

Question 22: Desired Volume of Information Media

I Response Frequency (%)
All from recall 7
One report or document 30
. " A sampling of the reports and documents available 22
All reports and documents that could be found pertinent
to the question 41
Two-Way Frequency Distribution
Question 25: Desired
Depth of Infor :ation
Media
Question 22; Desired A once A A
Volume of Information over specific detailed
Media lightly answer analysis
All from recall 0% 5% 2%
One report or document 2% 18% 10%
A sampling of the reports and documents
available 3% 10% 9%
Al! reports and documents that could be found
pertinent to the question 2% 23% 169

data by employing the statistical technigue called stepwise regression analy -

sis. Finally, numerical relationship results are transformed back to quali-

tative form by ranking questions in the order of their contribution to each

relationship, and then in the order cf their averall contribution to the relation-

ships in each componenrt of the flow process and the flow process itself.
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FIGURE 31

The relationship analysis cycle is believed to be novel in the field of infor-
mation science. It employment ard testing in this investigation have yielded
resgults that are encouraging, and irplications for the future that are

provocative.

REQUIREMENTS CI' TIIE ANALYSIS

An analysis ought to operate upon the data in such a way, and to such an
extent, that the analytical requiremcents are met. What an analysis ought to
accomplish is determined by both the data and the analytical requirements.
The weaker the data or the stronger the analytical -equirements, the

stronger should an analysis be.

An analysis should provide a bridge between the data, and meanirgful cou-
clusions and recommendations. Jt should bring the information content of the
data into focus. It should transform appareri chaocs into orderly findings,

which readily lead to conciusions and recomnmiendations.

YRR AP I NN 1P LW { My 4 s




To achieve this, an analysis must organize, summarize, and interprex the
daia. The methods of summarization employed by an analysis ought to be
sufficient to bring both the detailed and general information content of the

data into focus. Higher-order effects are indicated by detailed information,

whereas lower-order effects are indicated by general information.

- - Detailed information is relatively close to the surface of the data, and

T 7T requires a relatively small amount of summarization to be brought into focus.
The more the detail, the less the summarization required. On the other
hand, general information is buried relatively far beneath the aurface of the

“‘data, and reguires a relatively large amount of summarization to be brought

into focus. The more the generality, the more the summarization required.

.. By its very nature, detailed information describing only small portions of

c-% =5 - =othe flow process may be comprehended at once. However, general informa-
T T T tion describing either small or large portions of the flow proceas may be
comp-vinended at once. That is, only small amounts of great detail may be
_.simultaneously digested; whereae, either small or large amounts of little

detail may be simultaneously digested.

Consequently, the analysis first should summarize the data until their
detailed information content, describing only small portions of the flow
process at once, is brought into comprehensible focus. It then should con-
tinue to summarize the data until their general information content,
describing both emall and large portions of the flow process at once, is
brought into comprehensible focus. C.1erwise, any interested person will
be forced to accept only the data's detailed information content; or to himsel{
perform additional summarization, so that the data's general information

content is brought into comprehensible focus.

STATISTICAL CONCEPTS

Tc aid the tranelation of these general analysis requirements into specific
analysis objectives, pertinent statistical concepts are briefly introduced and

digcussed in the following paragraphs.
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Frequency Distributions

One-way and two-way frequency distributions have been defined abave.
Higher-order frequency distributions are similarly defined. Frequency
distributions necessitate the simplest operation uporn tne data, and contain a
wealth of detailed information regarding variation in the data; however, they

provide the minimal amount of summarization.

The usual procedure for summarizing a one-way frequency distribution is to
combine some question responses, and/or to obtain measures of the one-way
frequency distribution's location and spread. The distribution's location may
be measured by its mode if the qualitative question responses are not
arranged into an order, by its median if the qualitative question responses
are ordered, and by its mean if the question responses are quantitaiive.
Measures of the distribution's spread are its range if the qualitative question
responses are ordered, and itg standard deviation if the question responses
are quantitative. More definitive information is obtained by this summariza-
tion when the gualitative question responses are ordered, and even more
definitive information 1s obtained when the question responses are

quantitative.

Summarization of two-way frequency distributions is both more necessary
and more difficult to perform. The first step is to combine some responses
for each question, and/or to obtain measures ¢f the location and dispersion
of each question's one-way frequency distribution. Then a measure of the
association or interactiun between the two questions is sought. If the quali-
tative responses to each question are ordered, the interaction between the
two guestions may be measured by the rank correlation {coefficient); and if
each question's responses are quantitative, the intevaction may be measured
by the correlation (coefficient). An indirect approach to measuring this
interaction when the question responses are qualitative is provided by Ckhi-
square, which indicates the departure of the questions from being independent

or not related.

as
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Computation of the rank correlation automatically associates the numbers 1,
2, «.., r with the {irst, senond, ..., nth responses to these questions. On
the other hand, the computation of the correlation depends upon the quantita-

tive responses to each question, or the numbers associated with the reaponses
to each question.

As for one-way frequency distributions, more definitive information is
obtained by this summarization when the qualitative question reaponses are

ordered, and even more definitive information is obtained when the question

-responses are quantitative, Arrangement of question responses into an

informative order is called development of a detailed structure, while
association of a meaningful number with each response is called definition
of a numerical description for the detailed structure. The development of a
detailed structure, followed by the definition of a nurnmerical description for

the detailed structure, transforms the gqualitative question responses into

numerical form.

Higher-order frequency distributions become increasingly harder to generate,

depict, and comprehend. Consequently, their summarization becomes both
increasingly more necessary and more difficult. They are of relatively little

analytical use, except in rare instances.

Relationships

For questions with quantitative responses, a relationship among questions is
a mathematical expression of the variation in one question as a function of the
variations in the other questions. It is frequently both convenient and
sufficiently accurate--for example, during exploratory recsearch such as thir
investigatior.- -to represgent a relationship by a linear one, which depicts the
variation i one guestion as a linear combination of the variations in the other

questions. The general form of a linear relationship is weitten:

Y:ﬁ°+ﬁlxl+...+px + €,

P P
with Y being one quecrtion, X;, X,, ..., Xp being the other questions, 8.,
Bre «-o0 ﬁp being the unspecified constants or coefficients, and ¢ being the
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residual. The correlation, in reality, measures the degree of linearity for
the interaction between the two questions; or the closeness of the two ques- R

tions to being adequately represented by a linear relaiionship,

An

foni

Y =B, +t B X+ oo -

between one question Y and the other question X.

[ RYT

The aralysis of relationgships requires not only quantitative data, but also
specification of the general form for mcaningful linear relationships among
questions. In turn, the specification of the general form for thesge relation-

ships requires that the queations be arranged into an informative order.

Al

Arrangement of questions into an informative order is called development of )
a general structure. The development of a generzl structure, followed by - L
the specification of the general form for meaningful linear relationships

among questiona in the general structure, accomplishes the construction of
a process model. Consequently, the analysis of relationships depends upon
both the transformation of qualitative question responses intc numerical

form, and the consgtruction of » process model for linear relationships among i
questions. 1‘

Comgarison

Two-way frequency distributions are easy to generate, and their concept is

easy to understand. They summarize relatively little, however, and their

BT Y TN RIS

information content is difficult to comprehend without additional summarira-
tion. On the other hand, relationships are not as easy to obtain and to
understand in concept; but they do summarize a great deal, and their infor-

mation content is easy to comprehend without additional summarization.

U TR TR

Let the responses to one question be associated with the X-axis, and the

rrgponsee to another question be associated witk the Y-axis. Then a two-

way frequency distribution may be viewed as a geometric representation for

PRI T o

the distribution of the answers to the two questions. in which each percentage

37
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gives the proportion of answer-pairs which are associated with the corrzs-
ponding response-pair point. In addition a linear relationship,

Y:p°+ﬂlx+(,

may be viewed as a natural summarization of the two-way frequency
distribution. It replaces the geometric representation of the distribution
with a line through it, and with an analytic representation of the distribution

and the line. The more the distribution tends to cluster closely around a

 line, the more appropriate is & linear relationship: and the higher is the

correlation between the two questions. Figure 32 presents an example,
using the two-way frequency distribution fromn Table 1 (for which a linear
relationship is not very appropriate).

Although two-way frequency distributions may be summarized to present

. some general information regarding the interaction of the two questions, they

are limited to describing only small portions of the flow process at once.

REPRESENTATION OF A TWO-WAY FREQUENCY DISTRIBUTION w4xm

ALL REPORTS AND DOCUMENTS [ ™ m 1%
T COULD 8E FOUND
< PERTINENT TO THE QUESTION
Bg »
4
Sz A SAMPLING OF THE REPORTS ( 10% "
§= AND DOCUMENTS AVAILABLE
‘2§ OUESTION 22 = B + B (QUESTION 25) + €
& 8 1%
2% QN REPORT 2 1
a2 DOCUMENT
8§
§ ALL FROM i » * =
—
z REEALL
o
1 N i i |
A A A
QUCE  SPECIFIC DETAILED
OVER  ANSWER  ANSW
LIGHTLY
QUESTION 25: DESIRED DEPTH OF
INFORMATION MEDIA
FIGURE 32




Relationships, however, are not limited at all, and may be used to describe
either small or large portions of the flow process. In addition, relationships
sufficiently summarize the data by an analytic representation, to bring its
general information content into focus. They provide a natural summariza-

tion of not only two-way, but also higher-order, frequency distributions.

For a detailed analysis of the data, two-way {requency distributions are
necessary. The analysis of relationships is required for a general analysis
of the data. In addition, it is useful for such purposes as the planning and
analysis uf additional investigations, and the program for analysis and opti-
mization of the process. Relationships provide a global view of large portions
of the flow process, which also enables many small portions of the process to

be examined simultaneously and their relative importance evaluated.

The analysis of relationships has many advantages over the generation of
two-way frequency distributions. One must, however, realize that these
advantages have to be paid for by the transformation of qualitative question
regponses into numerical form, and the construction of a2 process model for
relationships among questions. In addition, the relationship results should
be analyzed and interpreted by techniques which are relatively insensitive

to changes in the transformation.

OBJECTIVES OF THE ANALYSIS

The summarization of data, to bring into focus their detailed information
content describing small portions of the flow process, could be achieved by
means of one-way and two-way frequency digtributions for single queastions
and pairs of questions. An analysis of relationships among questions could
accomplish the additional surnmarization of data, to bring into focus their
general information content describing both small and large portions of the

flow process.

Qualitative question responses, however, pose a problem, Although
frequency distributions may be generated for qualitative question responses,

they provide much more definitive information for quantitative question

39

e ——




responscs. The analysis of relationships, as noted above, requires both the
transformation of qualitative question responses into numerical form, and

the construction of 8 process model for relationships among questions.

Thus, the objectives of the analysis are to:
® Generate one-way and two-way frequency distributions for single
questions and pairs of questions.
® Transform qualitative question responses into nuiaerical form.

e Construct and estin.ate a process model for linear relationships
among questions.

e  Analyze and interpret the frequency distribution and relationship
results, to provide meaningful conclusions and recommendations
which are relatively insensitive to changes in the transformation.

FREQUENCY DISTRIBUTIONS

A one-way frequency distribution has been generated for 59 of the 63 ques-

‘tions. The remaining four questions were narrative and were not categorized.

From the large number of two-way frequency distributions that could have
_been generated, 196 were selected for compilation. These were supple-
mented by the analysis of relationships and the complete correlation matrix,

which was a by-product of that analysis.

One-way frequency distributions were transcribed from the marginal
distributions of the appropriate two-way frequency distributions. The com-
puter program employed to generate two-way frequency distributions was
BMD 08D (see Reference 3).

TRANSFORMATION OF QUESTION RESPONSES

As noted above, the transformation of qualitative question responses into
numerical form is accomplished by the deveiopment of a detailed structure,

and then the definition of a numerical description for that detailed structure.

e e oo oieimo.
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Development of a Detailed Structure

A detailed structure for question responses is developed to serve as the bastie

e ]

for the transformation of these responses. In addition, the detailed structure
brings the local aspects of the flow process into focus, and provides a
foundation for a general structure. This detailed structure is formed by the

informative arrangement of question responses. --

The first step is to specily the primary unifying characteristic of each
question's responses, This response characteristic shoul. %~ determined

from not only the rcsponses themselves, but also the questi..i's intent.

The next step is to collect into groups those question responses which are

related by the response characteriatic. According to this characteristic, -
an ordering is then arranged for groups and, to the extent feasible, for

responses within groups. All responses to a question may be arranged into

one ordering, if all responses within each group may be arranged into an

ordering. According to the response characteristic, a response or a group

of responscs is more similar to responges or groups of responses which are

closer to it in the arrangement, than to those farther away.

Depending upon the implications of the response characteristic, there are

three types of detailed structure:

Visible structure, explicitly implied by the response characteristic.

Partially visible atructure, implicitly implied by the response
characteristic.

(] Invisible structure, not implied at all by the response characteristic,

A visible structure is obvious, and posscsses no flexibility. A partially
visible structure is apparent, but possesses some flexibility., An invisible
structure must be inferred, and posscsses considerable flexibility. The
position of responses in the arrangement is meaningful in a visible structure,
and indicative in a partially visible structure, but only descriptive in an

invigible structure,
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Examples of viaible, partially visible, and invisible structures are given in
Tables 2 through 4, respectively. For the tables, the Arabic numerals in
parenthesges indicate the ordering in the interview, while the Roman numer-
als indicate the ordering in the detailed structure. The numerical descrip-
tion scale is included in the tables.

Definition o/ a Numerical Description

When the detailed structure is developed, its numerical description is
appropriate. By associating a number with each ordered question regponse,
the numerical description provides a more exact ditferentiation among
responses, and enables eatimation of the process model which is constructed
for linear relationahips among questions. The numerical description also
represents the data in a form to which a large variety of numerical

techniques may be applied.

Actording to the response characteristic, the base point (¢ero) for a numeri-
cal scale is selected. With each regponse, there is associated a numerical

value corresponding to its relative distance from the base point.

Table 2
TRANSFORMATION OF QUESTION RESPONSES: VISIDLE STRUCTURE

Queetion 13: Deaired Acquisition Time for Information
Response Characteristic: Days

Informative Order Scale

1 (01) From recall 0. 00

11 {(02) Less than | day 0.01
111 (03) 1 to 7 dayws 0.95
v (04) 8 to 30 cays 0. 20
A\ (05) 3] to 90 daya 0. 60

A'A (06) Over 90 days 1.00
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Table 3

TRANSFORMATION OF QUESTION RESPONSES:
PARTIALLY VISIBLE STRUCTURE

Question 14:

First Source Contacted for Information
Response Characteristic: Distance from User

Informative Qrder Scale
I (ol) Recceived with task assignment 0. 00
11 (04) Rucalled it 0. 05
111 (0Y9) Scarched own collection .10
1v (19) Respondent's own action 0.15
v (03) Assigned subordinate to get it 0. 20
A28 (05) Asked a colleague 0. 25
VI {02) Asked my supervisor 0. 30
V1l (0¥) Requested scarch of departmental files 0. 35
IX (00) Asked an i.ternal consultant 0. 45
X (10) Scarched organization's technical information
venter.
. . 0. 50
X (CT) Requested technical information center
scarch.
X1 (15) Regquested data from vendor, manufacturer,
or supplier.
. 0. 60
X1 (14) Scarched vendor, manufacturer, or supplier
sources
Xl {ih) Scarcheq outside technical iaformation center 0. 70
X1 (1%) Asgked an external consultant or expert 0. 80
X1iv (13) Requested search of Government Information
Center 0. 90
X1V (1) Searched Government Information Center
XV {17) Asked customer 1.00

¥No distinction is made between the two responses in this group of related
FeRponses.
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Table 4
TRANSFORMATION OF QUESTION RESPONSES: INVISIBLE STRUCTURE

Question 27: Desired Layout of Information Media
Response Characteristic: Formality

Informative Grder Scale

1 (14) Recall 0.00

11 (13) Telephone conversation 0. 06

I (11) Group discussion 0.12

e -1V (04) Photographs 0.19

v (03) Graphics (diagrams, drawings, schematics,
flow charts, graphs, maps)

- VI {02) Tables or lists
Vil {01) Narrative text

i VIiI (18) Narrative text, and tables or lists
19.¢ (09) Graphics and lists
X {08) Photographs and text
XI (07) Graphics and text
X11 (16) Graphics, teat, and oral

OOOOO0.000
w
(e}

X1l (17) Graphics, text, oral, and recall
X1v (12) Informal briefing, with chalk or pencil

drawings 0. 82

: XV (05) Microfilm or microfiche 0. 88

q XVl {06) Slides aor motion picturcs 0. 94
1 3

XVII {10} Formal briefing or lecture 1.00

Except for two questions, -1, 0. or a positive integer is associated with
each question responsc. The two exceptional questions have multiples of
orne-half associated with some responses for convenience. When it is mean-
ingful to consider the response to be null, 0 is used; and when it is meaning -
ful to consider the response as opposite in direction to the remaining
reeponscs, -} is used. Variable spacing between the assaciated numbers

indicates that the responscs exhibit variable similarity, or distance trom

44




© 1ty e e s

e

A i orn P g s

each other, according to the revponse characteristic. The same number is
associated with two responses to a question if--and only if--the two
responscs are in the same group of related responses, and the responses
within that group are not arranged into an ordering (that is, are considered to

be the saine distance from the base point).

The 2ssociation of a number with each question response associates a1 scale
of passible numerical values with the question. Then all numerical values
in the scale are divided by the largest one, so that the scale is normalized to

between -1 and I --and usually between 0 and 1.

~ The value of the numerical description is meaningful for responses in a

“visible strucrure, and indicative for responges in a partially visible struc-

ture, but only descriptive for respc -1es in an invisible structure. Examples

are again provided by Tables 2 thro gh 4.

A dntailed structure suggests its own numerical description when the question
responses have been properly arranged. For a more refined relationship
analysis, a numerical description could be altered to improve the linearity

of important reiationships wh ~h involve the corresponding question.

CONSTRUCTION OF A PROCLESS MODEL

Developmenrt of a general structure, and specification of the general form
for meaningful linear relationships among questions in the general structure,

accomplish the construction of a process model.

Developnient of a General Structure

A gencral structure now is developed to serve as the basis for the construc-
tion of a process model for linear relationships among questions, and to
bring the global aspects of the flow process into focus. This general struc-

ture is formed by the informative arrangement of questions.
g

The first siep is to identify the components of the {iow process as USER,
TASK, UTILIZATION, and SEARCH AND ACQUISITION. The next step is to




form groups of related questions within components. Then an ordering is
arranyed for components, groups within components, and questions within
groups. To the cxtent feasible, the arrangement should posscss the deairable

characteristic that a question tends to influence anly those questions which

follow it.

It is frequently both convenient and sufficiently accurate--for example, during
exploratory research such as this investigation--to combine groups of related
.. questions. The combination of related questions sumrnarizes the general
T Zgtructure, and simplifies the specification and estimation of meaningful

linear relationships among questions.

.. ... Two of the simplest types of combinations are averages and products. They

keep the combination scales normalized to between -1 and 1. Except for the

iy 1N ] N, AAAEL P e bt s WA R 1 L

four cases in which a product of two questions is employed, all of the combi-
"~ “"nations are averages of two questions.

4

A special USER-TASK {lexibility index F summarizes the {iexibility exhibited
by the difference between the user's position within the research-devclopmenrt-
production cycle and that of his task; and the difference between the user's
field of position, and that of his task. To summarize the effort expended by
the user in his utilization of the information system and the problems
encountered by him in this utilization, the respective special indexes, E for
UTILIZATION effort and P for UTILIZATION problems, are introduced.

The inadequacy of the search and acquisition process, for information used

in task performance, is summarized by the special index I for SEARCH AND
ACQUISITION inadequacy. The scales for F, E, P, anal are also normalized

to Letween -1 and 1.

An example is provided by Table 5, which aiso includes linear relationships.

In this table, Q denotcs Question; and 245, By, By, -... Py symbolize general

WY AT
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unspecified cunstants in the relationships. For simplicity, the same symbols,

€9 Py Bz ..., Bg. are used in each velationship; although they are not

4 meant to denote the same constants.
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Table 5
CONSTRUCTION OF A PROCESS MODEL: USER COMPONENT=*

1. User's age: Q48

2. User's education

A. User's highest degres: Q50A
B. User's field of degree: Q50C

Bo + B) (Q48)
Bo + B) (Q48)

1]

3. User's experience

Combination: 1/2 (QS1 + Q52) = fg + P (Q48)
A. User's job expericnce: Q51

B. User's company experience: Q52

4. User's positior

A. User's position within the research-development-production cycle
Q55 = Pp + B) (Q48) + P2 (Q50A) + pj3 (Q50C)
+ B3 (1/2(Q51 + Q52))
B. User's field of posgition
Q56 = By + B (Q48) + P; {(Q50A) + B3 (QS0C)
+ ‘34(1/2(051 + Q52))
5. User's level
Combination:
1/72(Q49 + Q58) = B, + bl (Q48) + e, {Q50A) + {53 (Q50C)
+ Pg (1/2(Q51 + Q52)) + Pg(Q53) + B¢ (G56)
A. User's salary level: Q58

B. Number of personnel managed by user: Q49

*Q denotes Question: and 8¢, B, B2, ..., Bg symbolize general unspecified
constants in the relationships. For simplicity, the same symbhols, Bp. A,
P2, ... B6, are used for eachk relationship: ¢ lthough they are not meant
to denote the same constants.

A question combination (component) which tends tc influence other combina-
tions of questions (components) i1s called an input factor (component), and a
combination of questions (component) which tends tc¢ be influence2d by cther

guegtion combinations {cornponents) is called an outpur factor (componenrt).
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The terms, combination of quentions ana question combination, also are used
to cover the degencrate care of a single question--for example, Q56 in

Table 5. Arrangement of components and question combinations within
‘components, according to an input/output point of view, facilitates the
apecificction of the general form for meaningful linear relationships among

combinatious 9f quertions. It also provides insight into the flow process,

. “When a more refined relationship analysis is desired, the question combina-

tions could be s:parated, and move special summarizing indexes could
perhaps be defined.

Specification of the General Form for Relationships

Once the gencral etrusiure is developed and groups of related questions are

" ‘combined, it \s appropriate to specify the general form for meaningful linear

relationships among cotnbinations of questions in the general structure.

Analysis of the general siructure, from an input/output point of view, yields
those questior combinations which are judged to be potentially related to
each ¢ombinatior. of questions in the general structure. Only the potentially
related question combinations are included in the general form of the linear
relationship, for that combination of questions. An example is provided by
Table 5.

When the questians have been properly arranged and summarized by combina-
tion, a general structure suggests the general form for meaningful relation-
ships. A more refined relationship analysis could specify the general form
for additional relationships, particularly those necessitated by the separation

of question combinations.

ESTIMATION OF RELATIONSIHIF

The unapecified constants, in the general form of meaningful linear relation-
ships among combinations of questions, are estimated from the numerically

transformed question responses by the statistical technique called stepwise
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regression analysis. Reference 3 presents a complete description of this

technique. A brief discussion of only the pertinent aspects of stepwise

regression analysis foilows.

Stepwise regression analyasis estimates the relationship in steps, by enterinyg
ane question combination at a time, At eac.. step, the question combination
which ig entered is the one that adds the greatest contribution to the relation-
ship from the previous step. A measure of this contribution is the F to
enter of that question combination. The contribution of a question combina-
tion to the relationship at each step is measured by its F to remove at that
step, and the significance of the relationship at each step is measured by the
multiple correlation (coefficient) at that step. Relative significancz within a
relationship is indicateqd by the former, while relative significance among
relationships is indicated by the latter. In addition, the potential contribu-
tion to the relationship at each step, of some question combinations which
were not included in the general form of the relationship, is measured by

their potential F to enter at that step.

The computer program employed for the stepwise regression analysis is
BMD 02R (Reference 3).

TRANSFORMATION OF RELATIONSHIP RESULTS

The stepwise regression computer printouts contain a wealth of numerical
detail, concerning relationship results and their significance. To make the
conclusions of the relationship analysis rclativcly insensitive to the trans-
formation of qualitative question responses into numerical form, the numeri-
cal relationship results must be transformed back to qualitative form. In

addition, summarization of the numerical detail is quite informative.

Both of these requirements are accomplished by a ranking prccedure which:

° Ranks question combinations in the order of their contribution to
each relativunship.

i
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¢ Then ranks gquestion combinations in the order of their overall
rontribution to the relationships in each component of the flow
process, and the flow process itself.

The former focuses upou a given combination of questions, and observes
which question combinations are most significantly related to it; while the
latter focuses upnn the appropriate collection of combinations of questions,
and observes which question combinations are most aignificantly related to
most of them,

Ranking of Contributions to Relationships

An effective step in the stepwise regression analysis, beyond which relatively

little iz contributed to the relationship, is determined when the F to enter of
--the question combination entering at that step becomes less than some lower

"~ bound. Analysis of the stepwise regression computer printouts indicates that

a reasonable value for this lower bound is 6. 66 (F level of 0.01). When a

question combination is included in the relationship at the effective step, it
is said to be related to the given combination of questions. Those question
combinations, whose potential F to enter at the effective step is at or above

6.66, are said to be candidates for the relationship.

For each combination of questions in the general structure, the question
combinations which are related to it are ranked in the order of their contri-

bution to the relationship. Table 6 contains an example,

Ranking of Contributions to Components and Flow Process

These rankings of contributions may be obtained by properly combining the
vankings of contributions for the appropriate collection of relationships. To
accomplish this, numerical values must be assigned to the relationship
rankings. This return to numerical form is, however, an artifice and only

temporary.

The procedure assigna a value to a relationship ranking as follows: 0 to the

given combination of questions, ! to the queation combination making the
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largest contribution to the relationship, 2 to the question combination making
the second largest contribution to the relationship, ..., m to the question
combination making the smallest contribution to the relationship; m + 1 to the
candidate for the relationship potentially making the largest contribution to
the relationship, m + 2 to the candidate for the relationship potentially making
the second largest contribution to the relationship, ..., p = 1] to the candi-
date for the relationship potentially making the smallest contribution to the
relationship; and 12 to those question combinations which do not appear,
-although they might have appeared according to the general structure and the
input/output view of the flow process. This value was selected because no

combination of questions had more than 11 question combinations, which

“were either related to it or were candidates for the relationship.

Now the sum of these numerical values is computed for a question combina-

~ tion over each component, and over their aggregate for the flow process.

Then the sums for each component and those for the flow process are ranked
among themeelves, in order of increasing size. Only a few ambiguities were
present in computing these rankings and their sums. They involved questions
which occurred in relationships, both alone and in question combinations.
These questions were always associated with the appropr:ate question

combination whkich contained them. Table 7 contains an example.

For a more refined ranking, the significance of the actual or potential
contribution to a relationship and the significance of a relationship could be
employed to compute weights for use in calculating a weighted sum, upon
which to base the ranking. A question combination appearer to make a
significant contribution to the relationship, when its F to remove at the
effective step is between 30 and 90 (30 = F to remove < 90); and appears to
make a highly significant contribution to the relationship, when its ¥ to
iemove at that step is at or about 90 (F to remove 2 90). If the multiple
correlation at the effective step is at or above 0. 40 in absolute value, then
the relationship seems to be significant. Those question combinations,
whose potential F to enter at the effective step is at or abcve 30, appear to

potentially miake a significant contribution to the relationship.
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Table 7
USEFR RANKS*

¥ E
2 o|=: et i
o v ] -B] c K ’
Related @ v -9 E ¢ < - 3
Question % &% g s E & £
Combinations 2 < o 8. R £ :
- - <= £ ?: —a et v - N
» 7| e B R ot -
] - | Zyol o e
v oL = o ¢ . |3 o LIS
by - 2 6 vl lto] X
b £ RS L I £y
" ® w | = E LR LS _
) ~ [N o w o | W83 W n 3
Combination of ¥ v v v g_ w0 v Q.2
. ) ® © LR @ 0w
Questions jov] fun ] DeulRPmal O j E
User's highest degree --- 0 B R
User's ficld of degrec 1 2 0 R R SR 3
User's job and company expericence 1 2 .-~ 0 L
Uscr's position within the
rescarch-development-production 3
cycle . [ .- 0 ——- e _
User's field of position 3 2 1 --- +4 0 ---
User's management and salary
: level 3 1 --- 2 --- 4 Q
} Question combination column
H total 32 8 49 80 &2 52 60 k
H . . -
; Question combination rank 2 1 3 4+ 51/2 5-1/2 7
!

*Table entrics are assigned, according to order of appearance in Table 6, as
follows: 0 to combination of questions in "Characteristic” columin: 1 to first ]
; question combination, 2 to second question combination, ..., m to last
question combination in "Related To'" column; m + 1 to fairst question combi-
nation, m + 2 to second question combination, ..., p £ 11 v last question
combination in "Candidate for Relationship” column; and 12, which is 3
i omitted for simplicity, to thosc question combinations not appearing.
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It is both informative and sugg~stive to characterize combinations of ques-
tions as input factors and output factors, in designing and analyzing the flow

process (sec Figurcs 2% through 30). One must realize, however, that
stepwise regression analysis can merely catimate and indicate the 2:3nifi-
cance of a relationshin. It cannot imply that the relationship is cause-and-
effect, for this can only be determined by a thorough undecstanding of the
flow process. Therefore the terms, input factor and output factor, are used

in full recognition of the attendant advantages and disadvantages.
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PARTICIPATING ORGANIZATIONS
. Table A-1 lists the urpanizations whose personnel were interviewed tor the
investipation,
Table A-1 (Page 1 of 3)
: ORGANIZATIONS
Numb: r of  Population of
B Pcrsons Qualified
’ Organization Interviewed Pcersonnel
Acrospace Corporation 25 1, 890
Allegheny Ludium Steel Corporation 1 50
Allis-Chalmers Manufacturing Company 2 185
Amierican Machine & Foundry Company 1 100
Ampex Corporation 1o 760
Arthur D. J.attle, Inc. N =00
Armstrong Cork Comipany 4 219
AVCO Corporation, Rescarch ana
Developmrent Division 2! 3, 500
The Dabeock & Walcox Company 3 259
Battelle Memonral Institute 11 )
Rechtel Corporation 1 70
Beecoh Aircraft Corporation 6 470
Bell Acrosystems Company 11 1,000
Bell & Howell Rescarch Center 3 500
The Bendix Corporation 8 300
Bissctt-Eerman Corporation 1 65
The Bocing Cownpany 64 6,600
Colt Industrics, Inc. R 725
Cornell Acronautical Laboratory, Inc. 6 450
Corning Glass Works 5 450
Le Lawval Turbine, Inc. 2 160
Douglas Arrcratt Company, Inc. 66 8,645
‘ Dupont Comapany, Inc. 15 3,240
f Flectric Storage Battery Conmpany 1 200
Enmierson Eledtric Company of St. Louis 5 325
| Faircinld-Thller Corporation, Republic
i Aviation [hivision 1
7 he person from Republic Aviation haed just joined the company at which he
was interviewed,  His answers to guestions reflect his pusition, task, and
so forth, at Republic Aviatwon,
57
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Table A-1 (Page 2 ol 3}

Number of Population of

Peraons Qualified
Orpaniration Interviewed Pcrsannel
GCA Corporation, Technology IDivision 3 145
General Dynamics Corporation 129 13,155
General Precision, Inc,, Link Group 8 315
Goodway Printing Company, Inc, 3 200
Hamilton Watch Company 1 110
Hazeltine Corporation 10 800
Hercules Powder Company 23 1,350
Honeywell, Inc., Acronautical Division 12 910
HRB Singer, inc. 6 395
IBM, Federal Systems Divicion 34 3,780
Inpersoll-Rand Company 1 55
Institute for Defensc Analysis 15 400
Institute of Science & Technelopy 4 475
International Harvester Company,

Solar Division 4 259
International Resistance Company | 65
Johns liopkins University, Applicd Physics

Laboratory 14 860
Kollsman Instrument Corporation 4 250
Lear Sicgler, Inc., Power Equipment Division 9 255
Leesona Moos Laboratories 1 100
Ling-Temco-Vought, Inc. 63 3,500
Loral Flectronics Systems 4 350
Lord Corporation 2 125
Lundy Electronics & Systems, Iac. 1 60
Management Systems Corporation 1 20
Massachusetts Institute of Technology 32 2,000
Monsanto Company 44 3,500
Martin Company 100 7,000
McDonnell Aircraft Corporation 27 1,900
Melpar, Inc. 8 900
Menasco Manufacturing Company 1 65
North American Aviation, Inc., Columbus

Division 21 1,570
North Amerizan Aviation, Inc., Divigions in the

lLos Angecles Metropolitan Arca 269 14, 5490
Northrop Corporation 29 1.730
Olin Rescarch Center 4 300
Otis Elevator Company 1 50
Philco Corporation 26 5,000
Pittsburgh Plate Cilass Company 3 225
The Rand Corporation 1 750
Raytheon Company 449 4,000
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