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FOREWORD

The Department of Defense (DOD) has conducted a two-phase study to determine
how scientists and engineers in government and industrial research, development and
production activities acquire information for performing work assignments on DOD
programs. This study is referred to as the DOD User-Needs Study, Phase I and
Phase II.

Objectives of the study are to develop (a) an understanding of the scientific and
engineering process and "s technical information needs, (b) implications for current
and future DOD scientifib nd engineering information systems, and (c) information
to guide administrative decisions on the scope of DOD scientific and technical infor-
mation programs.

The Phase I study covered the information needs of DOD personnel engaged in
research, development, test and evaluation (RDT&E) activities. Results of this study
are contained in Reference 1,

Phase II investigated the nation's defense industry to determine its information
needs, and the flow of scientific and technical information (flow process) inherent in
satisfying those needs. It is based on a representative sample of 1500 individuals
from 83 organizations in the defense industry.

The Phase II Final Report describes the results of Phase II, and compares
them with those of Phase I. It is presented In three volumes. Volume I contains a
non technical summary of Phase II, including guidelines for management decisions
and recommendations for the future. Volume II describes the technical approach,
findings and recommendations of the study. Volume III presents the reduced data,
in the form of frequency distributions and models for relationships among elements
of the flow process.

Phase II was performed by North American Aviation, Inc., under Contract DSA-
7-16244, awarded by the Defense Supply Agency and funded by the Advanced Research
Projects Agency. The study was administered by Mr. Walter M. Carlson, Director
of Technical Information in the office of the Director of Defense Research and Engi-
neerin1g, and 1. Io�tre ?,y Mr. Howard .Lwo 1 ~cs~LI ..... 'LL ... . r* ... ... " b

Center- Survey interviews were made possible by the cooperation of the National
Security Industrial Association and the participating organizations listed in Appendix A.
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1. INTRODUCTION

1. 1 P~URPOSE' AND 013JEC'lIVES OF' PJIASJL 11

The principall technic.-l tri~ks of Dcpartnient of Decfense (1)01) contractors are
ren rchl0, decvelopmnent andl p)rodcti cion of weapols, and thelir su pporting .systems~.

Their efforts involve searching for and using an enormous amnount of scientific and
technical information. This store of information is continually growing, accompanied
y ain increasing need for iniproving the process of acquiring, it.

The problemn in the design of information systemis is to channnel the requkired
informalt'ion to interested persons as efficliently as possible. IThe go-al is to provicie
thle right informait~ion to the right person, in the right formi, at. Ih rIgh ie
first step in achieving this goal is to define the user's need and procedures for
acquiring technical information.

TJhe Office o1f tile Director of 1)efease Research and Engineering hans initiated
a two-phanse 9tudy of user needs to determine the information acquisition patterns
within the defense community. A p~rior Study (DOD User-Needs Study, Phase 1)
SurVeyed these patterns amiong a rann(oni sample of research, development, test and
evaluation (RDT&E) personnel of the D)epartment of Defense.

T1ho aimn of the present P~hase HI study is to perform a stimilar surve - to learn
how scientists and enginoeors in the defense industry gather scientific and technical
information. Data were obtained by personal interviews with a representative sample
of 1500 from R population of approximately 120, 000 scientists, engineers and tech-
nical personniel. These personnel were employed by 73 companies, 8 research
institutes and 2 universities that are defense contractors. Each interview dealt with
a specific task recently comipleted by the user, and his experlenceB relating
to the need for, search for, and acquisition of informiation required in performing
thec task. Dnta wore also collected concerning the individual's use of fornial tech-.
nical information centers and services, and on his background, experience and work
activity,

The majior StUCv h'Ojtice S were to anSwer qucstloas ink thw fohu'ow ing a r-i

* What. are the educational, experience and job charact~eristics Of the users
of scientific and technical information in the defense Industry ?

* What is the nature of tho scientific and technical tasks within the defense
industry ?

* What characteristics does the defense industry exhibit in its utilization
of technical informnation centers and services ?

* What characterizes the search and acquisition process in the defense
industry?



*What are the signif Icant factors within thle flowv of scientific and tochnical
Information (flow p~rocess) for the defense Induistry?

* Whalit are tile differences betweon DOD) in.-house and dlefense. industry
personnel find their need1s and procedures for nequl ring scientific
find technical informaotion ?

TPhe study concentrated oil the information wvanted and used to perform specific
t~asks, It was not concerned with ''current-ilwareness' (I. o. , ''Intentional browsing"
that Is not task-oriented) information which a personl uses to main1tain anl a~warenlesF
of the state of thle airt, to educate himself, to review previously known a rens, and tr
stimulate his thinking.

Many investigatlons have been performerJ, afid much has been writtril, cr'.11Prn-
lng the flow of scientific and technical Information. Tilec tendency, hoi~ever ha~s
been to examiine only smiall portions of the flow process, or to speculate ohout large
port-fions of tile flow process III Vtagu generalities. Th'icecfore, very little of 'I com-
prehiensive, definitive and unifying nature actually has been said about thle process.
The D)OD User-Needs Study is thle first attempt to obtainl ditta Oil a large( poutioji of
thle flow process, and t~he Ph~ase 11 analysis is the first attempt to draw definitive
anld unifying con1clusions1 fromi these datn. T[his, in turn, will provide the first coin-
prehensive definition of the information requirem-ents in todaý 's complex array of
scientific aind technical endeavors,

1. 2 THE ANALYTICAL APPROACH

The analytical approach used in Phase 11 Is described In general terms in
Section 4 of this volume. It will suffice here to observe that, in addition to the com-
pilation of frcequency distributions for the answers to a question or a pair of question(,;
the qualitative data have been transformed into numerical form, This transform-a-
tion Is based Onl the arrangement of question responses Into an informative order,
and the association of a numerical. value wilth each question response, Then models
are specified for relationships that are suspected among elements of the flow process.
Finally tho models are estimatedl from the(- data by mecans of regress ion analysis, to
reveal significant relationships and factors within the flow process.

~~~ LU~r1 !tLto appro~aclb~..,..-a. Inclde

* Ani informative structure, for viewving the flow p~rocess.

* A quantitative form for the data, to expedite t~heir analysis.

* Models for significant relationships amiong elements of theo flow process.

* Significant factors within the flow process.

* A basis for future investigations.

These aceconipi ishilent s per~vade the Final Report. They enable it to p resent, corn re-
hiensive, definitive and unifying descriptions and conclusions regarding large portions
of the flow process.

l1rhis analysis is respvctfully dedicatcd to tile memory of Dr. E'lith Jay, whose ideas
serveý as all illspirationl to till of us. The great contribution which she always brought
to a project was prevented by hier untimely passing.
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The IIppri~och j,- beileved to be, novel InI III( field of Information sciencee, Its4

emiplo~llien Inrd fPteM]g III imnse TI have yielded res;ults dhat ul-C unuuuraging, W-1nd
imlplication1S fOt' the fUtureT thCAt AI provocative.

1.3 ORGANIZA1iON OF' VOLUME I

This volume Is organizedl so that the reader Call got tile essence of the study by
rencIdng Scctions 1, 2 and 3. Sections .1 find 51 Present (:f mp11lcivintary in1forI'l)ation
which will help the readtor understand the first three sections in a broader contex~t.
More detailed findings are contained Iin the Appendlices.

Section 2 presents mome conclusions Ini the formi of guidelines for imaagers and
others concerned with the DOD1 scientific and technical Information sy'stems. These
gtildelinoes, which rupresenlt the major Implications of the study. will servo to rguide
niunage-ment decisions oil the direction andi scope of the DOD Scientific and Technical
Information Program, and the T'echnical Logistics Data. and Information Program,

Section 3 contains reconinencintionS [oY the futRe whC1 ichV 1-11OUthout to be, most
usefUl In con1tinuIn~g the PrOg'rC19s begun býy the DOD Usci'-Noods Study. These recoin-
inendatlons are of threet types:

* Additionall fiold experimeflntaionl regarding the flow process.

* A program for analysis and optimization of tile flow process. 2

* Pofinod inalysis of the danta from the Phase I andi Phase 11 studies.

Section .1 deacribes Iin gencral terms the mothodology used Iin preparation for,
conduct of, and analysis of tho survey. It also discusses the modification of the
Interview Guide. Finally, Section 53 discusses thle baickground for Interpreting the
Study and its reSUlts, to ensure the proper use of thi8 report.

Append;x A lists thle organizations pai'ttcipatltnjg In Phase 11. A comparison of
the Ph11ase I and Phase 11 Studies Is presented Iin A1)pendL'c 13. Tho basic findings of
theU Ph11s8 11 Study arv~ zunmmarizod Iin Appendix C. These findings are focused oil
tho (a) search and acquisition process, (b) utilization of Information centers and
services, (C) Scientific or technical task, (di) user of scientific and techinical, informn-
I i1u, EUil (e) S Legni 0cant tactors Within tho [Jhw proces.38

TVhe flow process is optfinized when its effect upon the performance of a scientific
or technical task is optimized.



2. CONCLUS IONS

TPhe manjor 'olicILis lolis of th10 sudy call be expi -mmid inl the forml of guldidlines
tot' minngemeiit (ItlE'sions hen inflg Onl tile dl rtcutf 1111 md scope of D1)0) i uformlatiomi

P~rogrln18. 1IhL1SP RklidVel14 fire ( sOupportedt by tile luitieirival finllingrm which It re
muin; arized ill Appendices 13 and C, vapecinily those Ill Figure C -12, and prefnifulcd

i, deailn In voluime 11. mhe two surveycs p) reuccd - ch,"Ilpnt uss of' data Coll-

Prborgth siit ofleffr anod tv)'eia priceds tod itsrInfrainalc h' lie tis lkl

thtadtoa anah-mis llgnadvtma pefrmne.dfrhrifrainabu h s-r ed

aldthe flnw Proerigss ble that woldprni oufigoaemets midtr aredtn to te tronee nd

2.21 IMPORTANCE' OF CETAIN LCALI,00E :IOOF EN IONMENITIA OURE O

wihin ýH t Of l Cffl l work 1,1( eneionment. theor information woichies.: iudreonz

and sIek toli dtevtelometh pthast of lo(li SOreCaOS o sIAcioptIfient and technictallfr

4 Orlnnied toraesgn and actirf crculato o h oclwrkevromn

I Iltailo lglvring o fie lodlwr ulromn h neinasrci

orleegineerting anbeds analysis of iuormatios n, rior, to itseditribtonic.n

c *cria enelertine and aeronauics diamndtion to the loclworkenioneto

Eilth )V-estai of thd (itle~, tile Phase 11 andr firsidati senayzd fi informatn ion.

Pali theloal wyorgaenvized aad a Thzer neforerIghl" information poiis s iofl quos -i
tiond beko value, sinc Itie tatisie ofnlocal smolurcesnoascentofi andormtehion] needs a

" Te atio.Seoficaly mure eiedfoi t thouldtbdudtvontopendi to .

Orlnie Theag anden work il~lint ie oa okontoiel

whic infh ormation hthiInomlo oionainc-poto.
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2.3 PUBLICITY CONCERNING DOD INFORMATION CENTERS AND SERVICES

More effort should be devoted to publicity programs for informing the scientific
and technical community, especially within the defense industry, regarding the
availability of DOD Information Centers and Services and the procedures for their
most efficient use.

2.4 SATISFYING TtIE NEEDS OF THE SIGNIFICANT USERS OF INFORMATION

More effort should be devoted to satisfying the needs, and minimizing the infor-
mation acquisition problems, of the significant users of scientific and technical
information. In general, these users are characteiized by their value to the company:
that is, they are research and development scientists or engineers who have an
advanced degree, are specialists or in lower management levels, and are highly paid.
These personnel are also the real users of information centers and services and the
ones most frustrated by problems involving their use.

2.5 INPUT/OUTPUT RELATIONS FOR THE FLOW PROCESS

The major components of the flow process are the (a) USER( of scientific and
technical iifformation, (b) scientific or technical TASK, (c) UTILIZATION of informa-
tion centers and services, and (d) SEARCH AND ACQUISITION process. From a
systems design point of view, it is informative to consider (see Figure 2-1):

1) The primary "input/output" relation (symbolized by arrow 1) with USER
and TASK as "inputs" (i.e. , tending to influence) and UTILIZATION and
SEARCH AND ACQUISITION as "outputs" (i. e., tending to be influenced).

* A secondary input/output relation (symbolized by arrow 2) with USER as
input and TASK as output.

0 A secondary inpuc/output relation (symbodzed by arrow 3) with USER as
input and UTILIZATION as output.

* A..e..n.... input/out..t rel,,ion (Aymbolized by the arrows marked 4)
with USER, TASK and UTILIZATION as inputs and SEARCH AND
ACQUISITION as output.

2.6 SIGNIFICANT RELATIONSHIPS WITHIN THE FLOW PROCESS

The analysis characterized relationships among elements of the flow process.
These relationships should be utilized in the planning and operation of scientific and
technical information programs. Among the more significant relationships are:

"* The higher the user's level and value to his organization, the more
complex the task and its information requirements.

"* Greater complexity of the task occurs earlier in the research, development
and production cycle. In the earlier phases of the cycle, information is
needed in greater formality and detail; and it takes longer to acquire this
information.

6



USER OF •'•UTILIZATION Or

SCIENTIFIC AND I"FORMATION
TECHNICAL CENTERS AND

TECNICOIA LAC USII
XAS SERVICESS

Figure 2-1. Input/Output Rlelations for the Flow Process

* As the formality of the task output increases (i. e., from findings through
decisions to plans), the complexity of the information tends to increase.

* When more time is available for a task and for the acquisition of informa-
tion, the user tends to Ibe more demanding in regard to the organization
of the media conveying the informationx and the volume of information
required.

* Those who tend to make more use of information centers and services,
want mlore form•ality and detail in thc information media to satisfy their
nieeds.

* When the user goes to a morc distant first source (e. g. , formal informa-
tion centers) the information requested will involve more formal media, in
greater volume and accompanied by a greater allowable acquisition time.
On the other hand the more distant first source tends to yield only part of
th2 needed infformation, so that further search is required.

IIlII



2. 7 COMPARISON OF PHASES I AND II

"The five general conclusions of Phase I are:

* Engineering data is the most important category of information.

0 The local work environment is the most important first source for
i•formation.

* Information analysis prior t.o distribution is important in a scientific and
technical information program.

• The DOD Information Centers and Services are not sufficiently used.

* The user is not completely satisfied with his ability to obtain information.

Altbough answers to comparable questions in Phases I and II exhibit significant differ-
ences (see Appendix B), the Phase II data sustain these conclusions (see Sections 2. 1
through 2.4).

2.8 CONTINUING STUDY AND ANALYSIS

More effort should be devoted to the extension of progress made by the DOD
User-Needs Study, as described in the following section.

8
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3. RECOMMENDATIONS

The two surveys of user needs within the Government and defense industry
environments have yielded a wealth of valuable data relating to the scientific and
technical information flow process. The analysis of these data, notwithstanding cost
and schedule limitations inherent in an exploratory research project, has resulted in
useful but preliminary insights into and explanations of the flow process. However,
there are abundant lodes of information yet to be discovered, mined and refined, in
order to exploit more fully the economic value of the available data base. 5

The Phase II study was a pioneering attempt to draw comprehensive, definitive
mid unifying conclusions from data on a large portion of the flow process. From the
perspective gained in this study, it is clear that certain portions of the flow process
merit further investigation and that there is considerable room for refinement and
extension of the analysis. A more detailed discussion of the recommendations

- contained here will be found in Volume I.

The present study has provided a valuable basis for this further investigation
and refinement. In addition to yielding guidelines for management decisions, it has
also provided:

* A structure and its numerical description with which to view, specify
and estimate models describing the information flow process.

* A framework for designing field experiments, performing estimation and
testing hypotheses concerning the flow process.

• A methodology for overcoming the analytic deficiencies in past and
present user needs studies6 by the development of a structure,
accomplishment of its numerical description, mid specification and
estimation of multivariate models describing the flow process.

* A basis for the recommendations which follow concerning (a) additional
field experimentation regarding the flow process; (b) a program for
coordinating additional field experimentation and computer simulation
in the analysis and optimization of the flow process (as previously noted,
the flow process is optimized when its effect upon the performance of the
scientific and technical tasks is optimized); and (c) refined analysis of the
data from the Phase I and Phase II studies.

5 Since the discovery and exploitation of this information content is subject to the law
of diminishing returns, the recommendation's in the entire section are goals and
should be assigned priorities according to the twin criteria of objectives and
available resources.

6 Noted by H. Menzel in Chapter 3 of Reference 2, and by B. Griffith and W. Paisley
during the Progress Review Panel on Information Needs and Uses at the 29th Annual
Meeting of the American Documentation Institute, October 3-7, 1966.

9



3.1 ADDITIONAL FIELD EXPERIMENTATION

In order that the implications of Phase II be fully exploited, the flow process
merits further investigation. There should be additional field observation, oxperi-
mentation and analysis regarding the flow process,, such 3:

* An investigation of the feasibility and effect upon the flow process of the

guidelines In Section 2.

* An investigation of task-oriented use of information centers and services.

* Experiments, suggested in Reference 3, concerning (a) dissemination of
documents; (b) dissemination of scientific and technical intelligence
information (i.e. , what is going on); (c) organization and analysis of
information in selected fields; (d) indexes, title listings, abstracts and
catalogues in selected fields; (e) Specialized Technical Information
Centers; (f) techniques for processing informat!on; and (g) evaluation and
improvement of technical writing.

* Specific experiments suggested by refined analysis of the data (see
Section 3.3).

3.2 A PROGRAM FOR ANALYSIS AND OPTIMIZATION

The flow of scientific and technical information has a profound, but as yet
uncharacterized, effect upon the performance of scientific and technical tasks. In
their efforts to improve task performance, both DOD and its contractors have made
large investments in information centers and services. Optimization of the flow
process will produce substantial benefits in terms of quality, resources and time.

The flow process and its effect upon task performance are quite complex, and
field experimentation regarding them is both difficult and expensive. For such
processes, mathematical solution is usually not feasible and computer simulation
is often an effective and efficient means to complement field experimentation.

When the model (mathematical representation) for the process is translated
into a simulation computer program (computer representation) for the process, the
process and the effects of various factors upon it may be simulated. The accuracy
and precision of the computer simulation increase as the accuracy and precision of
the model increase. Therefore, computer simulation yields appropriate results at
any stage of one's knowledge about a process, ranging from relative ignorance to
relative certainty.

Specific recommendations for additional experimentation have already been
given. We now briefly describe a general program to coordinate field experimenta-
tion and computer simulation in the analysis and optimization of the flow process.
This program (see Figure 3-1) is an improvement of one which was developed by
North American Aviation, Inc., and is currently being utilized by a Government
Agency on a process of comparable complexity. A more complete treatment of the
program will be found in Volume li.

10
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'The program, which is adaptive in nature, is composed of ten basic stages:

1. Quantitativo process analysis to arrange the elements of the process Into
an informative order; associate a numerical value with each element; and
formulate the general form of a process model, for relationships among
the process elements, with LUISp)ecified constants.

2. Process (field) experimental trial(s) to yield process experimental
data,

3. Process model estimation to produce estimates of unspecified constants
in the general form of the process model from process experimental data
and auxiliary data, when available.

4. Proces .o; nulatlon progrmnming to construct a process simulation

compute, )rogram from the process model.

5. Process simulation trial(s) to yield process simulation data.

6, Process model and simulation data comparison to provide a validation
(I. e. , positive check) for the process simulation computer program.

7. Process experimental and simulation data comparison to provide a
validation for the combination of process model and simulation computer
program.

8. Process experimental and simulation data analysis to aid process
optimization by suggesting improvement of the process.

9. Process optimization to iteratively improve the process and apply
appropriate stages of the program to the imaproved process.

10. Design of process experimental and simulation trials to implement
process optimization.

Additional experiM•• vation" is covered by S s I through 3. Stages 4 through
7 concern computer simulation and its validation. In Stages 8 through 10, analysis
and optimization of the flow process are treated.

The recommendations stated here provide the basis and framework for a long-
term investigation and improvement of the flow process.

3. 3 REFINED ANALYRIS OF THE DATA

Since only a small fraction of the effort expended in collecting data is typically
devoted to its analysis, a large amount of the information it contains generally is
undiscovered and unexploited.

12



I
A more profound understanding of the DOD/defensc Industry Information flow

process cmu be achieved through more r(Afinod analysis of the data, as suggested
below:

0 More thorough examination of the distribution of answers to questions and
their relationships.

j Investigation Into tile effect of Company size, indtustry and interviewer
bias on the answers to questions.

* Improvement In the arrangement of responses to a question, and the
association of a numerical value with each response to a question,

* Reformulation mnd re-estimation of appropriate models In order to reflect
the above improvements, mnd to invostigate more specific relationships
which involve only single questions (rather than combinations of related
questions).

" For purposes sutch as the study of the selective dissemination process,
formulation of reverse models to study tile flow process in reverse (I. e.,
reverse the input/output relations described in Section 2, 5 and Appendix C).
An example would be a model relating the user's highest degree to the
class of infol mation, desired composition and layout of the con~veying
media, the first source for the information, and the usefulness of title
listings and abstracts.

" Formulation and estimation of additional models describing the flow
process, and utilization of additional analytical techniques (such as factor
analysis).

" Division of the sample of 1500 users into appropriate subsamples to permit
analysis and comparison of special groups, such as the three groups that
acquired information that is (a) conceptual, (b) design and performance,
and (c) production.

10 Applic(atiion, as appropriate, of the above suggestions ii, making further
analyses of the Phase I data, the similarities and differences of the
Phase I and Phase 1 data, and the combined data from Phase I mid
Phase 1I.

1 3



4. METHODOLOGY

1The methodology emlployed 1in the study of the defense Industry (Phase II) was
bWwed on precedents established In the prior PhaI\se I stludy of 1)01)01)O 801111o0l egaged
in RDT&E. improvements Ili mecthodology were adhievud by profiting from lOsSonS
leairnle(d In tie I'lPase I study, and throupg1h the use of a tore (,ollipreChCi1sive anld
pOyVOrful analytical aplroach. Also, the Interview Guide used in Phase I was
tailored wid Improved to make It more suitable for use in a survey of defense
industry li.cds'

.1. 1 PREPARATION FOR IN'r'EIIVIEWS

The niltial portion of tho study required (a) niodilivatlon of the Interview Guido,
(b) preparation of an Interview Guide Handbook wid Becferoncu Mamual for use by thelintorviowers, (c) t18hi~g of Ilhe modiified hntermiew G•iId! to validiate t-evisions and
provide a basis for further improvements, trd (d) ueluction and training of the
Interviewers.

Modification o Interview Guide

The Phase I Interview Guide had to be modifird in two major areas:
(a) tailoring to the defense industry population; and (b) overall improvomont based
ion Phase 1 experience, North Amorican Aviation technical evaluation, a9Jd the pilot

test. Modifications wore designed to:

. Reorganize It, by removing extensive tables and including them in a
separate Interview Refcrence Manual.

* Improve the printing and layout, making it easier to record data during
interviews.

* Provide increased logical order of questions.

0 Minirnize the number of quostions (e. g. , by letting one group of related
ques~ti ons cover~ R-1 01flre C Sub1-b0 ,.f

6 Assess the utilization of company Technical Information Centers.

* Assess the utilization of Non-DOD Speciallzed Information C•ntors.

* Investigate restrictions on availability of technical Information.

_ Provide for mutally exclusive r-bponIscS.

- Expand, reorient and rearrange question responses.

'rThe revised Interview Guide contaned 63 questions, grouped according to
(a) the user of informiation, (b) his most recent scientific or tehlnical task, (c) his
utilization of information centers and services, and (d) his search for and acquisition
of information specifically related to the task. Most of the responses to questionu
In the I1terview Guide are qualitative and, tholrfcre, not st.ocoptible to quantitative
interpretation without using sp)ciial techniques.
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Injtcr~j't%% Gnideo Iftndboot 9and Inte~rVIeW jfCVQ1ICQ Manullt

Tho Interview GUIde0 fandbook (H1oforenee 41) is tho balSic doctimentatioll for tho
initial portion of the Phase 11 study. It contains on explaaaloki~i of and hifitrutelion In
the tinteirviewing mothodo, quetioslna to be oovered cand aids for Clhe Interviewers. In
doveloping this Handbook. the primary theme was to tailor It to seorvo both a-k a
training doOLL110nt Onl 0h0 Ob)jGtiVes and cooduct of tho study and as an interviowvor
reference. The i-ianidbook also contains the basic study correspondonco, a directory
of patrticipating organizationE and a glossary of termsg.

Ani Innovation iII Phaso 11 was the introduiction of anl Interview lRoference
Manuial. This Manual contains a compact, easl~y-halidlecl listing of frequently uised
and complex responses ior queostions in the Interview Guido. The doocument was
basically an lntorvicover aid, and was shown to the respondent whoen It would
facilitate the interview. IntnirctlonA In the mse of the Interview Reference Manual
are contaitined in the Intorview Gutide Handbook.

Pilot Test

A modified Interviev ()tilde was pilot t.ostCoi to validate the revisions accom-
puishod for the Phase TH stuidy. As specified by DOD, the pilot testing was based on
20 interviewH with selected engineering and scientific personnel. of North American
Aviation, Inc. The pilot test resulted in a roorganiization of the qunstions into a
moro logical sequonce.

Interviewers wore selected on the basis of their scientific anid technical back-
grounds, research experience, interviewing and suirvey experience, m abiri ty,
personality and responsibility, All intervIewers had at least a bachelor's degree
mid prior Interviewing experience. The Interviewing staff employed In th . Phase 1I
burvoy included eight behavioral scientists, three operations research analysts and
three Information processing specialists.

Each interviewer was given a two-week training program, consisting of class-
room instruction and controlled fiold practl co Intervieows. Trainiing em phasized
Stwndardlization, of 6tirvey IIAOMOv lW C"t k- Nitos in doal i g wi ih a highly diver~sified
sample. Training sessions Included Program Orientation, Sciontific and Technical
Information Systems, Suirvey Operations, Review of Phase 1 Rtosults, Comprohionsivo
Study of the Interview Guilde, Summary of the Analysis Plan, Interview Demonstra-
tion, anid fouir days of practice Interviews with critiques of student. performance.
Remiedia~l ;sessions were scheduiled w~hen the need for them was indicated during the
practice Interviews.

Selection of Saiplep for the Interviews

Mhe National Secuirity hindustrial Association anid the Director of Technical
Information in the Office of tho Diroctor of Defense Re-search and Engineering
contacted anld obt~ameud voluntary paUrticipation of the majority of org-anizations
cooperating in the survey. North American Aviation, Inc. helpod arrange for the
participation of additional quialifying organizations, The organizations suirvoyed
included lit of the top 25 DOD contractors and 17 of the top 25 RDT&F. contractors.
They are considered representative of the major DOD/RD'f&E contractors. Appendix
A listf; lpaIticipathing) organizations with the sample sizes drawn from each.
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I'Ile DiM1ector Of 'Teý(I:hntI 110-111U1 l)FUV' tin re dcd L'XPlieit iza18011i~n 6o1n thLI moih0ud' to be- 01llployCel by thle pai, ticipatingr or'ganiz/ations8 In Kolocting the samples of
individuals fur hIterview. The) snumple for interiview was ohte)-med by tiio soloction

of at rejresCfltfltiVP grOUj) Of 1500 from11 a pu1)U~ttioll of tIPprox4-i Mately 120, 000I s~ cicintis ts, onghi icrs and tecnienica )orbonnof, Tiese Pecammnul woro ornpl oyed by
78 Compantfies, H roscarch Institutes and 2 universities3 havinfr deffense 0contr1acts.g
InI addition, tile. sequential acqkuillition of daapermitted sqtr~ong po.sitive cheek's to beI mado upon the-lo cintmind caoflsittency and representative nature of tho sample. Tile
individuals swilpied ropre-sent. approximately 1 . 8 percent of the totW. scientific,
('1g01c0001114 andI teclhn ical peCrsonnol of the 83 imrticipati ug organizations.

FEttrl' !Irk the pu~mming of survey operations, it wvas determined that the Conduct
of the survey and Llbc quatlity of res,)onsoa would ho enhanced consideurably if Inter-
vioXVoeS Wore famil far wyith fho purpVIose of thc study and the kinds of questions to be-
uskad. Cons-uq.jiwtiy a descriptive brochure, Synopsis of' Interview Topics (tin
AppCIndix to VoIlume' I),Nvras developod mitd distributed to each Intervilewee in atdvance
of 1,11 ifiterview.

This brochure acquainted the interviewees with thle topics to be discussed. it
provided a fvame of reference, Introduced the general subject maltter of tile Witer-
view, mid tended to etase possible confusion and apprehonsion. The Synopsis also
reassurod the Intervieweec's I-management that the Survey waus sololy Intended to
inveostigato Informaftion needs and acquisition procedures, and that It mWa IwA an
at tornPt to obt ah classi fied or~ prioprietary Information. Comnunat. from the interview
staff Indicated that the Synopsis fulfilled Its intended purposos,

in1torview Policy

The san-ple to be interi~'ewed spanned a chiv~ersity of backgrounds (e. g. , field
of trainingr mnd extent of formal education) and position lovels (c. g. , type of
activity anid level of rosponsibility), In addition, the flow of scientific and technical
in~foriiaation is not widely discussed or understood. It was, thereforo, realized
that the Interview quest.ions might have different meanings to different interviewees.

in or-dur to achievc. comrpiaballo rojuilts it3nder these conditions, the initerview
was "at andlardizad" so that essenti'ally the same Information would be collected fronm
each interviewee. This wats achieved *by the interviewer tailoring tho formulation
and sequence. of the quostions to each interviawee (i. o. , "inon-schoedul" Inter-
viewing). Vha interview was prodomnrinatly one of "fi'oo resIponaeo, " (i.e. , where an
expltulation 0o. deseriplion was requiredl) In which there were. fewv explicit l)ouutd.S
uipon interviewee responscs. An interviewer olso encouraged interviewees to talk
freely of their experiences, mnd to give examnples of their Information search and
acquisition patterns,

4. 2 811R\'EY OPEIIATIONS AND CONTROLS

Early III tho mimly program it was recognized that 8uccessful. resultz would
require careful planning, scheduling and control of survey operations. It was also
clear that data collected InI t~he ficld hadto1. be monitored for quality, so thaIt Conl-
clu~sions based on the data would be valid and meaningful.



Survey operations and controls included correspondence with participating
companies, interview scheduling, aggressive follow-up of missed interviews, and
interview quality control. Each participating organization was assigned
a control number. Upon completion, each interview v-as assigned an accession
number to maintain control and facilitate subsequent analysis.

Personal in-depth interviews with the 1500 users lasted an average of 1 hour
and 40 minutes per interview. All interviews were conducted in private, to ensure
confidentiality and to prevent bias.

The quality of the analysis depended to a great extent on the quality of the data
collected during the interviews. Consequently, appropriate procedures were
developed and implemented to assure consistently high quality data and to provide
accurate and complete inputs for computer analysis.

Quality control extended from the interview itself, through keypunching of the
data, to subsequent analysis. Interview answers were recorded both in precoded
and in narrative form. To minimize errors or omissions, each interviewer was
required to review and inspect the material from each interview immediately after
its completion, but before the next interview. Completed interviews were sent to
the project office for review and preliminaiy audit for completeness, consistency
and coding accuracy. hmmediate feedback was provided to interviewers when needed
to correct errors or improve performance on subsequent interviews.

To reduce errors in transcribing data from the Interview Guide to punched
cards, the Interview Guide was desiognod so that coded responses could be punched
directly from the Guide onto cards.

An extensive procedure of manual editing and narrative response classification
was carried out to ensure the maximum completeness of the data. In this manner
the potential "other" and "no response" entries in an interview were largely elimi-
hated. In addition, the computer analysis had various automatic edit and con-
sistency checks built into its routines.

4.3 ANALYSIS OF THE DATA

The survey data consist of the reports of 1500 interviews, each containing
answers to 55 questions having qualitative responses and 8 questions having
quantitative responses.

Requirements and Objectives of the Analysis

An analysis should provide a bridge between the data, and meaningful guide-
lines for management decisions and recommendations for the future. The methods
of analytical summarization employed should be sufficient to bring both the detailed
and general informatian content of the data into proper focus. Otherwise, manage-
nient will be obliged to accept only its detailed information content, or seek
additional summarization to bring out its general information content. In order to
achieve this:

* The analysis should first summarize the data to bring into focus its
detailed information content. This summary of data, of necessity,
describes only small portions of the flow process.
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0 The analysis should then further summarize the data to bring into focus
its general information content, so that both small and large portions of
the flow process are described.

The first of these requirements can be achieved by means of frequency
distributions. In addition, the second requirement can be accomplished by the
analysis of relationships among the questions in the Interview Guide (which represent
elements of the flow process). Such a method would yield sufficiently summarized
and properly focused general information, describing both small and large portions
of the flow process. To achieve this analysis, however, the qualitative data
acquired in the interviews must be transformed into a numerical form.

Thus, the objectives of the analysis are.

To provide detailed information describing small portions of the flow
process.

* To transform the qualitative data into numerical form.

* To provide an analysis of relationships among questions in the Interview
Guide,

* To analyze and interpret the detailed information and relationship results
in order to provide meaningful guidelines for management decisions and
recommendations for the future.

Outline of the Analysis Methodology

The detailed information describing small portions of the flow process is
provided by frequency distributions of the answers to single questions and pairs of
quostions. Table 4-1 illustrates a "one-way frequency distribution" (i. e., the
distribution of the percent of answers to a question that corresponds to each
questiojn response), and a "two-way frequency distribution" (i. e., the distribution
of percent. of answers to a pair of questions that corresponds to each pair of
question responses).

As illustrated by Table 4-2, the transformation of qualitative data into
numerical form is accomplished in two steps:

"* A detailed structure is developed by grouping the related responses to a
question and arranging these groups (and, to the extent possible, the
responses within groups) into an informative order. The grouping and
arranging are based on the primary characteristic of the question's
responses, as determined from the responses themselves and the intent
of the question.

"* A numerical description of the detailed structure is defined by
associating a number with each question response. The base point for
a numerical scale is selected, according to the primary characteristic
of the question. With each response there is then associated a numerical
value, corresponding to its relative "distance" from the base p( ,nt, along
a scale from -1 to 1 (usually from 0 to 1).
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Table 4-2. Transformation of Qualitative Data into Numerical Form

Question 14: First Source for Information

Informative Order A Scale
r.

I Received with taskt assignment 0

II Recalled it 0.05

III Searched own collection 0, 10

IV Respondent's own action 0. 15

V Assigned subordinate to get It 0.20

VI Asked a colleague 0.25

VII Asked my supervisor 0.30

VIII Requested search of department files 0.35

IX Asked an internal company consultant 0,45

X Searched company information center 0.50

X Requested library search 0. 50

X1 Requested data from vendor, manufacturer, supplier U 0.60

XI Searched vendor, manufacturer, supplier sources j 0. 60

XII Searched outside library 0.70

XII Asked an external consultant or expert 0.80

XIV Requested search of DOD Information Center I1 0.90

XIV Searched DOD Information Center 0.90

XV Asked custonmer 1. 00

A. It is instructive to note tile evolution of the responses and their order:

1. The 12 responses to Question 40 in the Phase I Interview Guide were reordered and expanded

into the 16 responses to Question 14 in the Phase It Interview Guide.

2. Then the 16 responses were expanded to 18, based on an analysis of the answers to tile response,
"other - specify."

3. Finally the 18 responses were arranged into an informative order, according to their primary
characteristic, which may be called "distance from the user."

B. No distinction ".s made between the two responses in this grove of related responses.
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Next the analysis of relationships among questions is performed in the following
four steps:

0 Groups of related questions are arranged into an informative order to
form a general structure. To the extent feasible, the arrangement is
based on the desirable characteristic that an input question precede an
output question (i. e., a question tend to influence only those questions
which follow it). An example is contained in Table 4-3.

Table 4-3. Arrangement and Combination of QUOestiUS

USER COMPONENT

A. Age of User: Question 48

B. Education of User

1. Highest Degree: Question 50A

2. Field of Degree: Question 50C

3. Year of Degree: Question 50B

C. Experience of User

1. Job Experience: Question 51

2. Company Experience: Question 52

Combination of Questions: 1/2(Question 51 + Question 52)

D. Position of User

1. Kind of Position: Question 55

2, Field of Position: Question 56

E. Level of User

1. Equivalent Government Service (GS) Rating: Question 58

2. Personnel Supervised: Question 49

3. Type of Activity: Question 54

Combination of Questions: 1/2(Question 49 + Question 58)
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!
* Pairs of related questions are combined as illustrated in Table 4-3, in

order to simplify tile specification and estimation of models describing
the flow process. Except for rare cases in which a product is employed,
all of the combinations of related questions are averages of the numbers
pre-iously assigned. The scales remain between -1 and 1 (usually between
0 and 1), In all cases.

* Linear models are specified to represent potential relationships among the
combinations of questions in the general structure. The models are defined
in general form to include unspecified constants which, when evaluated,
completely determine the model.

* Unspecified constants in the general form of the models are estimated
from the data by the technique of regression analysis. Regression analysis
also indicates the significance of a relationship and the relative contribution
of questions to the relationship.

Finally the analysis and interpretation of the above results produces meaningful
guidelines for management decisions and recommendations (or the future.

4.4 COMPUTER PROGRAMS USED IN THE ANALYSIS

Two basic kinds of computer programs were used in the study:

* Special North American Aviation, Inc. programs to prepare interview

data for analysis.

j Biomedical or BMD )rograms used in the analysis itself (see Reference 5).

Three of each kind were ei i,,oyed, brief descriptioi~s of which follow.

j North American Aviation Data Preparation Programs

W Creation and Updating: This program edits all inputs and creates a new
tape, or upxlates an existing one. The answer to each question is tested
for proper code limits and, in some cases, is cross-checked with
answers to other questions.

* Reorder: This program assigns the sequence of coded responses, in the
detailed structure, to be used for frequency distributions.

* Rescale: This program assigns the numerical values to coded responses.

Biomedical Data Analysis Programs (see Reference 5)

|= . Transgencration: This program accepts data created by the Reorder or
Rescale Program and combines questions, as desired, for subsequent
analysis. The program was used to combine questions as specified in
the general structure (see Table 4-3 and Appendices for Volune II).
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* wo-Way Freqktenuy Distribution: This program computes (a) two-wa

frequency distributions; (b) Chi-square value and degrees of freedom fior
each distribution; and (o) means, standard deviations and correlation
coefficients for each pair of qtiestions.

Stepwise Multiple Regression: This general purpose statistical program
was used to compute (a) a sequence of estimates for linear models in a
stopwise manner; (b) a correlation matrix; and (c) associated significance-
level information.
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5. BACKGROUND

T1he DOD User-Needs Study was exploratory in nature. It attempted to structure
and describe the nebulous process of the flow of scientific and teclmical information.
The study hus liot completely solved tihe problems of defining, designing and operating
a scientific awd technical information program. Some of the reasons for this are:

6 The DOD User-Needs Study was the first investigation of its size and scope
dealing with a large portion of the information flow process, and its corn-
poneuit users and tasks within major segments of the scientific arid engineer-
ing community.

0 The samples from Phases I and 1I exhibited significant differences in their
users, task, utilization of information centers and services, and search
aid acquisition process.

* The Phase 11 analysis. although compatible with that of Phase I, was more
comprehensive and definitive,

* Time and resource limitations precluded the accomplishment of more than
a preliminary application of the Phase 11 analytical approach to the Phase II
data, much less its application to the Phase I data.

* The more comprehensive and powerful analytical approach of Phase 11 is
novel in the field of information science; and the results should be regarded
as indicative, but not conclusive, and meriting additional investigation.

On the other hand, the study represents the initial step essential in developing
a base of knowledge on which to build future programs. It has investigated the flow
process from within, and has concentrated on the study of the user's actual experience
relative to specific tasks. It has developed a (general and detailed) structure for, and
models describing, the flow of scientific and technical information. This structure
and these models have yielded valuable insight into the flow process and its elements.

In using and interpreting the results of this study, the following points should
be kept in mind:

* Prior to these studies, no definitive description of the composition of the
DOD IIDT&E and defense industry populations was available. Consequently
no attempt was made to select a stratified sample (this is now possible,
based on the data acquired in the studies). However, the broad base and
large samples used in the Phase I and Phase II studies are representative
of the scientific and engineering communities studied. In fact, the Phase II
data exhibited strong internal consistency.

* The study technique of investigating "critical incidents" (in this case a
specific task that was recently completed by the user) ensured the acquisi-
tion of apecific data on the flow process. Thus, the data acquired in the
study are based on specific experiences in the interviewee's work situation,
and not on his opinions, judgments and other generalities.

* 'ihe question or information areas covered in the Interview Guide were not
closed-end or multiple choice. As asked, almost every question required
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a freo response answer based on the Interviewee's task-oriented
experience.

* The analysis has concentrated on the over-all sample rather than its com-
partmentalized iegments. Thus a description of particular specialists
(e.g. , chemists, cloctrical engineers, etc.), although feasible, was not
attempted.

# The questions and pairs of questions dealing with INFORMATION (as opposed
to those dealing with the USEl, TASK or UTILIZATION) should be consid-
ered as exclusively INFORNMATION descriptors, In that they are drawn from
a different data base than the other descrilptors (i. e. , any one USEII and
TrASK can have from one to five information units associated with them). 7

* Conclusions involving combinations of questions should not, be drawn from
the frequency distributions of single questions, but only from those involving
pairs of questions ana twe models of relationships.

* In order to analyze the data, the qualitative responses were tranisformed
into numerical form as described in Section 4. 3. One must take this trans-
formation into account in order to apply the results of this study intelligently
to information progenams. If a different transformation is desired, then
certain portions of the analysis should be repeated with the new transforma-
tion.

* Estimates of models describing hie flow process are sensitive to changes in
the detailed structure amd its numerical description, and in the general
structure and its combinations of related questions. The model estimates
in Volume II must then be taken as relative, and not exact, However, the
findings and guidelines for management decisions in Volume I have been
obtained from the model estimates via an analytical technique which minin-
mizes their sensitivity to such changes. This technique will be described
in Volume II.

The uresent study is explorntory. its results should be conid•,3,d ildiWative,
but not conclusive, and meriting additional investigation. It has provided a useful
beginning in the definition of the design and operational criteria far scientific and
technical informnation programs. As described in :$ection 3, additional experimenta-
tion and refined analysis are the next steps to undertake in the analysis and
optimization of the flow process.

S' Twenty-four percent of the USIS performed I'AS1KL' which had ai output associated
with a design or design technique; but the 10 percent of IN FORIMIATION that related
to design or design techniques represents 547 of the 5359 separate information units
that were used in the survey tasks. These 547 information imits could have been
used by anywhere from 7 percent to 36 percent of tho USERS. Therefore, INFORMA-
TION questions identify NIN'ORMATION characteristics and not those of USER, TASK
or UTILIZATION.
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r APPENDIX A, PARTICIPATING ORGANIZATIONS
Number of lursnols Population of

SOrgani zato i0 nterviewed Qualified Personnel

Aerospace Corplorotioii 25 1800
r Allegheny Ludlum Steel ('orporatlon 1 80

Allis-Chalmers Manuffacturing 2 185Scompfuly

American Machine & l.oundry Company 1 100
Ampex Corporation 10 760
Arthur D. Little, Inc. 7 800
Armstrong Cork CompaNy it 210
AVCO Corporation, Research and 31 3500

Development Division
The Babcock &, Wilcox Company 3 250
Battelle Memorial Institute 11 775
Bechtel Corporation 1 70
Beech Aircraft Corporation 6 470
Bell Aerosystems Company 11 1000
Bell &- Howell Research Center 3 500
The Bendix Corporation 6 600
Btssett-Berman Corporation 1 65
The Boeing Company 64 G600
Colt Lidustries, lic. 8 725
Cornell Aeronautical Laboratory, hIc. 6 450
Corning Glass Works 5 450
Do Laval Turbine, Inc. 2 160
Douglas Aircraft Company, Inc. 6 8645
'upont Company, Inc. 45 3200
Electric Storage Battery Company 1 200
Emerson Electric Company of St. Louis 5 325
Fairchild-Ililler Co~poration, Republic 1

Aviation Division

GCA Corporation, Technology Divisior 3 145
General Dynamics Corporation 129 13155
General Precision. Inc,, Link Group 8 ,15
Goodway Printing comppny. Inc. 3 200
Hamilton Watch Company 1 110
Hazeltine Corporation 10 800
1 lercules Powder Compauy 23 '1350
Iloneywell, inc. , Aeronautical Division 12 910
ItR B-Singer, Inc. 6 ,85
IBM, Federal Systems Division 34 3780
Ingersoll-Rand Company 1 55
Institute for Defense Analysis 15 ,400
Institute of Science & Technology 4 475

8 This person had just joined the company at which he was interviewed. The

interview responses reflect his position, task, etc.. at Republic Aviation.
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APPENDIX A. (Cont)

Number of IPctrons Population of
Orpiutmni tion interviewed Qual I fled Persomid

:- Intrn tuonnl llnrvester compaty, 4 250
Sol•h Division

I lnternational P e0i~stafl('I C401ptuy 1 65
10oh111 Hopkhis t'nlverslty, Applied 14 860

Physics NI.borntory
Molmil1111 n trument ('sri;vration , 4 250
A.enr-Siegler, Inc.. P"ower Equipillent 9 5

Dlvi sion
Loosonn Moos Laboratories 1 300
,A tiing-Temco- Vought, Inc. 63 3500
Loral Electronics Systems ;1 350
L.ord Corporation 2 125
LUndy Electronics & Systems, Inc. 1 60
ML1anagement Systems Corporation 1 20
Massachusetts Institute of Teclnology 32 2000
Monsanto Company 44 3800

- Martin Company 100 7000
IvMcDonnell Aireraft Corporation 27 1900
Melpar, the. 8 900
Menasco Mnuifauctturing Compimy 1
North Amorican Aviation, Ie,. 21 1570

SColumbus I)ivision
North American Aviation, Inc., 269 18690

Divisions In the Los Angeles
Metropolittn Area

Northrop Corporation 29 1730
Olin Research Center 4 300
Otis Eolevator Company 1 50
Philco Corporation 26 5000
I'ittsburgh Plate Glass Company 3 225
The HAND Corporation -11 750
P aythecm Complny 09 4000
Reinngton Arms Company, nie, 3 135
Simmonds Precision P~roducts, Inc. 2 190
Sparton Corporation, El-ectronics 1 35

1)ivision
Sperry Gyroscope CouptuW 9 1)50
Sprkgue Electric Compaly 7 540
Stanford Research Institute 17 12?0
System Development Corporation 25 350
Texas Instruments. Inc. 2.5 1500
Thompson lbamo-Wooldridgo Inc,, 7 450

Equipment Laboratories
The r'ltnkin Roller Benring Compaly 5 355United Aircraft Corporation, Norden , 275

i)ivision
UnicdAirctraft Corporaation, . 11025

SikcorsiY Aircraft Division

:1 .10
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APPENDIX A. (CONT)

Number of Persons Population of
Organization Interviewed Qualified Personnel

United States Steel Corporation 9 700
University of Pittsburg 7 500
University of Southern California 29 1400
Vickers, Inc. 5 380
Western Electric Company 1 120
Westinghouse Electric Corporation 22 1730

1500 119,470
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APPENDIX B. COMPARISON OF PHASES I AND II

This Appendix presents a brief comparison of ihe results of Phases I and II. More
detailed findings will be found in Volume II. For the reader's convenience, the more
descriptive terms "DOD In-House" a.d "Industry" will be used to denote the Phase I
and Phase II studies, respectively.

In this report, continuing reference is made to three categories that are used
to describe the information needed, the output of a task. and the position of the user.
These categories are:

KIND: KIND refers to the area of effort or functions such as research,
development, test, evaluation, production, and reliability and quality control.

CLASS: CLASS refers to the type of content such as concepts, designs or
djesign'teclniques, experimental processes, performance and characteristics
data, specifications and evaluation data.

FIELD: In general, there are ;our basic FIELDS: production and management,
"s7•iaF-Fand medical sciences, engineering and scientific. The Defense Docu-
mentation Center formerly clhssified its information into 33 subfields which
relate to the technical disciplines, the processes or the products to which the
information pertains. Examples are: aircraft and flight equipment, guided
missiles, production and management, physics and mathematics.

1. REVIEW OF PHASE I CONCT USIONS

The DOD In-House study produced five general conclusions:

* Engineering data is the most important category of information.

0 The local work environment 4 is the most important first source for
information.

* Information analysis prior to distribution is important in a scientific
and technical information program.

• The DOD Information Centers and Services are not sufficiently used.

* The user is not completely satisfied with his ability to obtain information.

Results of the Industry study tend to confirm, if not strengthen, these general
conclusions. Although the answers to comparable questions in the two studies exhibit
significant differences (see 2 below), the general results imply similar conclusions
(see Section 2). This is important because the combined DOD In-House and Industry
populations represent the universe of originators vad users of DOD scientific and
technical information.

4 The "local work environment" extends only as far from the user as an internal
company consultant, but not as far as the company Technical Information Center,
which is his connection with the formal information system (see Table 4-2).
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Table B-1 sho.ws the five general concluSion"s of t1h1 D)1) In -House Study (left-
hand column), the significant statistical findings that support these conclusions (center
column), and the corresponding statistical results of the Industry study (right-hald
column).

2. COMPARISON OF ANSWERS TO INTERVIEW QUESTIONS

The intent of and answers to 37 of the questions asked in the DOD In-Hlouse and
the Industry studies are similar enough to be statistically compared. Thirty-four of
the questions (or 92 percent) revealed significant differences between the two samples,
and only three questions failed to exhibit such differences. The similarities will be
described first, after which the significant differences will be discussed.

Sample Similarities

The DOD In-lHlouse and Industry samples surveyed were similar in the following
relatively unimportant respects:

• The proportion of the received information that was essential to the task.

0 The interviewer's assessment of the user's need for information.

0 The proportion of the user's work-time spent in accomplishing the task.

Summary of Differences

The survey questions which revealed the greatest differences between the two
samples were in the search and acquisition process. Significant variations were also
found in the utilization of informatocentes and services, anid in the task and user
characteristics. The important differences within these areas are as follows:

a, In the search and acquisition process (Figure B-i), the Industry users:

* Wanted and received all the information available and a specific answer
more often, while relying less on recall and single documents; also, they
wanted and received less data in the form of detailed analyses and once-
over-lightly presentations.

Received less information with the task assignment than was the case with
users in the DOD In-House survey and were less dependent upon their
local work environment for task information. However, they went beyond
the local work environment only 20 percent of the time.

Tended to use a first source more because it was available or the only
source known, and less because they were told or recalled that information
was available from that source.

35



toU

RECEI %V ED DE•SIRtED)

2337%

0 8 18)

%.!k%

ONCE OVER SPECIFIC DETAILED ONCE OVER SPECII"IC DETAILED
LIGHTLY ANSWER ANALYSIS IIGIITI.Y ANSWER ANALYSIS

DEPTH OF INFORMATION MEDIA

RECEIVED DESIRED

38.5%

V) .5% 34.501z~ 3 2. 5%
229.5% 030.5

II 21.5%

• ~~22, . ,

1 l7%Y I~b• • t.

,,% . -

RECALL ONE SA•AIPLING ALL RECALL ONE SAMPLING AL
REPORT MATERIAL REPORT M AT[•I AL
OR AVAILABLE OR AVAILABLE

DOCUMENT DOCUMENT

VOLUME OF INFORMATION MEDIA

440 ACTUAL MAXIMUM ALLOWABLE

22,5% F. T% M 2

11.50'11.5% 01. [
m PAS I PII I

RECALL LESS THAN 1-7 8 o30 OVER RECALLh LESS M-S AN 1h7 8-30 OVER
ONE DAY D)AYS DAYS 10 DAYS ONE DAY D)AYS DAYS 30 DAYS

ACQUISIT ION TIME

Figure B3-1. Comparison of Phases 1 11H Search and Acquisition



& Were less subject to time constraints in the acquisition of information; the
Industry users could and did take longer to gather their information.

• Found post-task information more often than users in DOD In-House
sample.

- Used their information more directly in task accomplishments and less as
background information.

- - b. In the use of hNformation centers and services, the Industry users:

- - Encountered more problems in the acquisition and the use of information
(Figure B-2).

. Were more often unaware of the availability of the DDC, TAB, etc. (but a
greater percentage of those who knew of these services used them),

71.5%

57%

43%
!

28.5%
!

HAD DIFFICULTIES NO DIFFICULTIES

- PHASE I

PHASE II

Figure B-2. Comparison of Phases I and II - Utilization Difficulties
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C. The tasks in the Industry sample (Figure B-3):

0 Involve fewer self-generated tasks and more tasks directed outside the
DOD or company.

* Deal more with concepts, design, production, research, aerospace.
aircraft. electronics and propulsion systems. On the other hand, the
DOD tasks are more concerned with test processes and procedures, costs,
funding. administrative action. operational development, ordnance,
medical science and communications.

* Involve a larger number of formal mnd written task output4.

* Involve a longer task duration.

89%813%

76. s%
71.5%

61% 80%

39% 40%

28.5

14% 
I 

I
,- A

TASK OUTPUT, MK OUTPUTS FORMAl. INFORMAL WRITTEIN ORAL
DIRECTED ',,ECTED
WITHIN DOD "TSIDE DOD FORMALITY OF WRITTEN VS ORAL

OR COMPANY OR COMPANY TASK OUTy'PUT TASK OUTPUT

DIRECTION OF TASK OUTPUT

PHASE Im PI IASIFJ II

Figure B-3. Comparison of Phases ] & II - Task
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d. rhe users In the industry samplc (Figure B-4):

* Ihive a younger median age.

* Earned more post-graduate degrees.

0 Have been in their present kind of work longer.

* Are more involved in administration and technical management.

0 Are in higher salary levels than those in the DOD In-House sample.

I
I

10. 55%

29. 5W 30. 5%

12% 12%

"*'F:CIINICA 1, SCIENTIFI'C & AI)MINLSTIIATION ONE' YEAR1 ONE TO FIVE OVER FIVE
EVALUATION TECIINICAL Oil [,.;SS YEARS YEARS) ITYPE OF WORK ACTIVITY YEARS IN KIND OF NVOR. ACTIVITY

C= IhAS E II~iI'1I|.\sFI I

Figure 13-4i. Comparison of Pihses I & 1I - User
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3. COMPARISON OF ANSVERS TO PAIhS OF QUESTTONS

The Phase I Final Report (Referonce 1) discussed 46 pairs of questions In which
the answers to one question (sucl as "Type of Activity") are distributed against the
answers to inother question (such as "Do you u~e DDC ?"). In this example, such an
analysis would reveal any tendency of users involved in a particular activity to make
different use of the DDC than users In another activity.

In the present Industry study, 43 of these potential relationships were investt-
gated and the findings compared with those of the DOD In-House study. It was found
that the DOD In-House results aro contradicted by those of the Industry study about
as often as they are substantiated. This, however, is not surprising in view of the
many differences between the two samples, as demonstrated above.

General Areas of Agreement

The areas in which the Industry findings agree with the DOD In-Hiouse resull:s
relative to pairs of questions are as follows:

"* As the desired volume of information increases, the required acquisition
time also increases.

"* No relationship exists between the discovery of post-task information and
user attributes (such as salary, education, kind of activity, etc.).

"* A high portion of research tasks are found in the fields of medical science
and physics, in the utilization of concepts. and in situations involving the
use of libraries as a first source.

"* About 25 percent of the users are called upon to perform tasks that are
outside their normal kind or field of work activity. This tendency is
greatest for workers in the field of mathematics, and least for those in
the medical sciences.

* Individuals having advanced degrees (i. e.. having more background and
training) report more problems in the acquisition and us, of information.

Areas of Major Difference

The meaningful areas in which differences were found are outlined below. II
each instance, the earlier DOD In-House study indicated either no significant rela-
tionship, or a specific contradicting characteristic. The study of the Defense
Industry showed that:

* The need /or performance and characteristics data is approximately
uniform throughout all phases of the research, development and production
cycle; that is, the need for such data occurs about as often in the early
phases as in the later phases.

* As the desired volume of information increases, the use (or potential use)
of title listings and abstracts increases.

-I 0



I
* The discovery of post-task information is not related to the phaeou of the

research, development and production cycle, or to the field of aotivlty of
the user (such as production and management, engineering or scientific).

As the work proceuds away from research and toward an end product, there

is loss need for depth in information.

* Longer task durations are related to the use of first sources for information
that are more distant from the user, and longer acquisition times for
infformnation.

I * It takes longer to acquire Information whose first rource is more distant
from the user.

3 The higlhr the user's salary level and Importance to his company, the
more he tends to encounter problemis in the acquisition and use of scientific
and technical information.

The DOD In-House anud hidustry scientific and engineering communities are
apparently different In many individual aspects, However, as general users of

S seientific and technical Information, they exhibit imnmy similar tendencies and relation-
ships. It is, therefore, desirable to apply the more powerful analysis of Phase 11 to
the Phase I data and the combination of Phase I oad Phase II data.

I
I
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I
I
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APPENDIX C. SUMMARY OF PHASE II FINDINGS

IRefer to the beginning of Appendix B for the definitions of kind, class and flold.

I. Till" MLEARCII AN) AC(,•TIJTIIN PiOCI.-Ss

I') studyilg the set'arelh nlad acquisition process, th0 answVer,_ to thie followingR t;LLStiolls ,1Pre oli prime h'1t0tr'st:

* \Vhtil infortiution is iWOIVo(,v 0

# 1W what medin (OU-; the user desire to roceive ihe information ?

* 'o whtih SRource (does the user go first 7

* ihsn 1, the formation needed? When is it acquired?

tThis portion of Appendix C prosonts the more !igntficant findings relating to these
quetitons,

[ What Information Is Involved ?

The class or Information wa• ower GoJ lj:rcent design ,rnd iperformance

(Figure C-I).

Figure C-2 shows that almost half of the information w:u.-, in the engineering
field, and almost 40 percent was in the scientific field.

As would be expected, the class and field of information required for the tnsk
are mostly related to the kind, class and field elements of the task. When the

pri 4m al ..- sh i .zpi v ,1 thi '4 qoarch tindticaqid l w5i' "I1pOCS re Coi1zJiklei'd, tile
Sclass and 'ield or information are not significantly related to the other descriptor"s
S(such -is rleoils, etc. ). They, therefore, identify information "areas and not necessar-
ily Other search 'Ind acequisition lhar.acio-ristics.

D, N\.hat Media Does the User Desire to Receive the Informalion ?

The significant characteristics of the desired media for conveying information
are defined in terms of their formality (composition and layout). volume (extent) of
documenitiitoon and depth of detail (Figures C-3 and C-I):

4 * More than one out, of 9irce users desired to receive, information orally, and
mllolre than olle out of three users desired to receive it se.niiformnlly Written.

* Almost three out of five users desired a textual layout.

M More than three out of five wanted more than one (locument.

•? * Almost all users wanted more detail than once over lightlyN (almost three

out of five wntnod a specific answer).

The volume and depth of iniformation received was less thalI that desired il
im :habout one-sevelith of the cases.
1 4 3 :
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I 84%1 ~79%I
I aI

II I
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I

I

14% 
13%

lk!1 3%
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DESIRED DESIRED

VOLUME DEPTH

Figure C-4. Volume and Depth of Information Media
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The analysis revealed a significant relationship which indicates that the desired
composition and layout of the media is mainly related to the desired extent of the
media which, in turn, largely depends on the duration of the task.

To Which Source.Does the User Go First?

About 30 percent of the user's needs were satisfied without search, and 50 per-
cent were sought within his local work environment (Figure C-5). These first sources
almost always yielded part or all of the information needed.

The following significant relationships were found regarding the first source
that was used:

0 The particular first source used is mainly related to the i cason for its use
and the composition and layout of the media. The sources more remote
from the individual were used more often when they were known to have the
desired information and for the more formally documented information.

* As allowable acquisition time increases, there is a tendency to use first
sources that are at a greater distance from the user.

* What was acquired from the first source depends on the desired oomposition
and layout (formality) of the medium from which the information was to be
obtained, and the amount of time available. As the desired formality and
time available increased, the amount of information gained from the first
source decreased.

When Is the Information Needed and Acquired ?

Almost 75 percent of the information is needed within 30 days, while over
80 percent is acquired within 30 days (see Figure B -1). With the exception of 5 per-
cent., the information needs were satisfied within the allowable acquisition time
(Figure C-6).

The following relationships were found involving the time by which information
was needed and the time by which it was acquired:

* The allowable time for the acquisition of information is most related to the
duration of the task.

* ~lThe time to acquire the information is mainly related to the duration of the
task, and the desired composition and layout of the media.

48



~~SARC REUCURI 01 9

SUPPLIERr REAL ()%

f449



61.2%
60

54 ON TIME

48

4616

'• 42

g 36
33.6%

30 4o

0o• EARLY
S24 24.5% V'

20% //
U18 //

12 -- 12%

9 yLATE

0 - - .-- • I

RECALL LESS THAN 1-7 8.30 OVER
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Figure C-6. Timely Acquisition of Information

Miscellaneous Questions: How Useful Are Abstracts ? Hoow Often Is There Late
Discovery of Information ? How madequate Is the Search and Acquisition Process ?

9. Title listings or abstracts would have '.een useful for finding more than
410 percent of the user's information requirements.

* In general, the usefulness of title listings or abstracts depends mainly on the
desired composition and layout of the media for conveying information and
the effort which the user devotes to the utilization of information centers
and services.



I
* For one out of five tasks, information that was available, but unknown,

during tile task was discovered too late to be useful.

# Those users who encountered probloms in the use of information centers
and services were the ones most likely to discover information that was
available, but unknown to them, during work on a task.

3 In general, the inadequacy of the searoh and acquisition process (as
measured by the inability of the user to obtain information in the form,
depth, vohwue, time, etc, desired) is most related to the duration of the

Stask; the inadequacy increases as task duration increftses.

2. TIHE UTILIZATION 01" INFORMATION CENTERS AND SERVICES

3 The more significant findings concerning the utilization of information ceonters
and servioes, and problems which the users have encountered in this utilization are
now presented.

The Utilization of Information Centers

"" The company Technical Information Centers are utilized by almost all
industry users of scientific and technical information.

"" The Defei.•e Documentation Center (DDC) is utilized by almost one half
of the users (Figure C-7).

"* On the other hand, the DDC is unknown to almost one out of three of the
I users (Figure C-7).

I
4p

USE DDC 3 %

KNOW OF, BUT DO NOT USE 23.5%

DO NOT KNOW OF DDC 31.5%I
Figure C-7. Use of DN fense Documentation Cente-r
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* Over 40 percent of the users of scientific and technical Information make
use of the DOD Specialized Information Ccnters (Figure C-8).

* On the other hand, the DOD Specialized Information Centors aro unknown
to more than one-third of the users (Figure C-8).

USE CENTERS 1-1111 44%

KNOW OF, IBUT DO NOT USE

D)O NOT KNOW 01 C17NTERS 36.536

Figure C-8. Use of DOD Speocialized information Centers

* Other Specialized Information Centers are utilized by almost one-third of
the users.

Significant relationships which bear on the utilization of various information
oenters were revealed in the analysis of data, They are:

STiThe extent to which company Technical Information Centers are used is
most related to the user's kind of work; they are used more by users in the
early phases of the research, development and production cycle than by
those later in the cycle.

The users of the DDC also tend to make corresponding use of DOD and
other Specialized Information Centers.

* The higher the user's level and value to his company, the more use he tends
to make of the DOD and other Specialized Information Centers.
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I'The Utilization o0 ilformatlol Services

S* The Technical A bstract Bulletin (TAB) is used by m ore than one-third of

the tusers of scientific and technical information (Figure C-9).

0 The TAB is unknown to over 40 percent of these users (Figure C-9).

# The National Aeronautics and Space Administration (NASA) Scientific and
'reclinical Acrospace Reports (STAll) arc utilized by almost 20 ." .*:-ent of
the users of scientific and technical information. a

* The SrAll is miknown to almost two-thirds of the users.

* English abl.ri•cts and translations of f•ccign literature are used by almost
40 percent of the iisers.

Significant relationships which bear on the use of the various information ser-
vices are-,

* The use of services Is Interrelated - the users of one service, such as
the TAB, are more than likely the users of other services.

• The use of services is related to the work level of the user, as measured
by (a) highest degree; (b) position in the research, development and
production cycle; and (c) salary level.

USE TAB 5

HNOW OF, BUT DO NOT USE 21,.sa

DO NoTr KNOW OF TAB 43.S%

Figure C-9. Use of Technical Abstract Bulletin

It should be noted that Phase 11 wais concerned with DOD con! ractors, who may or

may not be NASA Contractors.
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Problems Encountorod In tile Utse of Information cir1nteor.' and ý11%J-vjeogi

* OVer 0110 Ott Of threeL uISCrs teIicouotr proprictury or security restrictions,
%ith (G0 percent being concerned with securit~y (Figure C-10).

PRONMRETA RY VNO

MISCEL.LANEOUS

THR NPA NI ES

165 OS. 7.S% 174 754

SECURITY

NO POPERTOO LONG TO

NEED-TO- KN"OW ýqlk

TOO DIFFICULT 1lO INFORMATrio.N

ESTABILISHl NEED- TO-K HOli 00 DIFFICULT TO ACQUIRE

TOO LONG TO ESTIBLISi t'EED-TO-KNQW INFORMATION

*BASED ON THE 451I APPROPRIATE NA RRATIVE ANSWERS, OF THEk
525 ANSWERS TO THlE QUESTION.

Figurec C -10. Nature of Restrictions

clre eflCOtinjtere(I liv ovelr two rm1 of' liveo users. Almost two-fifthls of' these
dtificuiI-les Involved t-imel ' awareness of information, anx' over hai-lf of them
involved timely acquisition of' Information (Figure C-1 1).
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* *iIruely warenst~ iffcult l 1 a0 eve aly divided between bhing Infnie ml
andC extoribll to IN he onyliny, while t mivel ac(1 tisit ion anld Wl I . di fficult ies
are much move often external than Internal.

*The solutionls, Suggested by tile users, for these difficulties (Figrure C-12)
support the guidelines for management decisions of Section 2.

vlie following siniml'loant reglationshifps wvere found rogarding thle enicouinter of
problems in thle acquisition of itiforniation:

n Te encounter of problenis (re8t rictiolns and difficaltlfos) was related to tile
use of ioraoncenters and( sorvices. Those us;ers Who wore mlore
involved in the use of Information centers and setwices encountcered and

reported more pi*l-ol-11s thlan thiose- who made less uise of these faciliiies.

* Te hijgher level inidividuals encountered and reported more problems.

3. THE SCIENTrIF.ic OR TI-XH-NICAL TASK

The nnalysts of the scientific or tccl-aical Lash was concerned with tile mlajorI ouitput of the task, and the duraUon and intensity of effort for the task.

) Major Oultput of thle Task

Thle major output of the scientific or technical task Is described in terms of tile

categories of kind, class and field.

0 By kinld, two-thirds of thle tasks are concerned wvith the developmentj function (Figure C-13).

* 1W clan6, two-thirds of the tasks invuive designi anid performance data.

0 By field, more than onie-half of the tnsks tn'ek'e engineering and one-third
of thoem involve scientific activity.

The major relationlships ideli ifired alre at; follows:

* rihe kind and class of' thle major output of thle tasks are closely identified
wvith tile user's kinld of wvork activity. It was found t hat -141 percent of thle
users, changed fromn one kind of work activity to tasks Whose major output
was of anlother kind. The cross.-over is lowest for basic research anmd
reliability anl quality control per.Sonnel, and highe 'i for enigine-ering
development and PLIAton1er I'Chit ions per-sonnel.

* Thie fic-ia of thle majior output or a task is mlost closely idenitified With thle
field of the user's Work activitN! on thle avt .iige, 27 percent of thle
persomiiel left I heir normlal fielId of work ictivity to carey out a task that
was basical iv in another field. I e nt% -five Percent of all cross-overMS
Were, filno eronautics Mnd sparce tcchnology. The loast amnount of cross-
Over. wis fo tie11 ill edicaul sC1OuCQ's (1 3 percent) and chemiical scienices and
niatcriais (17. percent). Thle i' r-Va c't anlouni of cross--over- was froml-
niat 'ucnities (.-W percentt)
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The Iiaj1ii outputl0l o 1 1o1'e than 301O pO!'Cet of tl th tas,,s XVas pi'.Cvi•t(e ill al
(iocutlv(!t, while I1o1rv than 710 prent of thie ma1,jolr task outputs (both (IoctuCltCilId
and oral) were formal in n-aturel (Figure C-1-1).

- INIURMAL

- FORMAL

ORAL 11%
23% t6X

DOCUNIENTAT [ON IFRA L FORA

Figure C-14. Formality of Task Output

Figure C-15 shows that the major output of more than 50 percent of the tasks
was a finding.

The analysis revealed a sitnificant rplationshin indicating th~at. th fr . I-" a nd
type of the niajor output of a taslk are mostly related to the level of the user in his
company, and the recipient of the task output.

Duration and Intensity of Effort for Task

0 Alnmosi one-half of the tasks were from oti~ to Six 1onth- in (u rautio,, and
almost 40 percent were one month or less (,'igu,'c C- C).

The percent of the user's time devoted to tasks lends to be uniformlly
distribdted.
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Figure C-16. Task Duration

The analysis disclosed a relationship indicating that the duration of a task tends
to he greatCr during the earlier phases of the resCarch, development and production
cycle.
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THE !SEP OF SCIENTIFIC AND TECHNICAL INFORMATION

The analysis of the user of scientific and technical infoi mation was concerned
mainly with what he does and who he is.

What He Does

$ Two out of three users are in development work.

* Over half of the users are engaged in engineering activity and more than
one-third of them are engaged in scientific activity.

* The higher the user's degree, the more likely he is to be involved in work
occurring earlier in the research, development and production cycle.

* The field of the user's position (i. e., production and management, engineei-

ing or scientific) is most related to the field of his highest degree.

Who He Is

0 More than half of the users possess a bachelor's degree and almost one out
of three users possesses an advanced degree.

0 Two out of five users are in nonsupervisory positions and one out of three
users supervises from one to five persons.

0 Three out of four users are in salary levels corresponding to the
Government Service GS-11 to GS-14 level land then tend to be uniformly
distributed within that range).

Significant relationships among user attributes are:

o. Although the user's age is not significantly related to his highest degree,
his age is related to the field of his highest degree. Younger persons hold
more degrees in mathematics and science, while the older ones have more
degrees in engineering fields.

* The equivalent GS rating of the user's salary level is most related to his
highest degree.

5. SIGNIFICANT FACTORS WITHIN THE FLOW PROCESS

The comparison of Phases I and 1H in Appendix B has been made in terms of
small portions of the flow process (i. e., answers to comparable questions and pairs
of comparable questions). A unique result of the industry study is the identification
of significant factors within the flow process. These factors will be described from
a systems design point of view.

It is quite informative to consider the input/output relations among the USER,
TASK, UTILIZATION and SEARCH AND ACQUISITION components of the flow process
and am.ong ;'iwtiors rintained in tbiem (sec ThctioL .5). Depending upon the portions
of the flow process under consideration, a given component or question may sometimes
be thought of as an input (i.e., tending to influence) and sometimes be thought of as an
output (i.e., tending to be influenced). Figures C-17 through C-21 depict these input/
output relations. 60
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5 iii lvn t v t,-_•i' nI -\p;<iwlix 1I for def initionis . kind, class and field.

lhe S4rha i -c ld AriUd lNo x' iue see Figure C-171)

The Faetors that best dvcuibc SIEAIICII AND \(tIJISITION ar"e:

# The input lactoMs r'epreieented h" the visuIs and field of Informatior; ind
tihe les dired coili posit ioll. layout, volume and depth of the medium conveying
the informatlion.

The oUtLpLit falv1's represonl.ed by (a) the first source for the inrormation
nid what is acquired from it, (b) when the informl iaion is needed and
aequired, (c) how useful are abst'racts, (d) how often Is there late discovery

of infori-ialioni, ind (e) how inadequate Is the se i'cl'i and i eqtuhi.ion process.

INPUT FACTORS OUTPUT FACTORS

, FIRST SOURCE FOR TIHE INFORMATION

SCLASS AND FIELD OF INFOPMA'ION AND WHAT WAS ACQUIRED FROM IT

# DESIRED COMPOSITION, .AYOUT, *TIME THAT INFORMATION WAS NEEDED

VOLUMr AND DEPTH OF MEDIA AND ACQUIRD
CONVEYING INFORMATION *UTILITY Or ABSTRACTS; LATE DICCOVERY

OF INFORMATION; AND INADEQUACY OF
SEARCH AND ACQUISITION PROCESS.

-- . . .. . ._- - J I

Figure C-17, Input/Otnitiil Relations for the Scarclh and Acquisition Process

In general, tile USER, TASK and UTILIZATION components act as inputs to
SEARICI AND ACQUISITION. (See the arrows nmiaked 4 in Figure C-21). Those
factors that are most. relted to SIEARCII ATND AcQUISITION are, in order of their
significance:

a. The exentt to which the user eniploys Information centers and servies.

b. The desired composition and layout of the media for conveying iluformaliolt.

c. "l'he desired volunie and depth of the conveying medium.

(I. The kind alld class of the major outiptl of the 8eienitific and technical tasks.

(;i



I hu Utilization of Infoimationi Centers and St, rvict: •see lfi Uw Iý -I

"Tlhe Inctn 't thati best (husribe L"TILIZ.,AiTI()N :ial'

* The input Inctlors repre'e-ltcd by thle s•c (if ihe (-I) complll- nDV Technical

hlnorili1lltinli ('c iitel, (h) Il)ef•nlc I )o'le icnl- iilio ('e(ntelr., (( . 1)01) and oi!lf',
Specialized Informnlitioln Centers, (d) Thu'itcail Ablitir:,ct Bulletin. (e)
Scientific aind T'ichnicnl Aerosice Rcpuorts nd (f) English Libstrlc's or
t ral Isi1., lonis.

# The output utiou- rcprenSCteO(I by the (1i) restrictions and difficulties
eniountire-l b x- the user in his LtIlizntion of iniformnation centers mind
sei'vicse, (h) lNtent. to which the user utilizes Infor•ation ienters nuid
services, and (c) extent to which tlhe user encounters 'estri't'ions and
diIuirult.iL'S ii thi ot iliumllitton.

INPUT lACTORS OUTPUT FACTORS

* RESTRICTIONS AND DI.ICULTIES
ENcOUN-TERED IN USE OF INIF ORMATION

0 USE OFF TIC, DDC, AND DOD AND) CENTFIRS AND $FIWICES,

OTI IER SPEC EALAZE IN! ORIA1 ION -0W-liOE LMIY
CEIN FERS 4EXTENT '10WIICI1~I MlX, TnIF.SE CENTERS AND) SERVICES

* USIE OF TAB, STAR, AND ENGLISH
AIISTIRACTS OR TRANSLATIONS 0 EXTENT TO W1,IICII USER ENCOUN'ITERS

I y i-( 6Obi E INEM N I H HR t -ShI ____________-__...._______.______-__.. .......... .._________

Figure C-18. Input!/Output Relations for tile litllizatlionlof Tnfo'na(ton
Conters and Services

In general, the I'SEI component acts as art input to UTILIZATION (see airrow

3 in Figure C-21). Those factors most related to UTILIZATION are, in order of

thci r signihcennlie:

a. The user's kind of position.

1). 'h'e tiser's salary level ali(] number of people lie supervises.

c. The user's highest degree.
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1Tht St-w'ilt~rit or *igN'in iva I1 -E i4 i F ('-i )

The fLetorm that hest d.(,srie the T'ASK fre,:

* ,h1w iiwit Factors rep'iemunlte•ci 1wy tht 0.i1id, -ia.j; and filild of the task 8
lMiajol," Output.

STlhe oulllit Itiorsi represente(d b,', the foralaihtl and t-p(Iel of the ilnsk'H
miajor output alind fhe (C'liatlion of hf, t sk

INPUT i1 7ACTORS OUTPUT FACTORS

* •FOIMALITY AND T'YPiE OF MAJORK KIND, CLASS AND r!FI.D OF OUTPUT OF 11-1E TASK
MAJOR OUTPUT OF TIlE TASK * IURAT[ON O! TASI

V'igUre C-19i. I1111t /otput ivelnticnu for the Scientific or 'eclinical T'ask

In generali, the USER comiponeilt -.ets as an input to the TASK (sco arrlow 2 In
Figure C-21). 'hloso fictort mhlost r'elated to the TASK are, In order of ilniportance:

a. The user's kind of positlion.

h. The( kind mid cin•fs of mnajoir outjput of the tjsk.

The Usei. of Sclenlllri¢ and Technical hiform 4 atioin (sev Vigilire C-20)

'The factors that bh•t describe the USE. arc:

* The input factori represeilted by I he user's highest degree.

* The output factors represented by (a) the kind and field of the user's
position, (b) 1h1' numimbcr of people hle supervises ;'nd (c) his ,'alary ivel.

fl;
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* USER'S AGr
* KIND ANO. FIELD O1 USEIWSIPO-I'IION

* USErr'. IllGcdII:l" I)EtCBlFE ANI) FIIL)& 1:IL~ 1'ILRONi f'iIIL

BY USERt
IUSCI-IS W•QRK ANI CO MI.N' * U,[.E S SAI-I(Y LE'VL
B. X PF IN I,? NCF•

F.igure (C-20. Input/ Output iRelations for thie Iser of Suientiific aIn

Technical informatilon

The viow Proceess (see Figure ('-21)

"The factors that beat desribe the FLOW PROCESS are (see arrow I in
Figure C-21).

,,,,�w ini"t f•,,,.r.• .-vpr'c-,--tcd by ,1o,.tinsf PtOfllianod in the itUSFR and TASK
COMl)onents.

. TiChe uLtptitOFS . l~p'e$0±tcd b. qhist _ iJ;ikhd-id il tho ftioli II' ION'
r• nd SEARC II A NDI) ACQUISITION components.

The flow process is the combination of the USE'R, 'I'ASK, UTILIZATION, andl
S.EARCII AND ACQUlSIT'Il'( componentts. Those fac'tors thant Are most related to
this co'mIhi liil ition of compoibiltels ar Ie, ill oflrer of thei r sigfiitieflflce.

a. The user's kind of plosllion.

h, The u,,er's highest degree.

e. 1.h1 uSer'Vs s'1tlil r, e, l 11nld n1inm bei' of people he supervises.

d. The klind andl class of the ml~ajor Output of the lia.k.

e. Tihe e;'xtent to which tile user enlloys information centers and services.
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