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SECTION 1. OBJECTIVES AND OVERVIEW

In May of 1974 R-K Research and System Design embarked on a l-year study
of the feasibility of establishing a computer-based attitudinal research in-
formation system (RIS) to facilitate more efficient use of personnel survey
data within the naval personnel research community. The decision to conduct
this feasibility study grew out of an awareness of the need for designing and
developing a computer tool to assist in introducing a more programmatic ap-
proach to Navy personnel planning and program policy making in which informa-
tion gathering and analysis could be coordinated within a single system.

Since the bulk of the in-house research in this domain is conducted by the
Navy Personnel Research and Development Center (NPRDC), the feasibility study
focused on the information needs and requirements of this institution. How-
ever, other potential users of an attitudinal RIS also were kept in mind. It
is expected that an RIS would increase the efficiency of this area of activity
by standardizing data collection, data documentation, and storage and retriev-
al procedures; by making complex research designs and analytic techniques
readily available to individual personnel researchers; and by building upon
information already available from Navy personnel files and from past atti-
tudinal and opinion studies as well as from previous research on organiza-
tional behavior. The ultimate scope of an attitudinal RIS might extend beyond
the data base holdings of the Navy personnel research community to include
data bases from other Navy activities and from Navy contractors that would be
of use in personnel research.

Figure 1 depicts one model of the primary and secondary research process
as it could be expanded by the Navy personnel research community. The left-
hand side of this figure portrays the primary research process. An operation-
al problem is identified; a research design to help solve the problem is de-
vised; the sampling methodology is defined; the primary data are collected and
then analyzed; the results and findings are interpreted; and recommendations
based on the research findings are submitted to Navy personnel planners and
decision makers, usually in the form of a research report. Presgently, within
the Navy personnel research community, the functional unit for the collection,
analysis, storage, and retrieval of data on naval personnel 1s the individual
study. This independence of effort results in a certain amount of redundancy
of the information gathered, some duplication of effort, and a lack of coordi-
nation and standardization. The fleet has been surveyed repeatedly in indi-
vidual studies without any really effective method for coordinating these
investigations and placing them in the larger context of an overall personnel
research program. The global problem, then, is that no programmatic, system-
atic, or economically efficient approach to information gathering and ex-
ploitation presently exists. A computer-based attitudinal RIS represents an
attractive proposition for helping to answer this need.

The right-hand side of Figure 1 portrays the secondary research process,
a way of going about research that has been largely ignored in the past, but
which is gaining in popularity and acceptance. A great deal of time and money
is invested in collecting the primary data required for conducting an indi-
vidual research study. However, once such a project is completed, the data
base in the form of questionnaire responses, behavioral observations, punched
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cards, or magnetic tape frequently is placed on the shelf, never to be used
again. Such a data base may contain valuable information that could be uti-
lized by another investigator in a later study. This, then, is the fabric of
secondary research---use of primary data bases collected in earlier research
by a second study conducted at a later point in time.

Referring again to the right-hand side of Figure 1, one can see that sec-
ondary research proceeds in much the same manner that primary research does,
but with one important difference. As with primary research, secondary re-
search begins with the identification of an operational problem followed by
the devising of a research design to shed some light on the problem. In par-
allel with primary research, a sampling methodology is defined, but in the
case of secondary research the data to be sampled reside in the primary data
bases collected previously. The sampling methodology yields selective primary
data to be used in the secondary analysis. The results and findings of this
secondary analysis are interpreted, and as with primary research results, rec-
ommendations based on the research findings are submitted to Navy personnel
planners and decision makers. However, secondary research rarely is carried
out in the Navy setting because there is no defined repository for primary
data bases, permitting convenient and easy access. Additionally, there is no
catalog indicating which primary data bases exist, and documentation of the
contents of existing data bases typically is lacking or inadequate. A com-
puter-based attitudinal RIS could provide an important vehicle to help bridge
this gao.

As a starting point for this feasibility study, two sources of informa-
tion were tapped to provide a sound foundation for the work to follow. First,
a survey was conducted of social science data archives now in existence to
better understand how other research-oriented institutions were addressing the
problems of information management. The results of this survey are contained
in Section 2 and in Appendix A. Second, a series of interviews were conducted
with NPRDC researchers, support staff, and managers in an attempt to identify
and specify their information needs and requirements. Although the focus was
on this institution, interviews also were conducted with individuals in other
Navy activities and with representatives from other services, individuals re-
sponsible for generating and maintaining data bases of use in personnel re-
search. Two products resulted from these interviews. An inventory was pre-
pared summarizing the data bases known to be in existence at NPRDC that are
candidates for inclusion in an attitudinal RIS. Not all of the data bases
extant at NPRDC were identified, but the ones that were located are important,
visible ones as well as representative of past, current, and future holdings.
This partial inventory is presented in Appendix B.

The second product to result from the interviews with NPRDC personnel was
a simulation of a hypothetical attitudinal RIS. The objective of this effort
was to embody some tentative design concepts and principles in a simulated
model of an interactive information system in order to determine which aspects
of the model would receive a favorable reaction when viewed by potential
users. The simulation was carried out by means of a cathode-ray terminal
connected to a tape deck and a peripheral printer. The contents of the demon-
stration of the hypothetical RIS were predetermined and stored on magnetic
tape cassettes from which information could be called up for display on the




video screen of the terminal. The option to print a hard copy of any display
viewed on the terminal also was available. Every effort was made to make the
simulation realistic, information rich, and responsive to the information
needs and requirements that had been expressed during the series of inter-
views. A demonstration of the simulated system took approximately 50 minutes
and was given 12 times to small groups of viewers from NPRDC and the Navy
Health Research Center (5 to 10 individuals at each session). Another pre-
sentation of the simulated system was made to members of the Manpower Research
and Development Committee at the Office of Naval Research in Arlington, Vir-
ginia using viewgraphs of the CRT displays. Feedback from these sessions
helped clarify which aspects of the simulation were considered useful in
facilitating information retrieval, analysis, and synthesis and which aspects
were considered less responsive or superfluous. Thus, the information needs
and requirements of the Navy personnel research community were more sharply
defined, and served as the basis for developing the technical aspects of
system implementation, specifying system design parameters, and identifying
economic considerations. Section 3 contains a discussion of the information
needs and requirements of Navy personnel researchers and managers as identi-
fied in the series of interviews that were conducted and as gleaned from the
comments of individuals viewing the simulation of the hypothetical attitudinal
RIS. Selected displays from the demonstration of the hypothetical system are
included both in Section 3 and in Section 6 where variables that enhance the
operational interface between users and a computer-based information system
are discussed.

Sections 4, 5, and 6 of this report were prepared with two purposes in
mind. First, it was considered important that any future implementation of
either a manual or a computer-based attitudinal RIS should have a strong
theoretical base. Second, a theoretical discussion of the variables and
alternatives involved in information indexing, data base design, and user-
computer interface should elucidate the key issues and trade-offs, and form
the basis and justification for arriving at a definition of system design and
implementation requirements. Consequently, in Section 4 the reader will find
a fundamental discussion of information indexing alternatives. This section
should be of particular interest and value to librarians, information scien-
tists, and indexers. Section 5 embodies a basic discussion of data base
design alternatives, and is directed primarily to system designers, system
analysts, data processing personnel, and computer programmers.

In Section 6 an analysis of the factors likely to ensure an optimal
interface between users and a computer—-based information system is presented.
Types of interfaces are discussed as well as training approaches that should
be considered to minimize the effort required to learn how to use a system,
Section 6 also includes a delineation of the variables important in deter-
mining user acceptance, and incorporates pertinent displays from the simulated
attitudinal RIS that illustrate certain desirable features of an interactive
system. This section should be of particular interest to those individuals
concerned with maximizing the utilization of computer terminals and other
peripheral devices and with taking advantage of the potential of computer-
agsigted instructional techniques for teaching users, via a terminal, how to
interact effectively with a computer-based information system. Sectioms &4, 5,
and 6 all include a summary for those readers interested only in a recapitu-




lation c¢f the major conceptual issues discussed. All three of these theore-
tical sections also include an annotated bibliography and a glossary of key
terms tc aid the reader in assimilating and applying the information content.

The technical core of this feasibility study is contained in Section 7
where the system design and implementation requirements for an attitudinal RIS
are delineated. Aspects considered in this section are information indexing
requirements, file organization and estimated volume, file storage require-
ments, communication requirements, projected user load, processing required
for disk and computational references, system and programming support facil-
ities required, and operating system facilities required. System specifica-
tions are provided, and three possible computer hardware and software confi-
gurations fulfilling these requirements are enumerated. The manpower required
to operate and maintain the system also is projected. This section along with
Sectiona 4, 5, and 6 provide indispensable information for whomever might be
delegated to conduct the implementation of an attitudinal RIS, whether it were
to be done in-house or by outside contractor. The question of the technical
feasibi’ity of implementing such an information system is answered in Section
7; the economic feasibility is considered in Section 8.

In Section 8 cost-benefit considerations are reviewed as they might apply
to the possible implementation of an attitudinal RIS. The identification and
measurement of cost categories is considered as well as the much more diffi-
cult task of identifying anticipated benefits and placing a value on these
benefits. An analytical model for cost-benefit analysis in this context is
offered, and alternatives for establishing a charge structure for services
provided by an attitudinal RIS are discussed.

Th2 final section of this report, Section 9, presents the conclusions and
recommendations of the interdisciplinary team that conducted this feasibility
study. This last section together with Sections 1, 3, 7, and 8 present the
major sources of information resulting from this study on which a management
decisioa can be based regarding the desirability, efficacy, and economic
suitability of implementing an attitudinal RIS.







SECTION 2. A SURVEY OF SOCIAL SCIENCE DATA ARCHIVES

This brief survey is included in this report for the purpose of providing
both an historical perspective of the development of and a description of the
current state of the art of data archives 1in the social sciences. The survey
was made to better understand how other research-oriented institutions are
addressing the problem of information management so that any useful approaches
could be considered in the design of an attitudinal research information
system,

At the beginning of this century there was a shift of emphasis away from
the individual and from the single historical event to an awareness of mass
attitudes and actions. There was a realization that small, slowly accumu-
lating changes account for much historical and political movement. However,
the data needed for this type of historical interpretation were too plentiful
for precomputer analysis. Historians were overwhelmed by the prospect of
analyzing the volume of information collected and recorded on various social
phenomena, such as the voting records of citizens and their representatives,
economic statistics, birth and death records, social and economic mobility,
education, union membership, and religious affiliation.

Tte Hollerith card became the key to the data processing activities which
made pcssible the management of large quantities of accumulated data. The 80-
column punched card was a technological response to the spiraling needs of the
U.S. Census, which had collected information for a decade on the country's
expanding population. These data were too voluminous for manual analysis.,
From this early method of data input to electrical accounting machines, the
evolution to the computer has been of great assistance in data processing
where the magnitude of data has prevented manual operatioms.

The creation of the social science data bank or data archive was made
possibie by the capabilities of computing technology. Computers readily
accept textual and numerical input, can perform a variety of statistical
operat:ons, and then produce analyzed output. The social science data bank or
archive is a depository of data that social scientists, policy-makers, and
others may use for teaching, research, decision-making, and other purposes.
The U.5. Government probably produces the most data useful for studying social
problens, and it is probably the largest user of these data. The data archive
developed out of the social scientist's needs to exploit the masses of govern-
mental, academic, and commercial data accumulated over the last three decades.
These archives are necessary for researchers and policy makers to be able to
compar2 current research findings with previous findings. The archive can
provids a set of comparable but different data collections over time that are
needed for trend analysis. The archive also allows data collections to
benefit researchers other than the original data collector. Data collecting
is a very expensive operation, and there is a great economic benefit if these
data collections are made accessible to researchers who can use the collec-
tions for other analytic purposes such as in secondary analysis.

The function of the social science data archive 1s the efficient manage-
ment of files of collected information or data so that these data are avail-
able and useful for social scientists. The data stored may be statistical




data, computer-usable collections prepared by social research organizatioms,
historical and administrative records, published texts, reports, and even
speeches. In contrast to a data bank, the data stored in a bibliographic
retrieval system consist of references to documents. After examining refer-
ences retrieved in response to a search request, a user then must decide which
references appear to be pertinent to his information needs and the source
documents must be located. Some data archives do include bibliographic search
services as a supplement, but this is not their primary function. The primary
purpose of the data bank is to collect, organize, and maintain raw or cleaned
data for analysis by the user community that it serves.

Initially, the archive must acquire information which includes locating
relevant data. Second, the information must be processed in preparation for
distribution and analysis. The creation of the data base includes transform—
ing the data to facilitate computer analysis, converting data to standard
coding schemes to allow for comparisons and analysis, and locating and cor-
recting errors in the data and the documentation. Thirdly, information
maintenance insures that the data are up-to-date and accurate and prevents the
permanent loss of information by preserving extra coples of data and docu-
mentation., Finally, the archive must provide services to users. These ser-
vices may be in the form of supplying duplicates of and/or subsets from data
sets, furnishing computer analysis of data, and/or providing consultations in
mathematics, statistics, research methodology, and programming. One service
to social scientists made possible by the advent of the computer is the
development of packaged programs for standard statistical analysis. Three
major statistical packages are the following: Biomedical Computer Programs
(BMD), Statistical Programs for Social Science (SPSS), and Organized Set of
Integrated Routines for Investigations with Statistics (OSIRIS).

There are three types of archival organizations. The first type provides
the user with ''clean' data, enabling the social scientist undertaking second-
ary analysis to immediately begin his research with the available data rather
than suffer the long delays that data ''cleaning' involves. The archive staff
cleans the data acquired by determining whether data, codebooks, and ancillary
information agree. Cleaning is a complex operation involving extended com-
munication by mail and telephone with the data collection organization. The
resulting data are of high quality, and the user can be confident that there
will be few discrepancies between data and documentation and that the docu-
mentation will be understandable. The Inter-University Consortium for Polit-
ical Research at the University of Michigan provides the user with clean data.
However, the user must accept the philosophy and values of the archive pre-
paring the data and documentation. Disadvantages are the expense of the data
preparation, and the delay in the availability of data from the archive.

The second type of archival organization requires that any data and docu-
mentation transformations must be controlled by the user. The rationale is
that it is difficult to predict the usage of some data collections, and there-
fore, the expensz of pre-use-cleaning cannot be justified. The user 1is not
constrained by an archive's philosophy about cleaning and data preparation.
However, the user has the burden of determining discrepancies between data and
documentation and locating inconsistencles within the data. Another disadvan-
tage is that the data-cleaning task may be duplicated by other users.




The third alternative to data archiving is a combination of the above two
approaches. There is some kind of human interface between the data source and
the user who supplies the information required for cleaning data and handling
discrepancies. However, the secondary user has considerable control over the
processing and analysis of the available data. These users have to rely on
the skills of the archive's personnel and may have to become familiar with
several different computer programs and procedures. The archive specialist
then organizes the resulting information for the future benefit of other
potential users. This approach is used by the Data and Program Library Ser-
vice of the Social Science Data and Computation Center at the University of
Wisconsin and by the Social Science Information Center at the University of
Pittsburgh.

Archives can be characterized by the scope of their data collections and
by the geographical range of their services. Data collections may be highly
specialized or they may be more general; they may serve only their local
geographic area or even supply service worldwide. Archives that specialize in
local services tend to respond better to the diverse needs of their users,
while national organizations can only respond in a more general way since they
do not appreciate the particular requirements of local environments. Archives
with high usage rates reflect an attention to the varying needs of their
users. The Inter-University Consortium for Political Research owes its suc-
cess to involving its users in its data-acquisition policies. This institu-
tion also offers training programs for its users and potential users.

Appendix A provides a selected listing and description of a large number
of social science data archives in the United States. This listing provides a
survey of the types of data storage collections that are already in existence
and the kinds of user communities associated with each. The more important
social science archives that exist in other countries also have been included.
The U.S. Census currently uses computer technology, and investigators can
access the magnetic tapes of the various compilations through institutions
around the country. Both private and university organizations offer census
services, such as display of printouts of census tapes, analysis, and consul-
tation. Since there are a growing number of these institutions, only a few
are listed in Appendix A. Other valuable data in computer-processable form,
such as public opinion polls, are also accessible to investigators. Most of
the records compiled by government agencles have been turned into a data bank
as an aid to further study. These records are available at a central reposi-
tory, the Inter-University Consortium for Political Research, which houses and
distributes these files.
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cess and of discovery and productivity in secondary analysis. In addi-
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ting in the U.S. as of 1967.
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SECTION 3. INFORMATION NEEDS AND REQUIREMENTS OF NAVY PERSONNEL
RESEARCHERS AND MANAGERS

Introduction

Ir order to make judgments regarding system design goals, it was neces-
sary tc identify the information needs and requirements of those individuals
responsible for conducting Navy attitudinal research. There are several
groups of such individuals---in-house research personnel, research contrac-
tors, &nd in-house research administrators. Since the absolute number of in-
dividuels in these three groups is fairly large, it was decided to focus on
those crganizational units responsible for the majority of the attitudinal
research. This emphasis led to inclusion of researchers, support staff, and
managers within NPRDC; researchers and support personnel at the Navy Health
Research Center (NHRC); ONR scientific officers and managers; individuals who
might te involved in specific ways in RIS development (e.g., related computer
support); and representatives from other services. Two approaches were used
to collect information---interviews and feedback from a demonstration of a
simulated RIS. The interviews were conducted first and consisted of semi-
structured sessions to determine the information needs and requirements of the
interviewees. In the course of these interviews, it was found that most
people could not enunciate the specifics of what they would like to have in an
information system. They were more informative regarding what they presently
do not have. Consequently, a simulated model of what an RIS might be able to
do was developed and demonstrated. This '"straw man' approach was designed to
give potential users something concrete to react to, and, from these reactions,
more specific information was garnered regarding user needs and requirements.
This section reports in detail the findings from the interviews, the objective
and content of the simulated RIS, and the conclusions to be drawn from the
reactions of viewers of the demonstration.

Findings from the Interviews

Tae task of identifying the information needs and requirements of Navy
personael researchers and managers was an ongoing effort that continued
throughout the total period of the feasibility study. Early in the contract
year tne principal investigator spent a day at the Navy Personnel Research and
Development Center conducting initial interviews with NPRDC researchers con-
cerning their needs and requirements for a computer-supported attitudinal
research information system based on their research objectives and supporting
data bases. From these discussions an agenda was constructed for another
round of more intensive interviews which were conducted over a 3-day period by
two members of the feasibility study team. A third round of interviews with
NPRDC researchers spanning three more days was conducted by two members of the
feasibility study team a month later. Each interview consisted of an hour's
discussion. Without exception, every one of the approximately 50 people
contacted was cooperative, helpful, and candid. Therefore, the conclusions to
be derived from these interviews are considered to be valid and reasonably
representative of the information needs and problems confronting researchers
and research managers in the area of Navy attitudinal research.
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Figure 2 is a reproduction of the information collection form used during
the interviews in order to identify and describe existing data bases at NPRDC.
If the interviewee was also able to provide documentation showing how the data
base was formatted either on punched cards, magnetic tape, or disk pack, this
information was collected along with examples of questionnaires and survey
instruments. All of this information was organized into a large notebook
compilation, arranged alphabetically by name of the person interviewed. From
this organized compilation, an inventory was prepared summarizing the data
bases known to be in existence at NPRDC that are candidates for inclusion in
an attitudinal research information system. By no means were all of the data
bases extant at NPRDC identified, but the ones that were located are impor-
tant, visible ones as well as representative of past, current, and future
holdings.

A draft of this inventory was distributed to the individuals who had
participated in the three rounds of interviews, and their review and comments
were solicited. More than half of these persons responded by making correc-
tions and/or additions to the inventory. It is assumed that those individuals
who did not respond were satisfied with the description of their data bases.
An updated version of the inventory of data bases, reflecting the changes and
additions made by all of the reviewers, is presented in Appendix B. The
inventory is in alphabetic sequence by organizational code numbers.

In Appendix B at the end of the listing of data bases and other informa-
tion systems at NPRDC, the reader will find a listing of data bases at the
Navy Health Research Center that contain personnel data. This listing is
followed by a description of related interviews that were conducted with
representatives from the Manpower Research and Data Analysis Center (MARDAC)
and with computer personnel from the Naval Electronics Laboratory Center
(NELC) and the Naval Undersea Center (NUC).

In addition to providing information to develop the inventory of NPRDC
data bases, the interviews with NPRDC personnel surfaced a whole host of prob-
lems associated with data collection, data processing, and data management.
The problems expressed fall into three categories: problems associated with
the characteristics of data base design and file maintenance and with computer
software and hardware; problems intrinsic to doing research regardless of the
setting in which the research 1is conducted; and problems reflective of the
difficulty of managing a large-scale research complex within an even larger
monolithic military organization. Each of these problem areas will be dis-
cussed in turm.

The general picture that emerged from the interviews 1s that NPRDC re-
searchers do not have any systematic way of knowing what the Center's data
base holdings are except for their own data bases and those of others that
they may have happened to learn about. Hopefully, the partial data base
inventory presented in Appendix B will constitute a first step toward remedy-
ing this situation. Somewhat more than a man-month of effort went into the
preparation of the inventory, and it is recommended that someone be given the
responsibility to keep it up-to-date and to assure that the updated inventory
receives Center-wide dissemination at regular intervals. Maintaining the
inventory by computer so it would be available on demand also should be
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Person Interviewed

Code No. ; Phone No. ; Bldg. No.

Description of Mission of Work Group and Problems Encountered in Carrying Out
Mission with Regard to Data Acquisition, Collation, Processing, and Analysis

a. Objectives of Mission:

b. Problems Encountered:

Existing or Planned Data Base: Brief Tag Name

Full Neame

Sample Size and Description

Entire Population? Random Sample? Stratified Sample?

Longitudinal Study? Dates Covered How Often Are the Data

Collected or Received?

Unit of Data Collection: Individual Work Unit Ship Other

Explair. Other

If questionnaire returns, provide example of the questionnaire.

Number of items in the questionnaire

How stcred now?

If on punched cards or magnetic tape, provide a complete description of the

format of the file. Number of fields in the file

Figure 2. Information Collection Form for Existing Data Bases at NPRDC.




14

considered. The large notebook compilation of information about existing data
bases from which Appendix B was prepared will be given to NPRDC for their use
in maintaining and updating the inventory, or for use by any of NPRDC's con-
tractors 1f this kind of compilation would aid in the performance of their
work statement.

Inadequate documentation of existing data bases clearly is a chronic
problem in Navy research as 1t so frequently is in other research settings.
Some data base formats have been documented beautifully, and an example of
this excellent type of documentation is presented later in this section. In
other cases, documentation is totally lacking or inadequate. In order to
include a data base in a computer-based research information system, 1its
documentation must be complete so that it can be incorporated into the schema
of the overall system data collection. The role of and nature of a data base
schema 1s discussed in Section 5. The visibility that a data base attains
once it is incorporated into an interactive information system should serve as
an impetus to document its contents and format as carefully as possible.
Regulations requiring documentation according to a prescribed and standard
format would go & long way toward helping to solve the documentation problem.
Maintenance of the documentation is also an important requirement, particu-
larly if the format of a data base is changed in any way. The most logical
individual to assume this responsibility is the Tape Librarian.

In addition to the problem caused by poor or inadequate documentation of
magnetic tape files created by Navy personnel researchers themselves, another
significant problem revolves around coding and format changes made over time
by the Navy Bureau of Personnel (BuPers) that introduce incompatibilities in
data 1f one wants to analyze or select from historical data sets. Rewriting
all of the data files involved into a common format would be prohibitive
because of time and cost. For a particular research project, with enormous
effort, problems of lack of compatibility among related files can be overcome
by sheer determination and dedication of purpose, but the price is high.

The present inability to search files in a dynamic manner in order to
provide quick responses to inquiries from Navy management is a direct result
of the lack of file documentation and the absence of a data base design. The
kind of design needed is complex, costly, and dependent on the availability of
particular kinds of computer hardware and software. These conclusions and
their ramifications with regard to the design criteria for an attitudinal
research information system are treated in Sections 7 and 9.

The difficulties expressed by the individuals charged with providing com-
puter support to the personnel research community reflect problems encountered
in any computing facility where less than optimal resources are available,
where dependency on other computer facilities for data tapes is necessitated,
and where coordination of information about who is requesting what from whom
is lacking. '

From the point of view of the computer support personnel, these are the
problems confronting them. They have two groups of individuals with whom they
must interface. First, they must try to meet the needs of individual person-
nel researchers with regard to building and maintaining their data bases and
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providing the necessary software to manipulate and analyze the data. Second,
they must establish workable channels for securing needed criterion and other
data from other components of the Navy. Standard statistical analysis pack-
ages have been made available, and software for searching and updating sequen-
tial or indexed sequential files has been developed. However, any request to
search a file on an unindexed attribute or to relate multiple attributes for
an individual retrieved from several files is impossible now without special
programming since there is no overall data base design that provides for these
information processing requirements. Thus, the available computer support, as
compared agalnst an ideal standard, is hardware and software limited, inflexi-
ble, and often unresponsive.

Another problem for computer personnel relates to the difficulty of read-
ing magnetic tape files created by other Navy computer facilities. These
tapes wmay be prepared on different computers that are incompatible to process-
ing by NPRDC. Sometimes the tapes are received without any documentation,

The cortents are unknown much less the speed at which the data should be read,
the packing density, and/or the format for interpreting and manipulating the
data. If the correct speed to read the tape can be found by trial and error,
the resulting printout of the contents of the tape is an alphanumeric hodge-
podge. Many of the tapes are deciphered successfully; however, hundreds of
tapes ere being archived by NPRDC for which no documentation exists. No one
knows how to use them; yet no one can justify recycling them for other data
storage. In addition, the storage requirements for all of these tapes pre-
sents & problem since they need to be stored under conditions of humidity and
temperzture control.

Scmetimes tape files are received in compressed form to permit a higher
packing, density of the data. However, to be able to ascertain what the data
are, they have to be decompressed. This process requires a special decom-
pressicn routine which may have to be programmed ad hoc. Computer personnel
at NPRIC expressed a need for a more formal coordination policy with BuPers so
that they might have better knowledge of and control over which files are
being requested. At times, magnetic tapes have arrived at NPRDC without
computer personnel knowing who to inform of their arrival because they did not
know the tapes had even been requested.

The problems intrinsic to dolng research are well known to any research-
oriented organization. Therefore, it was not surprising to hear these prob-
lems expressed once again and in the same old refrain. The Navy attitude
surveyors were frustrated when they obtained a disappointing percentage of
returns to a questionnaire survey, causing problems in extrapolating from the
biased sample to the overall population. Those researchers using a longitu-
dinal design remarked that one had to begin with enormous sample sizes in
order to counteract the loss of cases over time if the final sample size was
to be considered of respectable magnitude. The always present problem of how
to deal with incomplete or missing data was mentioned over and over again.
Another problem concerned the very real difficulty of being constrained by the
requirement to work with anonymous data, that is, data generated by individ-
uals who voluntarily choose to remain unidentified, or data produced only
under the condition that these data must not be assoclated with the data
provider. In the case of anonymous data, there is no way to relate unidenti-
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fied responses to other data that would be valuable for ascertaining relation-
ships among variables, classifying individuals based on discriminant func-
tions, or predicting future behavior and performance by regression techniques.
The researcher is forced to fall back on a less precise research design in
which data are aggregated by work unit, by ship, by ship type, or perhaps even
by fleet. Ascertaining the relationship of these aggregated sets of responses
to appropriate criterion data becomes a particularly difficult task, probably
impossible in the full sense of the objective and certainly challenging of
innovative ways for generating and analyzing data that have been subjected to
microaggregation. The literature on this subject is not abundant since most
researchers confronted with the problem walk away from it and do something
else with their intellectual resources. The minimal literature on this ex-
tremely difficult issue seems to be coming from those individuals concerned
with the protection of privacy and/or confidentiality of individual data in
computer systems (e.g., see Feige & Watts, 1970).

Another problem mentioned frequently was the difficulty of obtaining cri-
terion data or even finding out where these data might be obtained. One re-
searcher interviewed stated the problem this way: 'Predictor variables exist
in abundance; it's the criterion data that are difficult to get." Criterion
data usually are difficult to obtain because they are collected and controlled
by a different organizational entity than the one to which the researcher
belongs. So typically the researcher must go abegging for his criterion data,
hoping that the organization having the needed data will be cooperative in
providing it in a usable form. NPRDC is no different in this regard. Their
criterion data consist of variables such as test scores, school grades, ser-
vice history, and performance data. These data are garnered from many quar-
ters of the U.S, Navy, all requests dependent upon the establishment of a need
for the data and a procedure for delivering the needed data in a usable form
on a timely basis. One of the biggest providers of criterion data to NPRDC is
BuPers. In the midst of fulfilling their own mission and converting from one
computer system to another, BuPers also has tried to provide other Navy com-
ponents with requested data. Sometimes the data provided have been exaspera-
ting because they lacked adequate documentation to use them and interpret them
easily; sometimes the very data needed were deleted because of policy deci-
sions regarding the confidentiality of sensitive data. For example, the
performance data field in magnetic tapes received from BuPers may purposefully
have been made blank. While difficulty in acquiring criterion data is indi-
cative of the general problem confronting all researchers, it is particularly
revealing of the special problem NPRDC has in securing needed criterion
variables.

The problems facing managers of personnel and training research and
development are more global than the specific problems discussed thus far, and
their solution is much more challenging and difficult. Research managers need
to have access to information about the status and funding of all ongoing
activities, and they may require this information to be displayed in various
ways. They need this information to initiate remedial action if projects are
behind schedule, to brief and to report to others on the objectives and pro-
ducts of NPRDC research, to plan intelligently for the future, and to estab-
lish priorities. They need to be able to coordinate their activities with
those of other Navy and DoD elements in order to strengthen links, eliminate
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overlap, and/or fill in gaps. Also, they should be aware of related research
being conducted by Navy contractors. If requests for special information are
made by BuPers management or by others within the Navy management hierarchy,
the objective is to be as responsive as possible, as quickly as possible. 1In
order tc meet this objective, managers need a well-designed computer-support
system, a knowledge of what information is contained in their data base hold-
ings and how to access this information, and an up-to-date inventory of the
talents and expertise of NPRDC staff. The inescapable conclusion is that
NPRDC mznagement needs a computer-based management information system that
they car interact with in order to retrieve any needed information on a timely
basis. The availability of this kind of information would form the basis for
the development of subsystems concerned with intra-Center communication and
with cocrdination of activities between NPRDC and other components of the Navy
and DoD.

Not: all of the problems facing research managers that have been identi-
fied can be ameliorated by the advent of an attitudinal RIS. Other informa-
tion syatems are under design and development to deal with certain subsets of
the problems confronting research management. The STAR (Status of Program
Report) system is being developed as a management information system for
reporting on the progress of NPRDC research projects. CENDEX comprises an
inventory of the talents and interests of the NPRDC staff, part of a larger
effort to establish an intra-Center information-communication system to make
more efficient use of in-house talents. Also under development is a Research
and Development Coordination System (RDZS). Since NPRDC is charged with
coordinating the Navy's personnel research and development activities as well
as relating them to similar projects in the Army and Air Force, the objective
of the RDCS is to strengthen links, eliminate overlap, and/or fill gaps. In
addition, the CCOPS (Control and Coordination of Personnel Surveys) system has
been established to control and coordinate all personnel survey administration
in the Navy in order to eliminate duplication of effort and to prevent over-
surveying. The unique contribution that an attitudinal RIS would make to
helping to solve the problems of information management would be to systema-
tize the way in which attitudinal research data bases are documented, indexed,
and stored. The benefits to be gained from the use of an RIS would be more
exhaustive and current coverage of data base holdings, increased accuracy of
information, more flexibility in methods for analysis and presentation of
information, and ability to locate and present required information on a more
timely basis. However, the largest benefit expected to accrue from the advent
of an attitudinal RIS would be in the area of secondary analysis. This bene-
fit comprises the cost of collecting survey data and preparing it in a machine-
processable form that can be avoided by the secondary data analyst.

Simulation of a Hypothetical Attitudinal RIS

In order to further identify and more sharply define the information
needs and requirements of Navy personnel researchers and managers, a simula-
tion of a hypothetical attitudinal RIS was developed. The objective of this
effort was to embody some tentative design concepts and principles in a simu-
lated model of an interactive information system in order to determine which
aspects of the model would receive a favorable reaction when viewed by poten-
tial users.
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The simulation was carried out by means of a cathode-ray terminal con-
nected to a tape deck and a peripheral printer. The contents of the demon-
stration of the hypothetical RIS were predetermined and stored on magnetic
tape cassettes from which information could be called up for display on the
video screen of the terminal. The transfer rate of data among these three
pleces of equipment was 1,200 baud or approximately 120 characters per second.
This speed of response is reasonably acceptable for man-machine interaction;
however, experienced system users would consider this rate too slow. Speed of
system response is considered in detail in Section 6 where the variables
involved in designing an optimal man-machine interface are discussed.

The basic premise underlying the model was that system users should have
a convenient way of finding out what data base holdings exist and then should
be able to explore the contents of any holding in order to decide upon an
appropriate strategy for using and analyzing data of interest. Every effort
was made to make the simulation realistic, information rich, and responsive to
the information needs and requirements that had been expressed during the
series of interviews. A logical decision tree structure was used to design
and develop the simulated hypothetical attitudinal RIS. As a very first step,
the user signs onto the system by providing his user number, and then he is
given a brief introduction to the objectives of the system and instruction in
how he may access various kinds of information. Figure 3 is a printout of the
initial display presented to a user by the simulated attitudinal RIS. The
user is informed that there are three primary ways of approaching the informa-
tion contained in the RIS---via an INDEX OF TYPES OF HOLDINGS, via a SUBJECT
CATEGORY INDEX, or via a RESEARCHER NAME INDEX. He also is informed that
whichever avenue of approach he chooses initially, he ultimately will be led
to the other two options somewhere in his search and exploration. In Figure 3
the user selected the first option by placing an "X" to the left of INDEX OF
TYPES OF HOLDINGS. This selection was accomplished by positioning a control-
lable cursor to the left of the line chosen and typing an "X" (see the dis-
cussion of CRT terminals in Section 6).

The RIS then displays the INDEX OF TYPES OF HOLDINGS STORED IN THE ATTI-
TUDINAL RESEARCH INFORMATION SYSTEM as shown in Figure 4. The user is in-
structed that he can request an expanded definition of any category shown in
the index by placing an "X" to the left of the line of interest. 1In the
example shown in Figure 4, the user selected DATA BASES ON MAGNETIC TAPE,
SAMPLE LISTINGS. The categories shown in Figure 4 probably are not completely
inclusive of the types of holdings which ultimately might be contained in an
RIS, but they are inclusive of the holdings enumerated in Appendix B. Thus,
this index represents a substantial beginning to understanding the scope and
breadth of information that might be contained in an actual RIS.

Figure 5 portrays a printout of a portion of the data bases on magnetic
tape holdings of the simulated attitudinal RIS. 1In this hypothetical inter-
action with the RIS, let us suppose that the user was interested in seeing a
sample listing of the job preferences of U.S. Marine Corps recruits (Tape
Number 900490). The system then would display the information shown in
Figure 6. Thus, the individual viewing this display would be able to discern




Please sign on to the system by giving your user number nexts 57

ATTITUDINAL RESEARCH INFORMATION SYSTEM

This system 1s designed to assist in the performance of Navy personnel
attitude research by facilitating secondary analysis, trend analysis, statis-
tical analysis, forecasting, modeling, and simulation. Another objective is
to instruct users about the nature of current and past research data bases
included in the system. There are three primary ways of approaching the in-
formation contained in this system.

X INDEX OF TYPES OF HOLDINGS is categorized according to the material
form in which the subject matter originally was obtained (e.g.,
abstract, magnetic tape, inventory, questionnaire).

SUBJECT CATEGORY INDEX indicates the system contents organized according
to their subject matter.

RESEARCHER INDEX organizes the system contents by the names of the
. researchers associated with each portion of the holdings.

The three indexes itemized above are arranged in alphabetic order, and
they are interrelated by cross references. Whichever avenue of approach for
your search that you choose initially, you ultimately will be led to the other
two options somewhere in your search. For example, if you begin your search
through the INDEX OF TYPES OF HOLDINGS, you will have the option somewhere
in your search of approaching the type of holding you are interested in by
sub ject categories or by researcher, if appropriate.

(NOTE® For an expanded version of any of these three indexes, request the

index of your choice by placing an #X" to the left of the first line
of description.)

Figure 3. Initial Display Presented to a User by the Simulated Attitudinal RIS.
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INDEX OF TYPES OF HOLDINGS STORED
IN THE ATTITUDINAL RESEARCH INFORMATION SYSTEM
Data Bases on Magnetic Tape, Sample Listings
Job Task Inventory (see Task Inventory)
Medical Records

Narrative Summaries of Drug Abusers
Narrative Summaries of Neurotic Patients
Narrative Summaries of Psychotic Patients

Personal Data Sets

Questionnaire Techniques

Questions and Questionnaires

Reports, Abstracts of Attitudinal Research
Author Index
Manpower Systems

Personnel Measurement
Personnel Systems

Studies, Attitudes and Motivation (Individual Level)

Studies, Demographic
Studies, Group Dynamics (Work Graoup Level)
Studies, Organizational (Activity, Unit Level)

Statistical Software Packages

Survey Questions and Questionnaires (see Questions and

Questionnaires)

Task Inventory

(NOTE* For an expanded definition of any category shown
in this index, request the specific category by

placing an *X*" the left of the line.)

Figure 4. Display of the Index of Types of Holdings
Stored in the Simulated Attitudinal RIS.




DATA BASES ON MAGNETIC TAPE

TAPE o RECORD  BLOCK PERSON " PHONE
NUMBER FI11E_NAME {ENGTH _ SIZE  RESPONSIBLE ____ NUMBER __
402290-. Length of Service - 36 6048___ Lonsdale, N._.___225-672]

402489 by Pay Grade

DESCRIPTION: This file consists of 200 magnetic tapes containing 2-way
.—matrices of length of_service data by pay grade_ for_all enlisted . _
ratings since 1965. Each matrix shows 31 length of service (L0OS)
—.categories (| through 30 years plus_ 31 _years _and over)._vs. the 9
enlisted pay grades.

900490  USMC Preference Options 80 6400  Rafacz, B. A. 225-2176
. (Files .2 _through_9) S

— DESCRIPTION®: This project determined the feasibility of grenting first-
term USMC recruits their job preference option. From an initial
sample of 14,000 men, the sample reduced to 7,452 and 2,480 men at

the remaining two data collection perfods. Samples were further
—reduced_in_size_because_not all men reported complete data. _—

4480 _ __ Royle, M. _H. ___225-2283

U486AH . ()CR.Performance 140
Evaluation

DESCRIPTION: This file consists of OCR performance evaluations for Pay
—OGrades_E5_to_E9 covering_the period_1967 to the_present. _There are__
some missing data because of trouble reading the OCR forms. N =
— _100,000.approximately for _Pay Grades_E5 _and. E6:i N = 50,000 approxi-
mately for Pay GOrades E7 through E9.

Somer, E. P.  225-2191

903420  Civil Engineer Corps 135 2880
—_— . Career.Motivation_Data

— DESCRIPTION:. This file contains _the questionnaire responses of Civil Engi-
neer Corps officers and former officers to a survey regarding their
— . career motivation. N=2,05) for_-active duty officers and N=|,641 for
officers who had left the CEC.

U402- Monthly Extract of 90 7200 Suiter, R. 225-6452
U418 __ Master Enlisted Tape R

— DESCRIPTIONs - This file consists of l6_magnetic tapes of key variables ex-
tracted monthly from the Master Enlisted Tape.

ANQTE! _ You may choose one of three possible options at this point. Indicate
your choice by placing an "X" to the left of the option below that you select.)

X I want to see_a sample listing of TAPE NUMBER (specify)s_ 900490

I _want _to _initiate a_job request fnvolving one of these magnetic
tapes. Please set up the necessary Job Control Language.

I want to see the Subject Index for the DATA BASES ON MAGNETIC TAPE.

Figure 5. Display of a Portion of the Data Bases on Magnetic
Tape Holdings of the Simulated Attitudinal RIS.
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TAPE 900490
FILE NO. DESCRIPTION

2Disregard This File#x
Admin.One.Orig.Data
Admin.Two.0Orig.Data
Admin.Three.0Orig.Data
Admin.One.Two.RD3.MMS
USMC,Tape.RD3MMS, ADM2
Three .Admin.Plus.RD3.MMS
Admin.TwoNot.In0One
Descp.ofAll.Files

VONOUAWN —

NO. OF RECORDS

13,624
9,949
4,474
7,509
9,926
12,720
8,382
380

* This {s an earlier version of File No. 9.

NO. OF MEN

13,624
9,949
4,474
2,503
9,926
3,180
2,794

If you want to see the format for and a sample listing of any of the files
contained on this tape, please spacify the file number below.

FILE NO. 2

Figure 6. Display of the Files Written on Tape 900490 Containing
the Job Preferences of U.S. Marine Corps Recruits.
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that the initial sample of USMC recruits consisted of 13,624 men; but as
subsequent job preference data were collected, the sample size reduced ulti-
mately to 4,474, In Figure 5 the system viewer was told additionally that be-
cause not all men reported complete data, the final complete sample consisted
of only 2,480 men. Armed with these facts as background information, the
hypothetical viewer of the RIS now requests to see a sample listing of File
No. 2 on Tape 900490, the file containing the job preferences of the original
USMC sample. Figure 7 shows the documentation of the contents of this file.
From this figure it can be seen that the original data format probably was 80-
column punched cards, subsequently written onto magnetic tape. The documenta-
tion describes all of the fields and indicates information needed to read the
tape and interpret it properly. In addition, the system viewer is provided
with a sample listing of the data for the first ten men of File No. 2 of Tape
900490. In Figure 7, fictitious names have been substituted. The viewer can
perceive at a glance that this data base has certain limitations. First, some
fields have data missing. Second, the file does not contain an identification
number, such as Social Security Number, which would make it possible to find
relevant data for each individual in other data bases. The only field poten-
tially in common is the name of the individual, but a merger of separate files
would bhe better accomplished based on a more unique identifying field. Des-
pite the problems just enumerated in using this data base, the documentation
is excellent. A potential user knows exactly what problems he has to deal
with, and computer personnel know precisely how to read and manipulate the
tape.

Sappose in Figure 5 that the user of the RIS had requested instead to see
a sample listing of 2-way matrices of length of service (LOS) data by pay
grade for all enlisted ratings since 1965 (Tapes 402290-402489). He might
have been presented with the display shown in Figure 8 in which the FY '75 LOS
by Pay Grade matrix for aircraft maintenance technicians 1s cross tabulated.
This matrix shows 31 length of service (LOS) categories (1 through 30 years
plus 31 years and over) versus the nine enlisted pay grades. In the example
shown in Figure 8, the system user chooses to retrieve similar LOS by Pay
Grade matrices for three additional rates. In Figure 9 the user learns that
the retrieval process involves more than a simple fetch of a sample listing.
The system generates and displays the Job Control Language needed to retrieve
other LOS by Pay Grade matrices from tape files that might have to be mounted
on tape drives at the computer center. In the example shown in Figure 9, the
ugser also has the option of having his output printed on the high-speed line
printer at the computer center or on the 1200-baud printer at the computer
terminal where he signed on (for a definition of baud rate, see the discussion
of CRT terminals and the glossary of key terms in Section 6). In this in-
stance, the user chooses the local terminal to receive the printout. 1In the
final part of his interaction with the RIS, the user signs off the system as
shown in Figure 9. However, he had two other options to continue his inter-
actior. by either returning to the INDEX OF TYPES OF HOLDINGS or returning to
the DATA BASES ON MAGNETIC TAPE display. Additional options could be included
depenc ing on user feedback of other desirable kinds of information displays
that might logically be required at this point.
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TAPE 9004901 FILE NO. 2 - RECORD LENGTH=80, BLOCK SIZE=6400, RECFM=FB

— RECORD_POSIT.LON INFORMATION
1=3 Blank
4-18 Neme (Lastti first)
19-27 SSN
28 Blank
29-30 Qccupational Choice
31-32 Blank
33-34_ First Choice on Entering USMC
35 Blank
_36-37_ _____Second Chofce on Entering_USMC -
38 Blank
32:40 g?ird“Cboi;pnnn_EnlQrino_USMC
1 ank
42-47 __ Questions 2-7, Pert B -
48-74 Blank
I5=716._.  _ Year of Administration S .
77-78 Month of Administration
12 lLocation (1=Parris_Islandi_2=San Diega)
80 Administration (1, 2, or 3)

BELOW IS A SAMPLE LISTING OF THE DATA ON THE FIRST TEN MEN OF FILE NO. 2
OF_TAPE_9004901

7221111

AYERS EDWARD R 58 07 03 06 113222

" BAILEY GEORGE J 23 04 05 06.112113 7211110
BOLEN CLARENCE P 01 12 10 09 123333 721111

" BURROWS CARL 58 03 06 14 211223 121221

" FONTANA MARK 46 03 04 05 111322 121121
LANG ROBERT M 08 01 02 03 112222 721221

" McKNIGHT PAUL 58 14 01 07 111123 720121

" TOLSTEAD WILLIAM ' 1112 12012
WIRTH SIDNEY 35 03 04 13 211222 21000

T WOLCOTT MARTIN G 05 3 T 7121221

See_ the Tape Librarian _in the liser Support affice of the Data Analysis
Uepartment, Building 602, Room 11B, {f you wish to use this tape in your
research, S m_ = . R

Figure 7. Display of the Documentation for File No. 2 of Tape 900490.
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If you wish to retrieve other LOS by Pay Grade matrices, specify the rate(s)

as follows:

BT, CS, RM

Figure 8. Sample Listing of the FY '75 LOS by Pay Grade

Matrix for Aircraft Maintenance Technicians.

1 X4
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The Job Control Language (JCL) to retrieve other LOS by Pay Grade
matrices is shown below. It will be transmitted automatically to
the computer when you indicate the location you prefer for printing
the output.

//BOI9LPGM JOB (BO!9,4,,12K) BROEDLING

//JOBLIB DD DSN=FS.BO|9.LOSPAYGD,DISP=(SHR,PASS)

//BATCH EXEC PGM=EXPRGRAM,REGION=225K

//PRGMPRNT DD SYSOUT=C

//PROGRAMO DD DSN=FS.BO19.LOSPAYGD(PROGRAMO) ,DISP=(SHR,PASS)

//PRT DD SYSOUT=C,DCB=(BLKSIZE=6048 ,LRECL=80,RECFM=FBA)

//70PT DD DSNAME=R0OPT,DISP=(NEW,PASS) ,UNIT=SYSDA,SPACE=(TRK, (1))
//1DT DD DSNAME=&1DT.DISP=(NEW,PASS),UNIT=SYSDA,SPACE=(200,(1,5))
//TMP DD DSN=&TMP,DISP=(,PASS) ,UNIT=SYSDA,SPACE=(1200,(2,5),RLSE)
//DLM DD DSNAME=RDLM,DISP=(NEN,PASS) ,UNIT=SYSDA,

// SPACE=(520, (2,5) 4RLSE)
//FRQ DD DSN=FS.BO19.NAVYFREQ,DISP=0LD
//CRD DD =

//PROGRAM] DD DSN=FS.BO19.LOSPAYGD(PROGRAM]) ,DISP=(SHR,PASS)

Please indicate where you want your output to be printed by placing
an "X" to the left of one of the two choices listed belows

High-speed line printer at the computer center
X 1200-baud printer at the computer terminal where
you signed on

(NOTE* You may choose one of three possible options at this point.
Indicate your choice by placing an “X* to the left of the
first line of the option below that you select.,)

Return to the INDEX OF TYPES OF HOLDINGS Stored in the
Attitudinal Research Information System

Return to DATA BASES ON MAGNETIC TAPE display
X Sign Off the System

Figure 9. Job Control Language To Retrieve Other LOS by Pay Grade
Matrices, Printout Choices, and Subsequent User Options.
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Tre RIS also could maintain a log of user activity. From this log, re-
ports for those individuals managing the RIS could be prepared on a regular
basis indicating how the system was being used. In addition to the amount of
time users were spending interacting with the system (determined from sign-on
and sign-off times), management also could be informed about what kinds of
informztion were being accessed most frequently. Thus, data bases with high
utilization rates would become candidates for disk storage and further refine-
ment (such as multi-indexing), and data bases with low utilization might be
maintajined off-line in order to make room for information of higher priority
and interest. The existence of the rarely utilized data bases, however, would
be maintained in the INDEX OF TYPES OF HOLDINGS. This constant monitoring of
user-system interaction would provide the management data needed to make
intelligent decisions about which aspects of the system should be emphasized
and upgiraded, and which aspects should receive a lower priority of attention.

Another way that an attitudinal RIS could be invaluable is in responding
to inquiries from the operational Navy about which attitudes have been sur-
veyed. Suppose an inquiry was received from Navy management in Washington,
D.C. requesting the results of any surveys of naval personnel concerning their
attitudes toward drug abuse. In this instance, the user of the simulated
attitudinal RIS would have selected QUESTIONS AND QUESTIONNAIRES in Figure 4.
The system then responds by presenting the display shown in Figure 10. Thus,
the viewer is provided with an index of search terms for interrogating the RIS
holdings of questions and questionnaires. From this index he can see that
some questions about drug abuse have been asked in the past. He also learns
that the RIS contains narrative summaries of drug abusers treated at the Naval
Drug Rehabilitation Center, Miramar. By selecting the search term DRUG ABUSE,
the user is able to call up all questions on this subject asked in previous
surveys. Figure 11 shows the initial portion of questions retrieved by this
search. The user first learns that there are 10 questions or items related to
drug abuse that have been asked in questionnaires or surveys administered
since 1970. The question content is provided along with sampling character-
istics and item statistics. Thus, from a perusal of the first two questions
retrieved, it is possible to discover that the same question was asked two
years In a row in two different survey instruments. The distribution of
responses reveals that there was a slight shift in attitudes expressed toward
a lesser feeling of freedom to tell a supervisor about a drug problem in one's
work group. For simulation purposes, the response data, the psychometric
data, and the method used to distribute the questionnaires are fictitious.
However, the questions are real questions included in these two surveys. Upon
request the RIS would display the remaining eight questions dealing with
attitudes about drug abuse, and the system user would have the option to make
a hard-copy printout of any display that interested him.

Returning to Figure 4, suppose the system user wanted to see a data set
that he had generated for his own research support. In this case, he would
have selected PERSONAL DATA SETS and might have been presented with a display
similar to the one shown in Figure 12. Figure 12 depicts six possible ways
that system users might find to adapt the RIS's capabilities to their own
information needs. A researcher might want to formulate a set of abstracts
and references on some particular topic. Maintaining this set by computer
would facilitate updating it and printing coples of it in response to requests
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QUESTIONS AND QUESTIONNAIRES
INDEX OF SEARCH TERMS

Attitudinasl

Alcohol Abuse
X Drug Abuse (see also *Medical Records® for narrative summarlies
of drug abusers treated at the Naval Drug Rehabilitation
Center, Miramar, California)
Homeporting
Intercultural Relations
Job Duties

Activities

Command Climate and Services
Counseling

Peer Leadership

Supervisor Leadership
Training

Race Relations
Demographic
Personal Information

Education
Personal Data

Age

Ethnic Origin
Marital Status _
Sex

Service-Related Information
Enlistment History and Plans
Job History

(NOTEs To retrieve related questions, place an "X* to the left of
the search term that you select.)

Figure 10. Index of Search Terms for Retrieving
Related Questions and Questionnaires.




THERE ARE 10 QUESTIONS OR ITEMS RELATED TO DRUG ABUSE THAT HAVE BEEN ASKED IN

QUESTIONNAIRES OR SURVEYS ADMINISTERED SINCE 1970. THE SAMPLING CHARACTERIS-
TICS AND ITEM STATISTICS FOR THESE 10 QUESTIONS ARE GIVEN BELOW?

l. To what extent would you feel free to tell your supervisor about a drug
problem in your work group?

1) To a very little extent 8%
2) To a little extent 38%
3) To some extent 41%
4) To a great extent 10X
5) To a very great extent 3%

The above question was included in the Navy Human Resources Management
Survey as Question 81, and administered by mail in 1973 to 3,739 enlisted
men. Its test-retest reliability after an interval of six weeks was found
to be .78, as measured from a sample of 250 enlisted men.

2. To what extent would you feel free to tell your supervisor about a drug
problem in your work group?

1) To a very little extent 13%
2) To a little extent 41%
3) To some extent 34%
4) To a great extent 9%
5) To a very great extent 3%

vThe above question was included in the Navy Human Goals Survey as Question
106, and administered by mail in 1972 to 4,121 enlisted men.

Figure 11. 1Initial Portion of Questions Retrieved by a
Search on the Search Term DRUG ABUSE.
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PERSONAL DATA SETS

NAME OF PHONE
RESEARCHER NUMBER NAME OF DATA SET
Broedling, L. 225-2181 Abstracts and References to Social
Science Data Archives
Lonsdale, N. 225-6721 Tape Library Log of LOS by Pay
Grade Data Base
Moonan, W. J. 225-2408 FIND (Retrieval System for Personal
Collection of Research Documents)
Robertson, D. W. 225-2283 Draft of Section 2, Research Report
SRR 75-6
Royle, M. H. 225-2283 Jobu Control Language Statements for
Frequently Used Computer Runs
Thomas, E. 225-2396 ) Names and Addresses of Responders to

the QUICK Survey

(NOTEt These data sets are proprietary to the researchers who created
them. A personal data set can be accessed only by supplying the
correct code number in the following fields 2076, and placing
an *X* to the left of your name.)

Figure 12. Display of Personal Data Sets That Might
Be Incorporated into an Attitudinal RIS.
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from others. The LOS by Pay Grade data base is very large, consisting of 200
or more tapes, A tape library log of this data base could be maintained by
the RIS to preserve the documentation of each tape file and to keep track of
who might be using each tape. The RIS also could provide for the storage and
retrieval of personal collections of research documents. If the software
supporting the RIS had a text editor, drafts of research reports could be
input to the RIS by means of a terminal keyboard, easily revised by means of
the text editor, and printed on demand. For frequently used statistical
programs, a personal file of job control language statements could be main-
tained by the RIS for easy and rapid access rather than having to manually
prepare or assemble these punched cards for each new computer job. This
method of maintaining the JCL statements also would help to minimize the
occasicns for introducing new keypunching errors. And finally, the RIS might
be used to maintain rosters of individuals responding to surveys, replies to a
letter of invitation to attend a professional meeting, directories of person-
nel, a talent inventory, or whatever need a researcher had for organized,
easily accessible information. Types of personal data sets that might be
generated probably would reflect the ingenuity of individual researchers in
taking advantage of the RIS's capabilities. By limiting access only to valid
code numbers or by some other mechanism to protect the privacy of proprietary
data sets, the researcher's personal files would be confidential, to be shared
only at his own discretion.

There is a fairly plentiful literature on computer support for personal
files. In fact, Lancaster and Fayen (1973, pp. 296-310) devote an entire
chapter to this topic in their book entitled Information Retrieval On-Line.
They point out that the building of personal document collections is an essen-
tial ingredient in research and analytical activities. The personal collec-
tion is recognized by them to be the first source to which a scientist or
other practitioner will turn when the need for information arises. Foskett
(1970) and Jahoda (1970) have published monographs on how to organize and
index personal files and document collections, and other articles describing
computer support of the researcher's personal data sets are available (Burton
& Yerke, 1969; Glantz, 1970; Yerke, 1970).

Returning once again to Figure 4, the user of the simulated attitudinal
RIS is given the option of finding out about statistical software packages
accessible through the system. If he had selected this option, he might have
been presented with the display shown in Figure 13. 1In Figure 13 the user
learns that three sets of statigstical programs are available through the RIS
---Biomedical Computer Programs (BMD), Statistical Programs for Social Science
(SPSS), and Organized Set of Integrated Routines for Investigations with
Statistics (OSIRIS). The user is offered the further opportunity of seeing an
index for any of these three statistical software packages. Let us suppose
that the user has just received a new set of raw data and he wants to learn
about the distributional properties of this data set. He might want to plot
the raw data in the form of a histogram. Let us further assume that this re-
searcher is most familiar with the BMD package, and so he requests to see an
index to the BMD programs since BMD manuals typically do not exist in every
researcher's office. Figure 14 is a display of this index. Since a histogram
is a descriptive statistical technique, the researcher probably would request
more detailed descriptions of the Class D programs. This additional informa-




STATISTICAL SOFTNARE PACKAGES

The Attitudinal Research Information System makes directly available to
researchers three sets of statistical programs-—Biomedical Computer Programs
{BMD), Statistical Programs for Social Science (SPSS), and Organized Set of
Integrated Routines for Investigations with Statistics (0OSIRIS). Manuals
describing how to use these programs are avalilable in the User Support office
of the Data Analysis Department, Building 602, Room 11B. Consultants are
available by appointment to answer questions and assist you in selecting and
setting up appropriate statistical analyses of your data. Phone 225-2181 to
make an appointment. B

If you would like to see an index for any of these three statistical
software packages, please place an "X" to the left of one of the three
choices offered below?

—BMD
SPSS
OSIRIS

Figure 13. Display of Statistical Software Packages Available
through the Simulated Attitudinal RIS.
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INDEX OF BMU PROGHRAMS

Class D Description and Tabulation
Class F Contingency Tables

Class M Multivariate Analyses
Class R Regression Analysis

Class S Special Programs

Class T Time Series Analysis

Class V Variance Analysis

If you want to see more detailed descriptions of any of these
classes of programs, please specify which class below.

Class D

Figure 14. Display of the Index of BMD Programs.

£e



34

tion is displayed in Figure 15 where the requester can see that there are two
BMD programs that generate histograms. For the requester's purposes, BMDO5D
appears to be the appropriate program to use, so he asks to see a brief de-
scription of this program, which is displayed in Figure 16. This display
describes the nature of BMDO5D in enough detail so that the researcher can
decide if it meets his statistical requirements. The RIS then provides four
options, three of them involving jumps to other branches of the logical deci-
sion tree and one permitting the user to conclude his interaction with the
system,

As a final example of how a user might interact with an attitudinal RIS
to obtain needed information, suppose that a researcher wants to find out if
any previous regsearch had been conducted in the Navy on career motivation and
incentives during recruit training. In Figure 4 this user would have seen
that the RIS holdings include abstracts of attitudinal research reports.
Under this category he could have narrowed his search by selecting abstracts
of studies on attitudes and motivation at the individual level. He might have
been presented then with the display shown in Figure 17 in which a subject
index for abstracts of attitudinal research reports based on studies of atti-
tudes and motivation at the individual level is provided. By scanning this
subject index, the researcher finds out that some research has been done on
career motivation and incentives and also on recruit training. Furthermore,
he is informed that there are 37 abstracts in the RIS dealing with career
motivation and incentives and seven abstracts dealing with recruit training.
By phrasing his search criteria as a boolean expression, he can request the
logical product of these two subject names. Thus, he will retrieve all ab-
stracts dealing with both subjects, but not those abstracts dealing with
either subject alone. If the system user does not know how to formulate a
boolean search expression, the RIS offers instructional assistance.

Although there are other information systems for retrieval of research
documents or their surrogates (abstracts), none of these systems provides
comprehensive coverage of all of the available literature. For example,
important working papers, technical memoranda, and interim reports would not
find their way into the Defense Documentation Center (DDC) system or the
National Technical Information Service (NTIS) system. The DDC system contains
a compendium of both classified and unclagsified technical literature dating
back to 1958 on research, development, and technology produced by the Depart-
ment of Defense and this organization's contractors. The NTIS system receives
unclassified input from several government agencies including NASA, AEC, DDC,
and other DoD agencies. This facility, in addition to being a clearinghouse
for technical information, attempts to provide a search service of their docu-
ment holdings. The Army Research Institute has recently let a contract for
the development of a bibliographic retrieval system for documents in military
sociology since this literature typically is not included in the holdings of
DDC or NTIS. A commercial proprietary on-line document retrieval service is
provided by Lockheed's DIALOG system, which includes an impressive list of
users including the AEC and the Office of Education's ERIC network. However,
no classified literature is contained in this system, and there is a fee for
service. The NPRDC library has a Lockheed DIALOG terminal.




CLASS D BMD PROGRAMS
DESCRIPTION AND TABULATION

PROGRAM NUMBER PROGRAM NAME
BMDO 1D Simple Data Description
BMDO2D Correlation with Transgeneration
BMDO3D Correlation with Item Deletion
BMDO4D Alphanumeric Frequency Count
BMDOSD General Plot including Histogram
BMDO6D Description of Strata
BMDO7D Description of Strata with Histograms
BMDO8D Cross-tabulation with Variable Stacking
BMDO9D Cross—-tabulation, Incomplete Data
BMD10OD Data Patterns for Dichotomies
BMD 11D Data Patterns for Polychotomies
BMD12D Asymmetric Correlation with Missing Data
BMD13D t Program

If you would like to see a brief description of any particular BMD
program in the Class D series, please specify it below by its program number.

BMDOSD

Figure 15.

Description and Tabulation of the Class D BMD Programs.
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BRIEF DESCRIPTION OF BMDOS5SD
GENERAL PLOT INCLUDING HISTOGRAM

This program produces scatter plots or histograms. Two methods of scatter
plotting are available.

The first method gives a one-page graph which has 50 units vertically and
100 units horizontally. The points are automatically scaled to conform to
these dimensions.

The second method gives a multiple-page graph with as many units verti-
cally as there are values of the base variable. The values of the base vari-
able (cases) must be ordered and consecutive. The base variable {s not scaled.

A one-page histogram can be produced, with a maximum of 34 intervals. The
width of the interval must be specified.

(NOTE: You may choose one of four possible options at this point. Indicate
_ your choice by placing an #X" to the left of the first line of the
option below that you select.)

Return to the INDEX OF TYPES OF HOLDINGS Stored in the Attitudinal
Research Information System

. Return to the STATISTICAL SOFTWARE PACKAGES display
Return to the INDEX OF BMD PROGRAMS
Sign Off the System

Figure 16. Display of a Brief Description of BMDOSD:
General Plot Including Histogram.
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_____ SUBJECT INDEX FOR ABSTRACTS OF ATTITUDINAL RESEARCH REPORTS
BASED ON STUDIES OF ATTITUDES AND MOTIVATION (INDIVIDUAL LEVEL)

T SUBJECT NAME NUMBER OF ABSTRACTS
T T Advancement T2
T " Assignments 8
T Career Motivation and Incentives 37
Category IV Men 2
" " Homeporting 5
" Housing T W B
——__ Military, Family 6
Bachelor 3
~ " Job Training 4
~ " Methodological Studies - 3
—  _ Survey Relfability |
Survey Design 2
" Moonlighting 2 -
"~ Overseas Living Conditions o e
" " Pay and Financial Benefits 8
~ Recruit Training - 0T
" Recruitment and Enlistment . e
~ Re-enlistment and Enlistment 21
~ Retirees and Veterans o 3 ) -
" Reserves ) s
Sea Duty 3
"~ ship Facilities T2 -
~ Uniforms - - 8 o
" Wives’ Attitudes 7

NOTE® This collection of abstracts can be searched by individual
sub ject name_or by any boolean combination of subject names. If
you want to see examples of how to formulate a boolean search

expression.. indicate YES or NOQ _nexts
If NO, enter your boolean search expression nexts

Figurez 17. Display of a Subject Index for Abstracts of Research
Reports on the Attitudes and Motivation of Individuals.
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Since none of these document collections are complete, in as much as the
turnaround time to access any of these systems may be considerable, and be-
cause there is a charge for the services provided, it makes sense for the RIS
to maintain a specialized collection of abstracts of research reports perti-
nent to the day-to-day working interests of Navy personnel researchers. The
individual researcher would be able to find out at a convenient local terminal
what literature was available to elucidate a particular research problem. The
availability of the complete document from one of the national information
services would be noted so that the document could be ordered if desired. But
even more important, the existence of informal research memoranda and reports
not archived in these national information centers would be made known so that
personnel researchers could obtain access to these other information sources
through mechanisms provided by the RIS.

All of the simulated RIS displays reproduced in this section were created
with the purpose of helping hypothetical system users find out what data are
available and how to take advantage of their availability. Users of the simu-
lated system were given the opportunity to explore various pathways in the
logical decision tree structure, they were offered information in increasing
amounts of detail as they pursued particular logical pathways to their con-
clusion, and they were given options to branch to other displays in the deci-
sion tree that were likely candidates for what to do next. In additionm,
instructional aids were made available to the user as needed. Additional
displays from the simulated attitudinal RIS are reproduced in Section 6 where
factors facilitating the operational interface between the user and the system
are discussed in detail.

By and large, the reaction of those individuals who viewed the demon-
stration of the simulated system was favorable. Over 60 people attended the
12 demonstration sessions, and they offered a gamut of comments ranging from
unsophisticated questions to very penetrating observations. In some instances,
viewers forgot that the demonstration was only a simulation of a hypothetical
system, and they were disappointed to learn that they could not explore cer-
tain interesting pathways because the progression through the displays had to
be made in a predetermined sequence. From these reactions it can be concluded
that the simulated RIS was realistic enough to create the illusion that it was
being driven by a sophisticated computer system.

Some viewers remarked that what they saw was interesting, but they them-
selves probably would not use the system very much. Other viewers asked how
soon the system would be in operation since they really could use it immedi-
ately. This range of reactions suggests that in the advent of a real RIS,
some researchers would be avid users while other individuals would continue to
do research in the usual way. Other questions asked were, ''Could I use the
system even if I can't type?" and "How would I learn to use the RIS?" Factors
crucial to user acceptance of interactive information systems are discussed in
Section 6. Section 6 also contains a discussion of various ways of inter-
facing with an information system, including the role of a user surrogate, and
a detailed account of various training approaches is provided.
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One important requirement that was mentioned by several individuals
during the demonstrations was the desirability of having a graphics plotter
for producing figures for reports. Copier-like devices are now available
which permit the reproduction of images displayed on a graphics terminal. 1In
Section 7 a graphics terminal with hard-copy output capability has been in-
cluded in the system design specifications.

The accumulation of knowledge and feedback about information needs and
requirements, as described in this section, served as the basis for developing
the technical aspects of system implementation, specifying system design
parameters, and identifying economic considerations. Sections 7 and 8 deal
with these topics in detail.
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ing systems, is designed to be the electronic analog of a personal desk
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Jahoda, G. Information Storage and Retrieval Systems for Individual
Researchers. New York: Wiley, 1970.

This book 1s intended for the researcher in any field who wishes to
start or improve an index to his document collection. It was a major
work in 1970 dealing with manual document retrieval systems. A variety
of indexes are discussed such as coordinate indexes, edge-notched cards,
optical coincidence systems, and citation indexes.

Lancaster, F. W., & Fayen, E. G. Information Retrieval On-Line (a Wiley-
Becker & Hayes Series book). Los Angeles: Melville Publishing Co., 1973.
Pp. 296-310.

Chapter 13 of this book is devoted to a discussion of On-Line Support for
Personal Files. Personal file handling in the following computer systems
is described: FAMULUS; RIMS, RIQS, and RFMS; SHOEBOX; AUTONOTE; TIP;
SOLER; and SPIRES.
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Yerke, T. B. Computer support of the researcher's own documentation.
Datamation, 1970, 16(2), 75-77.

A discussion of the considerations and constraints that formed the basis
for the design of FAMULUS. (FAMULUS is not an acronym. A Famulus was
the private secretary of a mediaeval scholar or alchemist. Perhaps the
most well-known was Wagner, Famulus of Dr. Faustus.)
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SECTION 4., INFORMATION INDEXING ALTERNATIVES

Introduction

This section provides a theoretical discussion of the variables and
alternatives involved in the indexing of information for storage and sub-
sequent retrieval. The purpose of the discussion is to help form the basis
and justification for deciding which indexing alternative would be most bene-
ficial in an attitudinal research information system and would best suit the
needs of Navy personnel researchers and managers. First, the need and mecha-
nisms for vocabulary control and the devices used with the controlled vocabu-
lary will be discussed. Second, the various degrees of vocabulary control
will be presented along with their concomitant advantages and disadvantages.
The alternatives for the preparation and the organization of a controlled
vocabulary are presented next, followed by an important discussion of the
various cost and performance aspects of indexing and of the information sys-
tem's vocabulary. A summary, annotated bibliography, and glossary of key
terms are included as a convenience and a further aid to the reader.

Information may be documented and stored using various media such as
books, articles, or abstracts; microfiche or microfilm; or magnetic tapes,
disks, or data cells. These data collections when organized become a data
base that can be interrogated by users to retrieve needed information. In any
system that retrieves information, manually or by computer, a method is needed
for the collection, organization, and selective retrieval of data from a
collection of information.

The raison d'etre for any information storage and retrieval system is to
serve the needs of its users. Therefore, the units that form the data base
must be collected and organized specifically to coincide with the particular
interests and needs of the users. Similarly, the method for retrieving this
information must coincide with user interests and needs. The information
units contained in an information storage and retrieval system can be re-
trieved in toto or their surrogates can be retrieved in substitute. A bibli-
ographic data base consists of document surrogates or document records con-
taining full bibliographic citation plus assigned indexing terms. The docu-
ment surrogate is a representation of the document and consists of descriptive
elements that form a unique record. Some elements within the record can serve
as retrieval keys for accessing and retrieving the needed information. The
decision of which elements to use in document description and which elements
to use as retrieval keys should be optimized to best fit user needs. Searches
also can be implemented on nonindexed data bases in a computer system. These
free text or natural language searches operate on the full text of documents,
on document abstracts, or on a set of freely assigned indexing terms. These
systems will be discussed in more detail in the subsection Degrees of Vocabu-
lary Control. The retrieval objects, for example, can be documents, research
projects, names of institutions, qualifications and names of experts, job
offerings, or data elements such as census data (Soergel, 1974, p. 3). 1In
this section the retrieval objects usually are referred to as documents or
information, but it should be understood that the theory presented here could
refer to any type of retrieval object in an information storage and retrieval
system,
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There are a number of standard bibliographic elements included in a
document representation: type of document (e.g., book, article, report),
personal author/corporate entry, author affiliation, title, edition, place of
publication/publisher, date of publication, collation, and document identi-
fying number. Once the decision is made regarding the bibliographic elements
that will be used to describe the document, the actual selection of these
elements from a document is relatively straightforward. However, the process
of assigning the indexing or subject terms is not simple since the entire
document offers itself for the selection process. Once the decision is made
as to which subject aspects of a document are of importance to users, the
terminology for expressing these subject aspects---the indexing terms---must
be decided upon. The indexing terms chosen as descriptive elements are access
points in the search process and constitute an indexing language. In the
design of an indexing language two steps are taken. First, the decision is
made as to which aspects of the recorded information are of probable impor-
tance to potential users now and in the future. Second, it is decided how
these aspects should be expressed so that there will be a good possibility of
their matching the words potential users will choose for expressing their
information requirements. The function of bringing the language of the searc-
her into coincidence with the language of the indexer is served by the con-
trolled vocabulary. A system without any vocabulary control, such as a nat-
ural language system, places an excessive burden on the user and severely
limits retrieval recall since there is less chance of a match between words as
they occur in text and the words of the searcher in making his request.

Before undertaking a discussion of retrieval systems with varying degrees of
vocabulary control and the natural language retrieval systems devoid of any
vocabulary control, it will be useful to specify the types of devices used in
an indexing language for vocabulary control and improved recall (the retrieval
of relevant document) or precision (the system holding back nonrelevant docu-
ments).

Vocabulary Control and Indexing Language Devices

"The controlled vocabulary exists primarily to assist the searcher in the
information retrieval system'" (Lancaster & Fayen, 1973, p. 244) by bringing
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