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FOREWORD

The U. S. Army Personnel Research Office has undertaken a comprehensive program of re-
search aimed at increasing the fulfillment of personnel utilization objectives, particylarly within
the Army's manned systems. The utilization research effort is divided between two app-oacnes,
both concemned with enhancing the capabilities of the human foctor in Army systems. One approach
is characterized by intensive research on specific Army man-machine complexes. A second more
general approach is the experimental study of important hehavioral functions with the objective of
goining better understanding of these functions and applying the findings across a number of dif-
ferent systems.

The COMMAND SYSTEMS Task seeks to develop research information by which the effective-
ness of command information processing systems may be maximized, pursuing its objective through
intensive experimentation on manned systems of g specific class. The present publication deline-
stes the scope and structure of the research program and the major subtcsks that have been estab-
lished. A previous U. S. Army Personnel Research Office report, Human Factors Research in
Command Information Processing Systems (Technical Research Report 1145) presents a summary
of current Task activities.

The entire research Task is responsive to special requirements of the Combat Developments
Command, the Army Materiel Command, and the Automatic Data Fiald Systems Command, as well as
to requirements to confribute to achievements under the RD I&E Project 2J024701A723, Human
Firformance in Military Systems.

J. EAHLANER

Director of Loboratories
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COMMAND INFORMATION PROCESSING SYSTEMS--A HUMAN FACTORS RESEARCH PROGRAM

BRIEF

Requirement:

To present the scope and organization of the research progrom of the COMMAND SYSTEMS Task as in
prograss and as projected.

Procedure:

Following o survey of militory informetion processing equipment and opera*‘ons and plans for command
information processing systems, basic human factors problems were identified and organized around five criti-
col sperations: screening incoming data, transforming raw data for input into storage devices, input, assimila
tion of displayed information, and decision moking. A research program was formulated comprising six sub-
tasks:

Subtosk a. Screening, routing, and expediting operational information.
Subtask b. Methods of data transformation for system compotibility.
Subtask ¢. Techniques for rapid and accurate information input.
Subtask d. Information assimilation and transfer from displays.
Subtask . Effective aids in the decision process.

Subtask f. System integration.

Scope of the Report:

The program represents o comprehensive approach to research concerned with automated command in-
formation procossing systems, ranging from detciled studies of discrete human functions to integration of siz-
able man-machine complexes--all essential to effectuating field army command systems of high combat effec
tiveness. The program has an empirical and quantitative orientation and implies a multi-fisciplinary effort.
It is so formulated that it can be modified as research findings, as well as the developing technology of infor.
mat .n processing ond the tactical needs for information dictate. Carried to conciusion, the program may en-
abie developers and users to anticipate and avoid many pitfalls in future generations of commond systams.

Emphasis cunently and for the immediate future is on studies decaling with information assimilation an
decision making. Studies on nine major aspects of these functions are delineated. Plans for the remaining
subtasks ore discussed more generally.

The nine series of studies planned or in progress in the areas of information assimilation and decisior
making are:

I.  Amount and density of information,
Il.  Specificity of information.
i, Alpha-numeric and symbolic presentation.
IV.  Type, ex:ant, and rate of informaticn updating.
Y. Coding of updated information and hard copy.
VI.  Seguence of informat n presentation.

VIl.  Individual and group work methods and dispiays.
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COMMAND INFORMATION PROCESSING SYSTEMS--A HUMAN FACTORS
RESEARCH FROGRAM

The Army is developing Automated Data Systems within the Army in the
Field (ADSAF) for receipt, processing, storage, retrieval, and display
of different types and vast amounts of military data. The ADSAF concept
includes a network of cross-linked highly autamated computerized systems,
each dealing with relatively specialized functions, and all feeding in-
formation to an autamated tactical operations system (TOS). Since effec-
tive performance of these new systems depends ultimately on human com-
ponents, the need for humar factors information is paramount. The pres-
ent report describes the scope, rationale, and organization of a research
program to provide that information. The research is conducted by the
COMMAND SYSTEMS Task of the U. S. Army Persoonel Research Office.

OBJECTIVES OF THE RESEARCH PROGRAM

Task obJectives are to maximize combat effectiveness of currepnt and
future carmand information processing systems by providing designers,
developers, and users information concerning:

1. OvbJjective performance measures for evaluation of system and
subsystem effectiveness.

2. Effects of characteristics of the information presented--amount,
density, type, coding, updating, etc.

3. Capabilities, limitations and reliability of human performance.

4. Various modes and sensory modalities of presenting information
for o'similation and decision making.

5. 3Specification of effective individual and group wvork methods
and techniques.

6. Allocation of functions among men and equipment.

7. Procedures for identificaticn and assignment of appropriate
perscnnel to critical positiaoms.

8. Man-machine implications of altermative system configurations.




AUTOMATED TACTICAL OPERATIONS SYSTEMS

Major Activities

An autamated tactical operations system (T0S) is & facility in vhich
representatives of general and special staff sections are concerned with
current tactical and tactical suppcrt operations. These revresentatives
assist the commander in the tacticel operstions aspects of his exercise
of command by providing current infamation on the tactical support avail-
able and intelligence estimates of enemy actions, by making recamendations
for command decisions, and by issuing implementing instructione. Rapid
coordination among operational staff elements is essential in view aof the
advent of nuclear weapons and increesed capebilities far mobility.

The pupose of an autamated TOS is to assist the staff in the re-
ceipt, processing, storage, display, and transmittal of information
usually represented in maps, charts, Journals, and work sheets. The TOS
my perform certain computations on call-~target analysis, fallout pre-
diction, and trocp movements--using input, storage, camputing, display,
and communications devices. Autametion will ensble the center to provide
informetion of greater scope, depth, and timeliness and will allow more
time for comsideration and use of this information in decision making.
Some activities tnat will take place in a TOS are:

1. Countinuocus and similtaneous display and evaluation of aviilable
information required for decisioms concerning tactical and tactical
support operatims.

2. Commmication of ta-*ical information and requirements to appro-
priate general staff sections, and transmissiom of instructions to tacti-
cal units and tactical support units or agencies.

3. Continucus transmission of situation info:rmticn by each element
in a TOS t0 the corresponding element in an alternate TOS.

Critical Information Processing Functions

An automated TOS will receive vast amourts of information from meny
and varied sources. The inforweation varies widely in content, form, and
degree of campleteness. Ffurther, the information often affects several
different staff groups. The raw data require & great deal of handling
and prooessing by man and equipment. Personpel will work under a wide
variety of conditicns ranging from sitiations that are relatively pres-
sure-free Lo those that are over-vhelmingly burdensome. Looking at the
systenm as a whole, there appear to be five critical operaticns that man
and equipment have to perform (Figure 1):
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l. Screen incaming data for pertinence, credidbility, impact,
priority, and routing.

2. Transforum the rav data for input into storage devices.

3. Input the transformed data into storage devices for subsequent
computation and display (Figure 2, 3).

4. Assimilate data displayed (Figure L).

5. Decide on courses of action based on information displayed and
iformation from other sources.

Other operations that must be performed--computer programming,
trouble shooting, and maintenance of equipment--have been deliberately
excluded from the COMMAND SYSTEMS Task research program as not falling
within the relatively homogenous domain of real-time processing of
operaticnal tactical information, the major focus of the program.

DELINEATING THE RESEARCH PROBLEMS

The major problems in and surrounding automated caommend information
processing systems emerge from a lack of experience in the use of such
systems. From an examination of Army, Havy, and Air Force reports and
human factors research literature and from observation of equipment and
systems in cperation, a number of basic and critical questions were
identified which have to be answered before such systems can be designed
and used most effectively. These questions have ixplications for all
five critical human information processing functions. The questions
interact within each functional area and have an impact an the other
areas as wvell, The par:iculer grouping of questicns 1s scmevhat arbi-
trary, and other patterns may emerge after additional research is per-
formed in these informaticn processing systems.

Since sutcmated commard systems are designed to furnish information
+0 the commender and his staff to assist them in the critical functicus
of icfermaiion asgimilation and decisicn making, current task activity
centers about problex formulation and research in these two functicns.
These problems--and research studies designed to resclve them--are de-
scribed in same detall. Questions are stated from the point of viev of
optimizing accuracy, appropriateness, and speed of information assimila-
ticn and decision making. Questions clustering about screening, irput,
transformation of inforaation and system integration are subjects of a
nore general discussion presented later.

- R a
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Schematic representation of operations and information flow in an automated TOS.

Exampie of symbalic data entry device.



Figure 3.

Figure 4.

Exomple of group disploy.




Characteristics of Information Displayed

In this area, questicns revalve around (1) the amount of infcrmatiun
it is possible to abscrb, integrate, and weigh effectively; (2) the den-
sity, format, and coding that are best for presentation and conspicuity
of information; (3) the most appropriate cambinaticns of specific infor-
mation and general information to be included in the system; and (%) the
relative effectiveness of alpha-numeric (totes) and symbolic (maps and
overlays) display of different classes of information.

Dynamic Aspects of Information

Ques*icns in a secand categary are concerned with the dynamic as-
pects of the information presented to commanders and their staffs. What
cambinations of rate of information updating and degree of change in an
update are optimm for depicting changes that have occurred? What is the
utility of coding updated infarmation in transient displays to highlight
changes in a situation? How useful is hard covy for camsring past in-
formation with current information? For pointing up trends and provid-
ing a sense of "history"? For manual backup and use in alternate TOC's?
When informstion is available at varyling levels of specificity and in
different s~ales, are certain sequences of viewing the information better
thar others?

Display Modes

What display or sensory modalities are best for information assimi-
lation and decision making? Would certain cambinations of senscry modal-
itles enhance performance? Wkat are the relative merits of group versus
individual displays and work methods? Are both kinds necessary?

Computer-Aided Parformance

Problems in & fourth category concern the use of a camputer as an
aid ln geperating quantitative estimmtes af the provability of events,
decision alternatives, and ccrsequences. Research in this area seeks to
extend the role of the computer and capitalize on its capabilities beyond
its delimited use as a rapid and convenient device for drivicg displays
and for informaticn storage and retrieval.

RESEARCH APPROACH

The overall approach integrates several series of erpirical studies
tarough laboratory simulation of the five major infcrmation processing
furcticns. By and large, these functions will firat be studied separately



for better control and camprehension. Research findings will then be
synthesized and applied in the integration of the five functicns into
alternative system configurations. Most of the research effort for the
next several years will concentrate on the functicns of information as-
similation and decision-making unless circumstances and resources indi-
cate a shift in emphasis or a broader effort.

The Command Systems Laboratory

To simulate certain aspects of TOS functions (operations, intelli-
gence), a research laboratory was established. The following equipment
has been acquired:

Two random access slide projectors (100-slide capaecity each). The
elide projectors allow for quick access to a variety of slides and use of
overlay techniques for presenting information.

Large rear-view projection screen. This type of screen permits
illumination of the work area, reducing the possibility of after-images
without interfering with easy group viewing of the displayed material.

Three individual viewing consocles. Compcments of the AN/MSQ-19
(a prototype Autcamated Tactical Operations Center) became available.
The COMMAND SYSTEMS Task acquired three individual consoles and acces-
sory equipment for individual viewing of any kind of information-~up to
five glides per console simultanecusly in full color, color coded, or
black and white.

Five time-and-event recorders. These recorders were acquired in
oxrder to allow zallection of group data and to provide a permanent record
of time and response simltaneocusly.

Photographic station. The station contains a camera and processing
equipment for the rapid photographing and slide generation of chart and
map layouts (stimulus materiel). A printing and developing unit uses
the mester transparency to prepare 35-mm chips coampatible with the random
access capability of group and individual displays.

The lasboratory is gradually being equipped with peripheral equipment
and various commmmication devices. U. S. APRO coamputer facilities are
being made aveilable to the Tasx.

STUDIES IN INFORMATION ASSIMILATION AND DECISION MAK ING

Stud.es will te corducted using alpha-numeric and symbolic informa-
tion. 71he critericn or performence measures will consist of cne or more
meagures cf accuracy, quality, time, and certitude. The studies will in-
corpcrate substagtive military problems, quantitative and qualitative



SUMMARY GF ESTIMATED MAN-YEARS FOR EACH PROJECT BY FISCAL YEAR

- .
———— .

Table 1

Series and Project

Priority

Fiscal Year
6h 65 66 67 68 69 TO TL T2 T3

Total
Man-Year:

I.

II.

III.

VII.

VIII.

Amount and Density

of Information
Project 1
Project 2

Specificity of

Information
Project 1
Project 2

Alpha~Muperic and
Sy=bolic Presentation
Project 1
Project 2

Type, Extent, and Rate
of Information Updating
Project 1
Project 2

Coding of Updated In-
formation and Hard Copy
Project 1
Project 2
Project 3

Sequence of Information
Presentation

Project 1

Project 2

Individual & Group Work
Methods & Displays
Project 1
Project 2

Visual and Auditory
Displays
Project 1
Project 2

Ccamputer-Aided Perfor-
mance

Project 1

Project 2

2
| aad

11 2 2 2
2 2 2 3 3

n

D

Ko

Total Man-Years

555555555
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aspects of information, format variatioms, and canceptual levels of
information, and will sample problem solving situations of different
complexity levels renging fram slow to rapid changes of events.

Each project (Table 1) will require several separate stiudies for
completion. The list is not considered exhaustive; results fram these
projects will indicate, on an empirical basis, how to proceed. Further,
any one project may be conducted alone or in combinatiom with others,
whichever is most feasible. Priorities (A, B, C) represent planned pro-
Ject initiation dates--the first third, second third, and last third of
a 10-year (50 man-year) research effort. The plamned sequence is based
upon need for certain findings that are prerequisite to further pursuit
of the progrea as well us on feasibility in terms of Task resources.

SERIES |. AMOUNT AND DENSITY OF INFORMAT!ON

Project 1 Project 2
PRICRITY: A
ESTIMATED MAN-YEARS: 1 3
ESTIMATED INITIATION DATE: 1963 1965
ESTIMATED COMPLETION DATE: 1964 1967

Statement of the Problem

The amount and density of information it is prasible to present to
camnanders and their staffs are immense in view of current and enticipated
capabilities of storage, retrieval, and display devices. How much infor-
mation of different kinds it is possible to absorb, integrate, and weigh
effectively under different corstraints of speed and accuracy is a ques-
tion with important implicetions. These implications tear oo the con-
ceptualization of the kinds apd amounts of information to bz included in
the sgystem, the programmirg of the system, and, as a consequence, the
design and development of the storage and retrieval aspects of the
system. This series ¢f studies will deal with the effect on performance
of different amounts and densities of information to be presanted.

Method of Attack

Project 1. Mlitary ioformation in tue form of alpha-numeric
Friendly Tactical Units Status totes and symbolic unit deployment over-
lays were presented to subjects. Total acounts of information and den-
sity were varied. Questions of different levels of ccaoplexity were
asxed of the suliccts; altermative anawers were distributed throughout
the displays. Tixe teken to extract the answers and accuracy of re-
spanse were analyzed as a functiom of the experimental variables. The
results of these studies have been published.
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Project 2. An optimm decision in a tactical situation is one in
vhich the covrect action is selacted in the shortest possible time.
Thecretically, the larger the amount of relevent informatior avallable
to the dacision maker, the greater are his chance: of making the right
decision. However, it will also take him longer to consider all the in-
formation available and make a decision. In this project, the inter-
relationship of speed and appropriateness or quality of decisions will
be examined as a functicn of amount of relevant; Ilrreievant, rod redun-
dant informetion presented. A number «f problems will be developed for
which several solutions or decisions of varying quality are possible.
The aaount of information availlable for solutiom of the problems will be
varied. Speed and quality of the decisions will be analyzed as a func-
tion of amount of informaticn presented.

Other Projects. Several experiments in other series will include
varying amounts and densities of informatiom so as to ascertain the
{nteractive effecys of other variables (coding, format, etc.) on the
shape and slope of performance functions involving amount and density.
The results may suggest techniques and methods for inereassing the infor-
mation handling and processing capabilities of humans.

Potential Research Payoff

1. Information on trade-off values of amount of information to be
vregented or cinsidered, quality of performance, and speed of performance.
2. Information bearing on the storage and retrieval regquirements

of cammand systems.

SERIES II. SPECIFICITY OF INFORMATION

Project 1 Prolject 2
PRIORITY: B
ESTIMATED MAN-YEARS: 1 2
ESTIMATED INITIATION DATE: 1967 1968
ESTIMATED COMPLETION DATE: 1967 1969

Statement of the Problem

Tt 13 nov possible to present in a single display large amounts of
{aformaticn in the fcrm of detalled symbols, nurbers, letters, and words
ccacerning the status of situaticma. When specific infcrmation is re-
quired--the precise mmber of men avallable for a mission, for example..-
nothing but the number will suffice. However, undcce zany circumstances,



a great deal of detail may actually impede the processes of informatinn
assimilation and decision making rather than enhance them. When differ-
ent kinds of informaticn have to be collated for integration and decieiun
making purposes, a simpier and more gross data classificaticn or grouping
system may be most effective.

Method of Attack

Progect 1. This project will examine the effects of variaticms in
amount of detail and in techniques of grouping and simplifying the data
presented on information aseimilation and decision making from alpha-
numeric data. Several levels of detail will be used to depict a chang-
ing situation. Individuais will be required to extract informatim,
keep track of certain aspects of the situation, and make Jjudgme:nts about
what 18 likely to happeu (enemy preparing for attack, enemy readying to
fire a missile, etc.). Performance will be analyzed as a function of
the experimental variations introduced.

Project 2. 1In this project, several map and ov* -lay scales and
several levels of unit detail (battalion, regiment, and division) will
be used to present military situations. Subjects will be required to
resolve questions and problems of different levels :f complexity and
scope. Accuracy of answers, quality of iecisi mna, vime taken to respond
will be analyzed in relaticn to the “m=quenc , sequence, and duraticn of
viewing the different scales and levelsg -7 “‘~+ail.

Potent:al Research Payoff

1. Specification of the most appropriate levels of information
detail necescsary for effective information aesimilation and decision
making under variocus copditions.

2. Guldance to command system hardware designers and developers
concerning desirable gystem storage capacities.

SERIES 11!. ALPHA-NUMERIC AND SYMBOLIC PRESENTATION

Project 1 Project 2
PRICRITY: B
ESTIMATED MAN-YEARS 1 2
ESTIMATED INITIATION DATE: 1967 1968
ESTIMATED COMPLETION DATE: 1967 1969
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Statement of the Problam

Considering the mass of information invelved in large-scale military
operations, significant benefit could derive from knowledge about the
relative merits of presenting informatior in alpha-mumeric or symbolic
form. Ir current and future systems, it is poesible to present informa-
ticn in the form of tables, charts, graphs, maps, overlays, and highly
abstract symbcls. It may be conjectured that relational information
tends to be more efficiently assimilated fram symbalic presentations and
that discrete information is more efficiently assimilated from alpha-
pumeric present..>ions. Choice of method could then depend on the nature
of the information and the objective of the user. This series of studies
will examine the kinds of information, tasks, and circumstances which in-
dicate the use of cne cr another foarm of presentation or certain cambipna-
tions.

Method of Attack

Project 1. Several situations will be depicted in alpha-numeric
ard symbolic form. Additional variations of different aspects of the
informaticn presented will be introduced--amourt, kind (highly specific,
general-relational), type of change, extent of change and rate of
change. SubJjects will be required to perform tasks I olvizg extractiom
of information and memory. Time and accuracy me-.:ures will be analyzed
as & function of the experinme "al variatioms of e information presented.

Project 2. Having ascertained the effects of the above-mentiocned
variables on the performance ' extraction and memory tasks--tagks neces-
sary for and part of more camplex functicns such asg information integra-
tion and decision making--guidelines will be available for incorporat!on
of these ard other variables in research on the more coamplex performances
of interest. Studies will then be conducted on information integratiom
and decision maxin. using the same or similar varisbles and the same
methods of depicting the problem situations. Speed and quality of deci-
sions will be examined.

Potential Research Payoff

l. Specification of conditioms under which information processing
performance is differentially enhanced by presenting informaticn to
cammanders and their staffs in alpha-mmeric and symbolic forms.

2. Recomendations concerning data presentation capabilities of
the system.



SERIES IY. TYPE EXTENT, AND RATE OF INFORMATION UPDA TING

Project 1 Project 2
PRICRITY: A
ESTIMATED MAN-YEARS: 2 2
ESTIMATED INITIATION DATE: 196k 1965
ESTIMATED COMPLETION DATE: 1965 1966

Statement of the Problem

Military operations cover a broad spectrum of activities and situa-

tion change. Cormmand system information updating must reflect changes
differ in type, extent, and rate. Information may be updated fre-
quently (near real time), necessitating fewer changes and smaller changes
per update, but more slides and input operations. In contrast, updating
may be relatively infrequent, with more and larger changes per update
but fewer slides and input operations. Witn near real-time updating,
users of information may have difficulty following the frequent chaunges.
On the other hand, infrequently updated information may have limited use
because of gaps--the absence of steps showing how the present situation
evolved from the past. Other system comsiderations suck as slide genera-
timm, input equipment, and operations enter into this problem area.
This series of studies will seek to provide answers to such questioms as:
What are the effects of variations in type, extent, and rate of informa-
tion ckange and updating on Information assimilation and decision making?
What are the capabilities and limitations of human awareness and compre-
hension of what is going on under such different comditions?

Method of Attack

Prcject 1. Changing field situations will be depicted through a
series of displays in which changes of varying type and extent have been
introduced. Military units will be removed, adled, revcsitioned; state-
ments apd figures regarding their status and that of other units will bte
modified. Jects will be required to extract and memorize information,
keep track of the ongoing situations, and render Judgments on the basis
of wbat {8 unfalding. Time and accuracy scares will be obtained for each
subject's perfcrmance. The results of this project will provide scme
data on how perscns handle informaticn under changing conditicms. These
data will alaso be useful in suggesting what to incarparate in nore cam-
plicated resgearch projects.

Project 2. Situations similar to those used in the previcus pro-
Ject will be depicted here except that variaticns in rate of change and
tine allowed for viewing the information will be introduced. In addi-
tion, the technique of time compression motion pictures will be tried
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out as a means of enhancing the grasp of a situation that is changing
minutely and at an extremely slov rate. Tagks and performance measures
similar to those caveloped for Project 1 w'i” be used.

Potential Research Payoff

1. Techniques for mitigating or eliminating negative impact of
information change on human information processing performance in on-
going situations.

2. Information on required updating capabilities for system
developers.

SERIES V. CODING OF UPDATED INFORMATION AND HARD COPY

Project 1 Project 2 Project 3

PRICRITY: A

ESTIMATED MAN-YEARS: 2 1 1
ESTIMATED INITIATION DATE: 1964 1965 1966
ESTIMATED COMPLETION DATE: 1965 1966 1966

Statement of the Problem

As situations change, new information becames available to a Coomand
System. Additions, changes, and deletions must be entered into the sys-
tem for information updating. It may be highly critical that the cammand
staff become aware of these changes, however small. Two ways of assist-
ing the staff in this conrection are (1) making available copy of past
situations to compare with the present situations, and (2) coding up-
dated information sc that the past situation and the present situation
are available on cne slide. Increases in awaremess of a changing situa-
tion should provide a better sense of history and trends and thereby
more useful information to enter into the decision process. This series
of studies will deal with ways of presenting information and changes in
order o0 make them more conspicuous and more easily assimilated.

Methods of Attack

Project 1. The purpose of this project 1s to ascertain the effects
of uncoded informetion and hard copy and several different kinds of in-
formation coding (size, brightness, etc.) on informaticn assimilation
ard decision making. Subjects will be presented with series of uncoded
and coded alpha-numeric and symbolic displays in which changes of
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different type and extent have occurred, corresponding tc changing
eventa in the real world. They will be asked spccific questions regard-
ing the cantent and changes in content of tae displays, trends in the
ongoing situation, and ccnclusions they have reached. Measures of speed,
accuracy, quality, and completeness of responses will be taken and

analyzed.

Project 2. If c¢>ding cf information is found to make a significant
contributicn to performance, “he relative merits of extended coding will
be explored. Cha es differing in type and extent, significant events,
history, will be differentially coded for presentaticn to the viewers of
displays. Performanc~ will be analyzed to arrive at the merits axd
limits of cuding to decermine whetaer extended coding mekes c.anging in-
formation more conspicucus more asisimilab.e, ana more readily used in
the decision process.

Project 3. A related set of studie concerns the format used for
informetion presentation. What is the best format for depicting differ-
=nt classes of information--vertical-horizontal matrices or circular
layouts? What types of format are most amenable to rapid updating? A
number of different types of format will be tried out for presentation
of infamation. In addition, simple annotation of infarmation in narra-
tive form will be tested against formatting which is usually more elabo-
rate and less flexible.

Potential Research Payoff

1. Findings concerning ways of presenting information for maximmm
use by operational perscnnel in dynamically cha \ging real-time situations.

2. Information for designers and develope.'s on system capabilities
(codes, hard copy, format) which may be desirad’ or necessary.

SERIES VI. SEQUENCE OF INFORMATION PFESENTATION

Project 1 Project 2
PRIRITY: C
ESTIMATED MAN-YEARS: 2 2
ESTIMATED INTITIATION DATE: 1970 1972
ESTIMATED CQMPLETICN DATE: 1971 1973




——————

Statement of the Probiem

Automted command information processing systems will contain infor-
antion of different levels of specificity or detail in the form of alphs-
mmeric charts and map and overlay scaleg. Individual users of these
systems, vhen left to their own devices, will vary in the order in which
they g0 through and consider charts and scales of different levels of
specificity in the salution of problems. Examples from research testify
to the inadequacy of work methods arrived at through "natural inclina-
tion". This series of atudies will attempt to shed same light on the
following kinds of questions: Should the sequence of information pre-
sentation be determined or should the user be able to interrupt the
sequence and establish his own? Quite apart fron sequence through dif-
fereat levels of information specificity, should users trigger the sys-
tem for important infarmetion or should the system alert the users when
important infarmetion is received? Is human interruption likaly to
cause Important information to be suppressed in a developing sequence of
infarmation depicting events in the real world? 1In short, howv active a
rale should the information user play in these systems and under what
circumstances?

Method of Attack

Project 1. In this project, studies will be conducted on the
sicpler tasks of information extiaction and assimilation. Situations
wvill be depicted with information of different levels of specificity.
Events of varying importance will he built into the situations. Experi-
mentel sequences of informaticn pregentation will be developed and tested
against sequences preferred by individuals and groups. Accuracy and
speed of information acquisition and assimilation will be compared for
the di7ferent sequences.

Project 2. It mmy be hypotbesiied that users should play a more
active role with relatively simple tasks under no serious time con-
straints and having no serious copsenuences and a more passive role with
nore camplex tasks under severe time constraints and having the poten-
tial for major impact. ProjJect 1 deals with the simpler tasks.

Studies under Project 2 deal with the more complex tasks. 3ituations
and variables similar to those in Project 1 will be used hee., The per-
formance of interest, however, will be speed and quality of Jjudgments
and decisions.

Potenticl Resecrch Payoff

1. Probolem sclving methods for users of informaticn in ccmmand
aystens.

2. Desirable camputer and informaticn presentation capabilities
for designers of systems.



SERIES V!I. INDIVIDUAL AND GROUF WORK METHODS AND DISPLAYS

Project 1 Project 2
PRICRITY: B
ESTIMATED MAN-YEARS: 2 2
ESTIMATED INITIATION DATE: 1968 1970
ESTIMATED COMPLETION DATE: 1969 1s7T1

Statement of the Problem

When a group of individuals, each with different majcr respansibili-
ties, are Jointly involved in the solution of complex problems and arriv-
ing at major decisions, can they work more effectively when considering
the same information simultanecusly froam ope large group display o
several individual displays? Or is it better for them to view whatever
each feela is most relevant on his own individual displey? Should each
arrive at independent decisions and tuen pool *rem or should the ulti-
mate decisinn be made jointly through give and .-27 One large display
may provide the opportunity for rapid and mutw lly enhanced cammmica-
tion and thought processes. However, s number ¢f smaller individual
displays adds flexibility in that all specialists can view independently
and simultsneously those irformAation facets most relevunt to their
special interest. They can then gatber to view the large display and
take advantage of repid ard persanal interection and cocamunicatica to
resolve the issues before them. There are many more cambinations end
perrutations that caa be proposed. Studies in this area will seex to
test the valiidity and utility of variocus procedures. The relative effec~
tiveness of group, individual, and cambined work methods and Aisplays
will be evaluated in a number of problem solving situations.

Method of Attack

Project 1. Studies under this project will deel with individusl and
group displays and work wethods for extraction and assimilation of highly
specific information such as may be found in alpha-numeric and symbalic
displays. These gtudies will serve to identily the most pramising work
methods and dispiays. Th=s results may also provide guidelines for re-
search on the more camplex task of decision meking. Accuracy and cam=-
plateness of information arnd time scores will bDe compared in terms of
the experimental variables.

Project 2. Similar displays and work methods will be used with
tasks requiring Judgments wd decisions based on more geperal relaticnal
information such as may be found in symiollic displsys depicting the de-

ployment ~f forces. It may be that in this situation, group dispiays
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and vort methods are irdicated, whereas in the situation requiring
specific information the group display could result in unpnecessary delay
for other users waiting their ¢vn for information specific to their
needs. In this project, measures of speed and quality of performance
vill be campared acroes work methods and displays.

Potential Research Payoff

1. Recamsandations concerning individual and group work methods
for different kinds of tasks to be performed by users of informaticno.

2. Guidance t0 systems designers rezarding the incorporation of
individual and group displays.

SERIES VIHl. VISUAL AND AUDITORY DISPLAYS

Project 1 Project 2
PRIRITY: C
ESTIMATED MAN-YEARS: 2 2
ESTIMATED INITIATION DATE: 1970 1972
ESTIMATED COMPLETION DATE: 1971 1973

Statement of the Problem

Only visual and auditory media are used for information traonsfer
in autamted cammand information processing systems. Because of certain
limitations of the auditory sense--fewer dimensions for coding, atten-
tion demands, sequential arrival of irformatiocn, rate of informatiom
transcission limited to speaking rate-- more and more emphasia appears
t0 have been placed on visual displays. It seems reasamable to questiom
vhether visual channels are overloaded, and whether auditory channels
are being sufficlently utilized. Some of the very limitatioms of the
auditory sense may possibly be exploited. If the information is simple,
if there are frequent and prolonged periods of quiescence, if scme
classes of information are better assimilated and utilized when presented
in a particular sequence, auditory channels might be preferable. The
following studies will address themselves tc same of these questions.

Method of Attack

Project 1. Examples of studies in this area are a camparisom of
the relative merits of the two media for varicus classes of information,
and the effect of different allocations of infarmation tranamisaion loed
to senscry xedia. Here again, the level of information specificity may



play aa important role. For example, the auditory sense may te perfectly
adequate for highly specific concrete information in the form of parti-
cular letters, words, or numbers and thereby mmke it possible to l2ssen
the load on the visual sense. Conversely, it may be desirable to reserve
visual channels for the perusal and consideration of more geperal rela-
tiopal information.

The studies, therefore, will be concerned with the pregentation of
the same kindg of information to the two senses and varying allocaticus
of different kinds of information to the two senses. Accuracy, camplete-
ness, and apeed of performance will. be anaslyzed as a function of the
experimental manipulations.

Project 2. A related but somevhat separate ares of endeavar is
the exploitation of the si—mltanecus use of different senses. Multiple
channels operating simultaneocusly may be found ¢0 be particularly effec-
tive in alerting users to important aspects of informatiaon, in reinforc-
ing the acquisiticn and retention of particular facts and relaticuos.
This approach may be necessary if the amovut of visual coding of infor-
mation that 1s possible reaches its limits rather quickl;. Tkcse com-
cepts will be tested in several situations ranging in degree of task cam-
plexity. Single and simultanecus-multiple channels will be campared in
their effects on performance.

Potential Research Payoff

1. Guidance to command system designers and developers concerning
commmication channel capability, allcocation, and integration.

2. Work methods and techniques for improving information comspicu-
ity, transmission, and retenticn.

SERIES IX. COMPUTER-AIDED PERFORMANCE

Projezt 1 Project 2
PRIOCRITY: A
ESTIMATED MAN-YEARS: 8 12
ESTIMATED INTTIATIOR DATE: 1964 1969
ESTIMATED COMPLETION DATE: 1968 1973

Statement of the Problem
This area places major exphasis co the use of the computer as an

uld to man in information assimilation and decision meking rather than
merely as & rapid and cconvenient infcrmaticn sicrage and retrieval device.
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It is envisaged that the camputer can perform at least two very signifi-
cant functions: (1) campute and furnish useful credibility and probabil.
ity data atout the operationeal informaticn, thereuvy assisting the commanc
staff to wade through vast amounta of information, enhancing the campre-
hension and grasp of a complex situation, and providing assistance in the
weighting and tradecff process that must occur wvhen many factors must be
considered; (2) integrate and synthesize a number of lower order deci-

sions int> one or more ultimate decisions with estimates of consequences.

Method of Attack

Project 1. A series of studies will be conducted in which military
situations and informetion will be depicted without and with accompanying
data on credibility or sources of information (enemy priscmer, photo-
graph) and/ar probability of various events (p = .7 that the enemy mis-
sile 18 being readied to fire) and without such suxiliary informaticn.
Further, the form and content of these accompuinying data will be varied.
Problems and questions of varied camplexity will he presented to the
subjects. Performance will pe analyzed to ascertain the degree to which
such data improve informa’ion assimilatiuon and decision raking.

Project 2. Studies under this project will deal with the develop-
ment and validation of models for arriving at decisions through the
simil taneous consideration of many factors and through the initial frac-
tionation of the problem .unto sub-problems and the synthesis of sub-
decisions into more ultimate decisions. Much of this work will be dcne
through the use of camputer simulation to sort out the most promising
approaches. Studies will follow in which a camputer will serve as an
aid to the perscns who have the responsibilities for making decisions
in man-computer systems. Decision speed and quality will be analyzed
as a function of the different models and techniques introduced.

Potential Research Payoff

1. Improved methods for extraction, assimilation, and reterction of
information by coperatiocmal personnel.

2. Improved spced and quality of decisions.
3. Information on cumputer and data presentation capebilities re-
quired for capmand information processing systems.

STUDIES IN INFORMATION FREPARATION

Iraamuch as the Tasgsk effort for the pext few years will be concen-
trated cn the functions of decision making and information assimilation
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fram dispiays, th: present report deals only briefly with the screening,
transforming, and input functions of the TOS. A more comprehensive and
articulated statement of pisnned resgearch on *he information preparatica
functions will be prepared prior to implementation of research on those
functions.

The experimental variables to be daalt with in research on the infor-
mation preparation functions will overlap with those investigated in the
studies ocutlined for infc "mtion assimilation and decision making. The
primary purpose will be to ascertain how humen performance in decisim
making and infcrmation assimilation: can best be served by preparation of
the information. The probable impact on load, speed, and accuracy o in-
formation preparaticn ¢f requirements arising out of research on deci-
sion making and information assimilation can best be geen in the context
of the studies dealing with specificity, alpha~-numeric and symbolic pre-
sentation of information, probability informatiom in decision mmking,
and type, extent, and rate of information updating. Findings in those
areas can be expected to have an impact on information preparation
functions with respect to number, type, and rate of separate inputs,
data transfcrmation, screening and sorting categories required.

By way of specific examples, the close interrelationships among the
five human functional areas can be seen by tracing the implications of
same findings throughout the five functions.

The input function is directly affected by the resolutiom of prob-
lems in the information assimilation ard decision making areas. Conclu-
sions concerning amount, density, specificity, content, and “orm cf in-
formation to be presented to the commander and his staff will affect the
load and demands an the input operators. For example, findings on the
general effectiveness of alpha~numeric and symbolic displeys may con-
flict with the efficiency with which informstion can be input though the
corresponding input devices. While symbolic reprecentation may be more
useful in the decision making process, input of nymbolic information may
prove to be very costly in terms of time and accuracy, especislly when
different map snd overlay scales have to be used. Other related ques-
tions must be answered concerning the types of device (keyboerds, light
pens, styluses) and input verification methods thet are best for input
and update functions.

When the implications of these factors are iraced back to the trans-
forming operation that precedes information input, additional considera-
tions must be faced. Findings can be expected ic influence the total
amount of transfcrming that will have to be done, the proportion of dif-
ferent transformetions (plain language to plein language, plain language
to symbols), and the method of transforming (simple annotations such as
underlining and circling versus highly formelized formats and ‘emplates).

Ir the {infcrmaticn screening function, factors such as load, nuxber,

and types of surtirg classes, routizg, and the coxfijuraticn of individ-
uals for the effective handling of lurse masses of varied raw data eme:
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fram, and must be amelgamated with, all the questions discussed above.
Aoaigamation, synthesis, integration, and other totul system concepts
are the subject followirg this sectiom.

STUDIES IN SYSTEM INTEGRATION

The previous sections of the present recort dealt with questions
and problems that interact within and across 2ach of the critical real-
time information processing functions or subsystems. Total system con-
cepts were treated briefly by allusion or implication. Problems con-
cerning the total system will be treated more explicitly.

Questions in the area of system integration fall into two major
catagories: integration of functions and subsystems within the TOS,
and integration of tbe TCS within a larger framework or complex of major
systems such as the ADSAF. In the first category, emphasis is placed m
internal consistency and campatability. In the second, interfaces with
other major systems and ccntributions to the goels of a higher order of
system integration aust receive major attention. Again, because of the
nsture of the interdepemdencies involved, questions in both categories
of conceyn must be treated or regarded aimultanecusly to whatever extent
rossible.

Within TOS

Performance measures. Performance measures are needed at three
levels: &t the total system level, at the subsystem level, and at the
level within a system or subsystem where individuals operate in critical
positions. By measuring performance at these three levels simultaneously,
the relationships among them ~an be ascertained. It may then be possible
to predict the effects of chisnges ir performance at one level on perform-
ance at other levels. Informaticn on these relationships is necessary to
avoid the pitfalls of suboptimization--a situation wherein performance is
improved at the subsystem or individual level at the expense of tctal sys-
tem performence.

To the maximm extenit possibie, the perfy.mance measures will be
objective and quantified. They may be obtalned from records that are
routinely maintained or frum forms devised sgpecifically for these studies.
In same cases, judgments by knowledgeable operational persomnel will te
used. The measures cantemplated will vary in specificity and inclusive-
ness.

Relevant and objective performance measures are a basic requirement
for all further research. The measures developed are expected to reflect
the effects of variations in conditicns or variables. Zxamination of
such effects will wake it possible to identify those factors which make



a8 significant captribution 4“0 the overall succeas or failure of the
dystem. Additiornally, such measures will be of use to cammenders in as-
sessing the capebilities of their system, subsystems, and individuals.

Manual backup system. Highly complex autamated systems such as are
contempla‘ea are susceptible to treakdown. For obvious reasons, questions
of systemx coamponent redundancy and manual backup systems merit a great
deal of attention. Under the assuiption that prafuse hardware redun-
dancy may ellminate most of the down-time problems but that cost caon-
straints will preclude such an approsch, research in tais area will focus
on manual tackup of autcmated systems. Since it will prcbably he impos-
sible to dupiicate in manual operations all the information and proces-
sing handled by a camputerized systerm, a major objestive will be to de-
termine the elements that are essential and should be included in a
manual backup system. Additional problems inciude the number and xinds
of persons that are needed, their corganizetion, methods and nrocedures
to be used by them, and alternate channels and rules of communication.
Studies will be conducted in which these arnd other factors will be
manipulated in the cantext of system breskdown and switchover to manual
backup syster during problem solving and decision making tasks.

Allocation of functions to man and equipment. Based on numerous
studies ocutlined earlier, considersble information will be available on
the capabllities, limitatioms, and reliability of mes and equipment.
This area, therefore, will concern itself with the best blend of func-
tional allocation among men and equipment. Research will attempt to
show the relative effectiveress of various functional allocations for
rerformance of the cammand systems missjon. Implications of the findings
will be in terms of capabilities that need to be incorporated into the
system. For example, what should be autamated and what manual? How
caoplex and exotic should the hardware be? What special hardware aidsz
are necessary? Is specialized training indicated?

Systen configuration. This area is related tc the cme just dis-
cussed in that it deals with the physical configuration of all the
alements thet make up the system. Physical considerations include the
actual spatial layout and placement of men and egquipment for hest per-
¢x.aance of the misgicn., Other nrcoblems such as rapid system setoip
and close-down, nobility, and dispersion must te resclved for a quick-
response field army system. It i3 planned tha* most of the research .n
this area will iavolve study of these problems through mockup and mani-
pulatica of models of equipment and people.

System procedures. Another related aree cuncerms total system work
methods, rules, procecures, communicaticr channels, inrormatiaon flow,
and cocrdiration amcng staff elements. Focus is on the integration cf
8 muititude off tasss, functicms, and purposes into a smootlly rmunning
oneratian wherein several purposes must be served sirmidtareously so that
il the rescurces pccaible may be brougnt to besr toward the uitimate
colmctive. This area, as the previous area, has pcoteatial for many
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combinationsg and permutations in arriving at an optimal solution. Conse-
quently, it will be necessary to reduce the many possibilities through
systems analysis to a feasible number that can be tested axd evaluated.

Simulation. In many instances, it will be possible to test various
total system problems, concepts, and approaches through analytical treat-
ment of logical models and camputer simulation. Pram sawe of the earlier
studies, it will be possible to furnish same empirically based parametric
values for use in the models. This whole procedure will then serve as a
screening process for reducing the number of additionsl research studies
to be conducted and will permit focusing and emphasis on the problems
that merit the greatest effort. In order to minimize requirements for,
and interference with, operational systems, laboratory-type similation
equipment and methods will also be used. On occasion, older systems or
camponents may serve as simulators and vehicles for the study of more
advanced systems. Ultimately, however, it will be necessary to do a
substantial portion of research using operstional systems and persomnel
in the field or at training centers. This is particularly important
when it 18 not possible to simulate the systems with sufficient fidelity
and when final testing and validation must be accomplished.

TOS-ADSAF interfoce

As mentioned earlier, the TOS itself is part of a larger system
camplex within which there exist mutual interdependencies. Many of the
questions raised at other levels throughout the program of research are
also applicable at this level of conceptualization and discourse.

Rather than trace each question through to this level, questions relative-
1y specific to this level will be dealt with very briefly and in general
terms.

For example, informaticnal requirements and interdependencies have
to be ascertalned and ways devised to satisfy them. In the attempt,
other questions will emerge. Should the various systems of the ALSAF
feeu and update informatlion tc each other autametically and periodically
or should they do this upon request? Such a question has implications
for the problems of centralization-decentralization cf critical data
bages. How much duplication and cverlap should there be amcng the vari-
ous systems? The question must be viewed in terms of the need for capa-
bility for independent operation and backup. These are but & few of the
many problems that will arise in interfacing the seversl systems so that
requirements of compateability, speed, accuracy, and smooth, uninterrupted
functioning are met.

In carrying out this program of research, total system integraticn
cansiderations and problems will provide a context within which the more
specific studies will be accomplished. The final and most meaningful
grappling with integraticn and synthesis must awalt the accumlatica of
hard facts concerning the elements, camponents, and subsystems that are
to be integrated.
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