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FOREWORD

This selected annotated bibliography was developed by the Virginia Polytechnic
Institute and State University under contract N00123-77-C-1081 in support of project
Z1170-PN (Human Processing of Large Automated Data Base), subproject Z1170.PN.03
(improving the accuracy and usability of automated personnel information systems). The
work was sponsored by the Deputy Chief of Naval Operations (Manpower, Personnel, and
Training, OP-01). The subproject was directed toward resolving fundamental human
engineering design issues in systems that contain man/computer interfaces. Preliminary
research for this subproject was performed under subproject ZF55-521-001-022, work unit
03.03 (forecasting new task requirements).

This report provides a selected annotated bibliography of technical literature
relevant to human/computer transaction tasks. Operator-analyst and software program-
mer roles are represented by the majority of references. The literature review was
completed in June 1978 and results were used at the Navy Personnel Research and
Development Center in research to resolve fundamental human engineering design issues
for computer systems. The mathematical techniques used in this subproject to project
operator performance can be used for other forecasting problems.

The bibliography is being published at this time to make it available to the research
community and to others developing systems requiring man/computer interfaces.

The contracting officer's technical representative was Dr. F. A. Muckler.

JAMES F. KELLY, JR. JAMES J. REGAN
Commanding Officer Technical Director
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Problem

The area of human/computer interaction constitutes a significant portion of present
research in human factors engineering. While many questions still require investigation, a
large amount of work has appeared in the literature to date.

Purpose

The purpose of this effort was to provide a bibliography for use by those developing
systems containing man/computer interfaces.

Approach

An extensive computerized library literature search of the National Technical
Information Service and Psychological Abstracts files was conducted. Only references
that are readily available, either in reprint form or from the author, were included in the
bibliography.

Results

The resulting annotated bibliography is provided in the appendix. It includes selected
references from numerous technical reports, journal articles, and texts relating to
human/computer transactions. Operator-analyst and software programmer roles are
represented by the majority of the references included. Computer-assisted instruction,
computer-managed instruction, and the role of the computer in training are not covered in
this bibliography. The references included are concerned primarily with display format-
ting, error modeling, performance assessment, query languages, keyboard and data entry,
data organization, and speech input/output.

Abstracts written by the author of each reference were used where possible. In
instances where no formal abstract was available, a brief summary written by the
compiler of this bibliography is provided.
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Abrams, #. D,, Lindamood, G.E., and Pyke, T. N., Jr, Measuring
and wmodeling man-computer interaction. Proceedings Appual

‘ SIGBE Symposium on Heasuremert and Evaluatiop (1st), Palo
Alto, California, Pebruary 26-28, 1973, 136-142,

The Dialogue HMonitor has been developed as a tool for the
measurement of computer service, The objectives of such

measurements are defined. A set of models and measures are
developed, Operation of the Dialogue Monitor and analysis of
the data obtained are briefly discassed.

AT ey

Alden, D. G., Daniels, P, ®,, and Kanarick, A. P. Keyboard design
and operation: A review of the major issues. Humap Pactors,
1972' _]_._‘!' 275-293.

A search of the psychological, technical, and promotional
literatare was conducted to compile information relevant to
: key, keyhoard, and operator charvacteristics. The most recent
i and significant articles were discussed and eavaluated. Whera
possible, general conclusions have been drawn to aid +*he
keyboard designer.

et - g —

Alford, E., C. and Buck, J. R. A unit task simulator for off-line
evaluation of man/computer interfaces. Proceedings of the

! International Ergopopics Association, 6th Annual MHeating,
Santa Monica California: Human Pactors Society, 1976.

A method is shown for simula*ing individual operator
san/cosputer tasks and collecting performance statistics.
This method employs a minicomputer with structured software
that receives user-vwritter programs for the specific
frocesses and for display formatting. Users can easily +¢ry
out and evaluate alternaive interface designs, different
cosbinations of task assignments, or various formatting
dialogues, Job and task performance characteristics are

. directly obtained. An illustration is given. These
performance characteristics may be used comparatively or as
inputs toc a total systes sisulation for the desian of large
san/machine systems.
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fH Alluisi, F. A, Mathodology 3in the use of synthetic tasks to
)} assess complex performance. Humap Factors, 1967, 9, 375-384,

The application of synthetic tasks ¢to th2 assessment of
complex performance is discussed in relation to the trade-
offs irvolved in achieving adequate levels of face validity
and in specifying the exact chanages in psychological
functions that wmay result from particular environmental
sanipulations. It {is argued that the multiple-task
,3 performance battery approach can provide 1levels of face
validity adequate to wmaintair the potivation of subjects
vhile at the same time permitting the identification of
changes ir specific performance functions. The
characteristics of this approach are discussed in relatior to
a proaram of <rTesearch on the effects of confinement angd
demanding workrest schedules on crew performance.

e 4T

Ambrozy, D, On man-computer dialogue, Internpational Journal of
Man-Machine Studies, 1971, 3 (4), 375-383.

3 Every man-computer interaction involves some kind of
o dialogue; however it is not vet fully clear what kind of
= activity can be called a dialogue and hov to calculate its
p simpler parameters, This paper surveys some aspects of +he
‘ seeminqgly simple problem and presents a formulation of the
E dialogue and of the basic human factor influencing its

¢ course: the specific fatique associated with the information
rrocessing work of the human nervous system,




Atwood, R. and Ramsey, H. B. Cognitive structuves in the
coaprehension and memory of computer programs: Ar
investigation of computer program comprehension Adebugging.
Bnglewood, Colorado: Science Applications, 1Incorporated,
feport No. SAX-77-194-DEN, October, 1974,

A theoretical framework, based upon recent studias in
cognitive psychology on memory for text, wvas developad ¢to
explain certain aspects of human behavior during computer
frogram comprehension and debugging. A central concept of
this framework is that the information containead in a progranm
is represented in a programmer's memory as a connected,
partially ordered 1list (hierarchy) of ®propositions™ (units
of information with properties similar to those observed in
research on text memory). An experiment was performed to
test the hypothesis that the difficulty in finding a program
bugq is a function of the bug's location in ¢this hierarchy.
This experiment, which was based on a paradigm previously
used by others, compared ¢the effects of bug 1location, bug
type (array, iteration, assignment) and specific proqgram.
Subjects were 48 undergraduate students wi*h a ainimum
experience level of three computer science courses. Fach
subject debugged two separate programs, with one type of bng
at two different hierarchical levels in each progranm. A
preliminary analysis suggested that all three factors --
program, bug <type, and bug 1location =-- significartly
E affectad the time required to 1locate program bugs. Detailed
i analyses, hovever, suggested the program and bug type
‘ variables could be eoxplained in terms of the bug location
variable and that a buq's locatior in a proram's underlyinog
rropositional hierarchy 4is a principal factor affecting
performance in a coaprehension and debugging task. The
difficulty in detecting a bug is a function of the bug's
location in the propositional hierarchy that a programmer
constructs to represent a program. Programs should be
written so as to avoid unnecessarily deep hierarchies and
podularized so as to minimize the rumber of propositions in a
giver section in order to facilitate computer program
comprehension and dabuqgqging. The principal contribution of
this research is the demonstration of an initial theoretical
framevork which, with further development, may assist
considerably in the integration of vesearch findings and the
quidance of future research or the psychological aspects of
csoftvare developrent,
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Baker, J. N, Proqramsed instruction as a sethcdological tool ir
psychological research. Jourpal of Prograseed Instruction,

1963, 2 (1), 20-23. 1

The use of prograsmed instructior as a m2thodological *n0! in
psychological research is presented as a means for increasing
experimental cortrel. One advantage in using prograseeod
instruction in +he oriertation and trainirg phase of
psychtological studies 1is that i+ insurss controll=4
presentation of complex instructions for novel experimental
tasks which use urique materials. A second advantage is that
it reduces to a minisur the vpersonal inrteraction betwean ’ ﬂ

experimenter and subject, vhich could introduc2 bias into the
experimsnt, I+ is suggested that an inventory of proqrams
for ccamon experimental tasks would provide a basis for
tetter intrastudy generalization ir experimental psychology.

Baker, J. D. OQuantitative modelinrg of humar performance in
information systems. Ergomomics, 1970, 13, 645-664,

This paper sumparizes an approach towvard developing a general
informatin system mcdel which focuses on man and considars
the computer orly as a tool. The ul+*imate objective is to
rroduce a simulater vwhich will vield measures of systenm i
perforpance under different mixes of equipment, personnel and
procedures. In straocturing the framework for this model the
assuwption was made that men have five basic and critical
cperations to perform in an information system: screen,
transform, input, ascsimilate and decide, These operations,
cr functional areas, are interrelated along three dimensions:
(1) a data flow and processing dimension: (2) a task
analysis dimension for each event in the data flow sequence;
and (3) a source of variationr dimension, such as 1level of
training. The model approack described has several major
goi .5 of payvoff. Among the immediate berefit is the
potential for using ¢the model *o quantify human performance
by emploving system measures and the value of the model as a
tested, usable tool for developing test and evaluation plans
vhich will oprovide human factors data as part of ¢the
informtion system desiqn verificatior checkout.

Baker, J, D. How will improvements in man-machine interface
affect learning? In R, J., Seidel and M. L. Rubin (¥®ds,)

Computers and commupication: I cations for education.
Fev York: Acadesic Press, 1%77, gg%%ﬁﬁ .

This paper deofines information systems and makes suqgastions
concerning computers-in-education probleas, display probleas,
and1 man-computevr interaction and information transfer,
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¢ Jo D., Mace, D, J., and HcKendry, J. M. The transfora
operation in TOS: Assessaent of the human cosponent,
Arlington, Virginia: U0.S. Army Behavioral Science Research
Laboratory, Technical Research Note 212, August, 1969.

Porty-seven simple messages vere given to 14 individuals
fapiliar with TOS or G3 operations, or both, Their task was
to select an appropriate format for each amessage. Half the
men used a simple job aid devised by the experimenters; the
cther half used a "menu" type listing of available formats.
The time taken to complete the entivre task wvas recorded.
Individuals also rated the deqree of confidenc? they had that
the proper format had been selected. Average error rate in
format selection was 22%. Mean ¢ime to read the message and
select a forma*t vas approximately S0 seconds., Performsance
with the job aid was neither better nor worse than with the
menu type listing. Messages of different types and subjec+
matter differed in error rate of format selection. The study
provided baseline data with which future performance can be
compared, The findings suggested some approaches to training
and alternative methods for the transform process.

ck, J. F. and Sinraiko, H. W. Human factors probleas in
computer-generated graphic displavys. Arlington, Virgirnia:
Institute for Defense Analyses, Report No. S-234, April,
1966,

This paper reports a rteview of the state of the art with
respect to human factors as applied to interactive graphical
computer systems, Information in the report was derived from
toth a review of the literature and visits ¢o 14 facilities
employing such systeams. The review is broad in scope,
including discussions of: CRT display parameters, display
coding, display flicker, three-dimensional displays, anad
symbols, input devices, including keyboards, character and
speech recoqgnition, light pens, and svitches: general system

froperties; and a <theoretical discussion of ¢the use of
computers to enhance creative effort.
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Barrett, G, V., Thornton, C. 1., and Cabe, P, A, Human factors
evaluation of a computaer-based information storaqe anrd
retrieval systep, Human Pactors, 1968, 10, 431-436.

. The human factors aspacts of a computer-based informatior
. storaqe and retrieval system were evaiuated in thrae .
' qovernment in+telligence services using questionnaire and ;
interview techniques, It vas found that many factors eontered
. into satisfaction with the information system, including
it familiarity, ease of use, and importance. Other relevant
factors included ¢training in the use of the scsystem, amount
and type of information to meet need in the system, ani
tolerarces c¢f irdividuals for irrelevant material in the
ountput of searches. The interactior of these factors is
discussed in relation %o satisfaction with the system.

L Bergman, C. A. An airplane performance control system: A fligh¢ 4
’ experiment. Human Factors, 1976, 18, 173-182, '

' Pilots performance and preference measures were obtained for
. 12 pilots 1in actual flight operations wusing a *win-engine
general aircraf+¢ with both conventional controls and a
Performance Control System (PCS), The PCS provides <zero-
order control of aircraft bank angle and vertical speed over
the ranges of +60° and $457.2 =m/min, respectively, An
information processing side-task wvas also wused. With the
PCS, flight error scores vere reliably lover ¢than with
conventional aircraft controls. Pilot preferences, usrq a
si x-point scale, ranging from "slight" to “modera‘te®" to
"strong® preference for each of the two control systems,
showved a "moderate preference for the PCS"® as the median
response.
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Berson, B, 1., Crooks, W, H., Shaket, B., and Weltman, G,

Man-machine coamunication in computer-aided remnte
sanipulation. Woodlard Hills, cCalifornia: Perceptronics,
Technical Report PATR-1034-77-3/1, Harch, 1977,

Automated Remote Manipulation is both an area of qreat
practical utility for Navy Undersea Operations, and a prime
example of nev ¢ype of man-machine interaction in which the
human operator must supervise and contrel a cosplex and
adaptive man-computer systen, This report presents ¢he
results of an experimental study focusing on man-machine
compunicationr with computer-aided manipulators. This report
describes (1) undervater manipulator functions and operator
performance requirements in remote manipulation, (2) the
development of theoretical man-machine communication model
tased on procedural sets, and (3 an experimental
investigation on +the effect of several elesentary computer
aiding techniques on the ability of ¢training operators to
perform selected remote panipulation tasks, The results of
the experimental investigation indicated that computer aiding
can significantly decrease task performance times for a
number of remote manipulation tasks. computer aiding in the
form of resolved motion and automated control significantly
reduced the times required to perform valve turning and ring
sanipulation tasks. The rtesults also indicated that |if
higher-level aiding schemes are to be effective in terms of
improving man-machine performance, the design of the
communications 1language and interface must be careafully
designed to paintain the communication goals of naturalness,
eimplicity and understandability,
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Blanchard, R. FE. Human performance and personnel resources data
store design guidelines. Human Pactors, 1975, 17, 25-34,

A survey wvas conduct2d wvwithin <%he Navy's research and
development community to obtain information on user-perceived
needs for human performance and personnel resource data to
support system development efforts, FPindirgs vwere to be used
to develop guidelines for planning and developing a human
resources data store systen, Tventy-tvo activities were
contacted: eighteen Navy activities and four industrial
firms. Thirty-seven separate interview sessions were held
invelving 48 respondents. Principal data store uidelires
identified concerned data wvalidity and generalizability,
retrievability, a priority need for design trade-off decision
data, and a data format responsive +o users with aither
Pehavicral or engineering backgrounds. Sixteen tvnes of Adata
vere identified as required by system planners/managers,
human factors specialists, ard desian engineers, Twenty
quidelines were developed on data presentation formats and
supporting information. The sets of guidelinas may be used
to develop a conceptual framework for a general data hank
system which would identify and relate users, types of data,
fotential data sources, and progqram priorities.

Boies, S. J. and Gould, J. D. Syntactic errors in computer
grogramming. Humap Pactors, 1974, 16, 253-257.

A study of users of a large-scale computer system (TSS/360)
revealed that only 12 to 17% o¢f +he FORTRAN, PL1, and
Assembler Language computer prcqrass submittad +0o the
language processors contained syntactic arrors. Thus,
syntactic errors do not aopear to be a significant bo%tleneck
in prograaming. This experiment is part of a larger effort
to idertify and reduce the bhehavioral bottlenecks in computer
programaing.
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Bowser, S. E. Determination of criteria of operatioral unit
effectiveness in the U.S. Navy. San Diego, California: Navy
Personnel Research and Development Center, Report No. NPRDC
TR 76TQ-41, August, 1976,

The criteria for evaluating organizational effectiveness are
considared within a system framework, A general review of
the 1literature is presented. Operational unit management
personnel were interviewed and tkis interview material wvas
content analyzed. The resulting content categories vwvere
cross compared by unit type, position in the organization,
rank of respondent and gquestion answered, The results show
rilitary managers to be performance oriented and supportive
of objective type criteria for evaluations.

Brown, G, P, A framework for processing dialogue. Cambridge,
massachusetts: Masachusetts Institute of Technology,
Cambridge Lab for Coaputer Science, Report Yo.
AIT/1LCS/TR-182, June, 1977,

This report describes a framework for handling mixed-
infitiative English dialoque in a console session environment,
with esphasis orn recognition, Within this frameawork, both
linguistic and nonlinguistic activities are =mcdelled by
structures called 'methods', which are a declarative form of
grocedural knowledge. The design focuses on units of
linguistic activity larger ¢than the speech act, so that the
pragmatic and semantic context of an utterance can be used to
guide 3its interpretation. Also important is the treatment of
indirect speech acts, €.g9., the different ways ¢to ask a
question, give a command, etc. Given the static model of
dialogue embodied in the methods, the problem is to find the
correct method step that relates to a particular input. This
froblem is handled ¢through a combination of careful
structural distinctions and the use of multiple recognition
strategies, The dialogue methods are used to generate
expecta*ions dynamically, special structures are used ¢to
facilitate wmatching, and a basic distinction between four
mafor utteranrce classes is used to Aetermine which of several
overall wmatching strategies should be used for a given
expectationn.
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Brown, R. M. An experimental study of an on-lirs man-computer

system. IEEF Transactions on Elec*ropjc Computerg, February,
1965, EC-14, 82-8S,

; One of the more promising areas of computer use involves the
k- coupling of a man +to a computer system for real-time prohlenm
p solving where <the procedure for solution of the problem is
i either unknown or involves complex tasks, such as pattarn
recognitior, that can best be perforaed by huamans (V).
Unfortunately, a straightforward approach to suchk use commits
significant amounts of computer time most of which is spent
idling. The imhalance in operating costs, assigrable to *he
humar and the computer, arques against computer use unless
the tntal gain over strictly manual operations is
sufficisntly great, Thke technique of computer *tima-sharirg,
currently urder developmer* in several institu*ions (2),
attempts to divide the computer costs among a numbar nf users
| by interleaving the execution of their programs sn as to
share the operations time while also minimizing mutnal
conflicts. The success of this techrique rests on a number
cf assumptions concerning the characteristics of the programs
if run alone, This paper defines some properties of on-line
programs useful in predicting their performance under time-
sharing. It then describes a specific man-machine proaram
: and aives experimental measurements on this program, While
R at this stage of understanding, no man-machine program can he
described as ntypical,® ¢this progras, containing both
. operator-controlled data measuremert and typewriter dialoque
| tetveen a compu*ter program and an operator, 4is sufficiently
, illustrative of interactions thrat can ozcur so that *he data
L cn such a program are felt +o be of help to system planners.
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Caplan, S. H. Guidelinres for reducing human errors in the use of

coded information. Proceedings of the Human Pactors Society,
19th Annual Meeting, Dallas, Texas, 1975.

This paper presents code desiqgqr and display guidelines !
. intended +to make it difficult ¢to generate a coda~related
error and easy to detect errors that still occur. Principles
governing immediate memory and rules for making erroneous
codes easily recognizable combire to form guidelines for code
desian. Design factors include various dimensions of code
configuration length, the kind of characters, their locatior
and grouping. These guidelines minimize the coamon evrors of
substitution, +*ransposition, c#mission, and addition of
characters, Besides the code itself, errors are also
affected by the way the code is displayed. To furth=r
‘ enhance reliability, additional quidelines are included for
E | the size, style, and contrast of characters. A reliable code
] system requires a structure which is compatible with humar
recognition and short-tern memory capabilities, These
abilities have been extensively explored in the experimental
psychology 1litevature. The particular studies used as a
basis for the code guidelires in this paper are those where 1
recall follows perception by only a fewv seconds and no ?
intervening information 1is processed in the interim, These :
experimental conditions correspond to usual transactions in
which <transcription or keypunching closely follows visual
perception of the code.
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Carbonell, J. R, On pan-computer interaction: A nmodel and some
related issues. JIPEF TIransactions or Systems Sciemnce apd
Cybernetics 1968, SsC=5 (1), 16-26,

A sarvey of the 1literature relatad ¢to man-computer
3 interaction reveals the pmany aspects cof this prohlea, which
kS apprars to be ir the crossroads among sach diverse fields as
computer languages, corputer systesms operational
characteristics, control theory, decision theory, informatior
theory, applied psychology, computer display and interface
enqgineering, etc. In this paper we have choser to present
the on-line interaction froe an information and decisionr
poirt of view, AMfter a brief discussion of classes of on-
line sitvations and tasks, we propose an information-
processing model of the case ir which & human operator is
engaqged on-1line in the solution of a problem like debugging a
program, testing a wmodel ir a <sciertific application, or
performing a library search, In this model the bhumar
‘ operater is considered ¢to seek to maximize overall cost.
L | This cos+ is obtained by adding the operational cost of hoth
B man and cosputer to a remnart terminal cost originated hy the
- remaining uncertainty, This analysis, performed for cach of
A a set of possible alterratives for action, may 1lead the man
to select and execute one of them, to terminate the obrocess,
or to reevaluate the possible alterratives and/or hypothessas
in a search for nev ones, Some practical applications in
terns of response time and other charactaeristics of a
computer utility are discussed, as vwell as some theoretical
implications from an informational point of view,
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Carbernell, J. R., Plkind, J. I., and Nickerson, R. S. Onr tte
psychological importance of time in a time sharing syst=a.
Hymar Pactors, 1968, 10, 135-142,

One of the wmost important problems in the design and/cr g
operation of a computer utility is ¢to obtain dynamical
characteristics that are acceptable and convenient to the on-
line wuser. This paper is concerned with the problems of
access to the computer utility, resporse time and its effect
upon conversational use of the computer, and the effects of
load on the systen, Prisary attention is placed aupor
response ¢time; rather ¢than a single mwmeasure, a set of
F response times should be wmeasured in a given coamputer
' otility, in correspondence to *he different types of
operations requested, It is assumed that the psychological
value of short responsa time stems from a subjective cost
A seasure of the user's own time, laraely influenced by the
u valve of concurrent tasks being postponed, A measure of cost
E | (to the individual and/or his organization) of the time-on-
;o line required to perform a task might thus be derivad., More
- subtle is the problem of the user's acceptability of giver
f i response times., This acceptability is a function of the
E service requested (e.g9., length of computation), and
] variability with respect to expectations due bo+th to
uncertainty in *he user's estimation ard to varjations in the
response time origirated by variable loads on the systea. An
effort should be made by corputer-utility designers to
include dynawic characteristics (such as prediction of loads
and their effects) among their design specifications.

TR e
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Chapanis, A, I. 1Interactive human communication. Scientific

Chu,

Agericar, March, 1975, 36-42.

A series of experiments is described in which tvo members of
a problem-solving team are each given partial problem
information. Ore of them, the ‘*seeker", is assiqgned a
particular task *¢o perform, for wvhich be requires information
possessed by the other, the "sourcew, The roles of these
subhjects are interd2d to correspond 1loosely to those of
computer svstem user and computer system, respectively. The
subjects are allowed to communicate through various media
(voice, video, handwriting, typewritting, and various
combinations), and the effects, hoth on problem-solvinag
effectiveness and on the nature of +the conversation, are
cbserved, Conversations, while effective, were found ¢to he
extremely ungramma*ical by formal english gramsar standards.
The presence or ahsence of voice communication as one of the
alloved media was the most important experimental variable,
Experimental corditions 4§involving voice communication had
pore and shorter messages, @ore total words excharnged,
greater message redundancy, greater communication ra+tes and
faster problem solution than other conditions.

Y. and Rouse, W. B, Opcimal adaptive allocation of descision

paking responsihility hetween human ard computer in wmul+i-
task situatioms. Paper presented at the 1International
Conference on Cybernetics and Society, Washington, D». C.,
September 19-21, 1977,

It is suggested that the computer serve as a backup d=cisior
saker in multi-+ask situations, accepting resporsihility when
vorkload becomes excessive and relinquishing responsibility
vhen wvorkloaij becomes acceptable, R queueing theory
formulation of mul+i-task decision making is used to develop
a proc~dure for determining when the computer should be
assigned decision making responsibility The procedure is
illustrated by application to a computer-aided flight
sanagegent situation,
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Clapp, L. C. HNan-computer interaction and context programsing.
Newton, Massachusetts: Computer Research Corporation, Report
No. R102-6' July' 1970.

The report is concerned with the comrmunication betwean man
and the computer systems he uses for problem solving and
management planning. To bridge the gavp between prohlem
solving needs and the ability of problem solvers ¢to write
their own prograss, the trend has heen to create pre-packaged
proarams vhich can solve a class of problems once ¢the
pertinent data has been supplied, One ispediment toward the
development of better prorlem solving tools vwhich will
operate in conjunction with on-time computer systeas is a
pe+hodology for structuring the dialogue hetweern the prohlenm
golver and his »machine, A series of generalized dialogue
handlirg routines wvas programmed for a time-sharing systenm
operating on a Scientific Data Systems computer (SDS-940).
The general se+ of routines is called the Command Package.
The Command Package is then used in several Adifferent
applications areas drawr from wsathematics, engineering and
general modeling and simulation.

coffey, J. L. A comparison of vertical and horizontal
arrangements of alpha-numeric material-experiment 1. Hugpan
Factors, 1961, 3, 93-98.

The ohjective of this study vas to determine the relative
effectiveness of visual displays containing alpha-rumeric
material displayed in vertical and horizontal arrangements.
variablaes included in the experimental design were: types of
arrangement of display wmaterial, density of material,
composition of material, and operator tasks, The wmaior
finding in the study was the non-significance of the
arrangement variable, It was fourd that, for all practical
purposes, the differential effects of vertical and horizontal
arrangement of alpha-numeric paterials on operator
performance are negligible.
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Collins, A, A. and Quillian, M. R, How to make a languag= user,
In F. Tulving and W. Donaldson (Pds.) organjizatior of
demcry, Nev York: Academic Press, 1972, 310-349.

This paper discusses hov some of ¢+he major pieces of a

language user fit together. Tke framewvork provided descrihes

the human lanquage user as viewed fros the perspective of a

computer., Two major sectiorns are included in the paper, cre

about the structure of sewmantic menory and one about

processing on that structure., For the structure, the nature

of concepts and their relation to words and images, the kind

of semantic information people learn and do not 1laarn, 2and a
the kinds of inference-bearing relations that form the basis g
for the organization of semantic memory are discussedi, With {
) regard to processing, the semantic search during
comprehonsion and retrieval, the tacit processing which this

search implies, the pervasiveness of identifying siwmilar

concepts with each other in language processing, the decisionr

rules that are applied to the results of a semantic search ir

order to decide vhether twvo sisilar concepts can bhe
fidentified, the role imagery plays in language processirg,

and the way people induce what properties to store with what

] concepts are discussed.
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Cornog, D, Y. Human factors engin2ering ir the postal service.
. Rockville, Marylard: 0.5S. Postal Service, Research and
Development Department, Report No. SHPD02-2, December, 1974,

-~

‘The work done in solving human factors problems in postal
operations and in the development of postal systems and
equi pment is presanted in a chronologically arranged,
annotated bibliography of Postal Service Human Pactors
Program reports, documents and related publications,

ctornogqg, J. R. and Craig, J. C. EKeyboards and coding systeas urd>r
consideration for use in the sortina of U,S., mail, Paper
presented at th2 Sixth Annual Symposium of the Professioral
Group on Human Factors in Elec*tronics, the Institute of

Electrical and FElectronic Rngineers, Boston, Massachuset*s,
May 6, 1965,

N P "
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In addi+tion to a general discussion of Post 0Office humar
factors problems, specific comments covar <+he memorizaed
numerical cod2s, the extraction codeas (S-4, S-1 modifio=d, and
PAT), the unramorized numerical codes (ZIP) and <+he soveral
keyhoards (Burroughs, Levy, PFHC, and the Sack Sor+=>r
kevyhoarAis) .
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Crawford, A. N. Interactive computer graphics for sirulation

displays. Procoedings of the Humap Factors Society, 2lst
Annual Meeting, Sar Praancisco, California, 1977.

Interactive computer graphics were discussed within +the
context of recent research ¢rends which represents a
consolidation of simulation and learning technologies,
Research that has utilized gqraphics for training was
described and discussed in an atteapt to assass the
usefulness of +he technology across a wide variety of
applications.

Crooks, W. H., Artof, N., Weltman, G., and Freedy, A. HNan/machine
interaction in adaptive computer aided control: Analysis of
automated control allocation. Woodland Hills, california,
Perceptronics, Report No. PATR-1008-74-12/30, December, 1974,

control allocationr between the human operator and an
intelligent con*rol element is hecoming an important part of
advanced Navy systems, which place increasing emphasis on
decision making as compared with manual control, The present
research focuses on human factors criteria for the
man/machine interactions in such shared decision and control
systems. The research effort includes evaluations of task

allocation methods, information feedback, decision risks, and
operator indoctrination. This report presents the results of
a series of experimental investigations of adaptive computer-
aided control and task allocation.
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Davis, R. M. MNan-machine communication. Annual Review of Infor-
mation science and Technoleogy, 1965, 221-254,

This is +he first annnal review of +the field of man-machine
communication. Accordingly, it bhas no prior context in which
to frame itself, To achieve cohesiveness, i+t has been
recessary to cite work of earlier vears when no 1965
li+erature was found as illustrative of a particular topic i
teirqg addressed. The raview is selective in its refarences,
of some 210 documents that wevre scanrred, only aproximately
50% are citedA, The criteria for selection were varied and
wers rigorously followed only within the limitations of human
error, Those documents cited either (1) contained excellent
descrip*ions of particular applications, equipment or problen
areas; (2) provided comprehensive coverage of a particular
topical areas; (3) advanced a particular method of approach or i
concept to vwhich attantion n2eded to be drawn; or (4 '
themselvas highlighted a point *he revievwer wished to make,
Poreigr literature was surveyed bu+ little was found that ma+
the selection criteria, Equipment and programming lanquages
were irtantionally neglected because of their 4inclusion in
other areas of this Annual PReview, i
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burding, B, M,, Becker, C. A., and Govld, J. D, Data
organization. Human Factors, 1977, 19, 1-14,

Three experimerts investigated how people organize data.
Subjects were giver sets of 15-20 words and asked to nsrganize
them on paper. Pach word set has a pre-defined organizatior
thierarchy, ne*wvork, lists, table) based on the semantic
relations among the words, Fxperiment 1 showed that college
students have all *hesa orgqanizational struc*ures available
for use, They organized mos* word sets on tha basis of the
gsemartic relations inherent ir +them. Whereas most subdects
used Mappropriate" organizations (those tha*t nmost easily
preserved the relations), a few subjects organized nearly all
vord sets into lists. Experimen+t 2 shoved that subfacts can
efficientlv fir word sets intc "skeletons" that wvere
explicitly designed ¢to maintain all +he semantic relations
amdM g *+he words, Experiment 3 showed that subdiacts have
;1 difficulty in preserving the relations among the words when
they were required +n organize them into inapprooriate
strrcturas, These results are evalunated relative to the use
cf comonu+ar-based information retrieval svystenms,

.




Edvards, E. and Lees, P, P. The influence of the process
characteristics on the role of the human operator in proce=ss

control. Applied “rgonomics, 1974, 5 (1), 21-25.

Rational design of a process control system using an or-line
computer requires a definition of the total control task and
an allocation of function between the human operator and the
machine, Roth the nature of the to+tal task and its
subdivision deperd very much on thke process characteristics,
vhich vary widely between different processes. The functions
rormally perforeed by a- process control computer are
described and those consequently left to the operator are
defired. The wide variety of the operator's functions and
the implications of this for studies of +*he operator’'s
performance and for the design of the man-machine interface
are emphasized.

Pisle, J. B., Williges, R, C., and Roscoe, S. N. The isolation of
sinimuom sets of visuval image cues sufficient for spatial
orientation during aircraft landing approaches. Savoy,
Illinois: University of Tllinois at 0Orbana-Champaiagn,
Aviation Research Laboratory, Technical Raport,
ARL-76-16 JONR-76~-3, November, 1976.

An experimental irvestigation of synthatic imaging Aisplays
was directed toward the isolation of minimum sets of visunal
cues sufficient for spatial orientation in ground-referenced
aircraft landing approaches, Thirty-two fgiqht instructors
vieved static computer-generated airport scenes TV-profected
onto a larqge screer viewed froe the cockpit of a tvwin-engine
general aviation trairer. Judgments of lateral and vertical
deviations from a four-deqree approach to landing ais poine¢
in the display were made to 32 combinations of four contact
analog cues: runway outline, runway +ouchdown zone, runwvay
centerline, and ground plare texture; and one quidance cue:
glidepath-1ocalizer symbol, Bach resulting Adisplavy was
respended to once or mecre from each of 27 Adifferent fliaht
rosition and attitude viewpoints by each of eight subjects ir
Aifferent serial orders. Dependert measures were response
choice and resporse latercy. The most accurate glidepath and
course deviation Jadgments were made vwhen the guidance cue
glidepath was in the set. Whenr only contact analoqg cues wvere
present the has* Yudgments of spatial orientation
consistently were made wvhen the rurway outline was present at
far and medium ranges from touchdowr and when the runwvay
centarline was present at near range.
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Bngel, S. B. and Granda, P. B, Guidelines for man/display

interfaces. Poudghkeepsie, New York: TInternational Business
Machines, Report No. TR 00.2720, December, 1975,

This report documents a set of human factors guid2lires
relating to the interface between a user of an interactive
computng system ard a display terminal connected to +*he
system. Though intended prirarily for the use of developers
of software for an interactive system, many of the guidelinsas
should be of interest to hardware developers. Areas coverad
include display frama lavout, frame content, command
languag~s, error prevention and recovery, response times, and
tehavioral principles.

Enstrca, K. D. Real time adaptive rodeling of the human

controller with apglication *o man-computer interactiorn,
Orbana-Cchampaign, Tllincis: Oniversity of Illinois a¢
Urbana-Champaign, Coordinated Science Laboratory, Report No.
R-715., UILU-ENG-76-2203, January, 1976.

* N

%hen a hupan and computer are joined forming a“human-computer
system, the tvo decision-makers must work together if +he
human's workload is to be reduced ard overall systep
performance maintained or irproved. Trdependent actions by
eachk dacision maker could prove to be counterproductive,
This thesis proposes that cooperation between decision makers
can he fostered by using the computer +o monitor the actions
of +he humar., The human car act freely, and the computer
will wuse decision policies that do not conflict wvith ¢the
human's current actions, but adapt to ther,

ens“rcm, K. D, and Rouse, W, B, Peal-time determination of heow a

humanr has allocated his attention between control and
monitoring tasks. IEE® Trapsactions on Systems, Man, apnpd
Cyberpetics, 1977, sic-1, 3, 153-161,

A computer algorithm employing fading-mepory systep
jdertification and 1linear discriminant analysis is propos=qd
for vreal-time detection of hnman shifts of attentior in a
con*rol and monitoring situation., Experirental results are

presented that validate the usefulness of the @method. .

Application of the method to copputer-aided decision-making
in poltitask situvations is discussed.
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Bvans, R. C. and Miller, L. A. STARCAT, a system to analyze
interactive CNS performance. Yorktovn Reights, New York, I®N
Thomas J. Watson Research Center, Report No. RC 7072 (#
30314y, April, 1978,

: This paper describes a software system nramed STARCAT - for
H STream Analysis of Responses ty CATegory. The system
analyzes sequences of user coamand strings that have beer
captured in a special timestamped CMS console file: user
response times, URTs, and system response times. SRTs, are
associated with each =strirqg; strings are assigned - by
coanrand name, environment, or experimenter-chosen groupings -
into categories; and category sta*istics are reported for
cne, two, and three-string subsequences. STARCAT provides a
nev tool, valuable to various interface and system design
studies, for the quantitative analysis of intaractive
terminal performance.

A~ R
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Fetter, R. B. BNan-computer interaction in a decision-making
envirorment, New Haven, Connecticut: Yale University,
Department of Administrative Sciences, Annual Report No. 1,

{ Pebraary 1, 1970 - Janury 31, 1971.

An experiment wvas formulated, condovcted, and results reported

involving video and teletype consoles in an information
, retrieval environwsent. In conjunctior with the devalopmen+
L of ar information systeam, a capability te simulate a variety
of prohlem so0lving environments and automatically evaluate
o results was desiqgnad and programmed, This ircluded +*he
ability to give users on-line feedback of their relative
effectiveness, Basic information relevant to further
research was gathered, including: a bibliography of research
in man-computer interaction; and a file of information on
available computer consoles.
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Planagan, J. L. Compu*ers that talk and lister: pan-machine
comrunication by voice. Proceedings of the IEE®, April,
1976, 64 (4), 405-415,

computer techniques now emerging in +he laboratory promise
new capabilities for voice comaunicatior betwean man anqd
rachine, Three modes of interacticn are of special interes*:
computer voice readout of stored infcrmation, automatic
verifica*ion of a caller's identity by means of his voice
gignal, ard automatic recognition of spoken commands,
Applications extend to: voice-directed installation of
telephone equipment, authentication by voice of a creddit
customer or of an individual requestira readout of privileqad
informa+ion, and voice-controlled services such as repartory
dialing or automatic booking of travel reservations.,

B

. —

Pleishman, FE, A. Performance assessaent based on an empirically
derived task taxonomy., Hupar Factors, 1967, 9, 349-366,

This report revierws arnd discusses a number of +he
methcdological questions relating to the applica*ion of ar
experimental correlational apprecach to the problem of
assessinag complex perfermance. The basic point of departure
is the specification of the requiremerts for a task taxoronmy
and an analysis of the value of factor araly*ic
: investigations in combination with experimental methods ir
i rroviding the frame-vork for such a taxonomy. The way in
' vhich this approach has been applied 4in the past anrd +he
expected benafits of its successful iamplementation are
discussed, 7T+t is concluded +that experimental - correlaticral
studies offer considerable promise in attacking complex
performance but that a more extensive research program 1is
neaded. Tha general outlines of such a program is described,

B
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Foley, J. D. The human fac*ors - compu*er graphics interface,

washing*on, D.C.: The George Washington Oniversity,
Department of PFlectrical Bngineering and Computer Science,
June, 1978,

: Host Interactive Computer Graphics Applications (ICGA) in use
b today have been developed with absolutely no help from human
factors specialists, This situation is frustrating to all of
us vho recognize that good bh=man engineering can be central
to the success of an appliction, The cause of this dilemaa
p is examined, and several remedies are prescribed. The
E process of Adesigning an ICGA is described ¢o illustrate the
role of human factors engineering at each step of the design
process, and to suggest a conceotual framework within which
curren* human factors knowvledge might bhe structured and
future research might be performed.

e )

Foley, J. D. and wallace, V. L. The art of natural graphic
man-machine conversation. Proceedings of the IBEE, 62 (&),
April, 1974, 462-u71,

B e

The design of interactive graphic systems vhose aim is good
symbiosis between man and machine involves numerous factors.
Many of those factors can be judged from the perspective of
natural spoken conversation between ¢two people. Guiding
] rules and principles for desigrn of such sSystems atve presented
E | as a framework for a survey of design techniques for ean-
;- machine conversation, Atten+ior 1is especially focusad on
ideas of action syntax structuring, 1logical eguivalences
among action devices, and avoidance of psychological blocks
to comamunication.

Prederico, P. A. Computer-based management information systems:

Is there really an "information glut?" Proceedings of the
Humap Factors Society, 19th Annual BMeeting, Dallas, Texas,
1975,

2 Some salient issues are identified and discussed concerning

computer-based manageant informaticn and decision systems and
managerial behavior. The literature in this area is very
inconsistent and uncertain vith respect *o the alleged impact
of these automated systenms apon rmanagerial information
processing and dacision makirg, This underscotes the almost
complete absence of espirical data regatdinq the implications
of thess systems for managerial behavior. Research should be
initiated to explore eapirically wvhat the impacts of
computerized information systems are for management,
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Preund, P, J. and Hartley, H. O. A procedure for automatic data
editing. Aperjcan Statistjcal Associatjon Jourpal, 1967, 62
(316), 381-352.

Since raw data from sample surveys and experiments of¢ern
cortainr errors, attempts are usually made to edit Adata ¢+o
: sake +hem more useful for analy+ic purposes, Increasing
, portions of this editing are nowv being accomplished by high
B speed cosputers, The great variety of suackt procedures
E reflects the conflicting desires of providing editing
i procedures whick recognize peculiarities of particular data
B sets and yet are easily programmed and implemented. This
- raver proposes a scheme which is hoped to be suitable for a
large variety of sample and survey data and yet be relatively
easy to implement once a general program has been written., |

1 i Gali+z, ¥W. 0, and Laska, T. J. Compu*er system peripherals and
A the overator. Computer Degign, August, 1969, 12, S2-56,

= Little offort has besen directed toward increasing the urdar-
standing of the rnle c¢cf ¢the (computer) operator in +he
system. Observing, measuring and understanding his hehavior
is essential if systems engineered and designed for humanc
are to be developed, Highlights of a study of the computer
operator*s relatiorship to peripheral devices is present2d
here,

Gallensor, L. An approach to providing a usar interface for
rilitary computer-aided-instruction in 1980, Marina del Rey,
California: Marina del Pey Information Sciences TInstitu*e,
Repor+ No. IS/RR-75-43, November, 1975,

A recent nreeds study determined that most of *he terminal
requirements for military CAI applica*ions can be satisfiag
wish mainstream cormercial terminals, Aldi+ioral
developm2nt, hcwaver, is likely %o he required to satisfy *wo
c¢cf +he rapabilitias (limited araphics and orereccerdad
visuals). The expected architecture of commercial tarminals
9 vill make i+t easy to modify and customize them to m22t al)
the 3identified CAT needs, The military community is alsc
expected to use computaer networks to satisfy an appreciabhle
portion of 1i+ts requirements, Ccommercial terminals and
availabla computer networks bprovide the basis for anv
effective and economical wuser irterface ¢+o wmilitary CAT
systems.
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Garvin, P, L, Llanguage and sachines, Jnterpatiopal Scisnce apd
Technology., May, 1967, 63-98, -

Natural languags research attempts to siaplify man's probless
of coemunicating with machines or through wmachines via
automatic translation. Query languaqges resesble natural
languace and enable computers to compose answvers to a limited
variety of gquestions. But synonory of words is frequently
conditional, so computer proarams eust recognize semantic
ambiguities and syntax as well as have large dictionaries.
The automatic +tranrslation possible nov is really wmachire-
aided. There is strong disagreemert wvhether development of a
theory of lanquage should precede the engineering of a
reliable methodology for machine translation, for successful,
if not perfect, data processing can be based on empirical
knovledqge,

Gould, J. D, Visual factors in the design of computer-coantrolled
CRT displavs. Human Pactors, 1968, 10, 359-1376.

This paper is concerned with the important visval variahlaes
that determine image quality on computar-controlled CRT
displays. A strategy 1is developed that 1leads to gereral
conclusions about each variable ever though mcst of these
variables 1interact. Por each variable considered, the
recommended range of values is determined on the basis of
experimsental evidence and 1is compared with <*he values
Fresently used on displays. Where discrepancies betweer
these two exist, al*ernative solutiors are men*ijiored,
Conclusions are (i) presently used values of display
luminance, chromaticity (coler), and resolution are adequate;
(1i) several displays flicker; (iii) characters ara larqge
enough but may be margiral in terms of number of elements;
(iv) luminance contrast is not adequate.
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Gould, J. D. Some psychological evidence on hov people debng
computer programss. International Jourral of ManzMachine
Studies, 1975, 7, 151-182,

Ten experienced progranmers were each aiven the same 12
FORTRAN listings to debuq, Fach listing contaired a non-
syrtactic error in one 1line., Median debug times (7 miny,
number of bhugs not found (11% of *he listing), and number of
incorrect assertions about the locatior of the bug (less than
one per listing) all replicated earlier results (Gould ¢
Drorgowski, 1974y, Although subjects vere givarn the
cpportunity to use the interactive desbuggqging facilities of ar
on-line computer, *hey rarely A4id so. Bugs inr assignment
statements were ahout three times as hard to detect as arrav
or interactior bugs. Debugging was ahcut *hrae times as
efficient or programs. subijects had debugged praviously
falttough with a different bua). A number of basic concepts
and a qross theory of d=buqgging is described.

Gould, J. D. and Ascher, R, N, Use of an IQP-like queryvy lanrguagqge
by non-progranmers, Yorktovr Heights, New York: TIBM Thomas
J. Watson Research Center, Behavioral Sciences Group,

Computer Sciences nepartment, Report No. RC-5279 (#23161}),
February, 1975,

This exploratory experiment attempts to examine separately
the formulation, planning, and ccding of queries. College
students and file clerks required about ten hours to learr a
query lanquage which was somewhat similar to IBM's IOF query
languaqge, but contained wore function. They were then given
15 test problems that varied in complexity and how wvell ¢hey
vere expressed, Subjects were teaquired to formulate, then to
Flan (writing each in their ovwn wvords), and firally ¢to code
each problenm. Results provide some suggestions about which
grchlem variables affected which stages in writing queries,
Por oxample, wvhether or nct a problem was well expressed
seemed +to affec* problem formulation ¢time, but had no aff~ct
upor problem planring or probhlem codirg times, Specific
language constructions (addi+ions to INF), such as contextnal
referencing and a rev method +o handle limited disjunctive
froblers, were shown ¢to bhe useful, The +types of coding
errcrs *hat suhiects made were identified and discussed,
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Gould, J. D, and Boies, S, J. Writing, dictatirg, ard speaking
letters. Yorktown Heights, New York: IBM Thomas J. Watson
Research Center, Report No. RC-6683 (#28698), Auqust, 1977.

This reserarch aims at understandirg psyctological processes
in document composition, particularly in dic*ation, *hrouah

peasuresents of authors' actual performance and their

perception of their performanc~, Tt is commonly assumed that ;
: dictation requires a long ¢time ¢*c learctn but authors !

{ evertnally become much faster +han with writirq. Evidence ;

ﬁ presented hera suggests this is rot *rue, although authors :
S
)
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believe this to be the case about +heir own performance,
Novice dictators learned in a few hours to dictate with +he
same speed and quality as they wrcte; expert dictators were
cnly 0-25% faster than novices, depending upon the complexity
of the letters.

2; Gould, J, D. and Drongowski, P, An exploratory study of computer
-, proaram debhugging., Humap Pactors, 1974, 16, 258-277.

This experiment represents a new approach ¢o the study of the
psychology of proaramming, and Aemenstrates the feasibili+y
of studying an isolated part of the programminag process in
the 1laboratory. Thirty experienced FPORTRAR programmers
debugged 12 one-page FPORTRAN lis*tings, each of vhich was
syntactically correct but contained one non-syrntactic error
, (bug). Three classes of bugs (Array bugs, Iteratior bugs,
[ ! and buags in Assignment Statements) in each of four differant
programs were debugged. The proqrampers were divided into
five groups, based wupon ¢the information, or debugqing
"aids”, given them, Koy results wvere that debuqg times were
short (median = 6 min). The aids aroups did not dehuq fas*er
thar the control group; their debuaging strataegies based upor
the information available to thenm, The results sugges+ that
programmers of*en identify *+he {rtended sta*e of a proqram
before they find the bua. Assiqrment bugs were more
difficult to find than Array and Tteration hugs, probabhly
becanse the latter could be Adetected from a high-leval
unders+anding of “he programamirqg lanqguage itself. Debuqging
vas at least <twice as afficient the second time programmers
. debugged a proaram (though with a Adifferent bug in {+). &
eimple hierarchical description of detugging was suoggested,
and some possihle Yprinciples" of debuaging were identifieAd,
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Gould, J, DP., Lewis, C., and Becker, C, A, Writing ard followinrqg
rrocedur2l, descriptive ard restricted syntax language
instructiors. Yorktown Heights, New York: IBM Thoras J.
Watson Research Certer, Report VNo. RC-59u43(#25753), April,
‘976. '

Tvo exploratory experimerts corpared the way people (with no
experience in the use of coeputing systems) write and carry
out ra*tural language procedures, natural lanquage
descriptions, and instructions expressed in an artificial
: restricted syntax lanqgunage. The results sugges* that there
i is no single 'natural' way that people vrite simple plans and
i instructions. Speed and accuracy of writing were about the
same for all three approaches, although the 1linguistic
charac*eristics differed greatly from approach to aoproach.
While subjects were tolarant of amhiquity both ir writing ard
in carrying ou*t instructions, they often voluntarily employed
restricted-syntax notation in their writing after bheing
! exposed to the notatinn, Subjects' accuracy in followina
L detailed instructions was nc greater than that in writinag
- those instructicns.

TSR oo
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grignet+*i, M, C. and mMiller, D, C., Informatior processing wodels
and computer aids for human performance, Task 2, Models of
human-coamputer interaction. Carbridge, Massachusetts: Bol¢*,
Berarek, and Newman, Inc., Report No, BBN=-2186, June, 1971,

g e

Experiments vere conducted to explore methods of motivating
' time-ahring users to adopt behavior patterns that improve
‘ overall system performance, I%* was found that while it is
ind2ed possible for a time-sharing system *+o0 provide
incentives to wusers that will affect their choices between
alternatives methods of accomplishing a given task, +“he
extent of this effect is no* entirely predictable, Also
designed and implemented was a measurinrng system for the
SDS-940 time-sharing computer systenm, This measuring syster
yielded data that were useful in increasinrg an unders+anding
of +he dynamic behavior of programs in a ¢time-sharing sys-en
and, more specifically, in improving overall system
performance,
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etti, m. C., Miller, D. C., Rickersor, P, S., and Pew, %, W,
Information processing models and cosputer aids for human
performance, Task 2. Huwan-computer interaction wmodels.

Cambridge, Massachusetts: Bol+, Rerarek, and Newman, Inc.
Report No. BBN-2190, June, 1971,

A measuring system was implemented ¢to obtain ¢the statistical
Farameters necessary +o specifv a oagueuairng theory model of
ths dvnamic behavior of a state-of-the-art ¢ime-shared
computer system, and present results on ¢the sta*is*ics of
usaqe of ore such coeputer systes, A methodology is
presented for the performance of experiments invelvinag humar
users and for *he interpreta+ion of <their resnlts, It is
expected that these results will vyield oredictive polels for
the overall efficiesncy of the 'users-computer system' urder
various circumstances.

s, F. B, and Otto, R, E. A s+tudy of some software parametacs
in time-sharing svstems, Unpublisted wmaster's thesis, Nava)
Postgraduate School, Monterey, cCaliforrnia, 1965.

A revisw is made of some existing time-sharina compu‘er
systems and an exploratior of various softvare
characteristics is cenducted, This investigation is
conducted using a computer program withk which a typical ¢ime-
sharing system can be sirmulated, The hasic systes parameters
exarined are: (1) the s2thod o€ deterpining the quantum time
for each user per response cycle, (2) the 1length of the
desired response cycle, (3) ¢the number of remotes stations
permitted and (4) *“he maxisus numbher of users permitted in
the queue at one time., The results of these sisulation runs
are presanted, The effects of the various parametars upon
the average response cycle time, the average number 1in the
queue awaiting service, the average lergth of time a user is
in the gqueue ard the computatioral efficiency plus other
charac*eristics of the systes are discussed.
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Grosstera, M., Wies=>nr, R. A., ard Yntema, N, B, An exozriman+ an
frobles solvirq with d2laved CORpU*er TASNONS2S, I¥%P
Trapsac:iors a2t Systoms, Bap, ard Cybernetigs, 1974, & (M,

219-229,

Fonr sutijects <eclved prohlams or lipae with <+h2> Tincelr
Laboratory Rackorner, Cor*rnlled dAclays w2re interpos=14
batwveen output commands and ¢*he veesylting cutputs, vhich were
via tyo2vwriter, cathcdA2-rav +¢nhe (CRT), or lina opripters
cther commands ware axecuntsd promptly and without ranly. The
3 pear d2lay was 1, 4, 16, or 64 seconds, witt individual
¥ delays varying widely and unpredic+aklv about +he mean, DMNata 1
¢n nine problams per delay ver sutjec* stcwed +ta* at lonasr
delavs <he rate o€ vwhich ceommards wvere gqiver d2crease’d,
esnecially ¢tte rate of output cormmands, and that the prnbleas
were solved with fewer asutputs in ahout the same “ima, With
| twvo subjects, *hove was a marked eoffect of delav cn *he
E b relativa fregquercy of use of *ke thrae outout 1cvices,

BT, A

& Harris, L. R. Natural languaqe data hase query: Usirg tha AQata
{ base itself as +ho definiticn of world krowladgqe and as ar
ex*ension of the di~tionary. Hanovar, New Hampshire:
Dartmouth Colleas, DNepartment of Pathewatics, Repart No. T®
77-2, ¥Fabhruary, 1977.

This papar vaises *vo issues +ha+ heratcfors have not hean

4 deal* with ir any previcus ratural larquagqe Adata hase query
system, Thes2 issues arise because of the everpresen* raaqd

; for wnorldl knowledge ip tke understandirg of English, ard alsoe
kecause of the par*icular way §n whict irformatior is s3torad
in 2 data base, The scluticrs tn these problesms dascrih=ad ir
this paver require only 2xistina s*ate of tha ar+ Aa%3 bhase
techroloqy. '
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er, J. P. A me+thodology for selecting and refining
san-computer lanqguages to improve users' performance, MNarina
del Rey, California: Marina del Rey Information Sciences
Institute, Report No. ISI/RR-74-21, Septeeber, 1974,

This report dascribes a methodology (supported by a software
package) to model, measure, analyze, and evaluate users’'
performance in a message compunication system environment.
The theses of the report are: 1, that models of users and
services can be accurately used as predictors ir selecting a
langnage form, for an application, which will result ir high
users' performance, and 2., that such a language form is only
an approximatior (in terms of vielding optimal user's
performance) due to within wvariances of user and ser~ica-
classes, hence individual, on-lire requlation of lanquage
constructs is necessary to further improve performance. This
report develops appropriate models and algorithms, and states
hypotheses. relating the interactive effects of users,
services, language forms, and other variables important in
pman-machine discourse, An experiment design is presented,
vhich tests the major hypotheses.

H. D., Schutz, H., G., Christner, C., A., Ray, H. ¥W., arnd
Coffey, J. L. Development of design criteria for
intelligence display formats. Hupan Factors, 1961, 3, 86-92,

A broad research program *to develop Aesign criteria for
intelligence display formats is outlined and the qereral
findings of the program are discussed., Five specific areas
of investigation are selected for study: a comparison of
vertical and horizontal arrangements of alpha-nuweric
material, an evaluation of formats for +*rend displays, an
evaluation of methods for presentation of graphic multiple
trends, an evaluation of five abstract coding methods, and an
evaluation of the effect of selected cosbinations of tarqge+
and backqround coding or map reading performance, The five
succeeding articles treat the five areas of investigation ir
detail,
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Jordan, N, Motivational problems ir human-computer operations,

Kane,

Human Pactors, 1962, 4, 171-175,

In desiqring machines and man-mactine sys+t2ms, Human Factors
Engineering has aererally concentra+ed upon seeking solutions
to rhysiological problems to enable the human operator to
function efficiently. It bas, however, reglect=q4 ¢the
psychological problens, particularly +he problens nf
motivation, This was nct too critical as long as machires
were wprimpitive,® with the advert of autcmatior and complex
man-machine systems this neglect may have most undasirabhle
effects. An attempt is made ¢c¢ identify the necessary
conditinns which make a task, per se, motivatirg. Fxamples
are cited from some new systems where some of these necassary
cornditions are lacking and the effect of this 1lack upon the
operator is indicated.

D. F., Jr. Observational researct ir user-computer
interac*ion. Retrkeley, Califorria: lLawrence Berkel~y
Laboratory and EFnergy Researct and Developmen+
Adpinistration, Peport Nc. CONF-7510100-1, October, 1975,

This paper is onrimarily concerned with methodology in ¢his
field of research. First, ¢the nature of user=-computer
interaction in infcrmation systems is described, and viable
types of research are suqggested. Then the observatioral
me thodology of heuristic develcopment 1is presentad, and the
value both of teamwork and of evolutionary development is
discussed, Next, the management cortext a%t the Lawrence
Berkeley Laboratory is dAescribed, Firally, some measures of
success are discussed, as exemplified by the expanding use of
the Bndget Management Sys+en in the Lawrerce Berkeley
Laboratory Managemert Information Systenm,
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Kelley, C. P, Mapual ard automatic control. Wew York: Wilzy,

1968,

This book presen*s a theory of the huran control process in
man/machine systeas, Also, manual control sys*er
applications are discussed in a technically~orien+=d
approach., 1Implications of the cortrol theory for automatic
contro] are examined. Chapter ti*tles include the following:
The control process, the control system, the control systenm
hierarchy, tha human operator: conscicusness and planning ir
the control process, the human operator: motor performance,
adaptation and optimization bv the human operator,
inforeation requirements and receptor chanrels, s+*at*us
displays, displays and control augmentation: command
displays, historical and predictor displays, techniques of
adaptive manual control, controls, engineering models of +he
human operator, predictive and review models of the human
operatnr, *+he Ziebclz autoratic contrcller, and the role of
man in automatic control processes,
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Kelly, M. J. Studies in intaractive communication: Limited
vocabulary natoral lanquage dialoaue, Baltimore, Maryland:
Johns Hopkins Tfiniversity, Department of Psycholoay, Report
No. TR-3' Anqnst' 1975.

The complexity and costs of interactive, natural-lanquage
computer systems could be reduced if the wman-computar
commurication used only a 1limited subset of ¢the Pnglish
languaae. The puarpose of this study was ¢o test ¢he
hypothesis that people, although accustomed ¢to unrestric*ed
uses of the 1language, can efficiently interact using a
carefully chosen subset of a few hundred words. Twvo-persorn
teasns coamunicated thrcugh a computer-controlled
teletypewriter systam to cooperatively solve real-worlad
froblenms, They vwere permitted to use only words on
pra2deterained 1lists of 300 words, of 500 words, or as a
control condition, with no vocabulary restrictions. The
teans solved a different problem onr each of three successive ;
days. Deperdent mecasures were taken or four classes of ]
variables: (1) ¢ime to sclve the problem, (2) <s«a2veral
reasures of overt hehavior, (3) several measures of verbal
output, and (4) measures Of errors made by subjects using tke
tvo restricted vocabularies. There vere numerous significant
ef fects of the Protlems, the Job reoles of subjects within *he
tear, and the Problem X Job Role interaction. However, *he
more irtevestirg rain effect of Vocabulary Siz2 was
significant for only three of ¢the 21 dependent measures,
Fur*thermores, only four of the 105 interactions invoalving
Vocabulary Size were statistically significant. This study
presen*s strong evidence of the adaptability of the human
commynicater. Although sometimes exhibiting frustration with
the small vocabularies, the - subjects were, nonetheless, able
to sclve +heir problems about as successfully as did their
counterparts in the unlimited vocabulary condition.

Klirg, R. 9ho needs a person-certered computer technology?
Madison, Wiscorsirn: University of Wisconsin, Departmert of
Computer Sciences, Report No, WIS-CS-169-73, 1973,

Contemporarvy computer designers are largely machine cantered }
and emphasize function and s+tandards of elagance, efficiency

and computina power, The side effects of systoms mav enharce

cr diminisht the well being of various users. Recent studies

of the human impacts nf computiraga systems are descrihed,

Person centered <standards that promote a sensa of competence

and au+tnnomy are outlined, The couplirg of flaxible software

wi+*h responsive organizations 1s suggested as a means of
enhancing personal competence and self-esteen,
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Knoop, P. A. Advanced instructional provisions and automated
performance assessment. Human Pactors, 1973, 15, 583-597,

An advanced simulation researct system is being developed to
support experimerts oriented toward gquantifying the effect on i
trarsfer of craining of alternative training and sisulatior ‘
techniques, Included in the system is sophisticated trainina
research software which automates most of the functions
] traditionally performed by flight simulator instructors or
B operators, Also under developeent are techniques for
automatically assessing pilot proficiency in the simula¢or
and ir the operational aircraft. PRecent feasibility studjes
in performance nmeasuresent resulted in identification of
necessary flight variables for assessing proficiency on two
undergraduate pilot training pareuvers:; established
alternative approcaches to developing measurement techniques
on a broader scale; applied existirg techrology to develop an
in-fliqht data acquisition system for the T-37 aircraft; and
raised (or, more correctly, reraised) isswnes regarding
standardization ir instruction ard rating procedures.

N

! Knoop, P, A. Man-corputer symbiosis through irteractive graphics:
A survey and idertification of critical research areas.
Brooks APB, Texas: Air ¥orce HRuman Rescurces Laboratory,
Report No. APHRL-TR-77-10, April, 1977.

. The major distinguishing feature of man-computer symbiosis is
the capability of botk man and computer to <*‘ransceive
televant unrequested information, Using this derived
definition, basic ¥ey requirements of a symbiotic system wvere
projected. These included: (1) trarsceivers and memorieos,
(2) graphics t*echriques, (3 a langnage, and () an
attention-qgetting capability. A literature survey rvevealed
that raster scan cathode ray tubes hold the greates* promise
for use 1ir symi'iutic systems, bu* that a critical prohlenm P
accompanies their use in that scan conversion methods are
required, Existirng methods are either too time consuming or
too memory consuming., A promising technique wvas found for
' reducing ¢the rumber of vectors comprising a scena, Thie
¥ tecknique wvould find its greatest utility in rardom scan
systems, where jts use may provide flicker-free displays.
Lit*le work has bdeen performed in exterding man's memory '
precision and recall capabhility. There are no wmethods with .
immediate utility for symbiotic systems for efficiently :
removing hidden lires and svrfaces to effect a 3-D display.
Pinally, it wvas determined that thte most promising solution B
to the 1larquaqe problem 1lies ir the development of hyhrid i
communication teckniques usirq a cosbination of araptic 1 .
langnages and small scale voice inrut pethods.

e
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Kobrick, J. L., Effects of physical locatior of visual stimuli on
intentional resporse time, Natick, Massachusetts: ATmMY
Research Institute of Ervirormental Medicine.

The affects of physical locatior of visual stimuli on *+he TRT
, veTe investigateaed, Sixteer subjects verformed 3 simnple
N manual responsa to flash stimnli located at 32 differen+
positions in +¢the visual field. The results indica*ted tha+
JRTs were unaffected for mnst lower visual hemisphere
locations. Sigrificant decremerts were only observed for
locations higher than 30 degrees above the horizontal for
lateral displacements greater than 55 degrees from center.
No sigrificart decrements were ohserved even at th= periphary
for locations alorqg the horizontal line of sight.

R TRt ST

i A .

, Lenorovitz, D, R, ard Ramsey, R, H. A dialcque simalation “ool !
' for use in +he design of interactive computer <systems,.

Proceedings of the Humapr Factors Society, 2'st Annual
‘ Meeting, San Frarcisco, California, 1977.

J A recurrent prohlem ir desigring irteractive computer systenms |
4 is ¢+he irability of system d=signers, users, and implementors :
' to observe *the system's exterral behavior urn+il

implementation has occurred. This, in turr, often resunlts in '
failure to detect design deficiercies nuantil a poin*t whon '
correc*tions are cos*ly or ispractical. A simulation tool is
described which allows a systems desianer ¢to interactively
specify, implement, demonstrate, evaluate, and iteratively
rodify an operatioral simulation of ¢the proposed system's
user~computer interface, The to00) is intended for hands-or
usage by an anplications-oriented svystems desigrar wi+th
& little or no formal training in computer software
-’# proqrapming. The capahilities ard characteristics of the

t00]l are described alona with an economical and a2fficioent
apprcach to its design ard ieplemertation.
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Levin, J. A. and Archhold, A. A. VWorkirq papers in dialogue
modeling, Volume 1, MNarina del PRey, California: MNavira del
Rey Information Sciences Institute, Report No, ISI/RR-77-55,
January, 1977,

The five technical working papers that compose this documen+
(which appears ir two volumes) were prepared as part of the
pialogque Modeling Project AT YSI., Though diverse in scoo=,
all are relat2d to the problem of creating a valid process
model of humar communication in dialoque, all are
unpublished and all but one are in a form intended for
internal wuse by the project team; however, they are of
interest beyord the boondaries of the project and trave
implicatiors feor relatd work in modeling human communication.
In Volume I both papers are or refererce as a phenom=non ir
text, The first surveys reference identification and
resolution methods in various existing natural language
grocesors, The other paper expvlores the broader problem of
reference, focusrg on text refererce and propositional
reference, It develops problems and proposals for defining
these categqories of reference phenomena and for detecting
instances of then,
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Levin, J.

A. and Moore, J. A. Dialeque-games: Meta-compunica+ion
structures for ratural language interactior. Marinra del Pey,
california: mMarira del Rey Irfcrmation Sciences Institute,
Feport No, ISI/RR-77-53, January, 1977,

our stuiies of raturally occurring human dialogue have led ¢c¢
+he Trecognition of a new class cf regularitiaes which
characterize important aspects c¢f comsunica*tion, Peonle
appear +o interact rveqularly according to eostablished
patterns which span several rurns in a dialogue and whict
recur frequently, These patterns apopear to bhe organized
arourd the gcals vhich the dialecque serves for each
rarticipan®t, Many things which are said later in a 4ialoque
can only be interpreted as purcsuit of gqoals established
earlier inr the dialoque by goal-settina parts of these
patterrs., These patterns have been representad hy a set of
knovledqs structures called Dialogue-games, capturing sharad
conventional knowledge that people have ahbout communication
and how it can he used to achieve goals, A Dialoque-game has
Parameters, whica represent those elements tha*t varv acronss
instances of a par*ticular pattern. The Parametars ijentify
the particular dialoque participarts and the content *opic.
The states of +he world whichk pust be in e€fect fer a
rarticular Dialogue-game ¢to be employed successfully are
represented by Specifica*ions of +hese Parameters, Pinallv,
the expected sequence of intermcdiate states tha*t occur
durira instances of a particular corventional pattarn are
represented by the Components of ¢the Dialoque-game. This
Teport describes a representation for ceveral Dialogue-games,
tased on our analyses of differert kinds of na+tnrally
occurring dialogue. A process wedel is described, showina
Dialogue-game identificatior, pursuit, and termination as
part of the comprehension of dialogue nuttarances. This
Dialogue-game Model captures sore cf the important func+tional
aspects of language, especially indirect uses to achieve
implicit communication.
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Licklider, J, C. R, Mar-computer symbiosis, JIRE Trarsactions op

Hygmar Factors in Electropics, March, 1960, HFE-1, u4-11.

Man-computer symbicsis is an cexpected develnpmant in 1

converative intzraction hetveer mer and electronic computers, i

A It will involve very clecse coupling hetween the human and “he C
3 electronic members nf the partnerstio, The main aims are 1)

to le¢t computers facilitate formulative <thinking as they now
facili+tate the solution of forwmulated problems, and 2) <o
enable men and computers to cooperate in making d=cisions ard ‘%
controlling complex situations without inflexible devpendence ‘
cn predetermired programs. In the anticipated symbiotic
,* pattrership, mer - will set the aoals, formulate the
hypotheses, determine the criteria, and perform +he
evaluations, Corputing machines will do +*h2 routinizable
work that must be done to prepare the way for insights and
] decisicrs in tachnical and scientific tirking. Preliminary
i analyses indicate that the symbiotic partnership will perform
[ intellectual operations much mere effectively than man alone
can perfora them, Prerequisites for the achi2vement of the
i effective, cooperative associatior include d2velopments ir
_ P computer +ime sharing, in memory components, in memory
organization, in programming 1languages and in input anqd
ocutput equipment.

S,

Fthre

Licklider, J. C. R, Mar-corputer partnership. Sciencz
Tecknology, May, 1965, 18-26.

[ d
[~
(&1

Until recently, efforts to corserve the valuahle time of ar
expensive computer precluded an interactive partnership bhe-
tween pan and high-speed cormputinog machine., But man excels
in the heuristic phases of problem sclving while the computer
excels in executing explicit procedures. On the frontiers of
research, heuristic and algorithmic inforeation ©processing
are rot easily separated, but nov a humar problem solver car
ask a computer to explore his hunches. large computers are
generally needed tc handle problem-oriented languages, large
files, and complex problems, The computer cos* is shared
amorg many users as the machine rapidly shares its available
§ time, New kinds of displays and consoles enable man and

computer *o communicate by vrirting cor vwriting or by Arawinag
pictur~s and symbols. Sprcial +imesharing programs and
dynamic displays are still costly. A vhole naw communi+y of
soptisticaced users may produce results worthy of the
experse,

Ao
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maddox, B, F., Burnette, J., T., ard Gutmann, J. C. Font

manrn,

comparison for S5 x 7 dot matrix characters, Humap Pactors,
1977, 19, 89-9%4,

Two nevly Adesigned fon*s and the lincoln/Mitre font ave
compared for leqibility using tachistoscopic presentatior and
forced identification, All three fonts vwere constructed with
a matrix of 5 x 7 dots and were presented with a computer-
generated display. The results vwere analyzad parametrically
in terms of total identification errors and by conventional
confusion matrices, The analysis showed significantly fewer
errors vwith the font utilizing the largest number of do*s per
symbol than with either of <+he other two fonts. The
confusion matrices revealed tha+ the mos*t severe confusions
cccur for differen+ characters in differert fonts.

W. C., Dialogue-based researck in man-mactine communication.
Los Angeles, Califcrnia: University of Southern california,
Marina DNDel Rey Infermation Sciences Institute, Report No,
ISI/RR-75-41, November, 1975,

This paper first surveys current knowledge of humar
compunication from a point of view which seeks to find or
develop knrowledge that will be mnuseful ¢o0 computer syston
designers, The relevant scientific knowledge is found to be
fragmerntary and hard for desigprers to use., Next, the problem
cf complexity is explored. PRuilding a useful knowledge of
human comaunication is an extremely complex task,
controlling this complexity ard its effects, without giving
up usefulness, is s22on as the central problem in desiqgning a
rescarch avoproach, Finally, a nev research wmethodology is
presented. Tt contains some innovations that help control
the complexity of the *task, and others that make the rasulrs
useful to designers, The methodoleqgy is unique in tha* it is
basrd on case analysis rather thar functional systam design,
the results are in the form of individval computer alaorithrs
{muct smaller than systers), and the a1lgorithas are
transferable into useful (nortresearch) systens.
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mann,

W. €. Mar-rachine communica+ion research. Log Angeles,
Cali fornia: Tmriversity of Southern California, Marina Dl
Rey Tnformation Sciences Tnstitute, FRepor* No, IST/RR-77-57,
Pebruyary, 1977,

This is the firal report of A multifaceted rasearch and
developman+ affor+ in mar-machine communications. The
general goal of the program is ¢+o facilitats existirg and
futare man-nachine communication in areas of high military
impact, including rapidly expanding use of on-line computing
in commurications and coemanrd and cortrol., Hiqhligqhts of the
accomplishments of this research inpclude: identification of
major causes of man-machine commurication difficulty for the
computer-naive: discovery of majer communication s*ructures
in human coamamuricatior that have been lef+ sut of man-machine
communication; creatior of a process wmodel that exhibits
these structures in a form which can te imitated Airactly ir
creatirg new man-machine communicationrs processes: creatior
of a new overview of hew human communication functiors in
cooperative task-oriented activity; and assistance in ARPA
policy formation or CAI equipment development. ‘

W. C.,, Scragg, G., and Archbold, A. A. Working papers in
dialoque mecdelirg - Volume 2, Marira del R=2y, California:
Marina del Rey Information Sciences 1Institute, Report Vo,
IS1/RR-77-56, January, 1977.

The five technical workirg papers that+ compose this Jdocument
(wvhich aopears in two vogumes) vere prepared as part of the
Pialogue Modelirg Project at IST., Trough diverse in scone,
all are related to the problem of creating a valid process
model of human communrication in dialogue. All are
unpohlished and all but one are in a form intendad for
internal use by *the project team; howvever, they are of
interest bheyond +he becundaries of the project and have
implica+ions for related vork in modeling humar
communicatior, In Voluwe 2 the first paper concerns s+*ndy
methodoloqy, I+ raises some of the following issues: how %o
choose betveen system-building and? process-building, vhy
studying cases is preferable to implementing ganeral
langunage-use functions as prograss, hov to control ad-hocness
cf results, why it is important to orient toward
cormnunication phenomena (in contrast to form phenomana) wktern
studying natural lanquage, The second is a desigr paper on
the match process of the Dialoque Model System, eoxploring
me+hodes for making it efficient and selective ir i*s actions.
Th2 third concerns the structure c¢f persuasion Aialogues, in
pacticular how fustification cof actions anpears ir
arqumertation.
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r dialognes. Fnqlewvood Cliffs,
1973.

of mapn-compute
New Jersey: Prentice-Hall,

This book is based on a course given at the TBM Systems
Research Institute, It deals wi*h many aspects of human-
computer trarsactions, Sectior teadirgs incluie the
following: alphanumeric dialogues, dialogues with sound and

graphics, psychological corsiderations operators withent
trainirg, and implementatior cocnsiderations,

martin, T. H,, Stanford, M. C., Carlson, P, R., and Manr, W. C.

A pelicy assessment of priorities and functioral naeeds for
the military computar-assisted instruction terminal, #Marina
del Rey, Califorria: Marira del Rey Information Sciences
Institu*e, KReport No, ISI/RR-75-44, December, 1975,

A pclicy study wvas conducted in four reounds to Aassess *+he
anticipated payoff of an investment by ARPA in the
development of new terminals for use bhy the military in
computer-assisted and computer-managed instruction. MNembers
of the panel of experts (11 civilian, 9 military) propos=4
features, rated them, and reacted to the resultirg ratings.
Of tke 28 features, those rated as most needed were saen by
these experts as likely to he in commercial production five
to ter years from nowv ir a form usable by the military.
Experts generally aareed that investments in innovative
pedogogical software and in innovative coursewriting are
likely +o0 have a greater paveff ¢than an investmwent in
terminal development, Of 14 softvare features, *+thoses rated
as post needed are ones for particularizing instructior
cnline to the course-related needs of irdividval studerts.
Tha repnrt 1is a thorough description of the corduct of the
study.,

mathieu, R, D, Man-computer interactior conference. Londen,

¥nglard: Office of Naval PResearch, Report No. ONRL-C-11-71,
July, 1971 .

Wi+hin the past few vyears area* strides hava bzen made in
compu*ter technology, in par¢fcular ir remote-terminal time-
sharing facilities ard computer lanquages, Por th. first
time th2 computer ard its tremendous pcwers have besen hrouqght
within the reach of such people as teachers, Aoctors,
managers, architects, designers, etc. This raport 4Asecribace
th2 procedures of the Man-Computer Intevactior Confervercs,
vhich was held at the Nat*tioral Physical Ttahoara*cry,
Tedding%on, UK or September 2-4, 1970, Emphasis was placed
cn the computar vse and compu*er apolications,
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McCormons, P, B,, Cook, T. C., ard Glume, M, M, A ~omparative
study of single-versus double-seguence*data-entry methods for
use with +te SB-3614/7TT switchboard, Abherdeen Provina
Grourd, Marvland: Humar Fraoireerira lahoratory, Rapor+ No,
BPL-TN-22-75, Septembher, 1975,

: Thr2e methods of proqramring +*runk-terminral assiqnments irte
the electrically alterable ror-volatile memorv (FVANVM) nf
the SR-3614/TT switchboard vere corpared, One was +he
doutle-sequence method Tecently proposed by the SB-3614/TT
contractor (GTE Sylvania, Needham Height, MA). The othar +we
vere single-sequence methods developed by the aun+hors. The
tvn single-seqnence methods used identical data er‘ry
rrocedures: bu* with ore, visual feedback was <csupplied *c
the tes+ subjects (Ss) 2= ar a2lphanumeric display. PResults
of this study showed that toth sinqle-seaquence mnethcd were
superior ¢o the double-sequerce rethod, In the Ss conld

; rroaram faster ard made fewer errors, Of the two single-
L sequence methods, the one erployirag vicsual feadback anhanc24
Ss vperformance, but, overall, +his enhancarent wvas rot
statistically sigrificant. '
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- E Biller, L, A, anrd Thomas, J, C., Jr. Behavioral issues in the use
' cf interactive systesnms, Yorktown Heights, New York: IBM

Thnomas J. Watson FResearch Center, Report No, RC-6326¢
(827179), Decembher, 1976.

! This paper identifies betavioral icssues related to the uvuse of

interactive cocmputers primarily by persons who are nnt
i computer professionals, so-called 'ageneral usars.'® This is
not an exhaustive 1literature survev but instead oprovidas:
(1) a structure for discussing issues of interactive
computing, and (2) the authors' best estimate of importance
behavioral oproblems, with =sugqes*tions for solutions. The
discussion is limited to this paper to aeneral issues whict
do not take in*to accourt the user's particular task. The two
major topics are System Characteristics (performancs,
facilities, and on-line irformation), and Intarface
Characteristics (dialogue style, displays and graphics, other
input/cutput media).

A-43




[

Pre> Tnalits]

T

g =

Miller, R. R, PRasponse time in man-computer cornversatiornal

trarsactions. APIPS conference Proceedjings, 1968, 33,
267-277.

The literature corcernirg san-computer transactions abourds
ir controversy about the limits of "system response time" *+o
a user's command or inquiry at a terminal. Two wmadior
semantic issues prohibit resolvirng +his controversy. One
issue certers around the questior of "Response tim= to what?®
The implication is that different huesan purposes and actions
will have different acceptable or useful response <imes,
This paper attempts a rather exhaustive listing and
defini+tion of different classes of human action and purpcse
at terminals of various kinds., I¢t will be <chown tha* "two-
second response" is not a wuniversal requirement., The second
semantic question is "What is a2 need or reaquiremen+?" 1In the
present discussion, the reader is asked to accept the
follevirg definition: "A need or reguirement is some
demonstrably better alternative ir a set of competing krown
alternatives that enable a human purpose or action *o bhe
implemented,. " This definition intentiorally ignores ¢the
protler of value versus cost. I* is not offered as a
universally useful definitiorn of "reed.” It does enable us
to get into a systematic exposition of problems, alternatives
and implications. A value-based definition, in contras* to
the rational ore given here, inevitalbly leads to a vicious
regress that dead-ends orly with +the agreement that all +ra+
humans really need are food, water, and a place to sleep.
Another point of view, compatible with the present one, is
that need is equivalent to what is demanded and what can he
made available; need, therefore, is a cultural and tachnical
cutcome,
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3 Miller, R. B, Archetypers in man-computer problem solving.
Frgonowics, 1969, 12 (4), 559-581.

Infcrmation systems applied +0 operational environments have
meaning only ir what they do for humans performing tasks,
vhether clerical, *echnical or manaaerial. Rach petrsor's
job-position ertails interactinn with a 1limited sot of
categories of variable da*a. Rv 'limited' is meant lass *+har
several thousand, and more 1ikealy several hundred,
cateqories, A category se* associated with a collec*ior nof
tasks parformed by an individual or an organization may he

called a categery domain., This corcept makes possible a
k \ practicable (in size) data hase responsive to suppoart humar
3 tasks in human (psycholegical) t+ime. An analysis »of humar
] problerm~-solving tasks revesls the followving gamu*: simple
' inquiry and update, status inquiry, briafing, exception

o A
~v

S

b detection, diagnosis, planning/choosing,
= evaluating/optimizing, constructing (designingy, and
L} discovery, There 1is no compulsive cordering of these on a

complexity scale, The informa*ion processing structure of
; csach is examirrd: some commpor denominaters ameng this sa+
5 reveal five und-rlving archetypes of interactior, By makina
t thece archetypes explici* and corsistent with concepts of
b domain, apnlica*ior disciplines and system design can move in
rarallel and generate a sinmple, vell-defined 1lanauage
structure hetween svstem and human user,

®ills, R, G, Man-compu*er interac*ion-presenrt and future, IERF
Internatiopal Convention Record, 1966, 14, 196-198,

The potential of the large-scele computer system 1is greatly
enhanc2d by the addition of man-machine interaction using
aporopriate termiral devices and languages. In fact, the
man-machine coupling probler in its full breadth is ¢the
central issue in advancing irteractive-computer technosloav,
Some poeossible future directicns are indicated,

K.1lls, B, G, Man-machire compunicatinn and problem solving.

This chapter begirs with a brief statement of th2 basic
approach and tte criteria used in selecting <the material +o

- he cited, A snummary of the principal sources follows; this
is followed hy +he mair body of *he review. The Trathar
leng*hy conclusior attempts *0 place ¢the 1966 s*ate of
af fairs in perspec*tive. I+ is a reference frame and sta*nus
sumrary, but also an dipplici+t statement of the raviewert's
viewpoint,
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Minton, G. Inspection and correction error in data procassing.

Moore

Amerjcan sStatistical Association Journal, 1969, 64 (328,
1256-1275.

It is coamon practice +o assume *hat inspectors of sample
it=2ms and correctors of items in rejected vork lots carry on+t
their job without error and invariahly classify defectives
and nordefectives correctly. This assuaption does not aqree
with experience ir data processing activities, especially
those requiring 3interoretation and Judgmentr as well as
clarical or machine skills., This paper emphasizes the evror
of classifying defectives as nondefectives(TypeII) made by
inspectors called f"verifiers" and by correctors to prepare
data for machine readahility., The following activities are
included (1) verificatior of card punching, (2) proofre=ading
cf typed Ada*ta, (3) verification of codes clerically assign=d
to written resporses or auesticnnaires, (4) matching of cedas
assigned irdependen+tly by three coders to the same item, and
(5) proofreading of the output of special typing combired
with coding ard rounding figqures for input ¢to obptical
scannirg.

s Jo. A,, Levin, J. A,, ard Mann, W, C,, A goal-orianted med-2l
of ratural lanquage interactior. M#arina del Rey, California:
Marina del Ray Information Sciences 1Institute, Repor+ No.
ISI/RR-77-52, January, 1977,

This report summarizes a research prooram in mod=2ling humar
compunicative ability, The methodeloay involved selacting a
single, naturally-occurring Aealogue, irstructng 2 humar
chserver to extract certain aspects of the dialogue reslatinag
to its comprehension, and thter using these aspects *o guide
the model building and verificatior activity, Behind the
model is the development of an innovative theory of languaaes,
accerding to vhick people engage in lanrguage behavior ir
crier to pursuve their own aqoals, pDialogues communicat*te
effectively hacause of a shared understanding of a ceollectior
cf interrelated, cooperative aqoel structures, held ard
pursued by the language users, The recognition of this
shared knowledge withir the model contributed to arn initial
accounting of implicit commuricaticn. The report con*ains 2
detailed statement of the problems, a review of the s-a*e of
related research, a description of the contrihutions of ¢+his
research +o0 linquistic theory ard an explanation of the
research methodcloagy. It tten describes the wmodel in it+s
current state of development and discusses a detailed
simula+tion of {it, Next the rtole of the observer in *he
research is explored with emphasis on *the rature of his task.
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Morfield, M, A., Wiesen, R, A., Grossberq, M,, and Yntema, D, B,
Initial experiments on the effects of system delay on on-line
groblem solvina. Cambridge, Massachusetts: Massachuset< s
Institute of Technology, Lexington Iincoln Laboratory, Repor+¢ i
Ko, TN-1969-5, Jure, 1969, 3

Three oxperiments explored the way in which delay in the
response of the system affects the user's performance 1in
solving problems with an on-line computing service. In each
experiment there were four subjects under delay conditions of
about 1 sec. to 100 sec. Tre on-line computing service wvas
the Lincoln Reckoner, As expected, the averaqge time the user
requir=4 to complete a task increased as the response-delav
increased, and the rate at which he demanded service declin»d
as +he delay increased. The relatior of ret completion +ime ‘
(time *+o comple*e the task, mirus the *ime during which “he

user was waitirg for a response) to response delay denerd=d

on the type of task, In the more realistic experiments, the

net completion *ime increased with delay (suggesting that

lona delays are distracting). The nurber of outputs (i.e.,

displavs or type-outs) per task was alsc considered. The

rain conclusion is that controlled experiments of this kind

are feasible and can be used as the basis for design of on-

line computing services. ,

Morrill, C, S. Computer-aid=ad instruction as part of a management
information system. Human Factors, 19€7, 3, 251-2%6.

This paper discusses ¢the application of computer-aid-d
instruction as vart of a management irformation system. The
computer presents displays which irstruct +he studant on-line
to exercise control of the computer system using a typewriter
or a lightpen lccated at the corsole work station,
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Muckler, F. A. 2nd Obermayer, R, W. Inforrmaticn displav, Inter-

ratiopal Science apd Techhology, August, 1965, 44, 3u-40,

Displays are ipterded *c provide a human operator with *he
kind of information that he can +ransform in+*o useful
A decicions or control actions. While the technoloay exists to
s present qualitative, quantitative, symbolic, ard pictorial

da+ta, it is not always certain hovw *hese forms ar» best usesd

to assure that the tuman rteceiver is gettina clear,
. unartiauous information that can lead to the desired output
of the total man-machine system, Man is a unigue informatior
processor because he dqgives meanrina to information. But his
processing ability is limited by data load and speed stressas
to which he adapts remarkably in ways tha+t are not fully
understood. The context in which information has valune is ir
a man's head. This context 1is in a machine only to the
degree that some human hkas put it there as prior contextual
; rules of bow a system should operate, Combinirg saveral
’ types of da*ta on one display indicator does not assure the
inteqration of information, which really occurs in ¢the
context of man's irnterpretatior of the display. Most display
design has suffered from a pre-occupation with hardware,

~ -

Narvrecki, L. H., Strub, M, H,, ard Cecil, R, M, Erroer
categorization and analysis in wman-computer communication
systems.  IEBE Transactions on Reliability, 1973, Rz22,
135'139-

! This paper briefly examines tradi+ional approackes +o humar
reliability and presents a technique which permits the systanm
desiqgner to derive a mutually exclusive ard exhaustive se* of
operator error cateqories ir a man-compunter system, These
error cateqgories are defined ir terms of process failures anAd
provide the system d2signer with a qualitative irdex sui<able
for determining error causes and consequences, The technique
is dJdemcnstrated, and +he wuwtility of the resulting error
categories is evaluated in the cortext of two studies on a
pilitary information processing system, The paper concludes
‘ vwith a hrief discussior of detectable and non-datectahle
3 errors and a suggestion for determining the impac+t of etrors
cn ultimate system goals.

vrather than developing better commtnication with man, o




Weches, R, 1Intelligert eoducational dialogue systeas. San Diego,
California: Tniversity of Califorria, San Diego La Jolla
Center for Hnmar Inforration Processing, Report No. 7701,
Marchk, 1977.

This papar describes a ‘typothetical comsputer program capahle
of epulating the bhehavior of a hurman tutor. Such a programs
must ideally, display a nurher of characteristics. I+ must
be mixed-initiative, meaning that either student or tutor may
initiate an interaction. It must he capable of understandinag
natural lanqguaqe input and oenerating natural 1languaqge
output, It must be highly krowledgeahle about its subhject
satter, and generative in order to be able to ansver
unarticipated questions. Pinally, the systenm aust be
flexible enrougk to detect tte nz2eds of a student and alter
its teaching strategy sc as to best meet those n22d4s. The
first part of the paper discusses wvhat the major parts of *he
system would be, the functiorns eachk part would carry oun+, and
the means by which they irteract., The goal is to d=2v=lop a
general system that can be used with a nusber of different
teachirg strategies, The second part of *he paper aralyzes ‘
the Socratic teactinrg method in order to determine ¢the :

requirements for impleacntation within the systenw. s

Nickerson, F, S. Mar-~computer interaction: A challerge for
humar factors research. Ergcpnomics, 1969, 12 (&), S01-517, 1

This paper claims that the 4dincreasing heterogeneity of the
community of computer users poses a challenge to
psychologists and human factos researchers. There followus a
brief discussion of why this challenge apparently has not yeot
evoked a strong response, Three probleams, or probleam areazs,
are identified as beirg particularly in need of human factors
research. Thes2s are (1) the dJdevelopment and evaluvation of
conversational languages, (2) the determination of how the
us2 patterns adopted by users depenqd an systep
characteristics, and (3) the description, or modeling, of
man-computer irteraction.
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Nickerson, PF. S., Blkind, J. I., and cartonell, J. R. Humar
factors and the desiqgn of +time <sharinag computer systers,
Humar Pactors, 1968, 10, 127-134,

- e S e e e

The advent of computer time <sharirg poses an extraovdiparv
s challerg> to humar factors research during ¢the nex+ d=cad=.
F RBefore time sharing, twe facts combired to de-emphasize +he
: importance of humar factors considerations in the Adesign of
b ! computer systems: (1) the cost cf tte computer's time was
 « exorbitantly high relative to the cost of users' +ime, and
oy (2) the users constituted a select, highly skilled and hiahly
; motivated group of specialists. Twoc of the promises of time
¢ sharing, however, are (1) a drastic reduction in the cost »f
‘ computer time *o the individual user, and (2) the larqge scale
availability of computer facilities +tc individuals untraired
in any areas of computer technology. Human factors
consideraticns then become important bhoth for economic ard
psychological reasons, This vaper briefly notes what a faw
cf these considerations are.

Obermaysr, R, W, Accuracy and tirmeliress ir large-scale
data-ertry subsystems: Proceedings of the 21st apnrual
peeting of the Human Pactors Society. Santa Monica,
California, Human Factors Society, Nctober, 1977,

g v e s

Errors qgeneratad at the input ¢to automated irnformatior
systems threaten the utility of ¢the outputs produced by suck
systems~-~i.e., the classic GIGO (Garhage In--Garbage Ou¢)
: groblem, Large amounts of eoffort ard attendant cos*s arve
! involved in dealing with these errors once they are 1in the
system; howvever, more attention should be qiven ¢to a
conrdiratad solution of the prohblem at the source-~ the data
en“ry poirt, A large-scale data-entry subsystem mndel 1is
presented, together with statistics or error and timeliness,
The concept cf a Source Data Entry Module (SDEM) is presented
along with consideratiors of desion criteria anrd a Adesign
approach, Ar eyxample is given, parallelinrg a t+esthad for
which data colla2ction is planred, I+ 1is suggested that a
generalized SDFM design ray be achieveable, providing a bhasis
for the solutior of a wide ranrge of automated information
11 system data entry problewms,
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] Palme, J. Interactive software for husans. Stockholn, Swedan:
g Research Institute of WNational nDefense, Repor® No. POA-

C10029-M3 (BS), July, 1975,

2 Which of the human needs that are affected by tha use of
. computers? Fow will computers affect the humans using tham?

' What kinds of comepunications hetween huamans will ¢the
computers cause? How can computer systems be d2siqnred +¢o

! be*ter satisfy human needs? Wha+ design principles should bhe
i usad for such systems? What kinds of man-machine interactior

E will better satisfy human needs? This paper discusses *these
§ groblers and presents various methods. Computer driven,
' compand driven and natural lanquaqge interaction is discuss=243.

Parsons, H. M. Tha scope of human factors in computer-bassd da«a
processing systems. Hyman Factors, 1970, 12, 165-175.

Work ir human factors encompasses reseavrch and applica+ion ir
human erginerring, procedure development, trainirg
tectriques, personrel requirements, test and evaluation, task
description, ard task allocation. Opportuni*+ies and needs
exist in computer-based data processing systems for all these
endeavors, especially with regard to on-line users. Within
human engineering, only manual entry kas so far received much
research atterntion. Work is also needed on displavs,
inteqrated entry-display, wvorkspace and other equipment
aspects, on-line lanquages, and program produc*ion, of
greatest concern to human engineerirg is the computer output,
} designed by proqrammers, rather than the hardwvare, Human
factors people will have to master a new field and provide
guidance to a new disciplinre which has not yet understood
human factors requirements,
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Paulscn, B. C., Jr. Cortinuing research ir the developmen* of
interactive man~-computer systems for ergineering-construction
profects. Starford, cCalifornia: Stanford iniversi+y,
Departxent of civil Engineerirgqg, Report No. ~RrR-200,
September, 1975,

This report describes research employing an interactive man-
computer ervironment ¢to develop, imwplement and tast
hypotheses and systems involving inteqrated network moedzls
for the planring and control cf resources and oparations on
large engireerirg-construction projects. Suchk analytical
systems and procedures are urgently needed for planning and
controlling increasingly 1large and complex engineering and
construction proijects, Examples include rapid +tvansit
systems, nuclear power plants, and airing developments.
Specific objectives included: (a) Continrue development of

promising analytical algoritkms and procedures. {b) {
Inrlement systems ard hardware for communications at the man- .

computer interface ¢to inteqrate the projesct engineers!
experience, judgqment and qualitative analysis direct+lv irto
the problem-solving process, (c) HNirimize the feedback time
required to get information ton decision makers for control
purposes, (d) Develop objective means to evalua“e
alterpatives in planning and control subsystens.

pPeace, D. M. S. and Easterby, R. S. The evaluation of user
interaction with computer-based management information
systems. Humap Pactors, 1973, 15, 163-177.

The paucity of human factors work in computer system desigr
is noted, and reasons for this are elabhorated with par+ticular
reference to computer-based management information systems.
The main obstacle to such humar factors erdeavor would appear
to be the lack of appropriate investigatory techniques, To

R ar—

remedy this deoficiency a methed is propeosed which derivedq ' :
from ttFz field of nsychotherapv. Pilc+ studies are reporteqd

vhich demonstra*te the *echnique anrd indicate how the Adata
obtained may be in*erpreted. An appraisal of the potarntial
ct this *echnique in the managemert informatior system field
is presaenteAd,
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R. ¥., Rollins, A, M,, and Williams, 6. A. Generic
man-corputer dialoque specification: An alternative ¢*¢
dialogue specialists., Proceedings of the Intermatjonal
Frgonoeics Association fth Anrual Congress, College Park
aaryI%§§, July, 1978, 251-254, ‘ ’

It has long been argued that man-comput*er dialogues shculd be
writ+er by user-oriented human factors specialists rather
than by systems designers vhko were once programaers and who
tend to thirk like progranamers, The Aifficul*y is tha* very
few human factors specialists have access to the dens of
systems designers and even when their usefulness 1is
recoqnized there avre not enouqk such specialists to ameet* *h-
need, This paper will report on an alterrative procedure ip
vhich the humar factors input is rade at the stage at which
system planrning is under wvay, when system characteristics are
sufficiently well defined that it is possible +o write a
dialogue specification, bu+t hefore systems designers have
begur to write dialoques, If ¢this specification is
effective, it will give the designer freedom to do wha* he
does best, but will do it within predefined constraints that
wvill promote the Adevelopment of an effective interactive
system. In corjunction with the development of a large-scale
system proposad by the Agricultural Stabilization and
Conservation Service such a set of dialogue specifications
was written, The specifications woulé permit several system
design teams to work independently, but produce dialoque
that is relatively uniform from subsystem t. subsystem and
that peots standards for good human factors design. The
steps undertaken ¢o create the specification are desscribed
+ogether with selected samples of the kind of dialogque that
may result,
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Press, L. Toward balanced mar-machine systems, Ipternatioral
Jourpal of Man-NMachipe Studjes, 1971, 3, 61-73,

This paper beginrs with a simple classificatior schem=a for
man-pachine systeas in vhich the question used for
R classification is: Which partrer is qgivirg instructions and
vhich one is executing them? A brief survey of current
systems and davelopment vork stows that little is beirg done
wi+th ®"balarced® systems, that is <¢those wvhere both partners
are ac*ive, where either may suqaest operations or execute
them, and where the order of the steps in *he problem-solving
process is foin*ly determined. One strategy for developing a
i balanced system is to extend a machine-only system to allow
~ for interaction with and participation by a man, who must be j
enabtled to input decisions and to request information to help
him wmake those decisions, This strateqgy is useful for
. problems which car be automated, but where all of +*he
‘ infermation known to the investigator carnot bhe represented
) explicitly or vwhere rtoutires *o process i%t economically
canrot he invented, Examples are given of the po*tential
apnlication of the approach to simulation studies,

-
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Purdue Laboratory for Applied Industrial cCortrol. Significan+
: accopplishments and documenta*ion of the Inrternational Purdue
| Vorkshop on Computer Systers, Part TII. Development of

interfaces and data transmission, in man-machine
cosmunications and in the safety and security of industrial
A computer csystems., Lafayette, Indiara: Purdue University,

laboratory for Applied Irdustrial Control, January, 1977.

asnan

This volume represents Part 3 of a six volume set reproducinag
the major wvork accomplished by +*he 1International Purdue
Workshop on Industrial Computer Systems during the past eigh+
years, This wmaterial is reprinted €rom the Ninrutes of *he
several individual wmeetings of the Workshop and represen*s
tha work carried out by ¢the standing committees of ¢the
Wortkshop.
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Purdue Laboratory for Applied Industrial Cortrel., Sianificant
accomplishments and documentation cf the Internatioral Purdue
Workshop on Industrial Compater Systenss. Par¢ vT.
Guidelines for the desiqn of wan/machire interfaces for
procass control., Lafayette, Indianac: Purdue UOniversity,

Laboratory for Applied Industrial control, January, 1977,

This vclume represents Part 6 of a six volume set reproducina
the mafor work accomplished by ¢the International Purdue
Workshop on Industrial Comsputer Systemas during the past eight
years. This wmaterial is reprinted from the Minutes of *he
vorkshop and represents some of the work carried out by *he
man/Machine Comsunications Committee of the Workshop.




Ramsev, P. H,, Atwood, M, F,, and Van Dorer, J. R. A comparative

study of flowcharts and orogram desiqn languwages for +he
de*ailed procedural specificatior cf computer oprogranms,
Alexanrdria, Viragiria: 0O, S. Army Researcht Instituta for +he
Behavicral and Social Sciences, Army FResearch TInstitute
Techknical Paper, ir press.

This experimental study was perforeed in an attempt to assess
the rela*tive merits of Proqrar Drsiar Languages ({PDLs) anAi
fl nucharts as *echniques for *ha developmant and
documer+ation of d=2%tailed designs for computer prograns.
Twarty students irn a copputer sciencs graduate course
participated ir ar experiment, Wworking individually, +he
studer*s designed a two-~pass assemblev for a  simple
rinicomputer. Half +he studen*s expressed their design for
the first pass cof *he assemblrrT ir the form of a flowchare,
and expressed their design for +ke second pass ir a Precarar
Pesinan Lanquage, Thre other half of *he students usad a nng
for pass ore, and a flowchar* for pass +wo, Flowvcharts ang
EDT= were comparted on *he Ytasis of various measutes of
overall design quality, Aesigr errers, level of d=2+tail of
designe, time experdesd ir developirq desians, and subjective
praferencas, Havirg completed *this Aesiqr task, the suhject:s

ther pearformed ar implemernta+tior task, They wara qgiven
fairly detailed procedural desigrs for a oprogram vwhicth
simulates the function of a fairly sophis*+ica+ed

minicomputer, They wera then required to develop a wvorkina
versior of the program in PL/1, Althouglr the Adesigns were
logically equivalert, bLalf the students received their
sirulator Aesiqr 4ir flowchart form, and half in DPDL form.
Flowcharts and PDLs were compared onr *he basis of design
comorehension test performance, various rrasures of overall
implementa+icn qualitvy, implementation errors, and1 subijective
prefererce, In the context ir which +his stndv was
performed, th2 nuse of a Program Designr Langquaae (PDL) by a
sofrware designer, for the dAavelopment and description of a
detailed proagram desigr, produced better vesults than 4id +he
use of flowchar*s, Specifically, tte dasigns appeared to he
cf cigrificartlv better aquality, involvina more algorithmic
cr procedural detail, than those producad usinrg flowchar*s.
ITn addi+ior, flowchart desians exhibited considerably mnre
abbreviation and other space-savira practices than A4id FDL
designs, with a possible adverse effect or their readahility.
Wher equivalent, highly readahls designs were presented to
suhiec*s in botr PDL and flowctart form, no pa+tern of short-
tetr or long-term differences in comprehension of *the Aesign
vas observed, No siqgnificant Aifferences were detecnted ir
th> quality or other properties of programs writtern as
implementations of *he designs. Subjective ratings indica+24
a mild preference for PDLs, Overall, +*he results suqges*
that ~softwara desiqgn performance ard designer-proarammar
copnunication righ* be significantly irproved hy the 2doptinr
cf irformal Proaram Design Lanqguages, rather than flowcharts,




as a standard documentation me*bod for detail2ad computer
prograw designs.

Reisrer, P. Use of psychological experimentation as an aid ¢o
: development of a quer langquage. IBFE fTrapsactiaons on ;
: Software Engineerira, 1977, SE=3 (3), 218-229. i

This paper describes a series of psycheclogical =xperimerts
used to test a new data base guery larqguage. Th> intept is
to rake psycholoaical ¢esting of a lanaquag2 part of +he
design and developrent process. By testirg a lanquaqe while
it is s+*ill und=r developmert, features tha* raquire changira
can he identified and the changes wade, The exparimerts,
whict used college students as subjects, investigated: 1)
overall "learnability" of the 1language, 2) "learnabilitv" of
individual features of the 1language, and 3) the types ard
frequercies of errors made. Pecommended changes ¢to the
particular lanquage and the basis for ¢those recommendatinns
are described, Ir addition, errors made by experimental
subiects during *te testing are then anadlvzed from the peint
of view of possible causers, Basad or this aralysis, a
preliminary model of query vwri¢ino and two possible indices
cf guery coaplexity are suggested,

Rijnsdorp, J. E. and Pouse, W. B. Design of mar-machine
interfaces 4in process control, In Van Nauta Lemke (Fd,)

Digital computer applicatjons to process coptrol. New Ycrk:
TFAC and North-Holland Publishing Company, 1977, 705-720.

Computerized CRT-Aisplys are rapidly being introduced irto
san-machine interfaces for process cor+trol and supervision,
The flexibility of these dAevices can promote the
incorporatior of tumar factors ir irterface design. This
paper gives a survey of desiqr criteria and quidelin=s for:
Allocating systea functions. hetveen "man® and “aachine®;
copira with operator skills: evaluating CRT-displays and
choosing controls and dialcque s*ructures for *+hese CRT-
di splays ¢typ2 of displays. Also, attentior is opaid +o
experimental comparison of desigqn alternativas, and to the
influerces of the human orgarization, high mental stress and
jJob satisfaction on interface design.
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Pinael, S., Vvicino, F., 1., and Ardrevs, R, S, Human factors

Root,

research in comrand irformation processira systems,
Wastirgton, D, C.: Army Personnel Fesearch 0Officz, Rep~r¢t
No. APPO-TRR-1145, March, 1966,

The report describes thz scope, ratiorale, orgarization, anAi
progress of 2 command systems research prngrar to proviie
human factors information needed fecr vperformance withkin
complex automated informaticr processing cystems, Followira
a survey cof mili+ary irformation preccessing equipmen+t and
opevrations and future plars for command informatinmg
processing systems, bpasic human factors prohlems were
identified ard organized around five critical
operations--screenirqg inrcoming data, +ransforming rav data
for input into storage devices, irput, assimilation of
displayed inrformatiorn, and decision making. R research
program was formulated and studies undertaken ¢to vyielAd
empirical information abcut the effects on human perforearce
of (1) characteristics of the information presant2d (density,
amourt, etc.): (2) Adyramic aspects of information (*ype,
extent, codirq of updates); (3) display modes and s=rsory
modalities (qroup vs individual displays, multisarsory
displavs); ard (8) computer aids tc thte decisior procsss. A
Conmand Systems lahoratory was developed to permit simula*ion
cf various TOS functicns, Findinras bhave suggestecd +he
possibility of reduction in stccoaqe capacity requircemer+s,
rumbker of Adisplays called from storaqe durirg a gqivarn
operational *ime period, and time requirel for the total
information assimilation-dacisicn process and sunported the
incorporation ard use of informaticn consvicui*y coding
capabilities in command systenms.

R. T. and Sadacca, R, Man-computer ccemmunication

techniques: Two experiments. Humarp Pactors, 1967, 9,
52 1-5280

Two experimental studies are rerorted that were interded ¢n
evaluate pan-computer communication techriquas withip the
context of th2 ccmputer-based imaage irterpretation facilisy.
The first experiment, comparing five differert data entry
procedures, indicated <that, alttough a procedure raquirina
the interpretar to enter veport data directly usnag a #eletype
keyboard resuvlted in the shortest overall throughput *ime, a
frocedura  involvirg messaqe comrpocsition by +h2 imaqe
interpreter witt subsequent transcription hy a communicator
rinimizes ¢+he +ime spent by ¢the interpreter in Teport
gencrratiorn and maximizes the time available for the datec*ior
and identification cf targets on aerial imagetry. The second
experirent, avaluating alterrative wvord form-data en+ry
format combination, showed no differences arong *ho =iy
conmtinations studied.




Roscoe, S, N, Airborne displays for flight and navicaticn., Humar

This paper dsals with certainr types of airborne displavs,
spacifically, those wused in navigatinag and flying aircraf*.
Considaration is aqgiven to the nature of the crew?'s fligh*
task, *o certain principles of flight display, ard to some of
the #xperimental evidence bearing on principles of display.

Roscoe, S. N. Assessment of pilotage error in airtborne area

navigation procedures. Human Pactors, 1974, 16, 223-228,

In 1969, by specifically including "pilotage error™ in +the
error bhudget for area naviqation system certificaton, +he
Pederal Aviation Adeinistratior legally attactad aconomic
premiums and "penalties to" humar, as well as aquipwmert,
performance in mar-machine system design. To establish +he
accuracy of us=2 and freedom from pilot blunders associataed
vith systems =mploying various configurations of displays and
controls requir=ss hoth simulator and flight eoxperimentation,
An 2utomatically adantive cockpit side task provides a
saturating level of pilot workload@ ard allows *h> sansitive,
orderly, ard statistically reliable measurement of 31 pilot's
residual attention as a common metric for area navigation
system assessment,
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Roscoe, S. N. and Bisele, J, E, Inteqrated computer-genarated
cockpit displays. Ir T. B, Sheridar and G. Johnson (Pis.)
Bonitoring behavior and supervisory control. N=w York:
Plenum Press, 1976, 39-50.

In the new g2neration of hiah-speed, mwulti-mission aircraf+
the role of *he pilot has ckargad subs+tantially. New syst=n
elements typically vrequire +the man to he an irnformation
. manager or a fas+t decisiorn maker as oprosed ¢o a Adirsc+ !
o r controller of flight variables, Adjustmant tn the now !

. demands has bheer graatly assisted by innovations 3in Aisplay
and control technology and the inclusion of advanc»ei

computers on hoarqd, These irnovations have increased the
deqree of fresdcm in function allocation and dAisplavy ané
control systam desiqgn, Yo+, to capitalize an  +hese

cppertunities, further improvemen*s ir sensing and Adisplay
) are necessary for a wise use cof these additional Adegrees of
freedomn, As aircraft become more sophisticated and their
missiors more d2manding, there is an inevitable increase in
th2 pilot's d=apendence on ar*ificial devices for sensing and
dieplay of information about aircraf* performance andi for
conttol of <the aircraft in fliagh+, One approach is +to
determine the specific irfcrmation requirements for a
particular flight in a particular aircraft and to jndge <he
adequacy of a particular display against these,. However,
suct an approach requires eternal iteration, and there is no
vay of assuring +hat all 1likely nmissions for any gqiven
airplane will be orovided for in anythirg like an optimunm
¢ sanrer. A more systematic approach is needed, To succeed in
applying modern +¢echnology to lonag-standing unsolved £light
management and cortrol problems, what is known from rasearct
and exparience in specific contexts must first be abstrac+t21
threuogh analysis ard thep inteqrated throuvoh syntheasis., Even
if all of +th= pilot*'s information Tequirements weare
exhaus+*ivaly krown, and +he required dynamics for each
displav=d variable specified quantitatively, creativa des=ign
would still bhe called for *o embody +hose requirements in a
clearly encoded Adisplay., The transformations hetwasn
informatior *o0 be displayed and its optimum coding remair
chscure because lists of informatior vrequirements 4o rnot
, imply =2nything ahout the relatiorships amorg items of
\ informs*ion. Informatinn should be corsidered as an orgarie,

dynaric sys+em, not as discrete items,
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Rothenberqg, J. Ar intelligent +*utor: Onr-line documentatior and

help for a wmilitary message service, Marira del Rev,
\ California: Marina del Rev Irforraticon Sciences Institute,
‘ Report No. ISI/RR-74-26, May, 1975,

!

The military message service porposed by 'ISI's Informatior
. Automation project is designed to provide full documen*ation,
. help, and error-reporting facilities on-line. Th2 Tator
A serves these functions bv accessing a documentation (or FRelp)
data base which contains wmultilevel descriptions for evary
"semantic entity"™ used in the interface betwean +*he service
and the user. These descripticns are expardable with raspect
to the amonnt and +ype of irfoermatior presented, as well as
with respect ¢to the user®s level of proficiency and
experience, as indicated by a User Profile. The Tu+or also
rrovides a facility for orn-line computer-aided instruction.
It can be invoked explicitly by the user's reques* for help,
or by *he command Langrage Processor and User Monitor ir
re sponse to unrecoanized commands, irefficient operatior, or
error conditions.

-

Pouse, S. H. and Rouse, W, B. Design of a model-based on-lire
managem2nt information system for interlihrary loan natworks.
Champaiqgn, Illinois: Oniversity of Illinois a+ Urbana-
Champaiar, Coordinatad Science laboratory, Repor* No, T-54,
December, 1977,

. The primary purpose of this report is to discuss a stwdy of

the feasihility of implementing a mecdel-based onlire f
manaqgem2ant information system within thke Tllinois Library and 1
Information Network. To that end, a prototype d=sign 1is

discussed. This discussion includes consideration of <*he 1
projected oparating cos%s of the maragement informatior !
systen, Sevaral issues were considered in developing the
grotctype design presented here, While many of the issues
are discussed ir presenting the prototype design, the authors
fel* that these issues shculd be given €fuller <tr2atment,
- Thus, a substantial portion of <+this report raviaws the
2 ) general issues anrd hov they are corsiderad in the literatare,
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Rouse

ROuse

e Wo B. A meda]l of the human ir a cognitive prediction tasr,
JEFF Trapsactiops cn Systems, Man, and Cybernetics, 1973,
SMC-3, 5, 473-477.

The bhuman Adecision maker's bebhavior when predicting future
states of discr=te linpear dyramic systems driven by zern-mean
Gauscsiar processes is modeled. The task is on a slow enouqgh
time scale that physicloqical constraints ares insignificant
compared with cogritive limitations, The model is bhasically
2 lirear reqression systoem identifier with a limited merory
and noisy observatiocns, FRxperimental data are presented ard
compar=d tc the model,

erfaces for on-lina

, W, B, Design of man-conm +
of the IFEE, 1975, 63 (6),

puter i
interactive systems, Proceedirgs
gu7-8s7,

An at+tempt is made to integrate a wide ranae of material ir+o
a conceptual s+tructure for *he desiar of man-computer
interfaces for onr-line interactive systems. Typical roles
for ¢the human ir marp-computer systems ave considereqd,
Suggestions for the desiqr of systems are daveloped ir
di scussions of Adisplays and inpu* dsvices, visual informationr
processing, and mathematical models of human behavior,
Possible developments and avenunes cof resaarch in man-computer
systems are suggested.

¢« ¥. B. A mcdel of the humap as a subceptimal smcother, JERF
Jrarsactions on sSystems, Man, apd Cyberpetics, 1976, SMC-6
(5), 337-343,

Fstimation theory is used to develop a model of a Luman
decision maker in a self-paced, visual data smdoo*hing task.
The model is basically a noisy fixed-point smoother cembinad
vwith a vweighting funetinn that discounts data in relation *o
its distance (in time) from the point beinrg smoothed.
Fxperimental data is used to estirate the paramaters of the
rodel, Applications of ¢the wmodel to the dasiqr of
information displays and man-computer interactive Adecisior
making systems are considered,
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Rouse, W. R. A model of humar decisionmaking ir a fault diagrocsis
task, Broceedings of the Eifteenth Appval Aller‘or
Confererce on Control, and Computing, Champaign, Tllinois:
Oniversi*y of Illirois at Urbara-Champaiqgn, Sepntember, 1977,

Mt ilizing elemertary concepts fror the theory of fuzzy sets
as well as several non-fuzzy heuristics, a model is presentad
of human decisior making ir the task of ¢trouble-shocting
graphically displayed networks. The performance of +*he mod->1
is compared to the results of two experimental studies,

Rouse, W, B, A theory of human decisiormaking in stochastic
estimation tasks. IFEE Transactions on Systeps, Man, and
Cybernetics, 1977, SMC-7 (4), 274-283,

Ruman decisionmaking in stochastic estimation ¢tasks is
consid=red. Theoretical and experimertal results frorp

mathematical psychology are reviewed, Concepts from
stochastic estimation theory are used +to develop a theory of
human decisionraking that employs optimal s*ochastic
estimators with a short-term memcry model, at least one lornag-
term model, ard a method of ¢trading off estimates derived
from each model, Approaches to testinrg the theory as well as
the theory?s implications are discussed. Also, the
limitations of a linear theory are considered,

Rouse, W. B, Human-~computer interactior irn multitask situa+tions,

IEEE Transacticns on Systers, Mar, and Cybernetics, 1977,
(5), 384-392,

Humanp-computer irtaraction in rultitask decisiormakinrg
situations is considared, and it is proposed *hat humans and
computers have overlappirg responsibilities. Oueueing thecry
is epploved to model this Ayramic approach to the allccation
cf responsibility between bhuman and computer, Results of
sisulation experiments are used to illustrate the 2ffects of
several system variables including numbher of tasks, mean time
tetweer arrivals of action-evcking everts, humsn-computer
sp2ed mpismatch, probability of computer error, probability of
human error, and ¢the level of feedback be+tween human and
computer, Currant experimental efforte avre discussed and *he
prac-ical issues involved ir desiqring human-computer systems
for multitask situations are considered.




Rouse, W. 3. Human prohlem solving performance in a fault
diaarosis task. IEBEE Transacticrs on Systess, HMap, and
Crbernerics, 1978, SAC-8 (%), 258-271.

It i=s proposed that hupans in autorated systeps will be asked
to assume th2 role of ¢troublestooter or problem solver and
that the problems which they will be asked to solve in such
systems will not he amenable tc ro*e scolution. The design of
visnal displays for problem solvirg in such sitnations is
considereqd, and the resvlts of tvo experimental
investigations of human problem <colving performance in the
diaqnosis of faults in graphically displayed network problems
are discussed, The effects of problew size, forced-pacing,
computer aiding, and training are considered. Results
indicats that human performance deviates from optimalitv as
problem size 1increases, Porced-pacing appears to cause *he
human to adopt fairly brute force strategies, as compared *o
those adopted in self-paced situations., Cosputer aiding
substartially 1lasssns the numher of mis*taken diagnoses by i
perforeming the hookkeeping pertions of the task. ;

Rouse, W, B, and Enstrom, K. D, Huran perception of the
statistical properties of discrete time series: Eff s 0
interpclatior mathods.  IEEE Transactions op Systeas, Map,
and Cyberpetics, 1976, SMC=6 (7y, B66-8473,

The human's ability to estimate the mearn and standarad
deviation of discrete time series is discussed. Tha effect
cf volynomial interpolation formulas on these two statistics
is considared both mathematically and axperimentally.
Derivations show that the piece-wise continuous functions
resulting from polynomial irterpolation have unbiasad
exvect2d values and bhiased variances, Rasults of ¢wo
experiments are presented tha*t support the idea “hat humans
tase their perceptions 5n the piece-wise continuous rasul+ of
interpolation and thereby transmit the statistical bias, The
practical implications of these results are AdAiscussed,
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samet, M. G. and Davis, K. B. Computer-bhased supervisory systen

for managing information €flow in C3 systeas: Pacing mod=21.
Wondlard Hills, California: Perceptronics, Repart+ No,
PTR-1033-77-3, March, 1977,

Thic 7raport dascribes progress on work centerad on the
demorstration of a systerm of irteqrated on-line adaptive user
models designed *o automatically selec* and pace informatior
in a simulated coamand, control, and communication (C3)
system. The report includes: (1Y) a human-factors based
rationale for improving information flow ir C3 sys*tems; (2) a
description of modifications made to the Tactical and
Negotiations Game (TNG) scenario to create a C3 dacisinn
simala+tion in which automatic selection anpd pacirq of
information can be Trealistically accomplisheds (3) <+he
conceptual specification of a real-time, computer-based modal
for automatically adapting message pacing rate ¢to the
information processing ard decision making capabilities of ar
individual operator; (4) an overview of the software
configuration b2ing implemented to support the system. The
next phase of vork will focus on the system implementation of
the rewly developed confiquration of information selectionr
and pacing models.
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Samet, M. G,, Weltman, G., and Davis, K. B. Application of
adaptive wmodels to ipformation selectior in C3 subiects.
Woodlard Hills, California: Perceptronics, Report WNo.
PTR-1033-76-12, Deceaber, 1976,

This repor+r describes research and development centeread or
the demonstration of an on-1line adaptive mcd=l for
automatically selecting informaticnr in a command, control,
and communication (C3) systenm, Rationale for application of
the model is built upon a review of psychkological literatire
concetning human perfermance irn specifying irformation
requirements, and in acquirirg and utilizing information for
n silitary decision making. Based on a naulti-attribute
‘ decomposition of information messages, the wmodel selects
information for an individual user according to his observed
information preferences in response t¢ specific situatioral
requireas2nts, An additional algorithm reduces the size of a
selected information set by dynamically pruning relatively
lov-utility items. The podel was implemented for a sirulat=24
ASW tracking %task, and was systematically evaluated in terms
of both its in*rinsic performance and the paecforeance of ar
expert operator vworking with it, The results demonstrated
the capability of the model to adapt to varied individualize?
information seeking strategies, an to subsequently automate
th= selection of information appropriate to those stratagies.
Pmpirical evalua+ions showed that an operator was able ¢c¢
perform the tracking task successfully and amuch mere rapidly
with automatic selection of inforemation. Moreover,
perfermance eoffectiveness was enhanced bty the removal of
pessages which contributed 1little to the overall utility of
- an information set, The findiras are discussed ir termes of
: the advantages and implications of the adaptive, multi-
attribute wutility model and its potential application for
improvirg inforwation flow (e.a., pacing and routing) ard
utilization in computer-based C3 systewms.
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Schank, R. C., Research at Yale ir natural language processing,
New Haven, Connecticut: Yale Universjity, Department of
Computer Science, Report No, RR-84, 1976,

A This report describes the state of the computer programs at
Yale that do automatic natural 1larquage processing as of the
end of 1976, The theory hehind the programs shown btere as
well as descriptions of how those proqrams functior has beer
descrihted elsewhere, This report summarizes the capabilities
of 5 computer programs at the present time, {
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Schn~iderrsan, B, and NcKay, D. PRxperimental investigations of
computer program debugging and modificatior. Proce=21ings of
the 6tk Congress of the Internatjoral Prgonomics Association.
Humar Pactors Society, College Park, Maryland, July, 1976.

Although qreater emphasis is placed on the task of computer
proqgram compositior, debugging and modification of*ten consume
more time and expensa in production ervironments, Da2hugging
is ¢the task of locating syntactic and semantic errors inr
programs and correcting these errors. MNodification is the
chanae of a working proqram +to perform alternate tasks, The
factors and taechniques which facilitate debuggira and
modification are poerly urderstood, but are subject +¢
experimental investigation. Controlled experiments car be
perform2d by presenting two groups of subjects with tvo forms
of a program or different programeing aids and requiring +he
same task, For example, in one study we presented an R1 linpe
FORTRAN program containing bhugs to distinct groups of
subjects., One of the groups received a detailed €flowchart,
but results indicated that this aid dia not facilitate the
debugging procedure, Similar reqative results vere obtained
for a modification task, In other experiments, commer*s and
rearingful variable names were wuseful in debugging and
modularity facilitated modification. Other potentially
influertial factors, which are subject to experimental study,
include indentation rules, *ype of cortrol structures, data
structure conaplexity and proqram design. These and other
human factor experiments in programming have 1led ¢to a
cognitive model of proqrammer behavior vhich distinguishes
between +he hierarchically structured, meaningfully acquir:4
semantic knowledge and the rotely memorized svyntactic
knovledge, Prrors carn he classed into syntactic mistaFes
whichk are relatively easy to locate and correct and two forms
cf semantic ristakes. Serantic errers occur vhile
constructing an internal semantic structure to a
representation in the syntax of a programming language.
nodification is interpreted as the acquisition of an internal
semantic structure by studying a program, followed by
modification of this structure and revision of the code.
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Seibel, P, Data entry devices and procedures, 1Imn #H. R, VanCott
and R. G. Kincade (Eds.) Hupan engipeering gquide ¢to
eguipsent design. Rashington, D.Co,: u.S. Governeent
Prirting Office, 1972, 311-344,

A vide variety of alterrative pmeans for entering data have
accompanied the automation of data handling, These range
from keyhoards, levers, switches, and dials to light pencils,
and hardwritten or voice inputs, The spe2ed and accuracy with
vhich data entry is accomplished usirg these devices depend
on (a) the characteristics of the source data, (b) the Aesigr
of the data entry dsvice, and (c) the characteristics of the
operator. This chapter presents reccmmendations and cronss
comparisons for the humar engireering design or selection of
a variety of data entry devices, procedures, and source
document formats. Stearing wheels and joysticks, which are
continvous control data entry devices, are discussed,

Shackel, B, Man-computer interactien - the contribution of +he
humarn sciences. Ergopomics, 1969, 12 (u4), 485-499,

An introductory survay is presented of th2 possible
contritution of the human scierces to mAn-computer
interaction, based upon a full review of the relevant* human
factors literature which is to te published, A possibhle
taxonomy for the field is proposed founded on hroad divisions
of +he human sciences problem areas ard of the ¢types of
computer systems and services, sirq the taxonomy as a
framework, some examples of relevart human sciences work and
some problems and research needs are discussed.
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Sheppard, S, B., Borst, M. A., Curtis, B., ani Love, L, T.
Predicting programmers? ability to modify sof+ware,
Arlirgton, virginia: General Plectric Company, Repor* %Yo,
TR-388100-3, May, 1978.

This report describes tha second experiment in a program of
research dasigned to identify characteristics of =c=>mputar
softvare which are related to its psychological complaxity.
Thirty-six experienced proqraamers vere given unliwited time
to make specified modifications to a preliminary program and
three experimental programs. The correctness of the
sodification ard the time required to make each modificatior
served as dependent variables. Results indicated that the
difficulty of the modificatior was significantly related to
the tiee to solution., This relationship was described by a
hyperbolic function relating time to the number of statement*s
to bhe inserted in the code. Modest effacts on the score and
time were observed for order of presentation, suggesting a
learning effect., On ¢two of the three prograss studied,
better modifications wvere made vhen the control flow of the
original proqraas was well-structurel. N¢c perforesarce
ef fects were related to the absence of comments or the type
cf comments (in-line versus global)y usad. Moderate
relaticonships with the criteria vere observed for saveral
complexity wmetrics, and these were =stronger where m2trics

vere obhtained from the modified code rather than the origiral
groqraes.
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Sheppard, S. B. anrd Love, L. T. A prelisinary experiment ¢o tes<

in fluences on human urderstanding of softvare, Arlington,
Virginia: Genaral Electric, Tnformatior Systems Proqranms,
Report No., TR-77-388100-1, June, 1977,

FPiqght experienced programmers wvere each given three FORTRAN
progrars to merorize ard reproduce functionally, without
notes., Three levels of complexity of control flow and three
levels of anemonic variable rames were independen+tly
mani pulated, The eoxperimental desian was an incomplete
split-plot factorial vhere each progqrammer was given one
versior of each pregram and all levels of the ¢two primary
independent variables, The participants correctly recalled
significantly more statements wvhen the complexity of control
flow was reducad., Differences in recall for the three levels
cf mnemonic variable names wvere not significant, A further
analysis compared the percent of statements correctly
recalled to Halstead's E, a measure of the effort required to
code a programs, The Pearsor correlation coefficient was
-0.81, over the 24 data points; thus indicating tha+
Halstead®’s F is a powverful predictor of one's ability ¢teo
understand a computer Pprogranm, Several changes in ¢the
experimental 4desion and the corduct of the experiment itself
are recommended for future experimental wvork in this area,
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Sidorsky, R. C. Alpha-Dot: 1 new apprcach to direct computar
entry of battlefield data. Arlinoton, Virginia: 0.S. Army
Research Institute for the Behavioral and Social Scierces,
Technical Papar 249, January, 1974,

Tha Alpha-dot svstem is a coding technigque that enatles
FPople to input data usirg familiar shapes in a form *hat+ is
also directly compatible with coeputers and other bhinary data
processors, The techrique can bhe used as the basis for a
number of devices and prccedures for tvo-way communication of
informatior betweer man and machire, Por example, data car
be input via keyhoards, pressure sensitive "tablets," CRT's,
paper forms and other means, The purpose of the present
research vas to detersmine the suitability of the 5 key Alptka-
dot kevboard for source data automation of bhattlefield
information. Ten enlisted personrel entered both fres forre
and formatted versions of simulated enemy situation spot
teports., Learning time as well as rate and accuracy of data
entry using the Alpha-dot keyboard was comparad to operator
performance using a standard typewriter, No special skil) is
required ¢to operate the device. All of the ¢trainaees weres
able +o0 input messages satisfactovily after two or thrae
sinutes of inmstruction, Learnring time for skilled operatior
: is very short, Nine of ¢the ¢ten trainees memorized the
£ - character seot witkin 1 1/2 hours of practice and wera ¢thor
able to transmit messages without reference +o the quide
: chart, Rate of data entry compares favorably with the
E | standard keyboard., Aftar 1less than five bours of practice,
; free text messages were entered at 60% of each trainee's
b . standard keyboard rate, However, formatted (TDS ¢type)
messages ware transmitted at a rate aqual to or exceedina
that of the standard keyboard, Orcorrected errors were nil
with bothk keyboards, The Alpha-dot technique appears to have
potential as a means of increasing the speed, accuracy and
flexibility of input of battlefield data by frontline
chservers.
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Smaith, B, B,, Shoben, B. J., and Rips, L. J. Structure anqd
rrocess in semantic menmory: A feature model for semantic
decisionrs. Psychological Review, 1974, 81, 214-241,

A model is proposed to account fcr recert findings on the
+ime needed to dacide that a test irstance is a member nf a
target semantic category. It is assumed that the meaning of
a lexical term can be represented by semantic featuras. Somne
of these features are essential or defiring aspects of a
word's meaning (defining features), while others ara more
accidertal or characteristic aspects (charac*eris+tic
features), This definring versus characteristic Aistinctior
is combhined with a +vo-stage processing mechanism in such a
way that the first stage determines the similarity between
the tes* instance and tarqget category wi*h respect +to bhoth
defiring and characteristic features, while the second stage
considers only agreement tetween defining features, This
model is shown to be consistent with most semantic memory
effects, and two new axperimerts provide further detailed
support for it.

Seith, S. L. and Goodwin, N, C. Computer-genarated speech and

man-computer interaction. Humar Factors, 1970, 12, 215-223.

as e ab

large-scale use of talkng computers may be anticipa*ted forv
reasons of general converience and special effectiveness, A
telephone 1link *o a computer, with touch-tone inputs anA
stored speech outputs poses a number of design vproblams of
interest for the humar factnrs specialist, Recommend=4d4
features include (1) wuser pacinag and optional repetition of
sprech ountput in a transactional sequence, (2) use of
different voices and other auditory coding to distinguish
tyres of output, and (3) use of tone codes to indicate
required input.

Seolyan, G, L. Develooment of man-computer interaction.

Arlirgton, Virginia: Joint Publications Research Service,
may, 1973.

This report discusses the prohlem of interaction hetween man
and computers as a primary factor in raising the efficiercy
cf man-machine svstems of control and data processing.




Snyder, H. L, Tmage quality and face recogrition on a televisicn
disp]ay. Hnwar Pactors, 1974, 16, 300~-307,

§ Subjects vwere asked to match faces presented singly on 2

: television display with one of 35 faces presented on a
rhotographic display. The probhahility of correc* recognition
and the time required to recognize the single face were
related ¢to the quality of the television image, Imaqe
quality was varied by changing the squarewave response of the
television system and the video signal-to-noise voltage
ratio. A derived wunitary me*tric of image quality, ¢he
square-vave modulation transfer function area, MPTA s, Was
shown to correlate highly witk both measures of observer
performance. The utility of ¢his metric for systams design
is discussed.

b

Sperandio, J. C, and Bisseret, A. Human factors in the study of
information input devices. Farnborough, Englard: Royvyal
Mircrafe Establishment, Report No. RAE~LIB~TRANS-~ 1728,
BR41239, March, 1974,

One problen area in man-machine systemn is that nf
conmrunication between man and machine. A good knowledge of
the various communication devices and of their cowmpatibhility
wi*h the operater is therefore very useful vhen preparing the
cptimization of a vorking system. FKeyvyhoard and comparisons
based on speed, accuracy, ease of training, users convenience
are corsidered following, as a quideline, the development of
input devices to permit higher speeds. The 1implications of
parallel inputs (chord playirg keyhoards) and tke consequent
loss of flexibility are considered, Other non-keyboard
systems are dealt with and some speculation as to usefulress
of devices permitting perception and decoding of natural
language is presented.
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Spesock, 6., J. and Lincoln, R. S. Humar factors aspects of
digital computer programming for simnlator control, Hamar
Factors, 1965, 7, 473-u482,

Because of the enormous present day o2ffort devoted <o *¢he
preparation of digital computer programs, spacial attertior
should bhe given +o the humar factors aspec*s of proaram
development, Currently available program compilers represent
a significant application of certain human factors
prirciples, but are not genetally applicable to problems of
"real time" programming., Since the creation of appropriate
compilers is important to simulation methodoloqy, this report
includes a detailed description cf a "real tima" compiler
developed for Aisplay/cortrol simulation on a small computar
in a human factors labhoratoery.

Steeb, R., and Artof, M., Crocks, W, H., and Weltman, G.
Man-prachine interaction in adaptive computer-aided control:
Final report. Woodland Hills, cCalifornia: Perceptrorics,
Report No, PATR-1008-75-12/31, December, 1975,

Shared decision making betwz2en man and intelligent machine is=s
becoming ar important part of advanced systems, The research

described in this paper is directed toward desvelnping human
factors criteria for the ran/machine interaction, The
research effor* include evaloations of task allocat*tior
techniaques, information feedback, and decision arnalysis
sethods, The report presents *+he results of a series of
experimental irvestigations of adaptive computer aided
control., The report includes (1) a review of shared decision
raking and contvol with intelligent machines; (2) an analysis
of decision processes and perfecrearce in sharad control
tasks; (3) a description of a represerta*tive shared control
simnlation involving remotely piloted vahicle qguidance; and
() 2 series of exveriments centering on methods of automa*ic
con*rol alloca*ior and feedback, The results of the
investication suggest that automatic allocation of control
tased on estimated operator utilities or on ohjectively
defired values is of advantage in shared control., Tha choice
cf allccation criteria ard feedback type both depend s*rorgly
cn the situation, performance (ohjective value) bas2d
allocation and feedback resunl4ed in control pronortions
closer to the optimum amcunt than preference hased on
allocation.
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Stesh, ®,, Weltman, G., and Preedy, A. MNan/machine ipterac+tion in
adaptive computer-aided contrcl: Human factors quidelines.
Woodlard Hills, California: Perceptrorics, Report No,
PATR-1008~76-1/31, January, 1976.

This report provides ir gquidelire fcrm a summary of the
investigation, findings and recommendaticns coapilad in a
series of studi2ss of adaptive computer aided control. These
studies, spannirg the four year period from November 1971 ¢*o
Noverher 1975, were directed toward develcping human factors
criteria for the interaction bhetween man and intelligent
machine, The areas considerad irnclude: (1) the range of

application of adaptive aiding. (2) characteristics of
adaptive control systems, 3) allocation of control
func+ion, (&) man/machine communication. (%) operator

selection and training, and (6) syster performance analvsis
me*thods,
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Strub, M. H. FEvaluationr of man-computer input technigues for
pilitarv irformatior systems. Washington, D. C.: 7T. S. Army
Behavicr ard Systers Research Llaboratory, Techrica) PRepcr*
226, May, 1971,

The accuracy ard speed of ¢tvo input oprocedures were earh
compared under tvo corditions cf verification. Tn one
procedure, the incceming message is ¢translated onto a paner
format before heing transcribed on a CRT screen (off-lire),
In *he other, the message is translated directly on the CRT
screen (on-1line), In the unverified conditior, or=s man
recferms the irpu* operation without error check; in +he
vevified conditicn, ¢two men trarslate the same messaqe and
compare their +ranslations tefcore enterirg the information
irto the data base., Resulis under the four experimental
condi+ions were also corpared with a oprocedure similar <o
that wused in +he 7th Army T0S in which a message 1is
translated onto a paper format and *the unverified messaqe is
copied or ¢the CRT screen by +the operator of a user irpnut
output device (UTOD). Subdects were 60 enlisted men studyina
at *he USMA Prep School, who vwere divided into four groups
and assigred ¢*o tbe four experimental ccnditions s» as +e¢
furrisbh data fcr analysis of variarce, Thers were
significantly fewer errors when the message was inrpu*
directly orn the CRT than when paper formats were us2d as an
intermediate step (11,2% error vs 14,8%), Speed of inpu+ was
practically +he same under +the ¢twc methods. Whan +*wo
cperators checked each otter's transla*tions befora +the
snforpmation was ertered into the data hase, orror was reduced
by ore *hird (10.3% vs 15,7%), but the procedure %took abon+
cne-third wmore ¢ime (€,81 wmir, vs 4,98 nmin.). Bithar
gprocedurs was an irprova2ment ir accuracy over the work method
cf having the message translated on+o a paper format by one
"actior officer™ and then bhaving a UTOD operator copy the
format on the CRT™ and then erter the format into ¢th= data
tase, The present research stronaly suggests ¢that incoming
e ssages should be translated directly on the CRT screon,
Direct CRT inpu* would reduce errcr whkile eoliminating paper
formats and need for thke UTOD operator to *ranscribe +he
paper formats on a CPT screer =-- A considerable saving in
effort and materials. While verification by a <second
operator substantially reduces the number of errors entering
the system, a 4iradeoff against +ime and manpover nmust he
reckonred with., Present firdings svqggest +hat, when time and
persontel permit, messages shovld he verified for consistercy
before the information is entered into the data bhacse,




Strub, M. H, Automated aids to or-line tactical data irputting.

Washing*on, D. C.: U. S. Army Rebtavicer and Systems Research
laboratory, Technical Report 262, February, 1975.

In an automated information system the irput opera*or must
convert free ¢text information inrto computer-readable feormat
rapidly and accurately as he enters it into the data base,
This report describes and evaluates a computer-assis-ed
message inputting (CAMI) aid dAesigned to provide auseful
adYitional formatting instructions to operators. Both a full
fornat and an experimental checklist foremat vere used with
the CAMI CRT and with a handhcok of instructions and sample
formats to input scenario-type messages. Subjects were 60
enlisted men divided into five groups, one for each of the
experimental conditions plus ore using only the handhook and
blank-screen CRT, Speed and accuracy vere me2asured. Speed
did not differ significantly among the four experimental
conditions, but the fifth unaided condition was significantly
slower, No significant Adifferences in accuracy appeared.
However, over B0% of the total input errors were discoverd *o
be types of error vwhich are not detectable by present
automated error-checking routines.

Swartzendruber, L., Ince, F,, Williges, R. C. and Roscoe, S. N.

Tvo linear rate-field displays. Human PFactors, 197%, 13,
£69-575.

An airspeed display and a lateral displacement (runway)
display, arranged vertically and horizontally, respectively,
were concurrently tracked by relatively inexperienced nilots
usi=co a jov stick. On each display the primary indicator was
small band which moved 1lengthwise, A moire-pattern rate
field (RF) woved alongside and with the primary, Rachk of
four experimental conditions included bhoth primary indicators
and (a) no rate fields, (b} the airspeed rate field onlv, (c)
the runwvay rate field only, or (d) both rate fields.
Response measures for each display included (a) latency of
ini+ial response, (b) control reversals, and (c) root-pean-
square (RMS) tracking error. Rate fields decrecased RMS error
for the runway display. Yatency was briefer, but more
reversals occurred on the airspeed display than on the runwvay
display, Rate fields anparently serve an attention gathering
function, but this cannot be fully investigated until optimun
direction~-of-motion relations are determined.




¥. Man-computer input-output techniques. IREE Traps-
actions on Human Pactors in Elecironics, 1967, HPE-8, 1-4,

} In setting +he stage for the vapers whict follew, *hare is
discussion ia *this paper of some problems of torminology
concerning multiple-access, on-line, irteractive man-comput>r

. systems, Tt presents three viewpoints from which *o0 examire
. man-computer interac*tions. The first viawpnin* is on2 of the
 * internal represertation of a problem within a wachine, The

second is concerned with the na*ure of the surfaces structure
cf the sys*em through whick the user and the computer R }

-

i
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{ interac*. Applications prcvide *he third viewpecint from

i which man-computer systems pus*t be examined, The ra2mairing
- sevep papers of the issue are briefly discussed. This

di scussion raises questions of comparative evaluation and
guarti+ta+ive description of man-computer systems. Prohlenms
cf instrumentatinn and peasurement of man-ccmputer sys*eps
are important problems upon whkich very li+tle work has hseor
done,

—— g —

Teitelmar, W. PILOT: 1A step towvard man-computer symbicsis,
Cambridge, Massachusetts: Massachusetts Tnstitute of
Tectroloqy, Report No., MAC-TF-32, September, 1966,

PILOT is a programming syster constructed in LISP, It is
designed to facilitate the development of programs by sasing
the fariliar sequerce: write some more code, rur *the proqram
again, etc. As a program becomes more complex, making these
changes hecom2s harder ard harder hecause *he iwmplications of
changes are hardaer ¢to anticipate, In *he PILOT system, the
computer plays an active role in this evolutionary process try
providing +the means vwherebhy chanoes can be 2ffect=4
immadiately, and ip ways that seem natural to the user. The
usear cf PILOT feels <*“hat he is aiving advice or nmakirg
suagestions, to the computer abcut the operation of bhis
proarams, ard that ¢the systen then performs ¢the work
necessary. The PILOT system is *hus an interface hatween the
user ar4 bis program, menitorirg both the requests of +he
user and the operation cof his program. The nuser may easily
modify the PILOT svystem itself bv giving it advice about its ‘
cun operation, This allows him tc develop his own lanquaqge ;
and to shift agradually onteo PILOT the burden of parforming
rontine hut increasingly complicated tasks,
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Thomas, J. C. A method for studying matural language dialoaque,
Yorktown Heights, New York: IBM Thoras J, Watson Research
Center, Behavioral Sciences Group, Computer Science
Department, Report No. RC 5882 (#25427), February, 1976,

s This report Aescribes progress on ar experimental +technique
: for studyirq aponlication-specific dialoqgues, In this
tecknique, a user interacts via typed messages with a second
person who is simulating a computerized natural language
interface, The dialogues are all concerned with ordsr-
handlirg and invoicing: however, they are collected in three
different situations. The user is variously attemptirg to
describe, understand, or diaqnose an order-kandling and
invoicing systewn. Preliminary results indicate some of the
wayve ir which *he spacific user task (pragmatics) influences
dialoque features. The importance and complexity of havinag a
- natural 1language interface understand comments about +he
| coamunicators and +he communicatior itself as illus*rated.

Thomas, J. C. Quantifiers and question-asking. Yorktown Heights,
Newv York: 1IBM Thomas J. Watson Research Center, Rehavioral
Sciences Group, Computer Science Departaent, Report No, RC
5866 (#25388), February, 1976.

Data concerning *‘he use of uriversal quantifiers in question-

asking is presented. These data vere collected in a variety
¢ cf procedures using nonprogrammers. These non-programmers
‘ variously translated English questions into a query lanquage,
generated their own Enqglish guestions, ¢translatad Venn
diagrams into Enqglish or vice versa, gave <Jjudgements abou*
the consistency of two English statements, or manually looked
up answers to questions. Subjects showed considerable
difficulty witk the logician's notations of set relations
(except disjunction) on all tasks, The interpretations given
guantified sentences varied between subjects on a given task
and even withir a subject, between tasks, Genarally
speaking, subjects gave interpretations consistent with
quantified natural language questions or Venn diagrams but
. not equivalent to thes, Subjects used explicit set
L specifications rarely in spontaneous Fnglish.

. &
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Thomas, J. C. A desior-interpretation analysis of natural English
withk applications to wan-computer interaction, York+town
Heights, New York: IBM Thomas J. Watson Research labhoratorv,
Behavicral Sciences Group, Coaputer Science Devartment,
Repert No. RC 6581 (#28392), June, 1977,

many behavioral scientists and most desigrers of mar-computervr
interfaces viewv communicatior in a certain vwvay, This
viewpoint includes the implicit belief that communication
from system A *o0 system B essentially involves the encoding
cf scme internal s+tate in system A intc ar external statement
for transmission to system B decodes this message and changes
its internal s*ate, Communication is considered *'qoodA' to *he
extent that there 1is an isororphism between the interral
states of the tvwo systems after the message has beep sent.
This paper argues that this viev is inadequate hoth for ar
understanding of communication between two persons and as a
theoretical foundation for any kind of man-computar
interaction, particularly in natural 1language. Empirical
results supporting this proposition arve report24, In
addition, an alterrative view of the communication process is
cutlined., This view stresses the game-theoretic aspects of
communication, the importance of viewing message~-building as
a constructive (rather +than +ranslational) process, *he
importance of metacomments, the multiplicity of charnels
involved in human natural lanqguage coamunication, and
stresses that, under certain conditions, the ‘*vagueness,’
*fuzziness' and ambiquity of natural language are assets, no¢ 2
' liabjlities, The paper corcludes by discussing some ways ‘

these ideas could serve as possible qguidelines for the desian
‘ of man-computer interfaces., A major purpose of the paver is
to encourage +he expression of alternative views on these
issues.

.
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Thomas, J. C, and Gould, J. D. 1A psvchological study of query by
exasple., Yorktown Heights, WNew York: TBM Thomas J. Watson
Research Center, Behavioral Sciences Group, Computer Science
Department, BReport No. RC 5124, November, 1974,

Thit¢y-nine non-programeers wvere *‘auacht Zloof's Query by :
e Example system in order to provide hehavioral da*a prior *o i
> implementaticn, This training took 1less than *hree hours. ‘

b Then subjects were given 40 test questions in Pnglish which
- they translated into Query By Examsple, Subiects also
f ) recorded the time to write each query and their confiderce
%? about being correct., Sixty-seven per cert of the queriss
£ - were written correctly. Subjects averaged 1.8 minutes ¢to
= vrite queries, Query difficulty could largely be predictad
X ’ from a linear regression based on objective conplexi+y

measures, Confidence rating wvas also an excellen* predictor

, of query difficulty. Subjects had difficulty vith
X quanti fication but little +¢vouble with linking variables,
E conjunctions, or disjunctions, 1Ir a tvo-week re-test, four
of six subjects showed nearly perfect retention of the system
= rules, Recosmendations to help prevent certair error types
| are made.

Topriller, D. A. Man-machine command-control-ccamunication
simulation studies in the Air Force, Wright-Pattarscn AFB,

ohio: Aerospace MNedical Research Laboratory, Report Vo,
AMRL-TR-76~122, 1976.

This paper reviews and summarizes approximately 15 vears of
pan-pmachine simulation research in comsand, control and
coasmunication systess conducted by this laboratory.
Suaparies of decision aiding ¢techriques for tactical command
decision making conducted at Ohio State University are made,
Descriptions and summary f£indings of Cc3 simulations for the
BOIC IYI, AWACS, and RPVs are presented. A comparisor of
results obtairned with real-time operator-in-the-<l1nop
simulations with computer simulations using a Systems
Integrated Network of Tasks (SAINT) model predictions were

illustrated to demonstrate the gover and atility of iterating
computer simulatior with real-time simulations,
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Treu, S. A computar terminal network for transparen* stimulation
of the usetr of an on-line retrieval systew, Washingtor, D.
C.: Na+tional Bureau of Standards, Report No. NBS-TN-732,

A computer terminal network to anable ‘«ransparent
stimula+ion®' of *te us=2r of ar on-line retrieval system fhas
beer dasigned, implemented, and pilect tested. Its Dbasic
purpcese is to provide a suitable and effective framevwork and
methodology for exverimental identifications/validation of
those human characteristics vhich should he
recognized/reinforced in man-computer {nterface design., The
rationale behird +he transparent stimulation avpproach is
presented and +he methodolcqy employ2d for such real-+ipme,
unobtrusive scanning and manipulatior of ¢the man-computer
dialogue is described. A general overview of the hardware
and softwvare features of the implemented stimulation nastwork
is ircluded.

Uttal, W. R, %Basic Black" in computer interfaces for
psyctological research. Behavior Research Methods arnd
Instrumentation, 1968, 1 (1), 35-40.

In this paper we present the specifications of a set of
interface components abhle ¢o connect a digital computer to
any of a large number of psychological experiments, We
believe this set to be nearly irclusive of most of the reeds
of current computer controlled psvchological research, The
function and special requirements of each of the davices is
described and a block diagram presented. Specific details of
elactronics construction are not discussed.
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Walther, G, A, The on-line user-cosputer irterface: Th= e€fec*s
of ipterface-flexibility experience, and terminal-+vbe on
user-sa*isficaticon and perforwance. Tnoublisk2d docteral
dissertation, The Univarsity of Texas, Austin, Texas, Anqust,
1973,

There has been a recent recogrition by systeas desiqners of
the necessity for considering the needs and preferences of
the wuser of on~-line computers. Very little ewmpirical
evidence exists for guiding 'user-oriented* Aesign effor*s.
In this study, ¢tvo 1levels of irterface flexibility, *he i
user's prior - experience on-line, and terminal type wvere
investigated as pcssible determinants of user satisfaction
and performance. The task consisted of text correction with
an on-line text editor. A general linear models statistical
technigue controlled for ¢the effects of ameasurable but
uncontrollable variables, Interface flexibility,
operationalized as alternatives to the user, is not uniformly
effective in producing optipal performance for all users, nor
in producing optimal perceptions of satisfaction. An attempt
;as ;ade to specify the kinds of users for whom flexihility
s %hest?, ’ i
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Williges, R. C. Autcmation of performance measuremant, §
proceedings: Productivity Enharcament: 4

perfermance assessment in Navy systens, San Nieqo,

California, October 12-14, 1977, 153-167.

De+ailed prediction schemes of opevator performanc2 do not
axist even thougt there is a widespr2ad reaquiramant for
quantitativa performance measures thrcughout the 1life cvcle
of personnel sys*tems, Some approaches to quantitative
performance measurement are reviewed, and a description of a
frototype performance assessment system based on polynomial
regression prediction equations is presented, These
equations can bhe used to determine tradeoffs in system
desian, to optimize personnrel performance through the
appropriate design of tasks, to isolat» potential *rairing
requirements, and to provide a comparison standard for
assessing personnel readiness in operational systeams. Tn
adAition, a discussion is provided on the use of an automated
performance measurement sctema to enhance parsonne ]
effectiveness by embedded performance m2asurement,
evolutionary systenm operation, and the development of
appropriate job aids. Several unresolved issues dealing with
future analy+ical and researct needs are oresented. These
issues include the developmert c¢f a prototype assessment
cystem, an investigation of efficient stratagies for data
collection, the ccnsideration of the appropriate candidate
systems for automated performance measurement, and the cost
effectiveness of such measurement systems., It was concluded
tha+ current advances in behavioral research methoiology now
make it feasible to consider the development of a complex,
antomated performance measurement system. Once *his system
exists, it can be used to generate a realistic da*a base of
complex human perfcrmance from vhich meaningful
generalizations car be made.
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To increase the generalizahility of +the results, a human
factors specialist must consider a large number of factors
simultaneously vhen investigating complex human
operator/machine systeas, When complex multifactor
experiments are necessary, the rTesulting number of treatment
conditions and cost of conducting the study quickly becomes
unwieldy if traditional, completely-crossed, factorial
desigqns are used. Several data reduction d=signs are
revieved as potential alternatives to solve the
generalizability/cost dilemma. These alternatives include
single observatior factorial designs, hierarchical designs,
blocking designs, fractional factorial designs, and central-
composite designs. EBach of these alternatives should be part
of a clearly forsulated research strategy in which the
experimenter efficiently collects data in stages, completes a
thorough and careful pretesting, determines the real-world
constraints dictated by the research problem, and selacts the
necessary Adesiqn modifications based on these .real-world
censtraints,
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