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FOREWORD

This booklet describes research <carried out under
sponsorship of the Cognitive and Neural Sciences Division of
the Office of Naval Research (GNR) during fiscal year 1988.
The Division's research 1s organj.aed in three programs:
Cognitive Science, Perceptual Sczience and Biological
Intelligence. Fach program 1is described by an overview
which is followed by thematic clusters of related efforts.
Each cluster 1is described by iadividual projects, work
units, which w:re either active or completed during 1988,

This is one of several means by which we communicate and

coordinate our efforts with other members of the
research-sponsoring and rescarch-performing communities. We
encourage your comments about any feature of this booklet or
about the programs themselves. If you wish further
information, please do not hesitate to -~ ntact members of
the staff 1listed din the Introductio We welcome you:

interest in our programs and hope that you will continue to
keep us informed of related research efforte.

W. S. VAUGHAN, JR.




Phm a4

S,
=

&

e

1w e
«"J -
»

CONTENTS
FOREWORD . ., ., , , . . . R T i
INTRODUCTION . . , , . . T & & 1
COGNITIVE SCIENCE ., . . . R T 1

1. The Human Learner: Cognitive Architectures and

Abilities e v e e e . 1
2. Knowledge, Skill and Expertise Ce e e e e e 9
3. Learning and Instrucvion B T T ¥
4 Measurement and Psychometric Theory . . . . . . . . . 47

PERCEPTUAL SCIENCE . 60
5. Vision . . . . . . . R X )
6. Attention ., . ., , . R 7
7. Audition . . . . . . T I R T T T &
8. Haptics =2nd Sensory Guided Motor Control . ., D
9. Decision Making . . . ., ., . . . . . s e e e e 4 4 . . 106
10. Huran Factors Technology . . . . . . . . . e« + + . . 115

BIOLOGICAL INTELLIGENCE S T .

11. Computation in Large Neural Networks . . ., ., . . . . . 127
12. Chemical Modulators of Information Processing . ., . . 152
13. Neural Processing of Sensory Information . . . . . . . 166
l4. Local Neural Circuit Iateractions . . , ., . ., . . . . 176
15. Marine Mammals . . . . . * * ¢ « « « « + 4 « v & . . . 188
16. Behavioral Immunology . . . . . . . . . . . .. e .« . 199

MANPOWER, PERSONNEL AND TRAINING RESEARCH AND
DEVELCPMENT PROGRAM ., ., . . . . T v s s s e 4 e e 4 e e . . 206

INDEX . . . . . . . . . .. St s s e e e e e e e 4 e e 4 .. 223
Contractors . . Tt s e e e e e e e e e e e e .. 223

Principal Investigators St e e e e e e e 4 e e e e .. 225
Work Units (R&T Project Codes) C e et e e e e e e e e e e . 227

I T

ii 6

*ERIC

ey




SRET
A

o

ey

INTRODUCTION

Cognitive and Neural Sciences Division programs are
carried out under contracts and grants awarded on the basis
of proposals received i:n respcnse to a Broad Agency
Announcement in the Commerce Business Daily. They are
evaluated on the scientific merit of the proposed research,
the facilities available for its conduct, the competence of
the principal investigator, and relevance to Navy needs.
The elements that shape our research program are snientific
gaps and opportunities, and operational needs ident..fied in
Navy planning documents. OQur overall aim is to support
qualit; science for the good of the Navy and the nation.

Cognitive and Neural Sciences programs develop
fundamental xnowledge about human capabilities and
performance characteristics which guide Navy and Marine
Corps efforts to improve personnel assessments for selection
and classification, training, equipment and systewm designs
for human operation and maintenance. One goal is to provide
scientific underpinning for more accurate prediction and
enhancement of human performance in training and operational
environments. A second goal 1is to wunderstand the
neurobiological constraints and computational <capabilities
of neural information processing systems for future device
implementation. The Division has core programs in
cognitiv.:, perceptual and neural sciences which seek to
understand human behavior at successively deeper levels of
analysis. In addition, several Accelerated Research
Initiatives (ARI) are underway which complement and extend
research topics of interest to the core programs.

Most of the ©programs are basic in nature, with a
selected augmentation of exploratory development effort.
This mix of basic and applied research is developed and
managed by the Division staff with the able assistance of
other ONR scientists and with helpful guidance and advice
from representatives of various ©Navy end Marine Corps
activities. The programs Seek to involve inncvative
civilian scientists in areas of research relevant to Navy
and Marine Corps interests, and by so doing provicde new
perspectives, new insights, and new approaches to naval
manpower, personnel, trainirg, equipment and system design
problems. This arrangement provides channels for
information to flow back and forth between the cav..ian
research community and the naval community, each keeping the
other abreast of new developments. The emphasis is on the
creation and exploitation of a cumulative scientific
knowledge base upon which new technologies can be developed
to 4improve effectiveness of Navy and Marine Corps men and
women,
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Continuous efforts are made to coordinate the Division's
research program «with other ONR contractors, with in-house
Navy laboratories, and with the research sponsored by other
services and other agencies. We work closely with research
managers at the Navy Personnel Research and Development
Center (NPRDC), the Chief of Naval Education and Training
(CNET), the Naval Medical Research and Development Command
(NMRDC), the Marine Corps, and the Naval Systems Commands
(NSC) and their laboratories and centers to promote the
diffusion, extension, and eventual wutilization of the
knowledge obtained through the ONR contract research
programs,

The Cognitive and Neural Sciences Division 1is part of
the Life Sciences Directorate, which also includes the
Biological Sciences Division. Dr. Steven F. Zornetzer is
Director of the Life Sciences Directorate, and Commander
Charles J. Schlagel is the Deputy Director for Life
Sciencer.
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DIVISION STAFF

The members of the staff of the Cognitive and Neural Sciences

Division are listed below:

DR. W. S. VAUGHAN, JR., DIVISION DIRECTOR
Telephone: (202) 696-4505

Cognitive Science Research Programs:

Dr. Susan E. Chipman, Program Manager
Dr. Charles E. Davis

Dr. Bruce B. Hamill

Pr. James T. Lester ¥

Telephone: (202) 696-4318

Perceptual Science Research Programs:

Dr. Harold L. Hawkins, Program Manager
Dr. John J. O'Hare

Dr. Teresa A. McMullen

Dr. Eugene E. Gloye *

Telephone: (202) 696-4323

Biological Intelligence Research Programs:

pr. Joel L. Davis, Program Manager
Dr. Donald P. Woodward

Dr. Thomas M. McKenna

Telephone: (202) €96-4744

Irn addition to the headquarters personnel listed above, the

fecllowing psychologist supports the program from the field:

Mr. Gerald §. Malecki

Of fice of Naval Research Branch
223/231 01d Marylebone Road
London, UK NWI 5TH

Telephone: 01-409-4471

% Retired during 1988.




COGNITIVE SCIENCE
(CLUSTERS 1 =~ 4)

The Cognitive Science res arch program of the Office of
Naval Research aias to prov de a theoretical understandiag
of the human learner and rerformer in the domain of complex
cogritive skills. This general goal unfolds into several
interrelated nore specific objectives. First, to provide a
theory of the fundamental tharacteristics of the learner and
performer as gan irformation Processing systemn, including a
theory of the basis of individual differences 1in cognitive

abilities. Second, to provide a theory or the nature of
acquired knowledge and skill involved in Performing complex
Problem-solving and decision-making tasks. Third, to

Provide a cognitive learning theory that can account for the
way in which such complex, structured bodies of knowledge
and ski11l are acquired. Fouith, to Provide a precise theory
of instruction, founded on cognitive theory, to be used to
guide effective education and training of complex cognitive
skills such as those involved in Performing Naval duties.
Finally, this research Program aims to provide theoretical
- foundations for pPerrerrel testing and assessment. Research
in Cognitive Science 1s, expected to lead to the design of
efficient irnstructional systems across a rarge of content
domains of interest to Navy and Marine Corps training
pPrograms, 1o the development of efficient and accurate
computer-based personnel assessment systems, and to the
design of expert advisory systems compatible with human
intellectual characteristics.

1. The Fumar Learner: Cognitive Architectures and
Abilities

Research aimed at discovering and characterizing the
stable features of the human learner emphasizes later stages
of informatinn processing -- cognition rather than
perception. This cluster of Projects is developing theories
for the functional architecture of cognition, including
suvtheories for memory and elemental cognitive Processing
operations. Results of research ip this cluster will
Provide =sovrd thecoretical bases for Personnel tesring and
selection, and for the individualization of dinstructional]
treatments based on accurate diagnosis of cognitive
capacities,

7. Frowledge, Skill and Expertise

Research or Fkrowledge and expertise aims at formal
theories of complex human skill. The program cmphasizes the
expression of theories or the formal languages provided bv
mathematics ard computer science and includes empirical
tests of developed models. Proiects target a wide range of
complex skills, emphasizing piechlem-scolving and

vi




decision-making, 8o that a general theory can evolve.
Research results are intendnd to provide a general model for
skill analysis that can be wused to design appropriate
training uor expert advisory systems.

3. Learning and Instruction

Research on Learning and Instruction aims to produce a
knowledge~rich tkeory of learning that integrates results of
work in the prior clusters and develops a coordiuzatced
instructional theory that explains how to deliberately
produce change -- learning -- in desired directions. Under
the Knowledge Acquisition ARI, there is currently a majc.
emphasis on AI-based models of complex human learning.
Artificially intelligent, computer-assisted instructional
systems as wel) as more conventional instructional settings
are the application areas for the program. Projects are
supported which involve either fundamental advances in AI
bases for intelligent tutoring or the use of intelligent
tutoring systems as a laboratory for investigation into
general issues of learning and instruction.

4, Measurement and Psychometric Theory

Research on psychological measurement aims to develop
psychometric theory and method to support improved
measurement of the knowledge, skills and capabilities of
individual Navy and Marine Corps men and women. Work
involves theoretical development of the psyvchological and
measurement foundations, mathematical and numerical
development of modelling techniques, and experimental and
simulation studies to assess adequacy of the approach. As
in other clusters, the emphasis is on modelling performance
of complex tasks which engage higher-order cognitive
structures and processes,




PERCEPTUAT. SCIENCE
(CLUSTERS . - 10)

Research in the Perceptual Science Program e.phasizes
issues of perceptual primitives, their representations and
transformations in the domains of vision, auvdition, touch
and maripulation, multimodal integration and the control of
motor function. Research results are anticipated to
transition t¢ Navy and Marine Corps systems ir the form of
filtering aud processirg algorithms that enable enhanced
performance in detectior, classification and control tasks.

Vision is viewed as a computational process and projects
in this cluzter emphasize interdisciplinary approaches.
Mathematical models are constrained by neurophysiological
evidence and tested by psychophysical experiments., Focus is
on modeling ear'y, intermediate, and late-visual processes
that constr. * and recognize visual forms and integrate
these forms ,nto complex visual represertations.

6. Attention

A second thrust inquires into the nature of neursl
wechanisms of control. In their more evolved forms, brains
contain special modulatory mechanisms that enable them to
adjust quickly and adaptively to momentary fluctuations in

environmental demand. These are the neural control
mecharisms vnderlying attention and arousal. Interest
within this cluster is on empirical research in human
performance, reuroanatomy, neurophysiology, and
neuropsychology aimed oat irvestigation of the control

Sstructures and circuvitries underlying attention, and the
neurochemical modulators governing attentional processing.

7. Audition

In audition, research Proji~cts examine the Frccessing of
cteady state, transient and reflected acoustic signals,
rodel the concurrent processing of complex sound pProperties
and interactions, and develop general theories of eudition
that predict and enkarce Puman performance 1in auditory
pattern detection ard classification. Current emphasisc is
on understanding and modeling the classificatfop processes
of humer listeners, augmented by neurophysiological eviderce
from other biological spccies with interesting auditory
capabilities and the signal-processing capabilities of
artificial neural rets. The major cperational problem
centext for ~his program 1s sonar signal processing in
anti-submarine warfare.




8. Hapties and Sensory Guided Motor Control

Sersory-gulded notor control 1s a new area of interest
in Perceptu:l Science. Emphasis 1is on experimental and
theoretical studies of the fundamental issues of ccordinated
motor function, including the computational bases of force
control, and the timing and sequencing of action. Special
emphasis is given to work diavestigating the processes
{hrough which sensory +- formation functions as an adaptive
guide to coordinated act:-n. Interdisciplinary research 1is
encouraged in psychology, neuroscience, and computer science
to achieve an understanding of sensory-guided motor control
that will contribute toward enhancement of action
adantability -~ithin robotic systems.

The processing of tactile and kinesthetic informa“ion in
object recognition Js a related area of interest in this
cluster. Priority research issues include the
identification of perceptual primitives, neural netwerk
models for tactile processing in somatosensory centers, ard
perceptual mechanisms that mediszte inferential judgments
about object properties clagsific tions an? function.
Interdisciplinary researth 1s encouraged in psychology,
neurophysiolegy and computer science with the gecal of
underst:nding the hapric system in order to provide future
robotic devices with inteltigent hands.

9, Decision uaking

This cluster Includes research on both individual and
team decision making. The recearch on team decision is a
special multidisciplinary project inveolviny psychological,
mathematical, computer science and communications approaches
to basic i1ssues 1in multi-person, cooperative decision
making. The project is 1intended to provide scientific
underpinninge ir the form of theories, models, methods and
functional relationships among key variables which define
decision making in geographically disperced, decentralized
commard/control systems characteristic of Navy battle
groups. Initial research topics of concern include
strategies for dccomposing complex oroblems that lead to
effective organizatic el architectures, strategies for
aggregating multi-person judgments, cstimates and plans
leading to effective consensus, and strategles for
ma’ntaining data base concurrency in dynamic, multi-operator
environments. The program emphasizes measures of
effectiveness for distributed decisicr systems with special
attention to the issues of recornfiguration and
reconstitution after loss or degradation of one or more
decision centers. Scientific Officers from ONR Code 1111S8P,
1114SE, 1142PS and 1211 oversee scientific progress; Joint
funding 1s provided hy the aforementioned ONR Codes. The
Director of tle Cognitive end Neural Sciences Division has
overall responsibility for the management of this cluster of

research.
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10. Human Factors Taechnology

The work described in this cluste: constitutes an |
Exploratory Development project which is designed to extend
the basic research program in Perceptual Science toward
applications in naval systems. Currently the project
consigts of applied research in four topic areas: decision
making in command and control systems; human factors design
for maintainability; human-computer dialogue; and-
supervisory control. In the command and control ‘area, the
various work units are investigating information processing
and decision performance in naval mission planning, airborme
ASW, and submarine combat control. In the maintenance area,
efforts are directed toward the development of analytical
techniques and models of technician performance which can be
used to predict the maintainability of equipments as a
consequenc of design characteristi:s. The work on
supervisory control is exploring the application of new
iuteractive control concepts to underwater vehicles and
remote manipulators.




BIOLOGICAL INTELLIGENCE
(CLUSTERS 11 -~ 16)

Biological 1Intelligence programs foster research to

elucidate the organization, structural bases, and
operational algorithms characterizing information processing
networks within neural syste=s. The goal is to uncover

neural architectur2s and algorichms that can profitably be
emulated technologically to yileld artificial information
processing capabilities of kinds row wunique to Dlological
systems. These neural architectures may be derived from
either sensory-, motoric- or cognitively-related structures.
Overall, the ©program of research seeks to uncover the
organizationael principles and operational rules exploited
within neural networks to compute intelligent functions, and
to emulate these network characteristics within electronic
information processing systems.
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11, Computation in Large Neural Networks

This research examines the global dynamics of biological
neural networks composed of large numbers c¢f neurons. The
goal of this research is a formal description and simulation
of the biological computations underlying information
processing, learning and cognition {in eorder to design
electronic information processing systems with these network
characteristics.,

EOEEE D R I~
.

12, Chemical Modulatore of Information Processing

This cluster of research exnlore: thg mechanisms by
which neurochemical modulators >transmitters eprable
neural plasticity, modify informe . pyrocessing, and alter

network dynamics.
: 13. Nezral Processing of Sensory Information

This research is concerned with the furcticnal
organization of sensory neocortex, the computations
performed in <censory cortical networks, and the adap*ive
plasticity of these networks evident at the level of the
neuronal receptive fields.
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14, T,0cal Neural Circuit Interaction

R PES

This research advances our understanding of the elements
of neural circuits, the irdividual neurons, by investigating
small ensembles of nevrcens. This research encompasses
investigations of the integrative capacities of the
dendritic branching structure of neurons, the rules which
N governr modification of synaptic strength, and the role of
membrane electrical properties in informaticn processing and
neural plasticity.
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membrane electrical properties in information processing and
neural plasticity.

15. Marine Mammals

An Accelerated Research Initiative, Marine Mammals,
investigates a variety of marine mammal capabilities such as
detection, 3localizaticun, recognition, spatial orientation,
and communicaiion. The @general purpose is to discover
underlying principles governing these skill expressions for
potential use in both natursl and artificial sycstems.,
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16. Behaviorzl Immunology

This program is an Accelerated Research Initiative
jointly funded ty the Biological Sciences and the Cognitive
and Neural Sciences Divisions. The program aims at
understanding the processes, both biological and
psychological, by which life stresses come to influence the
functions of the immune system and susceptibility to
illpess. The projects described are those currently managed
by this Division.
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MANPOWER, PERSONNEL AND TRAINING RESEARCH AND DEVELOPMENT
PROGRAM

This is an interdisciplinary program of exploratory
development managed by Dr. Stanley Collyer in the OCNR
Office of Waval Technology. Scientific Officers for these
projects =2re located 1in the Cognitive and Neural Sciences
Division and ir the Mathematics Division of the Office of
Naval Research. This brochure includes descriptions only
for those contracts managed by a Scientific Officer in the
Cogniﬁive and Neural Sciences Division.

This ©program is closely coupled with the operating arms
of the Navy and Marine Corps thrcugh the mechanism of a
planning committee, whose members include ONR Scientific
Officers, the Naval Civilian Personnel Command, the Naval
Military Personnel Command, the Navy Recruiting Command, the
Navy Personnel Research and Development Center, several
directorates in the Office of the Chief of Naval Operations,
and the Navy Secretariat.
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COGNITIVE SCIENCE
CLUSTER 1

THE HUMAN LEARNER: COGNITIVE
ARCHITECTURES AND ABILITIES
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Mental representation of spatial transformations

Martha J, Farah

Carnegie Mellon University
Department of Psychology
(412) 578-3790

R&T PROJECT CODE: 400x020 CONTRACT NO: N0001486K0094

CURRENT END DATE: 31 DEC 1988

Technical Objrctive: The goal is to answer questions about

the neural substrate of human spatial information
processing, especially mental rotation, size-scaling, and
scanning. The program aims to determine whether separate
cognitive oprocesses wunderlie these three abilities, or
whether a single visual information Processing ability is
common to all three. Further experiments will assess the
role of spatial reasoning in real-life tasks such as
topographic orientation and the understanding of mechanical
devices. Clinical and experimental data will be used to
clarify the nature and degree of the localization of brain
mechanisms underlying spatial transformations.

Approach: A series of cognitive tasks has been designed and
validated for use with brain-damaged individuals. These
tasks have been validated on normal subjects and screened to
avoid a variety of ©possible artifacts when wused with
brain-damaged subjects, Associations and dissociations
among spatial transformation abilities, as measured by these
cognitive tasks, will indicate features of the underlying
functional architecture of spatial knowledge and reasoning.
These laboratory-based tests will be used in conjunction
with realistic tasks and clinical data on 1lesion sites to
discover the specific roles of spatial abilities in
ecologically valid settings, and to obtain more precise
knowledge of cerebral localization of these functions.

% . Progress: A core subset of tasks has been selected and

prepared specifically for wuse with patients, Tasks to
assess specific mental rotation, mental scanning, and mental
size-scaling abilities in targeted clinical populations are
now ready for use, and are being used to test brain-damaged

‘ﬁ.patients and age-matched controls. A detailed case study is

"being conducted of one patient who shows a striking

dissociation between image-generation and image-
tcansformation ahilities, This case-study will be
particularly Jimportant in testing recent theoretical ideas
about the existence of two cortical visual systems

T (Vageleider & Mishkin) and the visual/spatial distinction

Baddeley).
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TITLE: Interactive Activation Models of Perception
and Comprehension

PI: Jeffrey L. Elman
University of California
Department of Linguisties
(619) 452-2536
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R&T PROJECT CODE: 442a542 CONTRACT NO: NOOO1485K0076
CURRENT END DATE: 30 NOV 1987

Technical Objective: Work toward computationally
sufficient, biologically - plausible, and behaviorally
adequate accounts of human information processing skills in
visual and auditcry language processing.

Approach: Computer simulations of interactive activation
mechanisms constructed out of simple processing elements are
used to mndel psychological processes of word recognition.
Programmable connections are being wused to d1ncrease
computational power. The information processing behavior of
the simulations is compared to what is known from previous
research about how humans do the tasks.
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Progress: Rumelhart's back-propagation algorithm for »
learning in connectionist networks has been applied to the y
5, problem of learring to imitate a given input speech sample.
This method has proven successful. A demonstration audio
tape of the system's performance has been produced. Further
¥ work is being conducted to charzcterize the role of "hidden"
feature-detection wunits in speech processing. Several
papers have been completed, including "The TRACE model of
speech perception" (in press, Cognitive Psychology);
e "Perceptual interactions in two-word displays" (in press,
Journal of Experimental Psvchology: Human Perception aud
. Performance); and "Putting knowledge in its place: A scheme
¢ for programming parallel processing structures on the f£fly"
. (Cognitive Science, vol. 9, 113-146).
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TITLE: Expertise and Its Acquisition

PI: James J. Staszewski
Carnegie Mellon University
Department of Psychology
(412) 268-2781

R&T PROJECT CODE: 442a549 CONTRACT NO: NOOO1485K0524
CURRENT END DATE: 14 NOV 1987

Technical Objective: The proposed research addresses three
basic 1issues: Wnat is expertise? That is, how can experts
be distinguished from novices in terms of cognitive
8tructures and processes? Who can become an expert? Does
exceptional performance imply a special talent, or can
ordinary people be trained to extraordinary levels of
performance? How does expertise develop? What factors
determine the rate of skill development and the upper bounds
of performance? This research proposes to extend previously
supported work which has made unique contributions to our

understanding of the details of exceptional skill learning
under long-term training regimes.

Approach: The research strategy is unique within cognitive
psychology. A few subjects are monitored closely as they
develop expert-level cognitive skills through hundreds of
hours of carefully controlled laboratory practice.
Performance is assessed through a variety of tailoread
methods, including verbal Protocc: analysis, experimental

hypothesis testing, cuantitative performance measures, and
computer simulation modeling.

Progress: Two extended experiments on the development of
expertise have been completed. In the first of these, a
college undergraduate with normal abilities increased his
digit-span to 110 digits over 80C hours of controlled
practice. This 4is more than 10 times the maximum
performance Previously recorded by the world's leading
"memory experts.”" 1In the second study, two normal subjects
practiced mental calculation for 250-300 hours, They
attaired 1levels of performance comparable to the best
"lightning calculators" ever reported. Numerous experimente
were conducted to analyze how these subjects achieved such

exceptional performance. Although the results of these
experiments need to be further tested for generality, there
are good theoretical reasons to believe that they point to

general principles of expertise in many fields: Expertise
entails an effective increase in working memory capacity due

to rapid pattern recognition, rapid and reliable wuse of
memory storage and Tetrieval strategies, and
practice~related speed~up of the execution of such

strategies.,
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TITLE: Coping with novelty and human intelligence
PI: Robert J. Sternberg
Yale University
Psychology
(203) 432-4633
R&T PROJECT CODE: 4422534 CONTRACT NO: N00O1485K058¢9
CURRENT END DATE: 3! AUG 1938

Technical Objective: The goal of this research program is

to isolate fror the standard performance conporerts of
problem-solving the parameters that measure the ability to
deal with novelty, and in particular relevant novelty in
counterfactual reasoning.

Approach: Converging operations are used in three domains
and in multiple tasks within each domain to establish the
construct validity of the operationalizations of the ability
to cope with novelty in counterfactual reasoning. Internal
and external validatier eare wused to ensure both the
satisfactory isolation of the relevant parameters, and the
convergent and discriminant validity of the parameters with
respect to established psychometric measures. By isolating
the parameters that bear specifically on the ability tec deal
with novel problems, it will be possible to integrate a
theory of this ability with existing ability theories
derived from psychometric and cognitive research.

Progress: Experiments have been completed that explore the
importance of novelty in verbal analogy, series completion
and classification tasks, as well as prediction and
post-diction tasks. Experiments are underway on geometric
analogies, geometric series and geometric classifications.
Research has been initiated on a verbal cloze precedure in
which the subject must take account of novel
(counterfactual) dinformation and on a bridge-playing task
that explores the impact of novel rules on expert and novice
players. Numerous publicat ons including: Tetewsky, S.J. &
Sterberg, R.J. (1986) Conceptual and lexical determinants
of nonentrenched thinking. Journal of Memory and Language,

25, 202-225.
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TITLE: Computer Based Assessment of Cognitive
Abilities

PI: Earl B. Hunt

University of Washington
: Department of Psychology
: (206) 543-8995

; R&T PROJECT CODE: 4422538  CONTRACT NO: NOOOL486C006S5

CURRENT END DATE: 15 SEP 1990

Technical Objective: The research objective is to conduct
studies of individual differences in the ability to
coordinate visual=~-spatial, verbal, auditory, and motor
performance, including performance in dynamic tasks, and to
determine whether there 1is an ability to coordinate
information received across these modalities that is over
and above the ability to deal with each modality separately.
Such differences may reflect basic differences in individual
cognitive capacities.
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Approach: Performance on multi-component tasks requiring
coordination of information from multiple sources employing
different modalities will be investigated using
computer-based presentatiocn and measurement, Carefully
designed repeated measures experiments wilil be complemented
by analysis of covariance Procedures,
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- Progress: Based on test-development work previously
sponsored by NPRDC, dynamic spatial abilities to reason
? about objects in motion have been shown to differ
: significantly from conventional static measures of spatial
ability. Factors contributing to the difficulty of such

items, which correspond to individual differences in the
display features used as the basis of responding, have now
: been investigated. A task that is an excellent indicator of
: attention control has been iderit1fied, shown to be largely

R T

5 independent of general information processing, and highly
: reliable within a day (.95). Day-to-day reliability is much
. lover  (about .7), a finding with dimportant practical
~ implications for testing. Investigations of the ability to

represent Jlarge-scale space are in progress, as are studies
of combined verbal and dynamic visual tasks,

o

A

A

%

,.?.g:,y ey

e Y R oy

-,
i
", “» £

)
& N
()]

N TN . . . © R A
R A A -, P




iﬁéﬁ{—\aﬁ;\? :?: A

SRR NS 8T8 vt
0 N

Loy

;

R A TR e A
o o
O

TITLE: Individual Differences in Learning and Cognitive

Abilities.
PI: Phillip Ackerman
University of Minnesota
Psychology
(612) 625-9812
R&T PROJECT CODE: 4422543 CONTRACT NO: NOOO1486K0478
CURRENT END DATE: 31 JUL 1989

Technical Objective: To provide the empirical basis for

development of a comprehensive model of individual
differences in 1learning and for further unification of the
experimental (information processing theoretic) and the
psychometric (ability theoretic) approaches to the study of

‘cognitive @apacity.

Approach: Four series of studies will be carried out which
combine experimental and psychometric methodologies to
achieve the project objectives. Subjects will be practiced
extensively in a set of cognitive tasks, and factor-analytic
methods will be used to assess the nature of the cognitive
skills that change as a function of training. A symposium
will be run to disseminate results, and to stimulate
inter-disciplinary communication.

Progress: Experiments have supported the theoretical
position that an equivalence exists between three phases of
skill acquisition and three commonly used classes of
cognitive/intellectual measures of individual differences
(tests of general intellectual ability, tests of perceptual
speed, and tests of psychomotor ability.) P.L. Ackerman
(1987) 1Individual differences in skill learning: an
integration of psychometric and information processing
perspectives. Psychological Bulletin, 102, 3-27. Anad P.L.
Ackerman Determinants of Individual Differences during Skill

Acquisition. (Under review.)
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Imagery Processing in the Brain:
What Neural Networks Compute

PI: Stephen M. Kosslyn
Harvard College
Dept. of Psychology
(617) 495-3932

R&T PROJECT CODE: 4422551 CONTRACT NO: Not yet assigned

CURRENT END DATE: 09 NOV 1988

Technical Objective: The research objective is to conduct
studies of component processes involved in visual mental
imagery, using four different ¥ nds of research to converge
on a comprehensive theoretical formulatior which will relate

the cognitive functions involved with their neural system
substrates.

Approach: The approach combines studie; of visual imagery
component processing subsystems in normal subjects and in
patients with damage to one hemisphere of the brain, wusing
tasks specially designed for these purposes; computer
simulation work aimed at developing a computational model to
account for normal imagery processing and selective imagery
deficits following brain damage; and Preliminary stidies
using Brain Electrical Activity Mapping in an effort *o

obtain ccnvergent evidence for inferences drawn from the
other types of data.

Progress: This contract is new in FY1988.

Outside Funding: AFOSR
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TITLE: Learning Problem Sclving Skills from Studying
Exaples

PI: Michelene Chi
University of Pittsburgh

Learning Research & Development Center
(412) 624-2982
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R&T PROJECT CODE: 442a539 CONTRACT NO: NOOO1484K0542

g

CURRENT END DATE: 30 SEP 1988
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Technical Objective: Thie research is an investigation of
the relationthip between processes students employ in

studying worked examnles in a physics textbook and their
later problem~solving performance.
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Approach: A controlled instructional experiment will be
c. ducted in which students of matched =ability and
background will study material with and without worked
examples and will be tested on problems of systematically

Py

o

varied characteristics. Protocols of problem solvi.g and
other information on the studying nrocess will be used to
identify th2 strategies of more suc.essful students. This

information, together with the results of prior research on
the nature of problem solving expertise, will be used to

vm'
(R R

construct instructional examples for further experiments.
I3 !
¥ Progress: Analyses to date have showr that the more
o tuccessful problem solvers are those who elaborate to a much
f greater extent than do 1less successful problem solvers.
ke Furthermore, the content of these elaborations can bLe
A reliably coded for the additional U':,wledge they provide,
o beyond what 1is stated explicitly in the text. Examples of
i; categories of elaboration are implication, goal-induction,

5
R
,

and condition-induztion. These types of elaborations may
provide self-tests un the student's understanding, as well
asz ways to scope particular problem-solving procedures hy
"cross indexing" different example problems. Differences in
the ways good 2nd pcor students refer to example problems in
finding solutions to new problems have alsc been identified.




iy

¥ i,

.
Ly

%

i

£

A4
]

R&

e e

PoC A

DS g o
"“’”5“(2‘% FPIPIRS

O S AT O T D
7 AT

eI
) Y

TITLE: Understanding and Use of Knowledge in Problem
Solving

PI: James G. Greeno
The Regents of the University of California
Education
(415) 642-4206

R&T PROJECT CODE: 442a544 CONTRACT NO: NOOO1485K0095
CURRENT END DATE: 30 NOV 1987

Technical Objective: This research investigates conceptual
changes required for mastery of technical and scientific
domains such as those taught in Navy technical training.
The research will provide computer models of the developing
knowledge representations that wunderlie such change. It
will characterize the mechanisms responsible for such
changes in knowledge.

Approach: One line of research models the construction of
new knowledge representations for classical insight problems
and thereby determines how common-~sense reasoning is used in
problem solving. Another line of research 1s based on
observations of learning about DC circuits. Models of such
learning are formulated wusing theories of qualitative
reasoning and existing resulte on human proof construction
and knowledge representation for DC circuits.

Progress: The levels of knowledge used in different stages
of solving insight problems have been characterized: (1)
specific knowledge of problem sol-ing procedures; (2)
functional knowledge of requisite conditions and
consequences, and (3) newly generated functional knowledge
that is inferred. Computer programs have been implemented
that simulate the solution of insight problems. Experiments
are 1Iin progress that will determine whether these
distinctions will account for individual differences in
problem solving success.
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TITLE: Analogical Processing and Experiential Learning
in Physical Domains
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PI: Dedre Gentner
University of Illinois
Department of Psychology
(217) 333-1529

)
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R&T PROJECT CODE: 442a551 CONTRACT NO: NOOO1485K0559

CURRENT END DATE: 31 AUG 1988

Technical Objective: The goal is to formalize and tect a
theory of the role of analogy and similarity in 1learning
about physical systems, The investigators will develop a
computational account of how people access and process
information about similarity and analogy, and how these
processes interact during learning about physical systems
and processes, T »y will test formal models of knowledge
about physical systems and of related leaining processes,
including coherence-driven learning.
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Approach: A variety of research techniques will be used,
including psychological experiments to investigate the
processing of analogy and similarity, computer simulatior of
analogical reasoning, and analyses of the conditions of
learning about physical systems and processes.

5

Progress: Experiments and data analysis are continuing on
the topiecs of device 1learning and analogical transfer.
.Experiments are beginning on analogical reminding and
comprehension. Previous work on the hydraulic analogy in
electricity is being extended tec heat and temperature.
Cognitive simulation of concept learning by 1literal
eimilarity is being carried out in preparation for a series
of experiments on sequenticl concept learning. Kerneth
Forbus and Brian Falkenheimer presented a paper at AAAI on
"The Structure-Mapping Engine.”
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TITLE: The Psychological Reality of Mers _:avel
Problem Solving and Skili Acquisition

PI: Kurt VanLehn
Carnegie Mellon University

Department of Psychology
(412) 268-3790

R&T PROJECT CODE: 442a558 CONTRACT NO: NO0O1486K0349
CURRENT END DATE: 31 OCT 1987

Technical Objective: The purpose of the proposed research
is te explain how people learn cognitive skills by solving
problems and by rec-.!ving formal instruction. The PI's pzst
researcii has led to a detailed computational model of the
learning of arithmetic skills, The proposed work aims to
extend and test that theory in several ways: The PI will
develop a general theory of the role of . local
problem-solviag in iearning.

Approach: A set of explicit hypotheses will be formulated
to attempt to explain existing data on cognitive skill
learning. A computer model 1211 be written which simulates
the mental representations and cognitive processes
hypothesized bDy the theory. This model will generate
extremely detajled predictions of human learning and
problem-solving performance. Additional computer programs

will be used to compare these detailed predictions with
records of actual human performance.

Progress: A detailed study of . flexibility in problem
solving has been completed. This study was based on an
existing database of nonverbal, step-by-step problem solving
protocols in the domain o¢f multicolumn subtraction.
Protocols from 22 students were examined, and 7 of these
showed extremely variable response patterns. That is, they
K did not follow the textbook procedure or any other rigid
H procedure. This degree of flexibility could not be modeled
) by any kind of stack architecture; thus, the data rule out a
! large class of possible models. Two alternative models were
propesed which might a count for the data, a goal-tree

BRI IS 7 P
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i? architecture, and goal-agenda architecture. Both of these
s were implemented as computer-based models, and their
predictions were compared with the data. The goal-tree
architecture was not able to reproduce the range of

flexibility of students' behavior; the goal-agenda
architecture (a restricted blackbrard architecture) was able
to account for the data. Project completed.




S R S S
B v Y oa 3 AT
i Y

Expert Planning Processes in Writing

John R. Hayes

Carnegie Mellon University
Department of Psychology
(412) 268-2781

R&T PROJECT CODE: 442¢00S CONTRACT NO: NOOO1485K0423

CURRENT END DATE: 14 JUN 1988

Technical Objective: The goal is to investigate a general
theory of the cognitive pProcesses involved in writing,
especially processes of goal-setting, goal-management, and
planring, The proposed work aims to specify the
subprocesses of Planning (goal-secting, goal-generation, and
organization) and to determine how novice and expert writers
adapt, develop, and reorganize their ideas during the
writing process,
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Approach: A series of experimental studies will be carried
out. These studies involve innovative methods of eliciting
Planning protocols from novice and expert writers, The
performance of different subjects will be compared on
identical complex Planning tasks, in order to isolate
planning skills from other writing skills. Expert and
novice plans will be theoretically characterized at several
different levelrs, ranging from global to very specific.
Different writers' ability to adapt to their intended
audience will be assessed.
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Progress: Writing is analyzed as an ill-defined
construction task. The role cof feedback from intermediate
results 1is particularly d4mportant 1in the construction
process. Experts differ from novices, and effective fronm
ineffective writers, in their ability to adapt content to an
audience under pultiple constraints. These qualitative
observations are being refined by wusing measures of
time-investment and quality of planning. Goal-networks are
beirg wused to model opportunism and restructuring in the
presence of competing goals. Protocol studies of expert ard
aovice writers have highlighted the "knowledge effect" -
extensive knowledpe in a domain may actually interfere with
effective communication to 1Jless knowledgeable audiences.
This effect has been the topic of two recent pepers: J.R.
Heyes, "If it's clear to me it must be clear to chem" (March
'86 Conference on College Composition & Communication); J.R.
Hayes, "Is this text clear? -- How knowledge mekes it
difficult to judge" (April '86 mpeeting of che American
Educational Research Association).
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TITLE: “olving Algebra Story Problems

PI: Dennis Kibler
University of California, Irvine

(714) 854-5951
R&T PROJECT CODE: 442c006 CONTRACT NO: N0O001485K0373
CURRENT END DATE: 30 JUN 1988

Technical Objective: The objective is to model the process
of solving algebra word problems, including the way in which
those ©processes draw upon multiple sources (types) of
knowledge and the use of analogy. It is eipected that this
will suggest hypotheses about the process of learning euch
problem solving skills and about the way in which they can
be effectively taught in automated tutoring systems.

Approach: Human protocol data are to be ccllected on a
carefully designed set of problems. A computer simulation

model of the problem solving process will be built and
tested.

Progress: Large numbers of written problem solving
protocols were collected on isomorphic pairs of problems and
analyzed. Very diverse protlem solving process and
extensive use of model-based reasoning were Trevealed. A
revised version of the technical report of this phase of the
work is expected to be published soon in Cognition and
Instruction: Hall, Kibler, Wenger, & Truxaw, Exploring the
episodic structure of algebra story problems. The computer
simulations have now been designed. A background literature
review for the project grew into: E. Wenger, Artificial
Intelligence and Tutoring Systems, Morgan Kaufmann, 1987.

.




TITLE: Schemas in Mathematics Problem Solving

PI: Sandra Marshall
San Diego State University Foundation
Psychology
(619) 229-2695

R&T PROJECT CODE: 442c¢010 CONTRACT NO: NCOO1485K0661
CURRENT END DATE: 31 AUG 1988

Technical Objective: The project objective is to produce a
psychological model of the teaching and learning of
mathematical probler-solving skills, incorporating three
components: a model of knowledge in memory, a model of
learning, and a model of 4instructions. The model of
instruction, unlike most, will be explicitly related to the
psycholog’cal models of learnirg arnd memory for this problem
domain.

Approach: The underlying semertic structures, or schemas,
of mathematics word problems wuveed in school texts, Navy
remedial coursec, and standardized tests will be analyzed
and related to item difficulty in mass test data. Computer
simulation models for the process of problem solving usipg
these schemata will be produced. Student knowledge of
problem schemas and errors in their wuse will be
investigated. Computer models of both ncrrect and erroneous
student performance will be produced to provide a basis for
designing experimental instruction in coajunction with
computer modeling of the learning process.

Progress: A survey of the types of word problems wused in
remedial college set- tings has been completed, confirming
that the set of schema represente- tions previously
establiched for the instruction of children also describes
the problems presented in 3dult remedial instruction.
Experimental data on the word probklem solving performance of
the subject populations being wused has been collected.
Propositional encoding of the word problems has beer dore
for the purpose of computer simulations of word probler
performance, ard schemata have been fully specified to serve
as a basis for computer models of student performance.

1633
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TITLE: Comprehension processes in mechanical reasoning

PI: Marcel A. Just
Carnegie Mellon University
Psychology
(412) 578-2791

R&T PROJECT CODE: 442c014 CONTRACT NO: NGCO1485K0584
CURRENT END DATE: 31 JUL 1988
Technical Objective: Investigate individual differences in

mechanical reasoning ability. Build a computer simulation
model that characterizes individual differences.

Approach: Modified versions of texts from BASIC MACHINES, a
Navy training manual, will be wused in the research.
Characteristics of the text, the diagrams, and the relation
tetween the two, will be experimentally varied. Records of
eye movements by readers will provide data tor making
inferences about processing, particularly identification of

points of maximum processing load. A computer simulation
will be produced that builds up a '"mental model" of the
mechanism. This simulation will be based upon existing

simulations of text procecssing and of the processing of
spatial ability test items.

Progress: A manuscript has been prepared for publiication on
individual differences in mechanical reasoning ability. A
computer simulation model that characterizes individual
differences is presented. The basis of dndividual
differences in mechanical reasoning was found to 1lie 1in
- three factors: 1) discrimination of relevant from irrelevant
-y attritutes or the situation2) consistency of rule use, and
: 3) ability to combire rvles involving different attributes.
: In addition, animation fecllities huve been prepared for
; further experimentation on the contributicr of enimation to
mechanical comprehension.




TITLE: Stability in Conceptual Belief

PI: Paul J. Feltovich
Southern Illinois University at Carbondale

Department of Mediical Education
(217) 782-7878

R&T PROJECT CODE: 4422547 CONTRACT NO: NOOO1488K0077
CURRENT END DATE: 01 DEC 1989

Technical Objective: Research objectives are to develop a
Conceptual Stability Scheme for characterizing
misconceptions and for predicting their stability, to apply
this Scheme in predicting the stability of misconceptions
about the cardiovascular system, to develop a Conceptual
Stability Battery for determining the actual stability of
each misconception among students, and to create computer
network models of selected misconceptions to kelp account
for variation in stability.

Approach: The approach uses a combination of cognitive
structure and process analyses based on the Conceptual
Stability Scheme, empirical verification of the stapility
predictions using the Conceptual Stability Battery, and
computer network modeling of selected misconceptions. This
combination will permit insights into the structure and
causes of misconceptions about complex phenomena both
through theoretical and empirical studies of skilled human
subjects and through manipulations of computer network
models of the structures and processes which underlie those
misconceptions.

Progress: This contract is new in FY1988.
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Investigations of Human Questiocn
Answering

TITLE:

Arthur C. Graesser
Memphis State University
Dept of Psychology & Mathematical Sciences

(901) 454-2742

PI:

R&T PROJECT CODE: 4422548 CONTRACT NO: N0O0OO1488KO0110

CURRENT END DATE: 27 DEC 1989

Technical Objective: This project aims to test, modify, and

expand a model of question-answering pruvposed by Graesser
and Clark. The mcdel specifies (1) the information sources
tapped during question answt wng, (2) the symbolic search
procedures used to locate information, and (3) the process
of converging upon relevant information to be wused in
generating the answer.

Approach: Psychological experiments will be conducted to
test the predictions of the model about the salience, judged
quality and latency of production of answers to questions
that are asked about narrative texts, expository texts, and
general knowledge. Detailed formal representations of the
knowledge structures resulting from text reading and
comprehension will form the basis of these predictions.
Computer simulation models of aspects of the question

answering model will be developed.

Progress: This contract is new in FY1988.
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TITLE: Knowledge and Process for Design

PI: James G. Greeno
Leland Stanford Junior University
School of Education
(415) 723-0432

R&T PROJECT CODE: 4422549 CONTRACT NO: NOOO1488K0152
CURRENT END DATE: 31 JAN 1990

Technical Objective: The research objective is to conduct
studies of the design pProblem-solving Process which will
yield data for developing a model that ckaracterizes the
contents of the problem space and the problem-solving
processes involved 1in design tasks, focusing on generative
Processes of formulating and modifying problem goals and
Plans ard on using information from multiple sources.

Azgroacgz The approach uses two kinds of tasks.
subjects design instruction, given some goals and
constraints, In the other, subjects analyze and evaluate
Prepared instruction, Empirical studies and psychological
experiments will be conduct
on design problems are manipulated, and in which

availability of knowledge relevant to the design task is
varied. Instructional design topics to be studied include

training in the operation of artificial devices and academic
instruction in statistics.

In one,

Pro ress: This contract is new in FY1988,




Knowledge and Processes for Design

Peter Pirolli

University of California, Berkeley
Department of Education

(415) 652-4560
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R&T PROJECT CODE: 4422550 CONTRACT NO: N0OOO1488K0233
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CURRENT END DATE: 31 DEC 1989
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Technical Objective: The research objective is to conduct
studies of the design problem-solving process which will
yield data for developing a model that characterizes the
contents of the problem space and the problem-solving
processes involved in design tasks, focusing on generative
processes of formulating and modifying problem goals and
plans and on using information from multiple sources.

B

Approach: The approach uses two kinds of tasks. In one,
subjects design instruction, given some goals and
constraints. In the other, subjects analyze and evaluate
prepared instruction. ~ Empirical studies and psychological
experiments will be conducted in which goals and constraints
on design problems are manipulated, and in which the
availability of knowledge Trelevant to the design task is
varied. Instructional design topics to be studied include
academic instruction in statistics and training in the
operation of an artificial device.
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Progress: This contract is new in FY1988.
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TITLE: Artificial Intelligence Measurement System

PI: Eva L. Baker
University of California, Los Angeles

(213) 206-1530
R&T PROJECT CODE: 442c¢022 CONTRACT NO: NOOO1486K0395

CURRENT END DATE: 30 SEP 1989

Technical Objective: The objective of this contract is to
obtain a set of measures appropriate for assessing the
performance of AI programs in the areas of natural language

understanding, voice recognition, vision, and expert
systems.
Approach: Psychemetric methods will be refined to permit

common scaling of system performance within each area.
Specifications for operformance at three Oor more levels of
complexity within each area will be prepared. Appropriate
test items will be drawn from prior work testing human
cognitive capacities. Item analysis techniques will be used
to detect significant deviations from patterns of itenm
easiness and difficulty that characterize human performance,
in order to detect peculiar limitations of an ATl system,

Progress: A natural language understanding sourcebook and
database are being developed that contain exemplars,
discussion, and bibliographic references for critical
linguistic issues. Existing machine wvision systems have
been analyzed and tabularized along dimensions of image
attributes, perceptual primitives, knowledge wutilization,
object representation, and control strategy, and a block
diagram of a general purpose vision system has been
synthesized. Preliminary criteria for evalvation of exp.rt
system shell tools with respect to domain applications have
been developed, including usefulness of the tool, ability to
facilitate integration of new knowledge, suitability of
knowledge representation, and comparison of performance of
different tools and different experts in a domain.

Outside Funding: DARPA
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PI: Wallace Russell
University of South Florida
College of Social and Behavioral Sciences

(813) 974-2503
R&T PROJECT CODE: 442a560 CONTRACT NO: N0OO01487G0210
CURRENT END DATE: 31 DEC 1987

Technical Objective: The objective is to provide a setting
in which outstanding researchers in the cognitive sciences
can get together to discuss current and expected
developments in the application of basic research 1in
cognition.

Approach: The conference will consist both of formal
presentations and small group discussions of the focus
issues. The results of the small group discussions will be
presented to participants as a whole for evaluation and
recommendations.

Progress: Participants in the conference have prepared

chapters summarizing the work reported. These are currently
being edited for dinclusion in a volume of conference

proceedings.
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TITLE: Staffing the Use of LISP Machines for Intelligent
Computer-Based Training

PI: Alan Lesgolad
University of Pittsb’ gh
Psychology
(412) 624-7045

R&T PROJECT CODE: 442a524 CONTRACT NO: NOOO1483K0655
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CURRENT F'D DATE: 15 NJUV 1988
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Technical Objective: This effort will provide support for
research and transition of research results in the area of
intelligent computer-based training. The objective is to
expand and accelerate resecarch in this area and to provide
for a uniform mechanism for transition of research results
to development prcjects.

sl

%

Approach: A network of researchers in the area of
intelligent computer-~based instruction will b2 established.
The network will include both basic researchers and applied
Navy researchers working with a common suite of hardware and
software research tools. This effort will provide a
communications netwerrk for these researchers, develop and
maintain a scitware library, and arrange for meetings as
needed. )

ST RS R N AN o €

Progress: Training materials for the Interlisp-D
environment have been developed and worksheops have been
conducted for the collaborating community of researchers.
Software tools, dincluding a general cognitive moudeling
system, a highly flexible simulation capability, Chips, that
permits aquick protctyping of tutcrial interfaces, and a
tutoring system, Bridge, which employs intermewiate
representations to mediate novices' learning of
goal-oriented programming skills, have been developed and
made avail- able toc other researchers. Explcorations of a
generalized tutoring architecture have led to advances in
both knowledge representation and irnstructional goal
specification. These ideas and tools are being
experimentally tested via incorporation in numerous tutoring
applica- tions be ng funded by a variety cf sponsors.
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TITLE: Skill Acquisition in an Intelligent Tutor

PI: John R, Anderson
Carnegie~Mellon University
Psychology
(412) 268-2788

R&T PRCJECT CODE: 442a530 CONTRACT NO: N0O0O1487K0103

CURRENT END DATE: 31 DEC 1989

Technical Objective: The objective of this research is to
extend and test g theory of human skill in computer
programming, and to wuse this theory as the student model
component of an Intelligent Computer~Assisted Instruction

(ICAI) sys.em that 1is Capable of tutoring beginning
programmers,

Approach: A specially designed production system (i.e.,
computer model) was wused to model an ideal student being
tutored in LISE, a programming 1language. A "knowledge
compilation" or learning feature was added to the production
system in order to model both novice and more advanced
students accurately. To test predictions from cognitive
theory about the learning process, a computerized LISP tutor
was constructed that incorporates the following elements:
domain-independent tutoring strategies, LISP programming
rules for modeling the student, tutorial rules for analyzing
student programming code and giving feedback, and practice
problens. Experimental tests are in progress,

Progresg: Cognitive modeling of students learning LISP, a
programming language, was used under a Previous contract as
the basis f{or constructing an artificially intelligent

tutor. The LISP tutor, a version of which is now available
both as a commercial t- 1ining product and for research
purpos’ ., has been shown tu be more effective ths.

traditional classroom instruction, and detailed data on
student performance have been used to test cognitive skill
acquisition theory. Analysis of data fro. a complete course
taugat using the original version of the LISP tutor has been
completed. Variant tutorial strategies are now in the
process of implementation in order to test further

hypotheses generated by the ACT theory of cognitive skill
learning.
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TITLE: Learning about equipment from technical
documentation

PI: David E. Kieras
The Regents of the University of Michigan

Department of Engineering Humanities
(313) 7A3-6739

R&T PROJECT CODE: 442a543 CONTRACT NO: NOOO1485K0128

CURRENT END DATE: 30 APR 1989

Technical Objective: This work aims to achieve a precise
theory of both the cognitive processes that are involved 1in
operating technical devices such as computers or

electromechanical equipment and the processes by which
technical documentation 1is read znd understood in order to
learn to operate such devices. In addition, it aims to
understand how ©previous knowledge of device operation
facilitates the learning of new operational tasks in order
to provide a principled theoretical basis for the design of
training s«quences. It 1is now expanded to include
application of the findings in software that critiques the
quality of technical documentation.

1498 Approach Computational mcdels based on modeling
techniques related to artificial intelligence are developed
and teetecd against data on human learniang and <cransfer of
training in the operation of engineered devices such as
control ©panels. Detailed models or comprehension and
learning are tested apainsi fine-grained descriptions of
human perfo.mance in procedural tasks,

Progress: The PI has designed and implemented a new
production system interpreter, PPS, which is powerful, yet
simple and compact enough to be wused as a compcnent in
larger models. He has =2lso desigred and implemented a
general simulator for wuser-device interaction. He has
completead work on modeling how people interpret and use
tezhnical documentation in understanding the structure and
function of a simple energy~flow device. His data
collection lab is on line, and he has conducted preliminary
analysis of two data sets on mental modelling of how pzople
learn to operate novel wnieces of equipment; he has also

inished vork on simulation models of this ©process.
Software frools for creating such models have been developed
for the Xerox 1108. He has done some work on implications
of his theoretical work on mental modelling for application
to testing {diagnostic monitoring of cognitive skill
a.quisition) and to construction of 1intelligent tutoring
systems.,
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PI: Stellan Ohlsson
Univereity of Pittsburgh
Learning R&D Center
(412) 624-4889

R&T PROJECT CODE: 442a545 CONTRACT NO: NCCO01485K0337

CURRENT END DATE: 14 NOV 1988

Technical Objective: Goal is to extend, generalize, and
test a theory and modeling framework for conceptual change
in problem solving. Purpose of this theory is to explain in
detail how people progress from novice to expert, that is,

to become able to solve problems that they at first found
impossible.

Approach: Three series of experiments will be conducted,
each involving both empirical and modeling work. Subjects'
misconceptions will be diag- nosed; naive problem solvers
will wundergo short-term training and their short-term
cognitive changes will be assessed; follow-up assessments
will be used to detect long~term cognitive changes. Data
collected wunder all these conditions will be subjected tc
quantitative and quali- tative analysis, and will be used to
support cognitive modeling efforts,

Progress: Progress under first two years of funding is
comprehensively documented in a 65 page report that
accompanied rerewal proposal. An information processing
architecture, called Semantic Information Processor (sip),
is described, along with specif'c hypotheses that have been
Introduced in order to derive a working simulation model.
This modeling framework i1is compared to other, similar
modeling eff.rts., Obscrvational studies of proof-finding in
geometry have been carried out to obtain specific instances
of insight and restructuring in human problem =sclving.
These episodes have been discussed in relation to SIP model.
Various charac- terizations of naive physics knowledge have
been analyzed in detail necessary for computer simulation
and possible treatments in SIP and Qualitative Process
Theory (Forbus) compared.

TITLE: Conceptual Change in Problem Solving and Learning
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PI: Patricia Baggett
University of Colorado
Department of Psychology
(303) 492-6991

R&T PROJECT CODE: 442c001 CONTRACT NC: NGOO1485K0060
CURRENT END DATE: 30 NOV 1987

Technical Objective: Develop a theory of mnulti-media
intelligent computer-assisted instruction for repair tasks.
Test adequacy of proposed knowledge representation to
represent knowledge required for repair tasks. Determine
optimal instructional strategies for conveying expert
knowledge of repair tasks to trainees.

Approach: Implement knowledge representation en a corputer
system and wuse to model expert and student knowledge.
Conduct experiments in which the strategier for presenting
instructional information by computer are systematically
varied. Acsess student knowledge representations that
result from instructional approaches.

Progress: An unexpected experimental firdirg was obtained:
Interactive viewing of Instructions, without the opportunity
to practice a construction task, was shown to be
approximately equal to interactive, user-paced viewing, and
superior to passive viewing, when evaluated in terms of
performeace on a construction-from-memory task. The causes
of this surprising result are being examined ir additional
experiments. In a separate series of experiments, an
algorithm bacsed on directed acyclic word graphs was shown to
be superior to unaided novice and expert humans in selecting

useful names for wunfamiliar parts and structures in
mechanical devices. Several conference papers and reports
were completed, including Raggett & Ehrenfeucht,
"Conceptualizing in Assembly Tasks" (Humenr Factors, in

press).

TITLE: Intelligent Multimedia Tutoring for Repair Tasks
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Automated tutoring of diagnostic reasoning

Nils Nilsson
Stanford University

Computer Science
(415) 723-9745

R&T PROJECT CODE: 442¢003 CONTRACT NO: N0001485K0305

CURRENT END DATE: 31 MAR 1988

Technical Objective: This research 1is concerned wwith
computational and psychological theory to support
intelligent computer-assisted instruction «cf diagnostic
skills. model of diagnostic reasoning,
omputer generation of explanations
diagnostic reasoning, formalize heuristics for
modeling the process of student reasoning, Tutorial
Programs will be built to realize a variety of tutorial
strategies and empirical investigations of their effects
will be conducted.

Aggrogghz This research wuses artificial intelligence
methods to construct both eXpert systems that do diagnostic
reasoning and intelligent tutorial programs. In the expert
system, general reasoning processes are separated from
specific factual knowledge of the particular subject gpatter
domain. Explanation capabilities and tutorial programs are
built around and integrated with the expert system.
Performance 1is compared to human experts and human tutors.,
The effects of varying tutorial strategies are empirically
compared.

Progress: In a sequence of computer programs, basic AI
techniques for separat- ing domain facts from a diagnostic
procedure (NEOMYCIN) have been demonstrated, and the
advantages of this separation for explanation and student
modeling have been shown (IMAGE, ODYSSEUS). A corresponding
sequence of published articles describe the NEOMYCIN program
as a psychological model of diagnosis, as an architecture
for representing strategic knowledge, and as a general
problem solving method called "heuristic classification". A
family of tutoring programs permit various approaches to
instruction, ranging from browsing and observatinn of the
éxpert system to having the stuaent provide high-level
strategic instructions to the diagnostic system that
implements their detzils. Overview publication: From
Guidon to Neomycin and Heracles in twenty short lessons. Al
Magazine, August 1986,
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Tutoring Expertise

Elliot M. Soloway
Yale University

Computer Science
(203) 436-0606

R&T PROJECT CODE: 442c007 CONTRACT NO: NOOO1482K0714
CURRENT END DATE: 14 AUG 1988

Technica! Objective: This research will test and refine n
theory of the knowledge structures and reasoning processes
underlying tutorial expertise in the domain of computer
programming. Experimental and computer~based modeling of
the diagnostic reasoning of effective human tutors will be
used to create principles for the design of more effective
intelligent tutoring systems.

Approach: Empirical and computer-simulation methods will be
applied to describe the reasoning processes of expert
tutors. These reasoning processes will be incorporated into
an intelligent computer—assisted instructional system fo:
teaching introductory PASCAL programming- The theory of
tutorial expertise will be tested by assessing the success
of the automated system 1Iin diagnosing and remediating
etudents' misconceptions and systematic programmiig errors.

Trogress: Studies of human tutors have been completed and
hypotheses about the process of tutorial planning have been
fornmulated on the basis of data anslyses. Construction of
the computer simulation program ic in process.
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TITLE: Explanation Building in Learning Complex System

Operation
PI: Claytoa H. Lewis
The Regents of the University of Colorado
Computer Science Department
(303) 492-6657
R&T PROJECT CODE: 442¢009 CONTRACT NO: NOOO1485K0452
CURRENT END DATE: 30 SEP 1988

Technical Objective: This project aims to develop and test
hypotheses about people’'s understanding and operation of

compler computer-based systems. Previous research under
this contract has developed and tested a theory of how
people construct and use causal explanations of such

s8ystems. The new proposed work will extend the testing and
refinement of this theory by deriving hypotheses and testing
them experimentally. Experimental work will be complemented
by AI-based cognitive modeling.

Approach: Operation of computer systems for text and
graphics editing are being studied because these systems
permit careful experimental manipulation of their
characteristics. A simulatisn model of how people form
mental models of such systems has been developed. Detailed,
keystroke-level performance protocols are collected. These
performance data, along with simulation modeling, are wused
to test hypotheses about the kinds of inferences people draw
about the wunderlying structure of systems by interacting
with them.

Progress: Several conference presentations and technical
reports have been produced wunder this contract. Most
recently, a 50-page report was released entitled "Why and
How to Learn Why: Analysis-Based Generalization of
Procedures."” This report argues that people use
explanations to organize knowledge about procedures in ways
that support generalization. Several possible mechanisms
for generating explanations were identified based on AI
work. Experiments on human performance showed that one of
these mechanisms (modificational analogical generalization)
provided a good account of human performance in problems
that make few demands on memory for examples.




TITLE: Impact of intelligent computer-assisted instruction

PI: Janet W. Schofield
University of Pittsburgh
Psychology
(412) 624-3068

R&T PROJECT CODE: 442c013 CONTRACT NO: NOOO1485K0664
CURRENT END DATE: 31 AUG 1989

Technical Objective: The objective of this research is to
decide among several possible cognitive process explanations
for the fact that readers have very poor ability to judge
the adequacy of their comprehension of technical material
and to determine whether experimental instructional
techniques suggested by those explanations can improve those
judgments. Judging the adequacy of one's comprehension 1is
important to the effective self-management of study efforts.

Approach: It is thought that judgments of comprehension may
be bas~d upon the superficial coherence of the text and/or
the ease of processing. the text superficially, whereas
answering the 1inference questions requires constructing a
mental model of the situation  discussed in the text.
Various instructions, types of questions, superficial text
characteristics, and orders of testing activities will be
experimentally varied to test these hypotheses. The effect
of subject-matter expertise will also be explored.

Progress: In the first two years of the project,
observations were conducted in the experimental computer
tutor classes, in "control" geometry classes, and in two
computer science <classes. Observations were conducted in
other situations of s8chool computer wuse as well. In
addition, extensive interviews with students, teachers, and
other project participants were conducted. Compuferization
of the data files for aralysis has begun. One initial
report has been written: Schofield and Verban, Coumputer
Usage 1in the Teaching of Mathematics: Issues which need
ancwers. To appear in D. Grows & T. Cooney (Eds) The
Teaching of Mathematics: A research agenda.

33




i

¥

%

SRR e

T g A e - TR T SR
ft:{‘*‘é‘f'ﬁ‘ir:":té e - ,"‘S,xﬁkf‘:‘;y)\’;u‘rn
S

AR

oy

e Si’?’ g, »,‘s‘:;..\:,t rv::}w PR

[rre

£ v

% "y
SREE e gy
Ll

X

Reasoning and Comprehension Processes

of Language Minority Persons Learning
from Text

PI: Richard P. Duran

The Regents of the University of Califormnia

Graduate_School of Education
(805) 961-3555

R&T PROJECT CODE: 442¢015 CONTRACT NO: N0001485K0562
CURRENT END DATE: 30 JUN 1988

Technical Objective: The overall objective of this research
is to characterize the cognitive processes of linguistic
‘inority students or trainees as they comprehend and reason
from instructional texts. This includes the identification
of linguistic Structures that are likely to cause difficulty
and investigation of the impact of difficulty with threge
relatively 1low-level aspects of comprehension upon more
sophisticated Processing of the content of texts.

Approach: Texts from a variety of subject matter domains
will be analyzed with respect to structures at the Sentence,
inter-sentence and global 1level (e.g., thesis-evidence or
compare-contrast), Quantifiers, qualifiers, conditionals,
and inguistic features signaling cohesion among parts of a
text will be emphasized. Students will be presented with
academic tasks varying in the demand for scphisticated
cognitive processing and will be asked to "think aloud" as
they perform the tasks 1in order to identify points of
processing difficulty. Student expertise in the subject
matter of the texts will be varied also. Experimental tests
of the hypotheses developed will be pursued in future years,

2535£3§§: Textbook passages were selected from introductory
and advanced texts on ocearography and on cognitive
psychology. Scripts have been designed for collecting
Structured verbal protocols during students' attempts to
understand the passages. A set of computer programs has
been developed to control subject-task interactions.
Reading and response times, as well as answers to objective
comprehension test items, are being recorded for subjects

with differing degrees of familiarity with English and
Spanish,




Research on Human Tutorial Dialogue

Barbara A. Fox

The Regents of the University of Colorado
Department of Linguistics

(303) 492-6305

R&T PROJECT CODE: 442c017 CONTRACT NO: NOOO1486K0105
CURRENT END DATE: 31 DEC 1988

Technical Objective: The goal 1is to test and refine a
theory of the processes of human tutorial dialogue,
including conversational repair, tutor intervention, and
strategies of linguistic communication. The role of each of
the following varjables will be assessed: mode of
communication (face-to-face vs. computer-mediated); subject
matter being taught; and the student's level of competence.
The proposed theoretical and experimental work will form the
basis for improved design principles for natural-language
interfaces to intelligent tutoring systems.

Approach: Tutorial interactions at the University of
Colorado will be videotaped. Both natural and
computer-mediated tutorial dialogues will be recorded.
Beginning and intermediate students in LISP-programming and
algebra classes will be studied. Face~to-face and
computer-mediated modes of communication will be used for
different groups of students. A detailed transcript of each
dialogue will be made, using a coding system which has been
developed in earlier research. These tvanscripts will be
analyzed to determine the effects on dialogue structure of
the various conditions of instruction. This analysis will
address specific questions concerning comnmunicative trouble
and repair, the role of multimedia knowledge representation,
and the structure and role of cutorial interventioms.

Progress: Research has been initiated on the communication
processes involved in human-human tutoring. This research
is using psychological and linguistic methods to
characterize dialogue structure, the use of multiple
knowledge representatious, the types of tutor interventions,
and the effects of the student's level of understanding on
the nature of tutorial interventiomns. Preliminary firdings
have serious implications for the design of computer-based
tutors. Effective human-humar tutorial dialogue seems toO
depend to a great extent on locally mereged, emergent
structures, rather than pre-planned, hierarchical
structures.
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TITLE: Feedback Effects in Computer-Based Skil

PI: John Levine
University of Pittsburgh
Psychology
(412) 624~7462

R&T PROJECT CODE: 442¢021 CONTRACT NG: NOOO1486K0569

CURRENT ERD DATE: 30 SEP 1988

Technical Objective: This research will systematically
investigate the effects of performarce feedback variables
upon trainee performance in computer-based tasks requiring
substantial practice. Both intrapersonal feedback -
providing information about past, present, and probahle
future performance - and interpersonal feedback - comparing
the trainee's own performance with cthers' performance. The

goal is to identify computer implementable feedback
procedures that optimize student performance.

Approach: Computerized training situations developed for
Schneider's research on the training of automatized skill
components will be wused in the research, Various
presentations of information on perfermance will be compared
in effectiveness as will Pre-~determined wvariations in
reported comparative and predictive performance levels.

Progress: A literature review was conducted and
supplemented by telephone inquiries, indicating that very
little related work hac beer done. A category search
experimental paradigm for the investigatiors ves
successfully implemented and an initial experiment on the
effects of reaction time feedback has been conducted, with
supplementary questions to subjects concerning their
impressions of performance quality ond their attributions.
Analyses are in progress, but it appears now that reaction
time feedback has substantial effects on performance ard

that interspersed question periods have no effect so thet
their use car be continued.
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TITLE: A model of self-generated explanation in skill

acquisition
PI: Kurt A. VanLehn
Carnegie-Mellon University
Psychology
(412) 268-4964
R&T PROJECT CODE: 442£001 CONTRACT NO: NOOO1488K0086
CURRENT END DATE: 31 DEC 1991

Technical Objective: This project will produce a computer
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simulation model of the process of student learning of
physics problem solving from example problems in text. It
will test the hypothesis that self- generated explanations
of the steps in example problems produces wmcre effective
learning, a hypothesis based on previous empirical
observations of individual differences in study processes
and ultimate learning success. The Carnegie Symposium on
Architectures for Intelligence will produce a book in which
leading theorists discuss the foundational assumptions of

such models.

Approzch: The project will wuse student protocol data
previously collected and transcribed by Chi & Glaser. A

vocabulary of 50-100 formal codes will be developed to code
protocol data of problem solving acts at a fipe level of
detail, and the protocols will be coded, providing a formal
besis for testing the fit of the model to protocol data. A
simulation model will be developed that gererates sequences
of action in these same tecrms. The simulation program will
have 6 major modules: 1) primitives corresponding to the
protocol coding that establish the grain-size of modeling;
2) a non-analogical probiem-solver for single~schema
(simple) problems; 3) explanation of problem statements that
classifies problems appropriately into types; (Y explanation
of problem solutions that justifies problem solving actions;
5) analogical problem solving and learning; and 6) a problen
solser for complex multi~schema problems. The model will be
£ ted to the protocol data, seeking a theoretical
e: planation for {ndividual differences in learning success.

Progress: This contract is :°w in FY1988.
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TITLE: Explanation-based acq
knowledge

PI: David Kievas

Regents of the University of Michigan
Technical Communication
(313) 763-6739

R&T PROJECT CODE: 442f002 CONTRACT NO: NCOO1488KO 33

CURRFNT END DATE: 31 0CT 1990

Technical Objective: Th-

"rojeect will construct an AT
system for learning electro. concepts from explanatory

‘#Xt and will conduct Cogi. .tive psychology experiments on
.uman iearning in the same context. The results of the two
typzs of work will be integrated in the form of a cognitive
model that explains human acquisition of knowledge in this
domain in terms of the mechanisms in the AI system,

Approach: The AI model,

e s it st

alread: partially developed, will
have the following characteristics. A circuit diagram and

associated explanatory text are translated tato
propositional form. The circuit diagram is "understoou" by
being characterized as instantiations of general circuit
schemata. Explanstions, which ¢ -» generally statements cf
causal relations between changes in the circuit states, are

processed by accounting for the statements in the
explanations bcsed on known rules of circuit behavior,
filling in missing inferential steps. T"is process " eq

becomes the basis for the formation o.
circuit schemata that result in faster understanding of
future circuits. The AT system will ther be elaborated into
a cognitive model that provides prediction metrics such as
the num. er ¢f production rules fired and the number of
propositions processed. Psychological experiments will be
conducted to test the predictions generated by the model
regarding the effects of varied eiplanatory materials.

new, more complex

23235255‘ This contract is new iu FY1988.

uisition of electronics
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TITLE: Explanation and Decision Makiug in
Planring
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PI: Kristian J. Hammond
7he University of Chicago

(312) 702-1571

R&T PROJECT CODE: 442£003 CONTRACT NO: NOOU1488K0295

gt T M "

CURRENT END DATE: 14 NOV 1990

DL

Technical Objective: The objective is to develop a theory
of case~based reasoning for problem-solving tasks that

5 addresces questions of memory organization, of
. decision-making as it applies to the selection of past cases
« for use in problem-solving, and of the role of explaration

formation in learning from case experience.

Approach: Appropriate problem solving domains, such as a
simplified bridge design task, will be used as the basis of
investigation. An Al program will be develcped that
constitutes an elaborz<e hypothesis about the nature of the
case~based reasoning process involved in solving such
problems. The following major parts to this program are
planned: a Problem Anticipator that recalls plannirg

problems in past similar situations, a Case Retriever that
searches for a plan that satisfies as many goals as possible
while avoiding anticipated problems, s case Modifier that
alters the retrieved plan to satisfy additicnal goals, a
Plan Repairer that generates causal explanations for failure
and repairs plans on that basis, a Case Storer that indexes
plans in memory according to the goals they satisfy and the
problems they avoid. and a Rlame Assigner that uses causal
explanations of failure to identify features to predict and
evold similar failures in the future. Psychological
experiments will be used to investigate alternative
hypotheses that arise as design issues in the model.

Progress: This contract is new in FY1088E.
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TITLE: The Induction of Mental Structures While
Learning to Use Symbolic Systems

PI: Thomas G. Bever
University of Rochester
Department cof Psychology
(716) 275-3213

R&T PROJECT CODE: 442f005 CONTRACT NO: N0O001488K0336
CURRENT END DATE: 30 APR 1991

Technical Objective: The research objective is to explore
the emergence of implicit mental st::ctures (such as
linguistic grammars or mental mode:s of machine operations)
during the solution of explicit problems. The investigator
bhas proposed a problem-solving theory of the acquisition of
implicit structure which he will test with a series of
experiments using an artificial symbolic system.

Approach: A series of experiments will be conducted to test
hyvpotheses derived from the investigator's theory of the
formation of implicit mental structures during the solution
of explicit problems. In addition to attemrting to improve
the efficiency of the basic paradigr used in a pilot study,
the experiments will investicate: implie~tions, for
learning, of conflicting reqularities within marping systems
for internal perception and production mechanisms;
differences between perception and production in learning;
and extensions of the paradigm to investigate implications
of fuzzy feedback, effects of error messages, and modelling
of the acquisition of behavior and structure.

Progress: This contract is new in FY1988.
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TITLE: Human Plausible Reasoning and Learning:
Development of a Computational Kodel and

a Unified Theory.
PI: Ryszard S. Michalski
George Mason University
Computer Science
(703) 323-2713
R&T PROJECT CODE: 442f006 CONTRACT NO: NOOO1488K0397
CURRENT END DATE: 14 MAY 1990

Technical Objective: This research aims to provide

computational models of the way in which humans learn and
reason with imprecise, incomplete and/or indirectly relevant

premises.

Approach: A unifie. theory of human plausible reasoning and
inductive learning will be developed 1. the form of a
computational model. This will build upon the Collins and
Michalski "core theory" of human plausible reasoning, upon
Michalski's "two-tiered method" for representing flexitle
context-dependent concepts, and Medin's "multi-criterion
patch mode.”" of inductive learning. Further experimental
tests of human performance will be conducted in order to
test the computational theory against human performance.

Progress: Thic contract is new in FY1988.
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TITLE: Cognitive and instructional thecries of impasses
in learning

MR- A e
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PI: Alan Lesgold
University of Pittsburgh

Psychelegy Department
(412) 624-7045

R RET .
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R&T PROJECT CODE: 4422539 CONTRACT NO: NOOO1486K0361

TR TRTATS S
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CURRENT END DATE: 30 APR 1988

Technical Objective: The central purpose of the opropcsed
- research is to optimize the laarning of complex cognitive
;. skills. Currant cognitive theories formulate the task of
? curriculum design as the teaching of many component skills
- to the point of automaticity. The component skills are then
£ assumed to combine in a straightforward wey to produce the
- complex skill. A long histoiy of research irn developmental
psychology, as well as some recent work on skills such as
medical diagnosis, indicates that a r structuring of
knowledge, not a simple concatenation of skills, may be
necessary before trainees can progress to higher performance
levels. This prciect aims to elaborate and test a
comprehensive theory of the possible relations between
compone t s3kills (prerequisites) and the complex skills they

IR I A

support, Such a theory will form the basis of larger
knowledge~structures for intelligent tutoring systems,
moving beyond single concepts to course~ and

curriculum-sized structures.

Approach: The learning of a range of perceptual skills,
ranging in complexity from simple, highly controlled
laboratory tasks to tasks approaching the complexity of

passive sonar interpretation, will be studied wusing
techniques of experimental psychology, cognitive modeling,
and intelligent tutoring. Impasses in learning will be

relanted to subjects' mental models or rersonal theories of
the causal substrate of perceptual patter~s.

Progress: A general capability to design and present
experiments of the type reguired by the project has been
developed. Visual presentations of recognitier stimuli can
be obscured by multiple layers of noise wvarying din both
quantitative and qualitative characteristics. An initial

series of thvee experiments has been done 1in order to
identify situations that provide clear, replicable examples
of the d{mrpasse phenomena in learning that are to be
investigated in the remainder of the research project,




TITLE: A Proposed Research Center For The
Study cof Intelligent Tutoring Systems
In Teaching of Quantitative Reasoning

PI: Mark Siegel
University of th_. District of Columbi:z
Department of Psychology
(202) 282-2152

R&T PROJECT CODE: 4422552 CONTRACT NO: Not yet assigned
CURRENT END DATE: 30 JUN 1989

Technizal Objective: The potential of existing ICAI
software and the possibility of collaborative relationships
with other researchers will be explored with the intent of
developing an R&D program directed at an instructional
approach to improving the quantitative reasoning skills of
students in an Historically Black College as wel! as skills
of similar military trainee populations.

Approach: The PI will obtain existing ICAI software and
establish contacts with existing ONR research contractors
active in this area. He will review and explore the design
and programming of that software and plan a more specified
researc.. program for future consideration.

Progress: This contract is new in FY1988.
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TITLE: Improvements of the Intelligent Maintenance
Training System, with a Second Application

PI: Douglas M. Towne
University of Souvthern California
Behavicral Technology Laboratory
(213) 540-3654

R&T PROJECT CODE: 4428011 CONTRACT NO: N0O001487C0489
CURRENT END DATE: 30 SEP 1988

Technical Objective: The objective of this contract is to
develop an experimental training system for intelligent
computer-assisted maintenance training that includes both
(1) computer-aided methods for anaiysing the practice
requirements of maintenance training and (2) a general
training system that wiil provide individualized selection
and sequencing of exercises and an automated tutor that will
coach students during exercises. This system will
incorporate the Navy's ¢xisting General Maintenance Training
Simulator and will be implemented for Blade Fold Rotor Prake
(helicopter) maintenance training,

Approach: Relations among training exercises and required
skills will be represented ir a database, constructed with
computer-aided analyses. Artificial intelligence techniques
will be used to mcdel the acquisition of student skills, to
select appropriate exercises, to analyze on-going student
performance, and to provide appropriate tutorial
interventions.

Progress: Implementation of the simulation of parallel
analog circuits for the second d-=vice implementation of IMTS
has been completed. The speed of the fully detailed

graphical simulation capability has beer dimproved by a
factor of 7, greatly enhancing the interactive instructional
quality,.

Outside Funding: NPRDC (partial)
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TITLE: Intelligent Maintenance Training System

PI: Douglas M. Towne
University of Southern California

(213) 540-3654
R&T PROJECT CODE: pp42001 CONTRACT NO: N0Q001485C0040
CURRENT END DATE: 28 FEB 1988
Technical Objective: Develop a second application of the

Intelligent Maintenance Training System and various
improvements to the editor and interface.

Approach: Build second application of IMTS on foundation of
first application by modifying and extending or-line
configuration editors and simulation driver prcgrams.

Progress: Editors have been completed to configure the
system for specific applications. Entry of information for
the blade-fold rotor brake application has been completed,
and it has been determined that the simulation 1is
successful, '

Qutside Funding: NPRDC and AFHRL
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TITLE: Computation via direct manipnlation

PI: Donald A. Norman
University of California
Institute for Cognitive Science
(619) 452-6770

R&T PROJECT CODE: 4006001 CONTRACT NO: NOOO1485C0133

CURRENT END DATE: 30 NOV 1987

Technical Objective: This research will provide the
conceptual foundations for new kinds of human-computer
interfaces known as direct-manipulation interfaces. Where
conventional interfaces use linguistic expressions to pacs
information between computers and users, direct-manipulatiocn
interfaces wuse graphic icoms to continuously convey the
state of computational entities of interest and to permit
users to directly manipulate those entities. This research
will provide several unique applicaticne of
direct-manipulation interfaces (including interfaces to
parallel distributed processing systems); and will assess
the peychological characteristics of people's use cf these
interfaces.

Approach: Development tools are created that allow for
construction of intelligent graphi. icons and system
simulations based on these icons. Other development tools

help to create direct-manipulation interfaces to systems
with many highlv-interconnected processorc. These tools are
used to create particular interfaces to systems such as
automatic schedulers and data-base search systems, and the
resultant interfaces are evaluated ir cmpivical studies of
users' behavier and reactions.

Progress: Software products include the Icon Editor, an
interface for a simulation environment; Designer, a
knowledge-based graphical design assistant and STATS, a
statistical analysis preogram with a direct manipulation
graphical interface. Experiments have been conducted
comparing human performance with direct manipulatior anrd

command interfaces.

(Note: This project was funded wunder a special ONR
corporate program to encourage cocllahoration between Navy
Laboratories and nearby universities.)
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TITLE: Bayesian techniques for item:-response theory.

PI: Rebert Tsutakawa
University of Missouri
Department of Statistics
(314) 882-6879

R&T PROJFCT CODE: 4421535 CONTTACT NO: NOOO1485K0113
CURRENT END DATE: 30 SEP 1988

Technical Objective: In item-~response theory (IRT) an
examinee's 1item responses are linked to an ability scale
; through item~resporse functions (IRF). In the typical IRT
i application, these IRFs are only partially knowr through a
calibration based on other examinees who have previously
taken the same test., The typical appiication proceeds as if
, these IR¥s were well-estimated; in effect assuming that the
1 calibrations are exact. Tn previous work Tsutakawa
developedi .echnicues for representing uncertainty about the
calibrations of these IRFs. In this project that
representation is being further checked and is beinz used to
more accuratelv represert what is known about an examinee's
abiiity. Subsequently, this improved representation of an
examinee's ability will be used to hetter estimate IRFs for
- new, uncalibrated items.

Approach: This work irs employing a cocmbination of
theoretical development of the tecbricues, Monte Carlo
simulationr to check the performance of the techniques wunder
controlled conditions, and validation with actual respense

data.

Progress: Research aimed at finding efficient procedures
for approximating the marginal posterior distcibutions of
individual ability jarameters explored approximatiorne by
Leonard, by Tierney and Kadane, and by Lindley. In the
general case, none appeared tc be practical for routine use.
An apprcach using informative Direchlet ¢pricrs for the

response functions is alsc under study.
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TITLE: Bayesian inference in factor analysis
PI: George Y. Wong

Sloan Kettering Institute

Department of Blostatistics

(212) 794-7546

R&T PROJECT CODE: 4421536 CONTRACT NO: NOOO1485K0485
CURRENT END DATE: 30 SEP 1989

Technical Objective: This effort is extending previous work
on Bayesian approaches to factor analysis. A framework for
characterizing the moments of the marginal posterior
distributions of the factor 1loadings, factor scores, and
uniqueness variances is being developed; expressions for
estimation errors are being derived and compared with those
obtained wunder maximum-likelihood and Bayes-joint-modal
approaches; and the sensitivity of the marginal moments to
variations in the prior distributions is being examined. In
addition these marginal procedures are being extended to the
study of oblique factor models, of models with a priori zero
factor loadings, and of simultaneous factor models.

Approach: This work 1is employing a combination of
theoreiical development of the techniques and Monte Carlo
simvlation to check the performance of the techniques under

controlled conditions. A central element of this research
involves approximating the marginal moments oZ the posterior
distributions of factor 1loadings, factor scores, and

uniqueness variances. Techniques based upon an extension of
the so-called Tiao-Zellner expansion and refinements of the
EM algorithm are being explored.

Progress: Within the framework of the EM algorithm, the E
step requires the posterior expectation of the factor
loadings and wuniqueness variances. Formulas for these
expectations have been derived and numerical procedures have
been developed to estimate them in practice. In addition,
needed approximations for estimating the marginals of a
poly-t density have been derived.
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TITLE: Modelling conditional dependencies among
psychological test items.

PI: Robert D. Gibbons
University of Illinois at Chicago
Department of Psychiatry
(312) 413-1357

R&T PROJECT CODE: 4421538 CONTRACT NO: NOOO1485K0586

CURRENT END DATE: 30 SEP 1988

Technical Objective: For tractability reascns an assumption
of conditional independence has been commonplace in
theoretical and practical work in item-response theory. The
assumption states that item scores are related to eachk cther
only through their relationship with examinee ability. This
means that item scores are statistically independent for
examinees with the same abjlity, This work is developing
techniques (a) for gauging the extent of conditinnal
dependencies among test items, (b) for obtaining efficient
ability estimates in spite of minor dependencies, and (c)
for explicitly modelling dependencies in response data,

Approach: The general approach is to model the response
patterns without the assumption of conditional independence
anong test items. To accomplishk this invectigators are

exploring the viability of the so-called Clart algorithm
which is based on certain Normality assumptions for
approximating pattern probabiiities.

Progress: Computatioral procedures for implementing the
Eigrﬁ_—algorithm have been develcped. In principle these
proccedures can estimate the probability of any binary
response pattern, regardless of test length,
item-response~-function threshceclds, or inter-item
dependencies not accounted for by the TRT model. A

large-scale Monte Carlo study is currently underway to gauge
the adequacy of these procedures.
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TITLE: Dimetisional Misspecification and
Applications of Item—-Response Theory

PI: Ming-mei Wang

University of Iowa
§ Dept of Psychological~Quantitative Foundation
: (319) 2325-5572

A R PR R e
LA RS

R&T PROJECT CODE: 4421542 CONTRACT NO: NOOO1486K0031

W et 4y

CURRENT END DATFE: 3C SEP 1988

R R

Technical Objective: 1In the absence of sound theoretical
foundations for multidimensional item-response theory, there
has been considerable confusion in the literature. Some
researchers have equated psychometric dimensions with
conceptual dimensions, arguing that a test problem which
requires more than one ability (e.g., reading and arithmetic
ability) necessarily requires a nmnultidimensional model.
Others have called wupon the notion of a "complete latent
space'" to argue that a test model is inappropriately
dimensioned 1if items appear to be conditionally dependent.
Still others have called on the more widely understood, yet
inappropriate, factor =anelytic conceptualizatiorn for their
[ theorizing. This work will contribuce to improving that

situation by providing a theoretical framewocrk for
addressing dimensionality issues within a broad <class of
models.

Approach: A mathematical framework for representing the
multidimensional situation for a broad class of

item-response-theory models {s being developed and will be
used t- anticipate the implications of mpultidimensionality
for model calibration, for adaptive testing, for test bias,
and for test equating. In addition 1Improvements to
multidimensional modelling and adaptive techniques are being
explored.

Progress: (a) An analytical framework bassd on the
linearity cf item logit scores for the wusual compensatory
logistic item response model wag defined. (b) Within that
framework, algebraic relationships tetween unidimensional
estimates and true multidimensional parameters were derived.
(c) Analytical results were demonstrated with sinulated
data. (d) An index of the dimensionality of the 1latent
space was suggested. (e) Expressions for the bias functions
and the mean-square-error of estimate were derived. (f) The
implications of wunidimensirnal models for adaptive testing

were svudied.
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TITLE: Foundations of Formula-score Theory

PI: Michael V. Levine
University of I linois
Department of Educational Psychol-~gy
(217) 333-0092

R&T PROJECT CODE: 4421546 CONTRACT NO: NO0OO1436K0482
CURRENT END DATE: 15 JUL 192"

Technical Objective: This work 1is extending Formula Score
Theory (FST) in several ways: First, in its present form
FST reaquires that a unidimensional sev of "0ld test"
item-response functions are known exactly a priori. This
work 1is reformulating FST to remove those restrictions.
Second, in its ©present form FST density estimation 1is
adequate only for the limited case in which the density can
be represented as a linear combination of a small number of
known functions. This work is exploring alternative
approaches to density estimation for the mor-~ general case.
Third, current test equating p. ,cedures require that the
tests beinpg equated measure the same unidimensional ability,
This work is formulating an FST approach for equating
multidimeusional tects.

Approach: First, procedures based upon initial estimates,
followed by iterative cycles (a) of didentifying a maximal
subsat of well~-estimated items <cnd (b)) of re-estimating
other response functions are being explored. Second, a more
general FST is being formulated catirely in terms of
characteristics of the joint distribution of observables.

Third, properties of constrained maximum—-likelihood
estim~tors are being examined. Fourth, wunidimensional
asymptotic theory is being generalized to the
multidimensional case. Finally, ability distribution
estimation techniques are being extended to the
multidimensional case and will be used to describe the
equating function betweer a multidimensional and a

unidimensional test.

Progress: (a) An algebraic approach for discovering the
shapes of item response functions has been developed which,
in principle, can recover non-monotonic response functions
even those with mnultidimensional support. Althougn
preliminary implementations requ’ very large data seis,
refinements are under study. (b) 1a formula-score theory,
item- response functions and densities . re characterized by
linear combinations of a small number of "basis" functions.
An approach for :hoosing an optimal set of such basis
functic . has recently becn developed.
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TITLE: Foundations of Multidimensional Item-response
Theory

PI: William F. Stout
University of Illinois at Champaign
Department of Statistics
(217) 333-6218

R&T PROJECT CODE: 4421548 COM™™ACT NO: NOOO1487K0277
CURRENT END DATE: 28 FEB 1990

Technical Objective: This work is <further developing the
foundations of item~response theory for multidiensional data

sets. This includes: (a) exploration of the theoretical
relationship between a conditional-association wotiun of
dimensionality and Stout's notion of the essen.ial

dimensionality of a data set, (b) exploration of the
implications of the Suppes and Zanotti Common Canses Tireorem
for multidimensional IRT modelling, (c) development of a
framework for studying issues of test bias based wupon the
notion of the essential dimensionality of a test, and (d)
exploration of alternative dependence structures for
multidimensional modelling.

Apnroach: (a) Stout's notion ~f the essential
dimensionality of a data set will be efin=zd and extended,
a.d the relationship between it and Holland's notion of
conditional association will be derived. (b) The nction of
test bias will be cast within the essential dimensionality
frumework in order to gauge whan group differences are

likely to be troublesome. (c) New notions of the
reliability of a test will be erplored. And, (d) Models
based upon sequential dependence structures will be
examined.

Progress: Developed a generalization of latent-trait theory
based entirely on monotonicity and a weak mno:irn of
dependence. Results have shown that even with *h.s weaker
notion of dependence, latent-trait theory retains many of
its important measurement properties.
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TITLE: Latent-trait theory for polych>rt_uously-scored items

PI: Fumiko Samejima
The University of Tennessee
Department of Psychology
(615) 974-6846
R&T FROJECT CODE: 4421549 CONTRACT NO: NOOO1487K0320
CURRENT END DATE: 28 FEB 1990

Technical Objective: The objective of this work is to

develop the theoretical foundations for
polychotomcusly-scored test items with non-monotone
item-response functions. Included are (a) improvements to

wedelling techniques, (b) exploration of criteria for
riesponse characteristics of items in an ideal item pool, for
efficiert item selection, and for test termination, (c)
development of pProcedures for describing examinee
performance, (d) deveiopment of precedures for calibrating
items online, and (e) developmeni of a framework for
assessing item and test validity within an
item-response—theory framework.

Approach: (a) The PI's procedures for non-parametric
estimation of item~response functions will be extended to
the case in which the latent density is badly skewed and to
the case in which 4t 1ig multidimensional. (b) The
usefulness of approximations derived from results for
multidimensional models of continvous responses will be
examined. (c) A variety of ways to conceptualize an item's
local validity will be z.udied. And, (d) results will be
implemented in portable computer programs.

Progress: The conditional PDF approach for estimating the
operating characteristics has been developed. A cr.itical
step in the method involves an approximation to the
conditional distribution uf the maximum-likelihood ability
estimates given ability. Studies with a variety of
empirical data sets indicate that the standard approxima“ion
may be seriously biased fo. extreme abilitins. To help
understand the extent of this problem for particular itam
sets, an aprroximation to the bias function has been derived
and examined.




Ly

Cogmrey -ﬁp‘ﬁ:t_f’.’{w

TITLE: Discrete-state item-~response models

PI: James A. Paulson
Portland State University
Department of Psychology
(503) 229-3923

R&T PROJECT CODE: 4421550 CONTRACT NO: NOOO.487K0280
CURRENT ENp DATE: 30 APR 1990

Technical Objective: This work is examining new approaches
for estimating and wvalidating 1latent-class models. In
previsus work, the investigator made a2ffective use of the EM
algorithm to estimate these models in unconstrained and in a
variety of constrained situatione. ITn this work, he will
develop a framework for incorrtorating a monotonicity
constraint when appropriate.

Approach: (a) A test statistic for monotonicity will be
developed, and its sampling distribution will be studied.
(b) Alternatives to monotonicity will be explored for those
situations in which it fails. An approach to be examined
early on would add additional states to the mwodel.
Partially-ordered hierarchical models will alsc be examined.
(c) Links between these discrete-state models and
widely~studied continuous-~state models will be examined. In
particular, this approach will be compared to the Bock and

Aitken approach.

Progress: Procedures have been developed for diagnostic
classification during training within the general framework
of Jatent-class analysis. Efficient computational
algorithms have been designed. Studies wunderway are
examining the robustness of <clacsifications to model

misspecification.
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TITLE: Latent-trait representations of behavioral
data

PI: Paul W. Holland
Educational Testing Service
Statistical & Psychometric Research Div.
(609) $21--9000

R&T PROJECT CODE: 4421551 CONTRACT NO: NOOO1487K0730
CURRENT END DATE: 31 JUL 1990

Technical Objective: One way .to view the central problem of
item-response theory s the discovery of a parsimonious
representation of behavior which reproduces the important
feetur_s of a data set. The investigator has discovered an
identity whicr appears to linearize that problem for a very
general class of models. This project 4is exploring the

ramifications of that identity f~r item-response thecry.

Approach: Numerical studies will examine the viability of
representations derived from the Dutch identity in practice.
The issue of how large tests must be before first—-order
approximations are viable will be studied, and the
implications of second-order approximations for IRT
modelling will be examined.

Progress: Preliminary work is examining how test models
behave with large .umbers of items, the identifiability of
parameters, and new ways to assess dimcnsionality in
item-response-theory models. Results include a

demonstration that if the test has dimension D and has
length J, at most (D+1)J parameters can be estimated.




! TITLE: Dealing with uncertainty in item-response theory.

Pi: Robert J. Hislevy
Educational Tescing Service
Statistical and Psychometric Research Jiv.
(609) 734-1271

R&T PROJECT CGDE: 4421552 CONTRACT NO: NOOO1488K0304
CURRENT END DATE: 31 MAR 1990

Technical Objective: The work will involve three main
tasks: (a) Statistical theorv and approximation and
computing techniques will be developed for a fully Bayesian
approach to item response theory <“ncluding techniques for
obtaining marginal distributions for examinee abilitiec¢ and
item parameters. (b) Difficulties wicvh hyper-variances in
hierarchical Bayesian models will be studied. And, (¢)
theory for drawing inferences from behavior samples within
examinees will be developed.

Approach: First, since conjugate priors are not available
for IRT applications, investigators will explore a variety
of approximations including those proposed by Dunsmore, by
Leonard, by Lindley, by Rubin, and by Tierney and Kadane.
Second, since data provides virtually no information on
hyper-variances and since non-informative priors on
hyper-variances are troublesome, investigators will study
the influence of moderate priors on posterlior resuits.
Finally, investigators will extend their earliez work on
drawing inferences from item samples.

Progress: This contract is new in Fv1988.
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TITLE: Multidimensional item-response theory for
training applications

PI: Mark D, Reckase
American College Testing Program

(319) 337-1105
R&T PROJECT CODE: 4422531 CONTRACT NO: NOOO1485C0241

CURRENT END DATE: 31 AYG 1988

Technical Objective: This work is developing wuseable
item-response theory for trainiug applications. Work is
explor.ug the adequacy of compensatory models for

characterizing typical training performance; techniques for
increasing the accuracy and efiiciency of {tem response
function estimation algorithms (especially in small
samples); the extension of -hWe wunidimensional notions of
item difficulty, discrimination, and information to a
general class of multidimensional models; the implications
of adaptive testing for the complexity of the content
dimensions being assessed; the effectiveness of
appropriateness indices for detecting items whose
characteristics have changed since the response models were
originally calibrated; and, the nature of and effective
methods for dealing with the trade off between test
efficiency and test security in applications.

Approach: This work is employing a combination of
theoretical development of the techniques, Monte Ccarlo
simuiation to check the performance of the techniques under
controlled conditions, and validation with actual response
data,

Progress: First, the notions of item difficulty,
discrimination, and item information for an item which
meéasures more than one dimensiun have been formulated.
Second, a detailed study of how multidimensional difficulty
and discrimination can be wused to form item sets which
operate as if they were unidimensional has been conducted.
The hypothesis was that a set of items which have their
highest discrimination in roughly the same direction will
operate as 1f it were unidimensional. Analyses of data from
a mathemat  :s usage test generally supported this
hypothesis, although some small item sets which were fairly
difficult were problematic.
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TITLE: A theory of IRT-based diagnostic testing

PI: Kikumi K. Tatsuoka
University of Illinois
Computer-based Education R:search Lab.
(217) 333-6700

R&T PROJECT CODE: 4422541 CCNTRACT NO: NOOO1486K(C290
CURRENT END DATE: 14 APR 1989
Technical Objective: The objective of rhis work is the
further development of the foundations of the rule-space

framework for diagnosing the misconceptions of trainees from
thelir performcoce on cognitive tasks.

Approach: {a) Develop a coherent mathematical/statistical
theory for rule space inferences, (b) establish convergence
and efficiency properties of adaptive item-selection
strategies, (c) refine approximaticns to the so-called "bug
distribution", (d) extend the model to deal with
polychotomously-scored responces, and (e) investigate the
generality of the framework within a Navy training context.

Prcgress: Receunt analytical results established the
algebraic relationships between certain item-response-theory
models, latent-class models, and rule-space models.

Specifically, it was shown (a) that IRT functions may be
regarded as the conditional density func“ions of item scores
for a special latent class representing the "null state of
knowledge" (i.e., the state which would ideally produce all
incorrect responses); and (b) that estimates of the item
parameters of IRT functions can be determined from the union
of several latent classes with the property: when their
response vectors are mapped into rule space, their
projections lie approximateiy along the first principle axis
of the union set.
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TITLE: Integrating Spatial Information
PI: Kent A, Stevens
University of Oregon
Department of C~mputer Science
(503) 686~4430
R&T PROJECT CODE: 4424206 CONTRACT NO: NOOO1487K0321
CURRENT END DATE: 14 MAY 1990

Technical Objective: Objective is to deveiop a theory of

3-D “orm pexception based on an assumption of two
indepeadent representation systems for distance information:
one for absolute distance and another for local

object~referenced depth relationms.

Approach: Ap roach 1s a combination of theoretical
analysis, computational modeling and psychophysical
exXperimentation. Specifiec hwypectheses to be developed and

tested are that apparent slant of a geometric figure induces
a depth inference; that apparent slant »f a surface induces
size constancy, and that multiple cues are not converted to
a common metric amnd summed but are treated as evidence in a
Bayesian estimation sense.

Progress: Apparent depth in stereograms exhibits various
simultaneous—contrast effects analogous to those reported in
the luminance domain. This behavior suggests that stereo

depth, 1like brigiutness, is reconstructed from first or
higher-order derivatives. The investigator has examined the
extent to which depth is analogous to brightness, and found

similarities in terms of contrast effects but
dissimilarities in terms of lateral-inhibition effects
tradi” Lonally attributed to the underlying

spatial~derivative detection operators. Brightness effe.ts
such as Mach bands that are attributed tov spatial lateral
inhibition are not .ound in stereo depth.




Contours

PI: Donald D. Hoffman
University of Califoraia, Irvine

Department of Cognitive S.ience
(714) 856-6795

R&T PROJECT CODE: 4424194 CONTRACY NO: NOO01485K0529

CURRENT END DATE: 30 JUN 1988

Technical Objective: Cbjective is to develop computational

theories for human visnal processes; test and extend them by
mears of psychophysical experiments with human subjects.
Visual processes of interest are those which integrate

mutual constraints on shape derived from image wrotion and
occluding contours.

Approach: Approach is a multidisciplinary interplay between
mathematical modeling and psychophysical experimentation.
Experiments both te t psychological wvalidity c¢f current
models and suggest rew, psychclogical constraints in
addition to physical constraints in resolving ambiguity irn
inferring shape f'rom image motion and oceluding cortours.

8 Psychophysical experimencs were conducted to test
ions of structure-from-motion algorithms regarding
human abilities to perceive depth under a variety of 2-D
stimulus ccerditions. The stimuli were combinations of
numbers of points, numbers of distinct views and kinds of
motlion constraints imposed. Theoretical aralysis suggested
minimum requirements of three views cf two points.
Experimental results suggest humans have the ability to
recover depth given two views of two points. FExploration of
additional motion constraints that might be used by subjects
to infer shepe form motion are being carried out.

Inferring 3-D Shape from Motion and Occluding




TITLE: INFERRING 3-D SHAPE FROM MOTION AND CONTOURS

PI: Donald D. Hoffman
The Regents of the University of California
School of Social Sciences
(717) 856-6802

R&T PROJECT CODE: 400d122 CONTRACT NO: N0O0O1487G0135
CURRENT . D DATE: 14 MAR 1988

Technical Objective: This effort is for the purchase of
equipment under the DOD-University Research Instrumentaticn
Program. The goal of this program 1is to improve the
capability of universities to perform research in support of
national defense. This program of support for the
acquisition of research equipment has the primary purpose of
stimulating and supporting basic research wunderlying the
technology goals of the Department of Defense.

Approach: The equipment includes: Symbolics Lisp Machine
and a Microvax Workstation. This instrumentation will
support research on computational studies and psychophysical
experiments dealing with the recovery of 3-D shape from
image motion and occluding contours.

Progress: The equipment described above has been purchased
and is being used to support new vision research.
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TITLE: Formal and Psychophysical Investigations
of Vision: Image Motion and Occluding
Contours

PI: Donald D. Hoffman
University of California, Irvine
Department of Cognitive Sciences
(714) 856-6795

R&T PROJECT CODE: 4424219 CONTRACT NO: NOOO1488K0354
CURRENT END DATE: 31 MAY 1991

Technical Objective: The objective of the Prc josed research
is to develop and to evaluate both empirically and
computationally a formal theory of the mecl.anisms by which
object shape can be inferred from motion and contour
occlusion. An additional objective Is to implement this
theory in neurally plausible computer algorithms.

Approach: The proposed investigation will consist of three
integrated thrusts: (1) the development of fcrmal theories
of shape-from~ motion and shape from occluding contours, (2)
the testing of these theories by psychophysical experiments,
and (3) the implementation of these theories i~ neurally
plausible computer algorithms.

Progress: This contract is new in FY1988.
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TITLE: Vision Research Usingz Cellular Automata

: PI: Donald A. Glaser
The Regents of the University of California, Berkeley
Molecular Biology
(415) 642-7231

R&T PROJECT CODE: 4425089 CONTRACT NO: NOOQ1485K0692
CURRENT END DATE: 31 JUL 1988
Technical Objective: Objective is to explore hierarchical,

asynchronous cellular automata as processor models for the
human visual system.

Approach: The approach is to design alternative automata
structures and operating rules capable of transforming
visuval images in ways that enable wvisual tasks to be
performed and to test alternative models for psychological
validity via psychophysical experirernts.

Progress: Using the formalism of cellular automata and
parallel processing networks, computetional models are being
developed c¢f hLuman binocular stereo depth perception, of
motion perception, and of the ability to judge symmetry. In
experiments of depth perception, the investigators have
found that the apparent depth of a dot depends on the

disparities of these items plus some effect due to
disparities of other objects in the field of view. The human
visual system is therefore unlike a conventional

stereoscopic camera in which the depth of any object can be
determined exactly by measuring the position of its