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Project summary

This project will develop a computer system which will solve problems creatively and will be
based on the extension, abstraction and generalization of the cognitive processes that people
use. By building and experimenting with such a system, original insights will be gained into
the nature of creativity, which will help improve the development of creativity in our schools
and workplaces. In order to develop such a system, it will be necessary to understand the

different cognitive processes involved in creativity and how they can cooperate.

The model will be developed by extending an existing computational model which has been
developed over the past several years by the principal investigator. This model already exists
as a computer program for simple knowledge-based problem solving. It has a highly parallel
architecture with components for processing goals, plans, memory and perception. In order
to extend this model it will be necessary to extend its various components to incorporate
new types of knowledge that are to be used creatively. It will be necessary to introduce new
mechanisms for conceptual representations and their manipulation. This will need a method
of representing knowledge allowing it to be flexibly abstracted or constrained as required to
discover new problem solutions. The highly parallel nature of the existing model will allow
many different kinds of knowledge to be activated together concurrently thereby allowing a
large set of potential solutions to be considered, but it will also allow a large set of constraints

to be applied together concurrently to find the best solutions.

The intellectual merit of the project will be in advancing our understanding of the impor-
tant area of creativity by showing how different knowledge-based processes work together to
creatively solve problems. Its broader impact will be in showing how to develop systems
which support and enhance human creativity in the design of commercial products, in artis-
tic and cultural activities, in understanding the development of creativity in our children, in

educating our students to be more creative, and to have marketable creative skills.
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Project description

Objectives

The main objective of the project is to develop a new computational model of creative
problem-solving which has integrated planning, perception and memory aspects, and is

highly parallel, and is inspired by human cognition and brain architecture.

The overall purpose of the project is to try to understand the properties of creativity in

general as an abstraction, extension, and generalization of human creativity.

Human creativity. It seems that human creativity is not a special ability but is achieved
using common cognitive abilities. At the cognitive level of analysis, there are many issues
and phenomena that we need to understand. Creativity is goal directed [17], and involves
dynamic goal-setting and goal-changing. There is a need for unconstrained generation of
alternatives and efficient search of large sets of possibilities. Memory and knowledge are
very important [22] [13], although their effects can be both positive and negative. Visual
imagery is important, including the construction of images, structured imagination and
creative invention [1] [14]. Perception can be creative. Analogy and metaphor are important
mechanisms in generating and assessing creative results [15]. Creativity involves synthesis
and construction. The abstraction, combination and merging of concepts can be useful and
may be necessary. Creativity involves the revision, re-representation and reconstrual of the
problem. Evaluation of possibilities is important and needs high standards. The role of
routinization, overlearning and incubation has been emphasized by a number of researchers,
however there is some contrary opinion, see for example Hayes [17]. There are many types
of obstacles and traps in creative thought [23]. Metacognition can be useful in the conscious
control and management of the creative process [2]. There are neuroscience data [18] [3],
and theories such as cortical arousal and focus of attention [19]. There are methods for

improving creativity [26] [21], and there are methods for measuring creativity [24] [16].



The development of a general computational model of creativity will produce much-needed
insights into many of these key issues and phenomena. Such insights will allow the bet-
ter assessment of creativity and the development of methods for increasing and optimizing

creativity.

FExpected significance. The research will provide an understanding of creativity in general
and a basis for improving creativity at work, and improving the development of creativity

in children and students.

Relation to long-term goals of the principal investigator. The research develops the basic
problem-solving/perception/memory mechanisms of the model to incorporate more extensive

memory and to allow the representation of wider classes of cognition and behavior.

Relation to the present state of knowledge of the field. The proposed model will be more
comprehensive than previous models of creativity, and based on parallel processing, human

cognition and brain architecture, unlike most previous models.

Relation to the work in progress by the principal investigator under other support. The cur-
rent other funding is mainly related to logical representations of knowledge in engineering
and neuroscience. Thus the relation between the projects is at a theoretical and method-
ological level. He is however collaborating with the design process group at NIST whose

main focus is on engineering design.

Relation to work in progress elsewhere. The proposed work will provide a more comprehensive

model for comparison with work on the psychology and neuropsychology of creativity.
General plan of the work

The architecture of the proposed system. The model will be developed by extending an exist-
ing cognitive model [7] [6]; an outline architectural diagram of the proposed computational

system is given in Figure 1. The proposed system uses a modeling approach of a modular



distributed computational architecture, with an abstract logical description of data and con-
trol, which has a correspondence to the cortex. In the last few years, we have conducted a
series of studies and models concerning cognitive mechanisms, including problem solving [5],

episodic memory [9], and spatial working memory [10].
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Figure 1: The architecture of proposed system

In the current approach to brain-based cognitive modeling of problem solving, the action of
the system, like the brain, involves the continuous parallel action of all processing modules,

and each module is specialized for processing and storage of particular types of data.

The continuous action of the system creates goals, selects a goal, retrieves a plan and executes
a plan step. Plan execution uses working goals in the plan execution module and also
constructions and percepts that it receives from the perception hierarchies, in order to search
different possible states and to construct new possible states. Goal selection, plan selection

and plan step selection are reconsidered every processing cycle, and plan steps at different

7



levels of abstraction run concurrently. Feedback, to these goal and planning modules from
the constructed states, which are distributed over the modules of the perception hierarchies,

can change their selections.

The proposed creative problem solving dynamics. In extending our model, our approach to
creative problem-solving is informed by the work of DeGroot [12] and Newell and Simon
[20] who give a clear description of the problem-solving cycle with a succession of narrow
beam searches each ending in an evaluation. After each search, the subject reconsiders the
position in the light of this evidence, possibly reformulates, reconceives and rerepresents the
problem, generates a conceptual or logical goal, then an operational goal, and then makes
another search. We give an outline diagram in Figure 2, indicating the sequence of searches

and the operations in the problem solving cycle.
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. plan steps human - ,a1uation after one plan step: 500ms.
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Figure 2: The proposed cycle of creative problem-solving dynamics

To achieve this approach to creative problem solving, we will need to extend the use of
memory in all modules so that each module has many alternate methods for representing its
state. Memories are formed by the episodic memory module, which builds in associations

among co-occuring memory items in different modules, which later will aid in creativity by



providing multiple perspectives, multimodal representations and inter-modular constraints.
We will need to develop and implement new functionalities: (a) for (re)perception of the
problem at each step, (b) for greater constructional ability, in mental imagery and conceptual
combination, (c¢) for memory-based plan elaboration: (i) several different plans at different
abstraction levels, (ii) several arguments for each plan step from associated memories, and
(iii) the action of plan steps associating with memories to form the new constructed state,
and (d) for evaluation of the current constructed state. The use of concurrent plan steps and
concurrent plan constraints will allow the construction of a large space of possible states,
and also will facilitate the filtering, evaluation and recombination of state elements to form

more optimal and novel constructions.

The research plan. There will be a sequence of stages, each lasting about 3 months: (i)
development of a conceptual representation, (ii) development of mechanisms of problem per-
ception, (iii) extension of plan representations to include constraints, and (iv) development
of the narrow beam elaboration process. Throughout, the research will involve the devel-
opment of different cognitive model mechanisms and testing with creative problem-solving
tasks. The choice of which problem-solving tasks to study is itself part of the research. There
are some classic problems such as Duncker’s radiation problem. Even the task of learning
to solve the Tower of Hanoi problem involves discovering new strategies by making creative
associations, for example, seeing the problem in terms of pyramids of disks, or realizing that

parity can be used in constructing a strategy.

Documentation and sharing. The documentable results of the project will be papers and

programs which will be sharable with other researchers in the field.

Broader impacts. The project will integrate research and education by advancing our under-
standing of creative thought and how it can be improved and measured. Potential benefits
to society at large will low from the new insights and understanding of creativity which is

a key issue in science, technology and the arts.



References

1]

[7]

[10]

[11]

[12]

[13]

Rita E. Anderson and Tore Helstrup. Visual discovery in mind and on paper. Memory
and Cognition, 21:283-293, 1993.

Bonnie B. Armbruster. Metacognition in creativity. In John A. Glover, Royce R.
Ronning, and Cecil R. Reynolds, editors, Handbook of creativity, pages 177-182. Plenum
Press, New York, 1989.

N. P. Bechtereva, A. D. Korotkov, S. V. Pakhomov, M. S. Roudas, M. G. Starchenko,
and S. V. Medvedev. PET study of brain maintenance of verbal creative activity.
International Journal of Psychophysiology, 53:11-20, 2004.

Alan H. Bond. Modeling social relationship: An agent architecture for voluntary mutual
control. In Kerstin Dautenhahn, Alan H. Bond, Dolores Canamero, and Bruce Edmonds,
editors, Socially Intelligent Agents: Creating relationships with computers and robots,
pages 29-36. Kluwer Academic Publishers, Norwell, Massachusetts, 2002.

Alan H. Bond. Problem-solving behavior in a system model of the primate neocortex.
Neurocomputing, 44-46C:735-742, 2002.

Alan H. Bond. A Computational Model for the Primate Neocortex based on its Func-
tional Architecture. Journal of Theoretical Biology, 227:81-102, 2004.

Alan H. Bond. An Information-processing Analysis of the Functional Architecture of
the Primate Neocortex. Journal of Theoretical Biology, 227:51-79, 2004.

Alan H. Bond. A psycholinguistically and neurolinguistically plausible system-level
model of natural-language syntax processing. Neurocomputing, 65-66:833-841, 2005.

Alan H. Bond. Representing episodic memory in a system-level model of the brain.
Neurocomputing, 65-66:261-273, 2005.

Alan H. Bond. A System-level Brain Model of Spatial working Memory. In Proceedings
of the 28th Annual Conference of the Cognitive Science Society, Vancouver, August,
pages 1026-1031, 2006.

Alan H. Bond. Brain mechanisms for interleaving routine and creative action. Neuro-
computing, 69:1348-1353, 2006.

Adriaan D. de Groot. Het Denken van den Schaker. North Holland, Amsterdam, 1946.
Translation into English and published as Thought and Choice in Chess, Mouton, 1965.

Andres Gomez de Silva Garza and Mary Lou Maher. Design by interactive exploration
using memory-based techniques. Knowledge-Based Systems, 9:151-161, 1996.

10



[14]

[15]

[16]

[17]

18]

[19]

[20]

[21]

22]

23]

[24]

[25]

[26]

Ronald A. Finke and Karen Slayton. Explorations of creative visual synthesis in mental
imagery. Memory and Cognition, 16:252-257, 1988.

Mary L. Gick and Keith J. Holyoak. Analogical problem solving. Cognitive Psychology,
12:306-355, 1980.

J. P. Guilford. The Nature of Human Intelligence. McGraw-Hill, New York, 1967.

John R. Hayes. Cognitive processes in creativity. In John A. Glover, Royce R. Ronning,
and Cecil R. Reynolds, editors, Handbook of creativity, pages 135-145. Plenum Press,
New York, 1989.

Markus Knauff, Thomas Mulack, Jan Kassubek, Helmut R. Sali, and Mark W. Green-
lee. Spatial imagery in deductive reasoning: a functional MRI study. Brain Research.
Cognitive Brain Research, 13:203-212, 2002.

Colin Martindale. Creative imagination and neural activity. In Robert G. Kunzendorf
and Anees A. Sheikh, editors, The psychophysiology of mental imagery, pages 89-108.
Baywood, Amityville, New York, 1990.

Allen Newell and Herbert Simon. Human problem solving. Prentice Hall, Englewood
Cliffs, New Jersey, 1972.

Ginamarie Scott, Lyle E. Leritz, and Michael D. Mumford. Types of creativity training:
approaches and their effectiveness. Journal of Creative Behavior, 38:149-179, 2004.

Barry S. Stein. Memory and creativity. In John A. Glover, Royce R. Ronning, and
Cecil R. Reynolds, editors, Handbook of creativity, pages 163-176. Plenum Press, New
York, 1989.

Melvin Tumin. Obstacles to creativity. In Sidney J. Parnes and Harold F. Harding,
editors, A sourcebook for creative thinking, pages 105-114. Scribner, New York, 1962.

Klaus K. Urban. Assessing Creativity: The test for creative thinking - drawing produc-
tion (TCT-DP): the concept, application, evaluation, and international studies. Psy-
chology Science, 46:387-397, 2004.

Robert W. Weisberg. Creativity : understanding innovation in problem solving, science,
wmvention, and the arts. John Wiley, Hoboken, New Jersey, 2006.

Charles S. Whiting. Creative thinking. Reinhold, New York, 1958.

11



Biographical Sketch: Alan Bond

a. Professional preparation

Magdalen College, Oxford University, Physics B.A. (First class honours), 1961

Magdalen College, Oxford University, Physics M.A., 1966

Imperial College of Science and Technology, London Univ., Theoretical Physics Ph.D. 1966

b. Appointments

(2005 - present) Research Psychologist, Semel Institute for Neuroscience and Human
Behavior, Geffen School of Medicine, University of California at Los Angeles, Los Angeles,
California

(2005 - present) Visiting professor, National Institute of Standards and Technology,
Gaithersburg, Maryland

(Sept 1998 - 2004) Lecturer in Computer Science, California Institute of Technology,
Pasadena, California.

(Sept 1996 - 2004) Senior Scientist, Departments of Electrical Engineering and Computer
Science, California Institute of Technology, Pasadena, California.

(Sept 1995 - June 1996) Instructor, Department of Computer Science, University of
California, Los Angeles.

(Feb 1994 - Dec 1994) Visiting Researcher, Division of Neurosurgery, School of Medicine,
and Computer Science Department, University of California, Los Angeles

(Sept 1991-Jan 1994) Member of Technical Staff, Computer Systems Research Department,
The Aerospace Corporation, Los Angeles

(Feb-Aug 1992) Sony Sabbatical Chair, Sony Computer Science Research Laboratory, Tokyo
(1985-1991) Principal Development Engineer, University of California, Los Angeles

(1969 - 1984) Lecturer (Corresponds to Assistant and Associate Professor) in Computer
Science, Queen Mary College, London University (tenured from 1973)

(1968-9) Acting Assistant Professor, Engineering Department, UCLA, Los Angeles
(1967-8) Visiting Assistant Professor, Computer Science Department, Carnegie-Mellon
University, Pittsburgh

(1966-7) Research Scientist, Computer Science Department, Carnegie Institute of Technol-
ogy, Pittsburgh

(1966) Research Assistant in Computing Methods, Mathematics Department, Royal
Holloway College, London University

Visiting Posts:

(1991) Esprit DAI project IMAGINE. Logic Programming Group, Imperial College, London
(1983-5) Senior Research Scientist, Electrical Engineering Systems Department, University
of Southern California, Los Angeles

(1982) Visiting Research Professor, Image Processing Institute, University of Southern
California, Los Angeles

(Summer 1981) Engineer, Naval Ocean Systems Center, San Diego

(Summer 1980) Visiting Researcher, Computer Science Department, Carnegie-Mellon
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University, Pittsburgh
(Summer 1973) Visiting Lecturer, Mackerere University, Kampala, Uganda

c. Five publications relevant to the proposed project

Alan H. Bond. A Computational Model for the Primate Brain based on its Functional
Architecture, Journal of Theoretical Biology, vol 227, pp. 81-102, 2004.

Alan H. Bond. Representing episodic memory in a system-level model of the brain,
Neurocomputing, vol 65-66, pp. 261-273, 2005

Alan H. Bond. A System-level Brain Model of Spatial working Memory , Proceedings of
the 28th Annual Conference of the Cognitive Science Society, pp. 1026-1031, 2006.

Alan H. Bond and Basuki Soetarman. Integrating Prolog and CADAM to produce an
Intelligent CAD System. Software Practice and Experience, 20:1049-1076, 1990.

Alan H. Bond and Richard Ricci. Cooperation in aircraft design. Research in Engineering
Design, 4, 115-130, 1992.

d. Synergistic activities

Innovations in teaching: Developed ten undergraduate courses in computer science and
developed master’s program in computer science, at Queen Mary College, University of
London. Developed advanced level computer courses at California Institute of Technology.
Tutor on university teaching methods for the University Teaching Methods Research Unit,
London University.

Development of research tools: The CADLOG system at UCLA, and the BAD system.
Development of computation methodologies: Predicate logic approach to CAD/CAM.
Logic programming approach to Brain Science.

e. Collaborators and other affiliations

Collaborators and co-editors: Professor Les Gasser, University of Illinois at Champaign.
Graduate advisor: Professor Raymond Streeter, University of London.

Thesis advisor: No graduate students within the last five years.
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Budget Justification

Senior Personnel Salaries(A): 50% salary for Dr. Alan Bond who will carry out all the work,

including theory, design and implementation of the model.

Fringe benefits(C): The fringe benefit rate of 24.49% is assessed on salaries.

Travel
(E1): Domestic travel is requested to present results at conferences and for collaboration.
(E2): Foreign travel is for international conferences and for discussions with international

collaborators.

Other direct costs (G) Other (6): We will require a software license for a Sicstus
Prolog System, which costs 1560 euros for the first year, which we have converted at the
rate of 1.34 to give $2090. UCLA also has an adminstration charge of $39 per month for

fulltime, so for 50% for 12 months this is $234.

Indirect costs(I): F and A charges are 54.0% of all direct costs.
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FACILITIES, EQUIPMENT & OTHER RESOURCES

FACILITIES: Identify the facilities to be used at each performance site listed and, as appropriate, indicate their capacities, pertinent
capabilities, relative proximity, and extent of availability to the project. Use "Other" to describe the facilities at any other performance
sites listed and at sites for field studies. USE additional pages as necessary.

Laboratory: UCLA hasavery large brain imaging center with
an international reputation.

Clinical:
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Computer: UCLA medical school has an impressive network of computers
for research.

Office:

Other: UCLA’scomprehensivelibrary system, with six million books,

and a specialized biomedical library, issecond in the nation
(after Johns Hopkins).

MAJOR EQUIPMENT: List the most important items available for this project and, as appropriate identifying the location and pertinent
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