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Abstract

Creatures of Habit is a computer-based microworld
designed to engage middle-to-high school students in
the process of scientific inquiry. The system depicts
a universe of interacting programmable “creatures”
whose individual behavior is guided by simple rules
that may model naive psychology, physical laws, chem-
ical affinities, and other domains. Students can create
or revise creature rules and explore the resulting (and
often surprising) emergent behaviors within “artificial
ecosystems”; or they may employ predesigned ecosys-
tems in undertaking more structured problem-solving
activities. Our objective is for students to use these
ecosystem simulations as an enjoyable introduction to
a variety of scientific domains, especially the area of
dynamical systems, a field of science where experi-
ments with such simulations often leads theory. The
system encourages a wide range of reasoning and learn-
ing central to scientific methodology — pattern obser-
vation, hypothesis formation, experimentation, data
collection and analysis, and deduction. We describe
the rationale behind the system, discuss some sample
activities, and outline the system’s potential both as
a learning environment and as a research laboratory
for empiricial studies of scientific thought. Finally,
we briefly describe the present state of our prototype
Creatures of Habit system.

KEY WORDS: microworlds; dynamical systems; sci-
entific reasoning

Introduction

“Doing science” involves learning to use complex
techniques and skills — making observations, notic-
ing interesting patterns, forming hypotheses and the-
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ories, making conjectures, and designing and running
experiments. If introducing students to scientific con-
tent were sufficient, education would be hard enough;
studies show children bring ill-formed models of scien-
tific domains such as mechanics, electricity, chemistry,
and biology to school (Driver, 1985; Osborne, 1985).
Students need to learn not only a body of structured
beliefs, but how to participate in the processes of sci-
ence, which are intimately related to content. Stu-
dents must understand that scientific ideas are moti-
vated and supported by theory, experiment, and ar-
gumentation — not authority. Beyond the content
and process of science, students should also enjoy do-
ing science. They often view science as a mysterious,
unapproachable culture in which they observe rather
than participate. A truly eflective science education
should dispel this image by giving students opportu-
nities for designing and refining inquiries.

We describe a computational system under develop-
ment -— *Creatures of Habit” (henceforth, Creatures)
— designed to address these science education issues
by providing rich, exploratory, and enjoyable scien-
tific experiences for the middle-to-high school years.
Creatures is a microworld of programmable interacting
*creatures” whose behaviors are based on rules. In
exploring this microworld, students can be introduced
to important content in various scientific domains, no-
tably in the area of dynamical systems; moreover, the
program allows for a wide range of activities central
to doing science — such as conjecture, theory forma-
tion, experimentation, deduction, and communication
of results. Perhaps most important, Creatures is in-
tended to lead students toward original and creative
work — to have them participate in science as fledgling
researchers driven by curiosity, rather than onlookers
motivated by assignment.

Besides its utility for science education, we see roles
for Creatures in empirical studies of scientific thought.
Because it aflords activities engaging reasoning skills
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such as analysis, synthesis, and evaluation (see below),
it may be used to examine how these different skills
develop. The system can thus provide a uniform envi-
ronment in which to design specific instructional and
experimental tasks.

In the remainder of this paper, we first motivate
the design of Creatures by discussing the subject of
dynamical systems; we then describe the system’, out-
line some learning activities that might be undertaken
with it, sketch how it reflects key learning goals for
science education, and propose a design for an experi-
ment in which Creatures may be used to illuminate the
development of scientific thought.

Dynamical Systems:
Analytic Science, Synthetic Science,
and “New Wave” Science

Since Creatures is designed to provide introduction
to concepts and methods involved in the study of com-
plex dynamical systems (Thompson & Stewart, 1986),
we briefly describe the growing importance of such sci-
ence. Certainly there has been an explosion of interest
in this subject within the scientific community (Gleick,
1987); and this phenomenon has ramifications both for
scientific methodology and for science education.

Historically, scientific thought has been character-
ized as either “analytic” or “synthetic® (Oldroyd,
1986). In this classic formulation, the analytic method
is observing phenomena and seeking laws to account
for them; the synthetic method involves confirming the
validity of laws via prediction and experimentation.
The advent of scientific computing has added a new
texture to this division. In studying a system, a sci-
entist may account for its behavior by constructing an
abstract model that can be realized as a program; that
model may then be simulated by running the program
as a test of its applicability. Thus, there is an ana-
lytic side to computer modeling (observing real-world
phenomena and designing model systems that might
illuminate them); and a synthetic side (changing pa-
rameters in the model system to match observations
or see new phenomena). Hut and Sussman (1987) de-
scribe this approach as “analysis by synthesis”; while
Farmer and Packard (1986) call it “new wave science”
— a methodology “characterized by attempts at syn-
thesis rather than reduction, cutting across conven-
tional disciplinary boundaries.... New ‘effects’ are dis-
covered through a combination of insight and serendip-
ity, and more often than not experiment leads the-
ory....Simulations are frequently used to develop quali-
tative insight, often by studying highly simplified mod-
els which are nonetheless complicated enough to poe-
sess universal properties found in more complicated
systems.”

Developing computer simulations as experimental
systems has led to a blossoming scientific literature
beyond cognitive science. Simulations are employed
to discover robust properties of intergalactic collisions,

1Creatures exists in prototype form on a Hewlett
Packard Series 300 Model 320.

heat flow in solids, kinetics of chemical reaction mech-
anisms, evolutionary adaptation, and many other dy-
namical systems. These simulations enable the study
of increasingly complex phenomena; but they also tax
skill in developing formal models, and present students
with new phenomena to understand and methods to
use. Techniques of developing, studying, and docu-
menting computer models have become an integral
element of scientific method. In this context we see
Creatures as having particular potential value, since
it provides an engaging “introduction to complexity”
and an environment in which to learn-by-doing these
skills of “analysis by synthesis.” As we will show be-
low, students can construct systems of creatures that
exemplify concepts such as stability, oscillations, and
bifurcations. Because these systems may be of their
own devising, the concepts become personalized in a
way that canned demonstrations could not.

Creatures of Habit: The Basic Elements

Creatures is an environment in which students can
explore “artificial ecosystems” composed of interact-
ing programmed entities called “creatures.” Inspired
by Braitenberg’s (1984) Vehicles, these creatures be-
have and interact on the computer screen according
to sets of simple rules. The rules might be chosen to
reflect physical laws, naive psychology, chemical affini-
ties, and so on. A simple example of a group of crea-
tures and how they might interact illustrates the sys-
tem’s components.

Consider the scenario illustrated by the sequence of
“snapshots” in Figures 1 to 5> Here we see three
different creature types (distinguished by geometric
shape) with the following behavioral rules:

1. Squares are attracted to squares, but indifferent
to triangles and circles;

2. Circles are repelled by triangles and circles, but
attracted to squares;

3. Triangles are attracted to circles, but indifferent
to squares and triangles.

Figure 1 shows an initial “ecosystem” with five crea-
tures, and Figures 2 — 5 demonstrate how this ecosys-
tem evolves over time according to these rules (note
that creatures leave a visible path). Even in this sim-
ple case we see many types of behavior: mutual at-
traction (between squares), mutual repulsion (between
circles), and predator-prey relationships (the trian-
gle “chases” the circle that is “running away” from
it). Note how the interactions can be parsed into
“episodes” in a naive model of animal behavior:

o The squares like each other and begin to move
together. The circles, interested in the squares
but oblivious to each other (and the triangle),
tag along. The triangle, spying a tasty circle,
starts sneaking up on it;

3These figures were generated by our prototype Crea-
tures system.
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Figure 5: Final (Equilibrium) Configuration

o After noticing one another, the frightened circles
flee in opposite directions;
o The triangle chases the topmost circle while the

other circle, regaining its composure, heads back
toward the squares.

oo The creatures reach a final “equilibrium” config-
uration when the triangle “catches” the topmost
crcle and the other circle joins the two squares.

This simple scenario indicates how even a small
number of creatures governed by straightforward rules
can lead to interesting, varied behavior. Under slightly
different situations, it is possible to observe more com-
plex behavior and “emergent phenomena”®. Even
this scenario suggests interesting questions to explore,
e.g., how do initial positions of the creatures influence
the episodic nature of the interaction or the creature
“fates”? How would adding one creature to the start
state affect the interaction? Given these species, is it
possible to design a configuration that exhibits stable
oecillations?

We now present a fuller exposition of the basic ele-
ments of the Creatures of Habit system:

Creature Morphology

Creatures are small mobile fantasy creatures that
“live” on the screen. Creatures come in many
“species,” identified by a set of discrete character-
istics. Above, creatures were distinguished only by
shape, but more animal-like creatures are conceivable
(a species might be identified as purple, with bobbling
eyes, pointy ears, squiggly tail). Species may also be
endowed with less visible properties such as mass or
birth rate.

Species Rules

Creatures interact with each other and their envi-
ronment by obeying a small set of species-specific rules
linking perception to action. Typically, species rules
indicate which properties are “attractive” or “repel-
lent” to a species. Once a species rule-set is defined,

every member of that species uses those rules to govern
its behavior.

Ecosystem Rules

The complete dynamics of a population of creatures
is determined by a higher-level set of ecosystem rules
which specify how the creatures employ the notions of
“attraction” and “repulsion” when moving. Ecosys-
tem rules are perhaps best illustrated by example; the
particular examples that we provide should be read
merely as indicating a space of possibilities. Vari-
ations on these rule-sets are of course possible, and
other rule-sets are computationally viable.

Ideal Gas Rule-Set. In this simple model, all creatures
are regarded as indifferent to one another (i.e. prop-
erties that are attractive/repulsive to a given crea-
ture’s species do not affect its motion). The ecosystem
rule-set does include, however, a defaunlt collision rule

3For instance, an entire cluster of creatures might move
as one unit due to the internal patterns of attraction and
repulsion between the cluster’s individuals.
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specifying that collisions between creatures are elastic
and momentum-conserving'. Note that this rule-set
implicitly assumes that mass will be included among
the species properties. Creatures here are regarded
as inanimate billiard-ball-like objects, each with a
(species-specific) mass.

Inverse-Square Force Rule-Set. This rule-set elabo-
rates the last one. Creatures are particles upon which
inverse-squared forces act. To determine the indi-
vidual force of creature C2 on creature Cl, we sum
the attractions (+) and repulsions (-) that CI bas for
C2's properties. The resulting number divided by the
square of the distance between C1 and C2 is the mag-
nitude of this individual force; the direction between
C1 and C2 determines the direction of the individual
force. The total force on creature C1 is the vector sum
of the individual forces from all other creatures. Divid-
ing this total force by creature C2’s mass determines
the acceleration, or velocity change, of Cl1. (Again we
assume creatures have mass as a species-specific prop-
erty — and we might add some other properties, such
as “charge,” as well.)

Distance-Dependent “Animal Attraction” Rule-Set.
This rule-set embodies a simple “naive psychological”
model for creature interactions; it was the ecosystem
rule-set implicitly used in the scenario depicted in the
figures. To determine how much creature Cl would
“like/not-like” creature C2 if it were one unit away,
look at CI’s species rules and subtract the number of
repellent properties exhibited by C2 from the number
of attracting properties. To determine how much CI
actually likes C2, divide the previous result by the dis-
tance; this inverse distance dependence models a situ-
ation in which creatures pay more attention to closer
objects. Thus, if creature C1 finds three properties
of creature C2 attractive, and one repellent, then the
unit-distance strength of CI's attraction for C2 is 2;
if C1 is 10 units of distance from C2 at that moment,
then CI’s current attraction toward C2 has a strength
of 0.2. To determine how creature C1 should move,
the system finds the creature about which CJ feels
most strongly (like/not-like); creature C1I should then
move at a constant (species-specific) speed towards
that creature (if liked) or away (if not).
Encounter-Dependent Birth and Death Rates. In this
rule-set based on population biology, we assume that
creatures have species-specific properties of “birth and
death rates.” Creature movement might be governed
by the rule-set above, and in addition new species
members may be born or die. The birth rules might
depend upon encounter rates between members of the
same species. The birth rule for species A might be the
following: on any time step, an A-creature has a 2%
chance of giving birth to another A-creature, except
when the previous time step resulted in contact with
an A-creature, in which case there is a 50% chance
of giving birth. The death rate of a species might be

41t is also possible to collide with the boundaries of the
screen; these collisions should be treated as elastic collisions
with a stationary wall.

defined similarly (e.g., on any particular time step, an
A-creature has a 3% chance of dying, except when the
previous step resulted in contact with a “predator”
species B, with a 60% chance of dying).

Interface to the System; Additional Tools

We have described the basic elements of Creatures
but thus far ignored the interface. In this section,
we describe several aspects of the interface design for
Creatures. Many issues must be resolved to make Crea-
tures both accessible to first-time users and extensible
for use by expert scientists. We aim to first provide
some beginning ecosystem rule-sets for easy access to
Creatures; given a choice of ecosystems, the user may
edit the properties and rules for individual species with
iconic menus. The basic interface should also provide a
fair amount of control over simulations: initial config-
urations may be specified by directly moving creatures
to their desired starting positions, and individual runs
may be paused, single-stepped, replayed, and stored.

The description above does not address the needs of
more experienced users who wish to create or edit the
ecosystem rule-sets. The range of ecosystem rule-sets
may be constrained so that they might be customized
via a menu interface; but more likely, a more elaborate
interface to ecosystem rule-sets (verging on a special-
purpose programming language) will be required.

We are working on other special-purpose tools for
the Creatures system for measuring, modifying, and
experimenting with configurations and rules. For ex-
ample, we aim to provide multiple screen windows so
the student can make two runs at once, comparing re-
sults from two systems by varying only one parameter
— say the initial position of a creature. Experimenta-
tion will also be supported by “annotation windows”
where students enter information obtained from the
results of previous runs; e.g. to examine a sequence of
runs and make deductions about the species-rules of
individual creatures, structured tables help a student
codify the information obtained and highlight the in-
formation needed for a solution. The system will in-
clude graphical measuring devices that enable the stu-
dent to take precise measurements of distance, angle,
and time; in our experience with the Creatures proto-
type, these variables have proven crucial in describing
important features of simulations.

Sample Activities

Exploratory Activities

The most fundamental activity we imagine is explo-
ration. Here, students are provided with sets of crea-
tures in an ecosystem, and observe how the creatures
behave and interact. Since both the species rule-gets
and the ecosystem rule-sets are accessible, students
can investigate the relationship between the behavior
they observe and the rule-sets governing that behavior.
And because the system facilitates change at a wide
variety of levels (from the number and positioning of
the creatures to the species and ecosystem rule-sets),
students can readily explore the effects of “perturbing”
a given scenario in diverse ways. Even inexperienced
students could examine how the qualitative behavior
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of a configuration depended on the initial position of
one of the creatures; more advanced students could
explore the effects of “tweaking” species rule-sets; yet
more advanced students could work at the ecosystem
rule-set level.

Even within this purely exploratory frame, a num-
ber of important scientific ideas are introduced. To
highlight, it quickly becomes apparent in working with
Creatures that complez systems may arise even from
very simple rules. Often these systems exhibit emer-
gent properties — stability, oscillations, irreversibil-
ity — that resist explanation in terms of low-level
rules. Moreover, by playing around with these sys-
tems, students can develop important skills that are
usually slighted by classroom science: making conjec-
tures, searching for patterns in data, and generating
qualitative or statistical descriptions. We emphasize
that although exploration is a low-threshold activity,
it is not merely an introductory one; rather, it is the
essential point of the design of Creatures. Indeed, al-
though Creatures is targeted for students in middle-to-
high school, issues raised by “mere exploration” could
evolve into highly challenging problems at or beyond
the college level.

Problem-Solving Activities

Although Creatures lends itself to exploration, it
supports more structured “problem-solving” activities
as well. We have used the prototype to play a “Mys-
tery Creatures” game where users are provided with a
set of creatures whose species rules are unknown and
must be determined from their behaviors. The goal of
the game is to design experimental runs and thereby
deduce the rule-sets of the creatures. Sometimes, one
well-chosen experiment can illuminate the behavior of
a number of mystery creatures all at once; in other
situations, the user must design a sequence of exper-
iments. A related game, Invisible Creatures, involves
several visible creatures (whose rule-sets are accessi-
ble) that interact with an “invisible” creature. In this
case, the goal is to determine the identity and loca-
tion of the invisible creature based on the observed
actions of the visible ones. These kinds of activities
stress skills of experimentation and logical deduction.

Design Activities

Many activities supported by Creatures have an im-
portant design focus. Here the emphasis is not on
why a given system evolves as it does; rather, the
goal is to construct a system exemplifying some de-
sired behavior. For example, given a set of creatures,
one might ask: “Is there an initial configuration for
these creatures such that all the creatures will collide
at once?” Design can take place at many levels, from
constructing configurations of creatures to “creating
new worlds” with new ecosystem rules.

A Hypothetical Scenario

The following scenario shows how a student might
use Creatures. We use the same species and ecosystem
rules as in the scenario shown in the figures earlier:

B> The student begins with a screen on which a dozen

creatures — some squares, triangles, and circles —
move in various directions, creating intricate patterns.
The student tries similar runs using the same numbers
of creatures, but with different initial configurations,
just to get a feeling for the kinds of phenomena that
might occur.
b The student decides to figure out what the species
rules for each of the three creature types might be.
She runs a sequence of experiments in which two crea-
tures of the same type are placed at a slight distance
from each other in the screen center. She observes
that when triangles are used, they stay where they
began; squares move toward each other; and circles
move away from each other. She concludes that tri-
angle creatures are indifferent to other triangles, while
squares are attracted to other squares and circles are
mutually repelled.
t> When she places a square and two circles in a partic-
ular initial configuration, the two circles move toward
the square until, at a later time, they drift apart; then,
shortly after, they move toward the square again. The
student hypothesizes that circles find the square at-
tractive, but when they are too close to each other,
their mutual repulsion becomes stronger than their
attraction for the square. She replays the earlier run,
this time occasionally pausing the simulation and mea-
suring distances and headings of the creatures to test
her conjecture.
» Replaying the previous run, the student notices the
square remained stationary throughout. She concludes
that squares are indifferent to circles. In fact, she re-
calls that in her earlier simulations, whenever there
was only one square on the screen, that square did not
move at all regardless of how many circles and trian-
gles were about; so she concludes that squares must
be indifferent to triangles, too.
b During her experiments with circles, the student
remembers noticing that the two creatures ended up
standing still in opposite halves of the screen.® She
decides to investigate: Does any initial configuration of
any number of circles always end up in a “stationary”
state; and if s0, do the final states reveal some pattern?
Clearly, the scenario above could be extended in
different ways. For example, the species rules could
involve features besides shape; or the creatures could
move at varying speeds; or the student might choose
to examine whether any “stationary configuration” re-
mains stationary if one other creature is added to the
screen; or the student could design a new creature that
moves away from squares, and see what happens when
it is placed in a crowd of (mutually attracting) squares.
From this very simple beginning, many projects —
some touching on very sophisticated questions — may
arise.

Creatures as Part of A Science Curriculum

A perennial tension in science education exists
between teaching content knowledge and scientific

51t should perhaps be mentioned that, for this particular
scenario, we assume that the screen on which the creatures
move “wraps around” in both the x- and y-directions.
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method. The flaw in overemphasizing content is that
it tends to lead to rote learning, with little sense of
how scientists work to develop theories. This approach
typically fails to recognize students’ pre-existing con-
ceptions of scientific domains (diSessa, 1987); students
are tacitly encouraged to memorize laws and results
without ever engaging their own reasoning powers to
see how they were arrived at, or could be tested. In
contrast is “discovery learning”, which emphasizes ex-
perimentation and the scientific process. The diffi-
culty with this approach is twofold. First, the notion
of “discovery” is often realized in practice by canned
experiments; the “discovery,” whose results are known
beforehand, is superficial. In this kind of setting, stu-
dents spend much of their time trying to find the “right
answer,” rather than what the experiment means. Sec-
ond, when discovery learning is realized most sincerely,
by simply letting the student explore on his or her own,
the teacher is often left with questions about what
the student’s explorations were, and what was learned
(Hawkins, 1987).

We feel that Creatures can serve as a medium for
guided, exploratory discovery-type learning (cf. White
and Horwitz, 1987). The worlds students can explore
with Creatures are brand-new; there are few “right an-
swers,” and real discoveries can be made. But while
making these discoveries, students can obtain a struc-
tured introduction to the role of conjecture, measure-
ment, and experimentation in the scientific process.
Activities such as the “Mystery Creatures” game place
an emphasis on logical reasoning; these puzzle-like ac-
tivities can provide the benefits of occasional settings
in which a right answer does in fact exist.

An Experimental Design for Studying the
Development of Scientific Thought

We have stressed the role of Creatures in science ed-
ucation. Here we illustrate how it may also be used
for studying the development of scientific thought,
proposing an experimental design we aim to under-
take using the next iteration of the system. Consider
the following three tasks, corresponding to three com-
mon modes of scientific thought, that a student might
be asked to perform using a particular ecosystem and
starting creature configuration:

1. The student watches the system run (i.e. crea-
tures move on the screen), and is asked to infer
the species rules of each creature. This analytic
task involves working backward from observed
behavior to underlying rules.

2. The student is shown the species rules for the
creatures, then asked to predict the result of
running the system using the startup configu-
ration. This is a synthetic task of predicting be-
havior from a known set of deterministic rules.

3. The student is provided the set of species rules
for the creatures, and shown the results of run-
ning the system using the startup configuration;
bis task would simply be to explain events ob-
served in the scenario in terms of the species

rules. This is an evaluative, or perhaps explane-
tory, task.

Now the very same ecosystem and starting config-
uration could be used for each of these three tasks,
as given to three different groups of students; but the
kinds of descriptions generated for each of the three
tasks — and indeed, the features of a particular sce-
nario attended to — might vary widely. By obtain-
ing think-aloud protocols from these different subject
groups, we could begin to develop a coherent picture
of how the several modes of scentific thinking differ;
specifically, we could begin to distinguish these modes
according to the sorts of phenomena to which they
typically apply.

As a possibility, we might ask whether the phenom-
ena used to deduce rules in the “analytic” tasks are the
same phenomena for which explanations are offered in
the “evaluative” task. In other words, are the phenom-
ena that people find salient for the deduction process
the same as those that people find representative in the
explanatory process? For example, in looking for un-
derlying rules, subjects might tend to focus on events
in which creatures reverse direction (e.g., a situation
in which creature A, in moving toward an “attractive”
creature B, finds itself too near a “repellent” creature
C and turns around). In contrast, subjects given the
task of explaining a given scenario might insist on a
chronologically faithful narrative; i.e., they might pay
as much attention to explaining creature A’s initial di-
rection as they do to explaining its change of direction.

Or we might try to characterize the kinds of
“episodic groupings” that different task groups assign
to the given scenarios: e.g., are there certain tasks in
which scenarios are typically viewed as “punctuated”
by changes in direction? Are there certain tasks in
which the final states (e.g., the achievement of equi-
librium) are attributed more importance? Under what
circumstances do people reason at the “system level,”
talking about behaviors of larger groups of creatures,
rather than at the “atomic level” of individual crea-
tures’ histories? :

Yet another issue involves the possibility of an order
effect between different activity modes. For example,
in a different study we could ask subjects who have
just predicted a scenario in the “synthetic® task to
watch the actual scenario and perform the “explana-
tory” task; their protocols could be compared with
those generated by subjects given the explanatory task
alone. We could then begin to characterize how a sub-
ject’s previous predictions affect the kinds of explana-
tions generated for a particular scenario.

Finally, it is worth mentioning the issue of noticing
“creature indifference” in the context of this experi-
mental design. In our attempts at watching scenar-
ios and deducing the rules underlying them, we found
that a great deal of information is conveyed by not-
ing which creatures are indifferent to whick others.
Indifference between creatures seems to be a subtler
notion that attraction or repulsion; when watching a
scenario, there is a tendency to attribute a creature’s
movements solely to attraction or repulsion without
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recognising that the absence of motion toward or away
from some other creature is also informative. This ten-
dency is reminiscent of the disinclination to use neg-
ative information in scientific reasoning (Mynatt et.
al., 1977; Wason, 1977). Thus another question ad-
dressable within this experimental design is whether
any of the three tasks is more likely to lead subjects
to confront the issue of creature indifference.

Conclusion:
Present Status, Future Directions

We now have two prototype Creatures of Habit sys-
tems: one written in Scheme (a Lisp dialect), one in
C. Both run on a Hewlett-Packard Series 300 Model
320 computer. The Scheme version contains facilities
for developing and editing ecosystem and species rule-
sets, and includes features for maintaining histories of
individual runs. But it is slow and at the moment un-
suitable for running systems with more than 4-5 crea-
tures. The C program is less elaborate or interactive,
but its running speed is two orders of magnitude faster
than the Scheme program; using the C prototype, sim-
ulations employing 16 creatures have been run at a
satisfactory speed. We continue work with both sys-
tems, using Scheme as a medium for developing new
tools and trying out ecosystems in the small, and the
C program to run simulations quickly and experiment
with properties of larger creature-worlds.

Much of our current design effort is developing a
suitable interface to the system, and delineating a
“starter set” of sample ecosystems appropriate for
middle-to-high school students. A second theme noted
above is using the system as a laboratory tool for con-
ducting experiments in the development of scientific
thought. It should also be possible to follow up with
work in student modeling and intelligent “coaching”
efforts to promote the various inquiry skills in science
we have outlined. Ultimately, we hope that Crea-
tures of Habit will provide ar environment in which
students can acquire the concepts, the methodologi-
cal techniques, and — too frequently neglected — the
intellectual curiosity of the working scientist.
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