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MENTAL MODELS OF POPULATION
GROWTH
’

A Preliminary Investigation

Dedre Gentner and Eric W: Wbitley
WITH THE INCREASING dominion of the human species over the
planet’s ecology, the study of human cognition has taken on new significance. The growth of human population and activities now affects the
general ecology to a significant extent (Erlich, 1988; McMichael, 1993;
Nisbet, 1991). For this reason, the ways in which people reason and make
decisions have become matters of global import. As a striking indicator of
where we rank on the scale of global cataclysms, consider the rate of
species extinction. According to Kempton, Boster, and Hartley (1994, p.
27), “With human-caused intervention, current rates of extinction are
estimated to be somewhere between four thousand and twenty-seven
thousand per year” (against an estimated background rate of less than
one per year) (also see Wilson, 1992; World Resources Institute, 1992, p.
128; Peters and Lovejoy, 1990). They note that this rate of extinction is
typically associated with transitions from one geological age to another.
By this criterion, the current explosion of human population and human
activities assumes a magnitude formerly reserved for major geological
events.
In order to understand and affect these processes, we must first establish the current forms. This chapter presents some initial studies of mental
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models of human population growth and its effects on the environment.
We chose population growth as our topic because of its importance in the
question of whether human activities can be brought into balance with
our planet’s ecology.
A mental model is a representation of the world that allows people to
understand, predict, and solve problems in the domain (Gentner and
. Stevens, 1983; Johnson-Laird, 1983; Kempton, Boster, and Hartley,
1994). Such models are typically based on systems of long-standing
beliefs. For example, in Patrick Hayes’s classic paper (1985) on the naive
physics of liquids, roughly eighty axioms are used to characterize the representations involved in understanding liquids: the possible states a liquid
can take and the possible transitions between states. These axioms capture the knowledge that predicts when a liquid will flow, stand still, or
spread into a thin sheet on a surface. But mental models are not always
correct. Kempton, Boster, and Hartley (1994) discuss the example of
global warming. They found that individuals often perceived global
warming as the result of pollution of the atmosphere by industrial substances, particularly chlorofluorocarbons (CFCs) from aerosol cans. They
appeared to have merged the greenhouse effect with the ozone depletion
effect. In the greenhouse effect, less heat escapes from the earth (because
visible light striking the earth and radiating back as heat (infrared light) is
absorbed on its way out by greenhouse gases in the atmosphere), thus
warming the atmosphere. In the ozone depletion effect, more ultraviolet
light enters the atmosphere because of depleted ozone in the atmosphere.
Furthermore, people conceived of gases as particles that could be filtered;
this view, combined with the idea that artificially created substances are
the sole source of the problem, further contributes to an incorrect model
of global warming, With this model, people assume that minimizing the
release of chemical pollutants-for example, by banning aerosol cans and
incorporating filters at production sites-would best mitigate the global
warming problem. They neglect the factors of energy efficiency, fuel consumption, and land clearing that have large effects on levels of carbon
dioxide and other greenhouse gases.
Why should environmentalists care about mental models? One reason
is to understand and anticipate people’s behavior. It must be conceded
there are often substantial inconsistencies between people’s stated beliefs
and their behavior, or between their decisions given different framings of
what appears to be the same information (for example, Bazerman, 1994;
Kahneman, Slovic, and Tversky, 1982). Yet there is also considerable evidence that people’s beliefs about a domain influence their decisions.
Another reason to study mental models, apart from their uses in predict- ‘
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ing behavior, is the issue of communication. As Morgan and others (1992,
p. 2050) point out, “Communicators need to know the nature and extent
of a recipient’s knowledge and beliefs if they are to design messages that
will not be dismissed, misinterpreted, or allowed to coexist with misconceptions.”
The long-term goals of this tesearch are (1)to identify the mental models and belief systems that people are using within a set of ecologically relevant domains and to characterize the conditions for access and use of these
models, (2) to trace cultural changes in the models across time, and (3) to
investigate methods of creating conceptual change so that models consonant with long-term welfare will inform people’s day-to-day behavior. In
this chapter, we first briefly review research on the properties of mental
models. Then we present the results of a preliminary investigation of CUTrent mental models of population growth conducted using electronic
forums. Finally, we consider some possible ways to change mental models.

Mental Models
Mental models are related to several other kinds of representational structures. Although all the following categories shade into one another, and
although their uses are variable across researchers, there is a rough division as follows. Schemas (or schemata) are general belief structures.
Scripts are schemas summarizing event sequences; they are characterized
by a chiefly linear temporal order. Naive theories or folk theories are
global systems of belief encompassing whole domains such as biology.
Mecta1 models tend to be smaller in scope than are theories. They are typically restricted to arenas of knowledge for which the person possesses a
densely interconnected system of relations, usually causal but sometimes
also (or instead) spatial or mathematical. Another aspect of mental models is that, by tradition, mental models research is more likely to include
an explicit representation of the knowledge than is research on schernas
or theories.
Mental models have informed research on the representation and use of
causal and scientific knowledge (Forbus and Gentner, 1986; Glenberg,
Meyeqand Lindem, 1987; McCloskey, 1983; Stevens and Collins, 1980)
in areas including naive physics (Collins and Gentner, 1987; Hayes, 1985;
Williams, Hollan, and Stevens, 1983), the development of astronomical
knowledge (Vosniadou and Brewer, 1992), spatial representation (Forbus,
1983, 1990; Glenberg and McDaniel, 1992; McNamara, 1986; Tversky,
1991) and navigation (Hutchins, 1983), analogical problem solving
(Bassok, 1990; Clement, 1983, 1994; Genrner and Gentner, 1983;
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Halford, 1989, 1993; Holyoak and Koh, 1987; Novick and Holyoak,
1991; Keane, 1985, 1988), the comprehension of physical mechanisms
(de Kleer and Brown, 1983, 1984; Forbus, 1984; Hegarty, 1992; Hegarty
and Just, 1993; Kempton, 1986; Kieras and Bovair, 1984; Miyake, 1986;
Proffitt, Gilden, Kaiser, and Whelan, 1988; Schumacher and Gentner,
1988a, 1988b; Schwartz and Black, 1996), and the interaction of people
with computers and other devices (Adelson, 1981; Burstein, 1986, 1988;
Chee, 1993; Norman, 1983, 1988).
Mental models can facilitate problem solving and reasoning in a
domain. Genmer and Genmer (1983) gave novice subjects questionnaires
about electricity and categorized them according to whether their models
of electric circuits were based on analogies to water flow or to moving
crowds (two analogies commonly used to understand electricity). When
the subjects were given new electric circuit problems involving combinations of parallel or serial resistors and batteries, their patterns of performance could be predicted from their reported model.
Mental models are used in comprehension of text, as noted by JohnsonLaird (1983) and his colleagues. This approach to mental models differs
from other research cited in this chapter in that it postulates minimal
working memory sketches: temporary data structures set up for the purposes of immediate comprehension and reasoning tasks (for example,
Mani and Johnson-Laird, 1982). This wQrk includes research on propositional inference (Byrne, 1989; Johnson-Laird, Byme, and Schaeken,
1992), spatial inference (Byrne and Johnson-Laird, 1989), and quantificational inference (Johnson-Laird and Bara, 1984; Johnson-Laird, Byrne,
and Tabossi, 1989). (See Johnson-Laird and Bysne, 1991, for a ieview of
this research. See dso Rips, 1986, and Norman, 1983, for general discussions and critiques.) The focus on immediate comprehension and
working-memory tasks in this approach has led to a relative lack of
emphasis on long-term knowledge and causal relations. However, there is
considerable potential overlap, as shown by recent evidence suggesting
that long-term causal mental models can influence the working-memory
representations that people use, even in speeded tasks (Hegarty, 1992;
Hegarty and Just, 1993; Schwartz and Black, 1996).
Mental models can facilitate learning, particularly when the structure
of the new learning is consistent with the model. For example, Kieras and
Bovair (1984) showed that subjects could operate a simulated device more
accurately and could diagnose malfunctions better when they had a causal
mental model of its functioning rather than a merely procedural grasp of
how to operate it. Similarly, Gentner and Schumacher (1986; Schumacher
and Gentner, 1988a, 1988b) showed that subjects were better able to
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transfer an operating pocedure from one device to another when they
had a causal model of the operation of the first device rather than just a
set of procedures. In this instance, as in the case of the electricity analogs
discussed above, the degree of facilitation depended greatly on the match
between the original model and the new material. These and many convergent results show that prior models must be taken into account in predicting and designing learning interventions.
There is evidence that mental mode!s can influence real-life environmental decision making. Kempton, Boster, and Hartley (1994) note that
mental models "give an underlying structure to environmental beliefs and
a critical underpinning to environmental values." For example, Kempton
(1986) proposed on the basis of interviews that people use two distinct
models for home heating systems and that these are reflected in different
methods of regulating their thermostats. In the threshold model, the thermostat is viewed as setting the goal temperature but not controlling the
rate at which the furnace operates. In the (incorrect) valve model, the
thermostat is viewed as a valve that regulates the rate at which the furnace
generates heat. Having derived these two models from interviews,
Kempton examined the thermostat records collected by Socolow (1978)
from real households. The patterns of thermostat settings provided indirect evidence that people were using these two kinds of models to operate
theu home furnaces. In particular, some families set their thermostat only
twice a day-low at night, higher by day, consistent with the threshold
model-whereas others constantly adjusted' their thermostats between
very high and very low temperatures. This is an expensive strategy but
one consistent with the valve model as articulated by Kempton's
interviewees, who compared the furnace to a gas pedal or a faucet (both
valve devices) and suggested, for example, that you need to "turn 'er up
high" if you want the house to get warm fast.

IdentifLing Mental Models of the Effects of Human
Population Growth Using Electronic Forums
Methods of studying mental models vary in their directness. The initial
elicitation of mental models is normally done by the direct method of
inte&iews or questionnaires that explicitly ask people about their beliets
(for example, Collins and Gentner, 1987; Kempton, 1986) or by analyzing
think-aloud protocols collected during reasoning (Ericksson and Simon,
1984; Klahr and Dunbar, 1988). Once the mental models are at least
roughly known or guessed, indirect methods can be used: materials can
be designed such that people's mental modeis can be inferred from
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observations of behavior during reasoning and problem solving. For
example, researchers note patterns of correct and incorrect responses,
response times, eye movements, or particular errors made (for example,
Chi, Feltovich, and Glaser, 1981; Gentner and Gentner, 1983; Hegarty,
1992; Hegarty and Just, 1993; Schwartz and Black, 1996) or patterns of
retention for new materials in the domain (Bostrom, Atman, Fischhoff,
and Morgan, 1994; Morgan and others, 1992).
The typical course of research is to begin with fairly direct elicitation of
the models and then move to indirect validation of the proposed mental
models. However, there are sometimes complications in directly asking
about mental models. First, people may have quite different models for
phenomena within what experts would call the same domain. Collins and
Gentner (1987) and Gentner (1980) found that many novice subjects had
pastiche models of evaporation: they used locally coherent but globally
inconsistent accounts. For example, a novice subject would give one kind
of explanation for a towel drying in the sun and another for a puddle of
water evaporating, failing to see any connection between these two phenomena. The existence of multiple models can make it difficult to decide
how to partition the observations. A further difficulty with direct elicitation, as Morgan and others (1992) point out, is that questionnaires are
vulnerable to flaws such as illusory expertise (restricting the expression of
nonexpert beliefs) and illusory discrimination (suppressing the expression
of inconsistencies in beliefs). Such effects can also occur using interview
methods. Thus the knowledge revealed in an interview may be biased
toward what the subject considers justifiable, respectable knowledge.
Asked why paint dries more quickly on a wall than in a bucket, for example, a subject may invoke college science material about atomic binding. A
final difficulty that may be particular to ecologically relevant domains is
that there may be an overcorrectness or illusory correctness effect, in
which people try to conform to what they believe to be the politically corr e a stance.
In an effort to mitigate these difficulties, in this research we explored a
relatively novel method for eliciting mental models: we traced an
exchange on our chosen topic of human population growth on several
electronic forums. The method has several ,advantages: (1) respondents
are self-selected to be interested in the material, iccreasing the likelihood
that their responses reflect genuine beliefs; (2)the goal is to set forth their
position so as to persuade someone roughly like themselves, rather than
to impress an experimenter; (3) strings of replies and counterreplies sometimes occur, allowing, in effect, further probing without the need of further experimenter intervention.
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This method has drawbacks as well: it lacks the systematic nature of
standard sampling procedures; the respondents are not known to us, so
their scientific and political background cannot be assessed; and there is
no opportunity for further questioning. However, we suggest that this
method can elicit the kinds of natural interactions indicative of mental
models that occur outside the laboratory. Thus it may be a useful supplement to the current methods used.
TCIinvestigate models of human population growth, we sought to reach
a variety of electronic forums, ranging in their likely opinions on human
population control. As it happens, most of our respondents were concerned about human population and favored some kind of control. We
turn now to the experiment and results.

Method
Our method was to note all replies to an initial pair of Internet messages-a query and a reply-that went out to several electronic forums. In
electronic forums, once a comment is posted, any number of users can
post replies. Thus we could survey a range of responses to the same initial
posting. In order to stimulate interest, we decided to use a debate as the
seed. The idea was to capitalize on the flame effect, in which people
respond more frequently and forcefully in the context of an ongoing
debate than they do to an individual statement. Another advantage of
using a debate as seed is that it provides the respondents with both sides
of the issue to react to, thus (we hoped) providing a broad arena of discourse.
The initial comments were (1) a query about overpopulation that
hinted that it is not an important issue and (2) a reply that argued that
popuiation gain is indeed a problem and used a petri dish analogy. These
messages went to seventeen usergroups: nine ecology-related groups, three
religious groups, two science-education groups, and three others not easily categorizable.
The initial messages were as follows:
INITIAL MESSAGE (POPULATIONQUERY)

From: User 1
Subject: Is there a problem with population size?
Message: I don’t understand why people are so concerned with the
size of the population. Don’t we have the technology to make more
food? Or at least use it better? These people and their “overpopulation” thing seem a little paranoid to me.

216

ENVIRONMENT,

ETHICS, A N D

BEHAVIOR

R E S P O N S E ( P E T R I DISH A N A L O G Y )
From: User 2
Subject: re: Is there a problem with population size?

.

Message: Okay. , first of all.. . anyone who tells you that there
ISN‘T a problem with overpopulation should start paying attention to
the world we ALL live in. There IS a problem with overpopulation and
the sooner people wake up and realize it, the better. The idea that the
problem is just about food is the wrong outlook. Think of the analogy
of humans as organisms in a petri dish with enoilgh food for all of us.
If the bacteria keep multiplying they will use up all of their food. T h e
dish (the earth) will become a barren waste. Then the bacteria (US) will
die . . no matter how far technology stretches the food supply.
Personally, I’d love to believe that science will solve humanity’s
problems. I just don’t see how it’s possible, though. All you’re losking
at is the short term and avoiding the inevitable.

.

After this pair of messages was posted to the usergroups, we collected
all replies for a period of ten days, by the end of which the response rate
had diminished to nearly nothing.

Results
There were a total of fifty responses from the seventeen electronic forums
described above. Most of the responses maintained that population
increase is a problem. Fewer than one in five of the respondents took the
“not a problem” position. It is important to note that these figures should
not be considered representative. Our collection of usergroups was biased
toward people interested in ecology. A more fundamental problem in
making inferences from frequency stems from the nature of Internet interactions. In contrast with what happens in an experiment, in an electronic
forum an individual can base her decision about whether to reply partly
on whether an adequate statement of her position has already been given
by another user. Therefore, counts of the frequency of various responses
are of dubious value.
With this in mind, we have categorized therresponses but have niade IIO
systematic attempt to record response frequencies. Responses are given as
bulleted points; they are averaged or in some cases altered syntactically in
order to protect the privacy of the respondents. Occasional portions
(enclosed in quotation marks) are directly quoted from one or more
respondents. We first give responses arguing that human population is not
a problem, then those arguing that it is a problem. Within this large division, we have subdivided the models into a provisional set of categories.
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Responses StatingThat Population Growth Is Not a Problem
Some respondents disagreed
with the petri dish analogy, either on the grounds that humans are different from bacteria because they can work to make more food or on the
grounds that the food scarcity problem among humans is not one of
amount but of distribution.
REJECTION OF THE PETRI DISH ANALOGY.

The human population is not “mere consumers and multipliers”;
humans are born not only “with mouths and stomachs b u t . . . with
mouths, stomachs, and a pair of hands.”
It is not the amount of food but the distribution of the food that is
important.
HUMAN POTENCY. Some felt that human persistence will always counter
any potentially destructive situation.

Humans will always be able to “overcome any problem.. . when
people direct their energies in these directions.
HUMAN CULPABILITY. The reason people are hungry is that the food sent
to help does not reach the hungry.

Food “gets stolen, hoarded, or blocked so that it doesn’t get to the
intended targets. Again, sin is the probbm; NOT overpopulation. ”
Governments inteïfere with Third World countries and disturb their
cultures.
CHICKEN LITTLE

“Chicken Little’s crying about the sky falling doesn’t do any good.”
J U S T LOCALTROUBLES

Famines, desertification, acd other ecological problems are seen as
“short-lived“ and “localized. ”
P O P U L A T I O N PRO 6 L E MS RECON STRU E D

Families should have more children to counteract the bad effects of
immigrants on U.S. population.
“Population control is a big push for the pro-choice movement.”
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APPEAL TO RELIGION, One form of resistance to the population control
idea came from people who invoked religion.

“Problems can only be solved by God.”
“Be fruitful and multiply, and fill the earth and subdue it and have
domination over the fish of the sea, and over the birds of the air,
and over the cattle, and over all the wild animals of the earth, and
over every creeping thing that creeps upon the earth.”

“I feel sorry for these people . . . Mother Earth?” Don’t they know
God? Do they not think anyone is capable of wanting a large family?

Responses Stuting That Population Growth Is a Problem
One group of responses used analogies-the
petri dish and Easter
Island-in arguing that population growth is a problem. Others used a
variety of quantitative models in their discussions.
EXTENSIONS OF THE PETRI DISH ANALOGY. A few respondents
addressed the petri dish analogy directly. The most elaborate response
accepted the analogy and elaborated it into four stages: lag phase, logarithmic growth (log) phase, stationary phase, and death phase.

In the lag phase, bacteria ”acclimate to their new surroundings.”
This is followed by the log phase of “uncontrolled exponential
growth” and then by the stationary phase due to ”limiting factors”
such as the lack of food. Lastly, the death phase takes place, in
which the bacterial culture “becomes choked on its own toxins and
lack of nutrients” and typically enters an exponential negative
growth curve.
Human population is currently in the log phase of exponential
growth (see Figure 10.1). How soon we will enter the stationary
phase is not clear because the carrying capacity of the earth is not
known.
I

EASTER ISLAND ANALOGY. Some respondents offered the historical analogy of Easter Island, which is consistent with the petri dish analogy. AS
described by Diamond (1995) in Discover magazine, the history of Easter
Island is one of an initial wealth of natural resources followed by rapid
population growth, destruction of resources, and subsequent degradation
of the ecosystem, cultural losses, and rapid decrease in population size.
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Figure 10.1. Exponential Growth of the Human Population.
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“Put a few thousand people on a small islarid and see how long they
last. , . . F i s happened] on Easter Island, and the ecosystem was
degraded so badly . . . rhat it could only support a handful of people.”
Population reaches its limit ‘whm the use of resources in an ecosystem exceeds its carrying capacity and there is no way to recover or
replace what was lost.”
The concept of limits on the earth’s resoukes-on land, water,
biomaterial, and so on-was a central and commonly mentioned idea in
these responses.
LIMITS.

“We do not live in an open system.”
“The earth has limited space and resources.”
0

‘We live on a finite planet.”

“I suppose people can adjust to being crowded, but they can’t
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reduce their food requirements indefinitely, so there must be a limit
somewhere.”
“There is room in the cage for only so many rats.”
RESOURCE RATIOS. Causal mathematical models, frequently stating
explicit monotonic functions between variables, were used chiefly by
respondents favoring control of population. Some respondents discussed
ratios such as that between the increase in the rate of food production and
the increase in the rate of population growth. For example, a few respondents mentioned Paul Ehrlich’s concept (1988) of net primary production
(NPP): the amount of “consumablen materials that plants produce
beyond that required for their survival.

Of the current total (225 billion metric tons per year), approximately 60 percent is on land. Erlich estimates the total human share
of global land NPP as 30 percent, accounted for by eating, feeding
livestock, using lumber and firewood, clearing land, slash and burn,
parts of crops unconsumed, and pasture plant material not consumed by livestock. If we include human conversion of productive
systems (like pasture, desert, or parking lot) so that the total potential NPP is reduced, the human share of NPP becomes more like 40
percent of global land NPP.
Other respondents raised related issues:
“Can technology increase rates of food production equal to the rate
of population growth?”
“The denser the population, the greater the damage to the environment.”
“Environmental degradation is a function of consumption, technology, and population.”
Currently, 1.8 acres per person are used for agriculture production
in the United States. This will drop in the next few decades to only
1.2 acres per person, at present levels of population growth. The
amount of land available for this use will then decrease to 0.6 acres
per person.
OF OTHER RESOURCES. Certain aspects of
population were referred to in terms of price or cost in relation to the
availability of resources.
COST AND AVAILABILITY

M E N T A L MODELS O F P O P U L A T I O N G R O W T H

22 I

“Any positive benefits produced by technical advances will be
negated by the tremendous growth in the world’s population.”
“It takes land to grow the lumber to build your house, . . . to dispose of your human waste products, . . . to produce the material
and gas for your car.”
“Increasing food production comes with a price tag. More and more
land must be committed to this endeavor.”
LAGS. Some respondents commented on various kinds of fatal lags, in
which a problem is always one step ahead of the solution.

Human population growth is exponential. The time it takes to cope
with current world population problems-inzppropriate population
density, chlorine air pollution, overfishing, aquifer and other
groundwater contamination-will always be outpaced by additional
strain.
“Technology to grow. . . more food may become available: but the
world’s population will undoubtedly increase faster.”
“There’s always a time lag between the need for new technology and
its production.”
“Unfortunately, overpopulation is one of those things that by the
time you can clearly see that it is a problem, it is too late.”
STANDARD OF LIVING EQUILIBRATION.
Some respondents factored in
the idea that the current disparity between levels of consumption around
the planet is unstable. They projected the effects of equalizing consumption in two ways:

1. Downscaling calamity. The United States decreases its consumption
(and hence its standard of living) to the level of Third World countries.
At the U.S. level of consumption, it takes a t least twenty acres to
care for one person. But world population density is about
ninety-seven people per acre. This leads to the conclusion that
we could support all the earth’s people if everyone had the same
low standard of living that many people in Third World countries do.
“Since food resources are k e d and land area is fixed, increasing
population will require reduction in food and land area per person.”
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2. Upscaling calamity. The entire world population increases its consumption to the level of the U.S. and western Europe.
4 The United States, with 5 percent of the world’s population,
exploits 20 percent of global resources.
0

I don’t think it has been really shown that we could support the
current world population ( 6 billion?) at a U.S. standard of living
sustaina bl y.

Some respondents argued for extreme and
far-ranging negative effects from over-population.

APOCALYPTIC ARGUMENTS.

“Increased incidence of disease, starvation, and internecine conflict”
will result.
If our population were one-fourth what it is now, there would be no
significant pollution, a great deal less crime and mental illness, and a
great deal less “poverty.”

.

The effects of overpopulation are felt even in U.S. cities: for example, people commit more violent crimes, such as drive-by shootings.
Disease, famine, and even wars are nature’s way of controlling populations.
QUALITY OF LIFE. Some respondents’ concerns went beyond simply sustaining human population and dealt with the issue of how we live.

Whether or not food production can meet demand is simply outweighed by the loss of the natural heritage of the planet.
“Crowded or not crowded? Which do you prefer?”
0

“Where do you go to be alone?”

CONSIDERATION OF OTHER SPECIES. We had expected to find many
mentions of species endangered due to human population pressure (such
as the Sumatran tiger or the black rhino). However, only a few respondents mentioned the welfare of other animals.
CONTRIBUTORS TO NONCONCERN. Of those who agreed that human
population is a problem, some devoted their responses to trying to figure
out why this fact is not obvious to everyone. The following factors were
proposed:

American optimism. ”Part of the ‘American Spirit’ is the idea that
we can overcome any problem.”
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Short attention span. The problem is people saying, “I worried
about overpopulation already-I’m tired of that.”
Consumerism and corporate agendas. “Consume like there’s no
tomorrow.” “Save the economy-buy . . .”
Organized religion. “The pope and the fundamentalist religions
aren’t helping . . . they can’t change fast, and the Bible says, ‘Be
fruitful and multiply.’ ” “It’s easier to be reborn than to stop using
two gas-guzzlers.”

Discussion
Our study turned ud more responses favoring population control than
dismissing it, Further, in our admittedly biased view, the responses favoring population control were more cogent than those on the other side.
Responses arguing that population increase is not a problem constitute
important data because they might yield insight into sources of societal
resistance to population control policies. The fact that our study turned
up very few of these is probably due to problems in our sampling method.
First, we had a disproportionate number of ecologically active usergroups
in our sample. A wider range of opinion would have improved the study.
A second issue is that the response rate appeared lower in the groups
judged likely to oppose population control. It may be that the wording of
our exchange was not inviting to those opposing population control, or
that in the usergroups we reached, members opposing population control
were less willing to enter this particular debate.
‘

Change ofr<now/edge
Assuming that there is a problem with population growth, che question
becomes whether and how it is possible to change mental models and
belief systems. We will use the term change of knowledge to include shifts
in how often a person uses one model compared to another. As discussed
earliec people often possess multiple mental models within the same
domain, with various scopes and privileges. Rather than restricting ourselves to cases of classical conceptual change in which an old model or
theory gives way entirely to a new, incommensurable model (for example
Carey, 1985), we believe the notion of change of knowledge should be
applied to cases in which the frequencies and contexts of use of various
models change markedly. For example, consider a learner who initially
relies chiefly on the model of air us heaven’s protectorate (and hence not
humanity’s business) but who also knows the air as a commons resource
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model. If, after attending an ecology class, she shifts from using the scarce
. resource model in 5 percent of the possible contexts to using it in 30 per-

cent of the possible contexts, we will consider this an instance of change
of knowledge.
The sources of resistance to change of knowledge go beyond cognition,
of course. As Peters and Slovic (1995) note, resistance to change can arise
from interactions with affective variables, values, and issues of woridview,
that is, generalized anitudes toward the world and society. An individual
who feels that religion, morality, or even humanism stands against any
efforts to curtail human reproduction will not be easy to persuade. But
even at the level of simple mundane cognition there is resistance to
change.
There is abundant evidence from educational research that change of
knowledge is hard to achieve, even when nonaffective domains like heat
and temperature are concerned (Brown, Bransford, Ferrara, and Campione,
1983; Chi, 1992). One reason is cognitive commitment to existing
knowledge (Lesgold, 1984; Mayer, 1992). Another reason that change of
knowledge is difficult is the transfer problem. Research on similaritybased transfer has shown that retrieval from long-term memory is typically highly conservative, in the sense that retrieval is responsive to overall
overlap and is influenced strongly by concrete surface commonalities
(Gentner, Rattermann, and Forbus, 1993; Clement, Mawby, and Giles,
1994; Holyoak and Koh, 1987; Keane, 1987, 1988; Ross, 1987, 1989;
Seifert, McKoon, Abelson, and Ratcliff, 1986). People tend to be
reminded of things that are strongly similar or strongly associated with
their current representations, and these in rurn are heavily influenced by
their current context. One result of chis pattern is the problem of inert
learning: the failure to use new learning outside of the immediate context
in which it has been learntd. The classic example of this is the student
who learns a new “correct” model in science class but then fails to apply
it to real-life problems, reverting instead to older, incorrect mental models
when outside the immediate learning context (Bransford, 1979; disessa,
1982; Weisberg, DiCamilIo, and Fhillips, 1978). Thus a given individual
may learn in ecology class the model that water is a scarce resource and
apply the model well in the class conteXt butrfail to retrieve that model
when back at work. In the familiar situations of the business day, the contextually supported remindings are of models of water that have been
used before in these contexts, such as water as a spendable commodity.
Even when it is easy to teach new models, further techniques may be
needed to induce people to actually use them.
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Analogy and Conceptual Change
Despite these reasons to be pessimistic about effecting change of knowledge, some techniques have promise. Research on conceptual change in
science suggests that a major mechanism of change is analogy (Clement,
1983; Donnelly and McDaniel, 1993; Gentner, 1989). Historical retracing
of scientists’ journals (Gentner, 1982; Gentner, Brem, Ferguson, Wolff,
Levidow, Markman, and Forbus, forthcoming; Nersessian, 1992;
Thagard, 1992) reveals the frequent use of analogy in scientific discovery.
Dunbar (1995) concluded on the basis of real-time studies of working
microbiology laboratories that two major factors in promoting discovery
are attention to inconsistencies and use of analogy. (A third factor is
group dynamics.) We suggest that these two cognitive factors have quite
different status. Detecting inconsistencies in the current model, or
between the current model and the data, weakens commitment CO the
model and promotes willingness to consider alternatives. Analogy provides a set of possible alternatives.
An overview of this research suggests a rough methodology that maximizes the chance of achieving change of knowledge: (1) provide experiences that lead to detection of inconsistencies in current knowledge; (2)
provide analogies designed to reveal the desired commonalities and differences; (3) provide extensive experience with the analogy or analogies; and
(4) in difficult cases, provide multiple parallel analogies. To take these in
turn, on the issue of inconsistency, there is considerable evidence that people are capable of holding two or more inconsistent models within the
same domain, as the pastiche model phenomenon attests (Brewer, 1989;
Brown and Burton, 1975; Collins and Genmer, 1987; disessa, 1982). So
long as each model is narrowly accessed in contexts specific to it, the
inconsistencies may never come to the learner’s attention. However, juxtaposing a model with another inconsistent model or with inconsistent data
can promote conceptual change (Collins and Gentner, 1987; Dunbar,
1995; Thagard, 1992).
There is also evidence that analogies can be used to induce new models
or in domains for which people already have mental models. One technique that has been used successfully for this purpose is that of bridging
analogies (Clement, 1983, 1991, 1993). Learners are given a series of
analogies, with the first comparison example being a close match to their
existing model (and therefore easy to map). As’ the comparisons become
progressively more distant, their common structure decreases. However,
the progressive nature of the series helps the learner to preserve the
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intended system of commonalities and not to jump at a radically wrong
interpretation. For example, students can readily picture bacteria proliferacing beyond the resources of their petri dish, but applying this analogy to
humans may seem a far stretch. By using intermediate analogs such as
moose overpopuiating their habitat and the Easter Island case, it may be
possible to induce learners to apply such models to current human population.
The method of multiple parallel analogies has two further advantages.
First, the use of multiple comparisons should promote attention to less
obvious but important aspects of the domains. We have found that comparison between similar items promotes attention to common systems and
also the detection of alignable differences: differences that occupy corresponding relational roles (Genmer and Markman, 1994; Markman and
Gentner, 1993). The second advantage of using multiple parallel analogies
is that ir should provide a greater number of potential routes to memory
retrieval (for example, Forbus, Gentner, and Law, 1995). We suggest that
the use of bridging analogies-and multiple analogies in general-may
make knowledge more accessible and mitigate somewhat the inert knowledge problem of isolated and inaccessible knowledge.

Conclusion
We began the chapter by noting that an understanding of human cognition has become at least as important to the survival of our species-and
other species as well-as an understanding of comets or plate tectonics.
Our welfare as a species is at least as likely to be determined by our own
actions as by natural forces.
Mental models of population growth zre of course only part of the
story. There are also issues of worldview and attitude that go beyond specific mental models (see Chapter Eleven and Peters and Slovic, 1995). A
case could even be made that we are evolutionarily programmed to
increase in numbers and that the cultural mental models supporting this
increase are after the fact. But even if this were true, change would remain
possible, for evolutionary tendencies can ba mitigated by human learning.
And because any such learning must begin with the current system of
beliefs, it is crucial to understand current models of human population
growth. In view of the rapid expansion of human influence on our environment, such efforts to understand human cognition are an investment
in survival.
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