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Chaptet Ten  Problem Solving and Reasoning

Problems and their attempted solutions start
early. Infants will strive to retrieve a fallen toy,
overcoming obstacles along the way. The problems
we face, and their solutions, become more compli-
cated as we get older, but they all have certain things
in common. We say that someone is solving a prob-
lem when there is a specific goal in mind that can-
not be attained immediately because of the presence
of one or more obstacles. We solve problems by
learning rules or by using (sometimes discovering)
one or more strategies. Sometimes a problem takes
several attempts before it is solved, and we must be
able to evaluate our progress toward the goal, if for
no other reason, to know when the problem has
been solved. Thus, the four basic requirements of
problem solving are goals, obstacles, strategies for
ovetcoming the obstacles, and an evaluation of the
results (DeLoache, Miller, & Pierroutsakos, 1998).
Much of what we have covered in this book to
this point can be considered to be in the realm of
problem solving. The classic tasks of conservation
and classification, for example, are problem-solving
tasks. Arithmetic problems, which will be discussed
in Chapter 12, are clearly problem-solving tasks. To
some extent, many tasks assessing memory are
problem-solving tasks, with the goal being to re-
member as much as one possibly can. In this chapter,
I will describe children’s general problem-solving
abilities, beginning in infancy. This will be followed
by a brief section on planning. The remaining part
of the chapter will be devoted to a special type of
problem solving, reasoning,

Life is full of problems that we seek to solve.

Problem Solving

The Development of Problem Solving

When do children first solve problems? Based on
our definition of what constitutes problem solving
(having a goal, obstacles to that goal, strategies, and
evaluation of results), infants cannot be said to
solve problems until they demonstrate some sense
of goal-directed behavior, Recall from our discus-
sion of Piaget’s theory of sensorimotor development,
goal-directed behavior requires that “need precede

action.” That is, infants do not discover an interest-
ing outcome fortuitously (for example, hitting a
mobile with their arm), but rather first seek to
achieve a specific goal (move a mobile) and then
act accordingly. This is also the beginning of cause
and effect (means-end) thinking. Infants must real-
ize that they must do something quite specific
(make physical contact with the mobile) before the
mobile will move.

Piaget proposed that not until about 8 months of
age, during the substage of coordination of second-
ary circular reactions, are infants able to accomplish
this, At this time, they can use one behavior strategi-
cally in the service of another (for example, push
aside a cloth to retrieve a toy hidden underneath),
Thus, following from Piaget’s classic work, we can
say that problem solving begins at least during the
latter part of the first year of life.

But must infants wait that long to solve simple
problems? Infants younger than 8-months can
clearly learn to control aspects of their environ-
ments to make interesting things happen (Rovee-
Collier & Gerhardstein, 1997; Lewis, Alessandri, &
Sullivan, 1990). For example, infants 2 to 8 months
of age learned to pull a lever to see a color picture of
a baby’s face and to hear an accompanying song
(Lewis et al., 1990). Even the youngest infants
learned to pull the lever to get the reinforcement
and became angry when the lever pulls no longer
produced the interesting outcome. But the study by
Lewis et al., although it had a specific goal to be
achieved, does not have all the classic aspects of
problem solving. The only obstacle was infants
learning the association between their behavior and
the outcome, and there seems to be no explicit

strategy involved. True problem solving, involving
means-end action sequences, seems not to be found
until about the time Piaget originally proposed (the
latter half of the first year).

Peter Willates (1990) has performed some inter-
esting experiments demonstrating means-end prob-
lem solving in infants. In one study, 6-, 7-, and
8-month-old infants were placed on a table. In front
of the infants was a long cloth with a toy placed on
the cloth, out of the infants’ reach. Here’s a goal
(get that toy) and an obstacle (it is out of reach).
The solution is to strategically use one behavior
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(pull the cloth toward them) to achieve their goal
(get the toy). How did the infants do? The 6-
month-olds often retrieved the toy, but their behav-
jor was not always intentional. Instead of pulling
the cloth to them and fixing their attention on the
toy, these youngest infants often simply played with
the cloth, looked away from the toy, and, after a
while, the toy finally was in their reach. By 8-
months of age, infants were much less apt to play
with the cloth. They grabbed the cloth and immedi-
ately began pulling it to bring the toy closer to
them. They kept their fixation on the toy and
quickly and efficiently brought the toy within their
grasp, often holding out a hand in anticipation of
the toy’s arrival. The 7-month-olds fell between the
6- and 8-month-olds.

Although means-end problem-solving might be
within the capacity of infants as young as 7- and 8-
months of age, it does not mean that children will
display such behavior on more complicated tasks.
This is illustrated by an interesting study performed
by Bullock and Liitkenhaus (1988). In their study,
children between the ages of 15- and 35-months
were asked to perform one of several tasks, for exam-
ple, to stack blocks to copy a house built by an adult.
The youngest children (average age, 17-months)
showed little specific goal-directed behavior. They
did play with the blocks and build “something,” but
there was little evidence that they kept the goal of
building a house in mind during their activities. In
contrast, most 2-year-olds were able to keep the goal
in mind and build the house. These children also
did a good job at monitoring their performance
(evaluating the results of their behavior). Almost all
these children made at least one correction, and
85% of the 2-year-olds stacked all the blocks cor-
rectly on at least one trial. The reactions of the chil-
dren to their problem-solving attempts also reveals
their evaluations of their behavior toward achieving
their goal. Only about a third (36%) of the 17-
month-olds showed some clear sign of emotion to
their performance (smiling or frowning), whereas
90% of the older children (32-month-olds) did so.

The tasks children need to solve get more com-
plicated as they get older, and so their problem-
solving abilities must also improve. One factor that
has been found to have a significant impact on prob-

lem solving is knowledge. The more one knows
about a particular topic or the more familiar one is
with the context, the more sophisticated problem
solving will be.

Let me provide an example for learning the rules
behind a compurer game. Stephen Ceci (1996) has
proposed that context influences how people ap-
proach and solve problems. Ceci defines context as
the way in which a problem in represented in long-
term memory; that is, it consists of what a person
knows about a task, including the reason for per-
forming it. Ceci (1996) reports an experiment in
which 10-year-old children were asked to predict
where, on a computer screen, an object would land
by using a joystick to mark on the screen the next
position of the object. The object varied in size {big
or small), color (dark or light), and shape {(square,
circle, or triangle), producing 12 combinations of
features (two sizes X two colors X three shapes). A
simple algorithm was written so that (1) squares
would move upward and circles downward, and tri-
angles would stay on the horizontal; (2) dark figures
would move to the right and light figures to the left;
and (3) large objects would move diagonally from
lower left to upper right, whereas small objects
would move in the opposite direction. So, for exam-
ple, a large, light square would move upward, left-
ward, and from the lower left to the upper right.

Figuring out how the object would move (that is,
where it would be on the next trial) seems like it
would be a difficult task for children (as well as for
adults), and it was, The children were given 15 ses-
sions with the task, with 50 trials per session. Some
children were simply asked to predict where the ob-
ject would move on each trial. Other children were

told that this was a video game, the purpose of
which was to capture flying animals. The three
shapes were changed to a butterfly, a bee, and a bird.
These children were told to use the joystick to place
the “butterfly net” so that they could “capture the
prey” on each trial. The algorithm (that is, the rule
by which the target moved on each trial) was iden-
tical in both conditions.

The results of this study are graphed in Figure
10-1. As can be seen, the two groups started out sim-
ilarly, performing relatively poorly over the fisst five
sessions. However, the children in the video-game
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FIGURE 10-1 Children’s mean proportion of accu-
rate predictions of the position of a moving object in a
video game versus laboratory context, source: From
Stephen J. Ceci, On intelligence . . . more or less: A bio-
ecological treatise on intellectual development, @1990, p. 39,
Reprinted by permission of Prentice-Hall, Englewood
Cliffs, New Jersey.

context then took off, performing at levels ap-
proaching 90% by the ninth session. In comparison,
the children given the laboratory context continued
to perform poorly, never really improving on the
task over the 35 sessions. Discovering the algorithm
depended on the mental context in which the prob-
lem was presented. The rules were the same for all
children, but the context, a form of knowledge, in-
fluenced greatly children’s problem-solving perfor-
mance (see also Oyen & Bebko, 1996 for a similar
example of different memory strategy use when “in-
struction” is done via a computer game versus for-
mal instruction).

Problem Solving as Inducing
and Using Rules

One way of thinking about children’s problem soly-
ing is considering their acquisition and use of rules.
Rules specify relations between two or more vari-
ables, and are usually thought of in terms of “if . . .
then” statements (“If condition A exists, make re-
sponse X; if condition B exists, make response Y”)

(Zelazo & Jacques, 1997). One tradition in develop-
mental psychology has focused on children’s acquisi-
tion of the rules of formal logic (“If p then g,” and so
on), which will be discussed in a separate section
later in this chapter. The second concerns children
inducing, or discovering, a rule as a result of experi-
ence and using these rules to solve problems (De-
Loache et al., 1998).

When Can Children induce Rules?

When can children induce rules for solving a prob-
lem from experience? One simple task that requires
the discovery of a rule is an oddity problem. This will
be familiar to any readers who grew up watching
Sesame Street and the game “One of these things is
not like the other.” In this game, and in oddity prob-
lems in general, people must figure out which object
is different, or odd, relative to the others in the set.
These problems can be very simple, based on per-
ceptual similarity (for example, § § ¥ ), or more
complex, based on conceptual similarity (for exam-
ple, tiger, elephant, blue jay; or Brainerd, Gopnik,
Karmiloff-Smith).

Oddity tasks can even be administered to prever-
bal children and animals. In these cases, subjects are
shown a series of problems and receive a food reward
when they select the correct (odd) item. William
Overman and his colleagues (1996) used such an
oddity task, showing toddlers from 16 months of age
through adults series of three objects, two of which
were the same (Experiment 1), When subjects se-
lected the odd object they received a food reward,
This was a difficult task for toddlers (16 to 31
months of age), even more difficult for the pre-
schoolets (32 to 60 months of age), but relatively
trivial for participants 6 years of age and older, Yer,
most of the toddlers (16- to 31-month-olds) did
eventually learn the task, although it took them sev-
eral hundred trials, and most children of all ages
quickly solved the problems when given verbal in-
structions (Experiment 2).

It is interesting that the lack of verbal instruc-
tions (that is, performing the task using nonverbal
procedures as is done when testing animals) was par-
ticularly detrimental for children between the ages
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of about 2.5 and 5 years of age. Similar findings have
been reported by other researchers (Inhelder & Pia-
get, 1964), and they have been interpreted as indi-
cating that younger children approach oddity
problems differently than older children (see Over-
man et al., 1996). Obviously, the approach the 2.5-
to 5-year-old children used to solve the oddity prob-
lems was ineffective. It appears that these preschool
children’s reliance on language made inducing a rule
based solely on behavior very difficult, whereas the
problem was simple enough for older children and
adults to figure out without being told explicitly
what to do. But the fact that these children were
able to solve the problem easily as soon as they were
told the rule (“Pick the one that’s different”), indi-
cates that they can apply this rule across different
problems, but just have a difficult time inducing a
rule based on behavior alone.

Rule-Assessment Approach

Much of cognitive development can be viewed as a
process of inducing rules to solve problems. Many
problems can share many of the same underlying
features, and thus require the application of very
similar rule systems. For example, many of the prob-
lems developed by Piaget involved children learning
about the physical world and, according to Piaget,
require children to learn a set of logical rules for
their solution. Although each problem would have
something unique about it, a universal set of cogni-
tive structures develops to handle these problems.
Robert Siegler (1976, 1981) developed a rule-
based model of cognitive development to explain
many of the concepts that children acquire over
childhood initially described by Piaget and others.
In his rule-assessment approach, cognitive develop-
ment is characterized by the acquisition of increas-
ingly powerful rules for solving problems. Let me
provide a description of the rule-assessment ap-
proach for the balance-scale problem (Siegler, 1976,
1981). For this problem, children are shown a bal-
ance scale, similar to that shown in Figure 10-2.
Weights are then placed on the two sides of the
scale, and children must predict which side of the
scale will fall (if either). Children must consider not

FIGURE 10-2 Example of a balance scale task.

The scale would be locked and weights would be placed
on the two sides and children were to predict which side,
if either, would fall.

only the number of weights on the two sides, but
also their distance from the midpoint. Weights far-
ther away from the midpoint will have a greater im-
pact on the movement of the scale than weights
closer to the midpoint. Siegler discerned four rules
children used on this task, Children using Rule 1
consider only a single dimension: the amount (num-
ber) of weights on each side. Thus, children who use
Rule 1 should say that the side with the most
weights should fall, regardless of where those weights
are placed. This will lead to some correct predic-
tions, but also to some incorrect predictions. Chil-
dren using Rule 2 similacly predict that the side with
the most weights will drop, but when the number of
weights is equal on both sides, they then consider
the distance from the scale’s midpoint. With Rule 3,
children use both the weight and the distance di-
mensions; they predict that the side with either
more weights or greater distance from the center will
go down. If one side has more weights and the other
side has greater distance, they muddle through the
problem. Finally, children using Rule 4 make the ap-
propriate computations of weight and distance, thus
deriving the correct answer regardless of how the
weights are distributed across the scale.

Siegler (1976) reported that 88% of children 5-
to 17-years of age consistently applied one (or sev-
eral) of these four rules in solving balance-scale
problems. Most 5-year-olds used Rule 1, whereas 9-
yeat-olds most often used Rules 2 or 3. Adolescents
(13 to 17 years of age) usually used Rule 3, with very
few children ever using the most sophisticated Rule
4. Perhaps somewhat surprisingly, most college stu-
dents also rely on Rule 3, with only a minority of
them using the most sophisticated Rule 4 (and the
only one that will consistently produce a correct
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answer) (Siegler, 1981). This use of systematic rules
breaks down on the balance-scale problem when
younger children are tested. Siegler (1981) reported
that none of the 3-year-olds he tested, and about
half of the 4-year-olds, used any discernible rule.
The problem was apparently beyond their compre-
hension, and they were unable to generate even the
simplest rule (more weights win) to solve these
problems. Other studies have confirmed this se-
quence (Amsel et al., 1996; McFadden, Dufresne, &
Kobasigawa, 1986), and Siegler (1981) reports simi-
lar sequences following similar rules for a variety of
tasks (for example, probability judgment, conserva-
tion, judging the projection of shadows).

Siegler (1996) has since modified his view of
children’s problem solving, proposing that, instead
of a stage-like progression, children have a variety of
strategies available to them to solve problems at any
one time, and that these strategies “compete” for
use, Siegler’s adaptive strategy-choice model was dis-
cussed in some detail in Chapter 5. There is much
evidence in the recent problem-solving literature to
suggest that Siegler is right. Rather than presenting
that evidence here, however, I will postpone a dis-
cussion of the adaptive strategy-choice model in
greater detail for the development of arithmetic
strategies in Chapter 12.

Learning to Follow Rules

Philip Zelazo and his colleagues have focused on
preschool children’s ability to follow simple sets of
rules and propose that following relatively arbitrary
sets of rules is a reflection of consciousness and cog-
nitive self-control (Zelazo & Jacques, 1997; Zelazo
et al,, 1997). In an eatly experiment, Zelazo and
Reznick (1991) gave children between the ages of
31 and 36 months of age a sorting task to complete.
Children were shown sets of pictures and given two
rules to follow: “If it’s something found inside the
house, then it goes in this box. If it's something
found outside the house, then it goes in that box.”
Pictures included a variety of objects, some of which
were obviously “inside” things (bed, TV), and oth-
ers that were obviously “outside” things (snowman,
plane). Children were also given a “knowledge”

task. Now, instead of having to sort each object into
one of two boxes, they were shown each card and
simply asked “Is this something found inside the
house or is it found outside?” All children performed
well on the knowledge task (that is, they answered
correctly when asked if an object belonged “inside”
or “outside”). However, only the oldest children
(36-months) could put this knowledge into action,
sorting the cards correctly into boxes. The younger
groups of children (31- and 33.5-month-olds) did
not sort items cortectly, despite “knowing” to which
category each item belonged. Larer research indi-
cared that 32-month-old children similarly failed
the sorting task (and passed the knowledge task) de-
spite having each item labeled (“This is a bed,
where does it go?”), being reminded of the rules
(“Remember, if it goes inside, then you put it here,
and if it goes outside you put it here”), and receiving
feedback and rewards for correct responding (Zelazo,
Reznick, & Pifion, 1995).
These findings indicate that 36-month-old chil-
dren can follow an arbitrary rule system, whereas
younger children have a difficult time doing so, de-
spite knowing the rules. However, 3-year-old chil-
dren’s ability to follow and coordinate rules is far
from fully developed. This is indicated by experi-
ments using the dimensional card sorting task, dis-
cussed briefly in Chapter 5 (Zelazo, Frye, & Rapus,
1996). In this task, children are shown sets of cards
that vary on two dimensions. Figure 10-3 provides
an example of the cards used in these experiments.
Children are shown two target cards, a yellow car
and a green flower, for instance. When playing the
color game, they are told that all the yellow cards go
here (with the yellow car) and all the green cards go
there (with the green flower). Children then are
given a series of test cards (for instance, yellow flow-
ers and green cars), and are asked to sort them by
color. This most children do easily, Then children
are told they are going to play a new game, the
shape game. (For half the children the shape game is
played first, and for the other half, the color game is
played first.) In the shape game, children are to
place cars in this box (with the yellow car) and flow-
ers in that box (with the green flower). These are
called switch trials, because the rules have been
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Target Cards

Test Cards

FIGURE 10-3  Dimensional card-sorting task.
Children are to sort cards initially by one dimension
(color) and later by a second dimension (shape).
source: Zelazo, P. D., Frye, D., & Rapus, T. (1996).
An age-related dissociation between knowing rules and
using them. Cognitive Development, 11, 37-63.

switched (from sorting on the basis of color to
shape, or vice versa). Now, most 3-year-old children
fail, continuing to sort the cards according to the
original dimension. Yet, when asked what the new
rule is, most can easily and correctly tell the experi-
menter, That is, like the 32-month-olds for the sim-
pler task (Zelazo & Reznick, 1991), 3-year-olds can
verbalize the rule but cannot execute the problem.
By 4 years of age, most children do fine on both
tasks.

Why do children have difficulties on these tasks,
and what develops so that by 4 and 5 years of age
most children can follow simple rule systems rela-
tively easily? One thing to look at on these tasks is
the type of errors children make. Children tend to
persist making responses they had learned eatlier,
termed perseverative errors (Zelazo, Reznick, &
Pifion, 1995; Zelazo et al., 1996), and this suggests
that one source of their problem is poor inhibitory
control (Harnishfeger & Bjorklund, 1993). That is,
children have learned a response in this context and
have a difficult time not making that response (sort
by color) when the rules change (now sor’t by
shape). Although I'm convinced that childreq s de-
veloping inhibitory abilities play a role in their use
of rules, it cannot be the entire answer. For example,

Zelazo and his colleagues (1996, Experiment 2) re-
ported that 3-year-olds made perseverative errors on
the dimensional card sorting task after only one trial
on the original dimension. That is, it was not neces-
sary for children to acquire a well-learned response
for them to make errors on the switch trials.

What, then, accounts for the development of

tule use over the preschool years? According to
Zelazo and his colleagues, children gain increasing
conscious control over their problem solving, and
this is captured by the cognitive complexity and
control (CCC) theory (Zelazo & Frye, 1997). Much
like the distinction between implicit and different
levels of explicit representation in Karmiloff-Smith’s
(1992) theory (see Chapter 4), Zelazo and Frye pro-
pose that there are age-related changes in the com-
plexity of rule systems that children can represent.
According to Zelazo et al,, {1997), developmental
differences in reflection give children increased con-
trol over their behavior and cognition. “Reflection is
defined as a recursive process whereby the contents
of consciousness become an object of consciousness
so that they can be operated on and modified . . .
[Hligher order rules mediate reflective awareness of
lower order rules and make possible the deliberate
selection of lower order rules for use. In the absence
of a higher order rule, children will perseverate on
whichever lower order rules are most compelling”
(p. 21). In other words, children acquire rules early
on and can follow them in certain situations. But
coordinating rules requires greater conscious reflec-
tion, and this develops over the preschool years. It is
interesting to see the parallel in development be-
tween rule use reported by Zelazo and his colleagues
and theory of mind research discussed in Chapter 7.
Although speculative, it appears that a single repre-
sentational system might be underlying cognition in
these seemingly different areas.

Planning

An important part of problem solving is planming. In
many complicated problems, several steps must be
executed in order before a goal can be reached.
There is little planning involved for an 8-month-old,
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whose goal is to get a toy by pulling on a cloth. But
as the problems get more complicated, so does the
need for planning. For example, in the study by Bul-
lock and Liitkenhaus (1988) discussed earlier, chil-
dren had to plan ahead as to which blocks they
would select first and which needed to be used only
later. There were several aspects to the problem,
and, although a trial-and-error procedure might
have eventually produced a correct answer, it rarely
did for the youngest children in the Bullock and
Liitkenhaus study.

Planning is difficult for young children, and they
rarely do it, or at least rarely do it well. There are
many reasons for this, associated with children’s lim-
ited cognitive abilities. Ellis and Siegler (1997) have
listed several reasons for young children’s generally
poor planning abilities:

1. Planning often requires inhibition of currently
active behavior. As you may recall from our
discussion of the development of inhibition/
resistance from interference in Chapter 3, these
abilities increase with age, with preschool chil-
dren often having difficulty inhibiting an ongo-
ing activity (Harnishfeger & Bjorklund, 1993).

2. Planning takes time, and children often prefer to
do a task quickly than to do it accurately. This,
in part, might be facilitated by adults’ reactions
to children’s problem-solving attempts. Adults
often praise children for the attempt, telling
them that they have performed better than they
actually have. Related to this, children’s goals in
solving a problem might not be identical to that
of an adult, and they might not have the
metacognitive ability to evaluate how success-
fully they achieved their goal, tending to over-
estimate their performance (Bjorklund, 1997a).

3. Planning is often viewed as difficult, time-
consuming, and subjectively unpleasant. This is
true not only for children but also for adults.
Planning is a special type of strategy (or meta-
strategy), and strategies are used when people
cannot solve a problem using less effortful pro-
cedures. If you have reason to believe that the
solution to a problem will “just come to you” as
you fiddle with the components (such as putting
your new barbecue grill together without reading

the instructions), then why spend the time plan-
ning? A plan (as many strategies) should be used
only when solving the problem can't be done
without one.

4. When children do generate a plan, they are not
always successful. Why spend the time and effort
when the outcome is uncertain?

5. It might be more fun to “wing it.” Problem solv-
ing can present novel activities for children, and
the implementation of a plan might make the
process less enjoyable.

Such a description makes it seem as if young chil-
dren approach problems in a willy-nilly fashion, and
if they're lucky, eventually bump into the right solu-
tion. There is a bit of trial-and-error leaming in
most problem solving, but rarely are children’s ap-
proaches to a problem totally random. They tend to
select problem-solving strategies that are appropriate
(if not always optimal) for the task at hand, and of-
ten modify their strategies as they progress through
the problem (Siegler, 1996). However, young chil-
dren rarely demonstrate the forward-looking ap-
proach that older children and adults often do when
solving a complicated problem.

Preschool children do show signs of some plan-
ning in some situations, of course. For example, sev-
eral studies have asked preschoolers to “plan” a trip
to a grocery store (Gauvain & Rogoff, 1989; Hud-
son, Shapiro, & Sosa, 1995). In one study, children
were asked to get several items from a model grocery
store (Gauvain & Rogoff, 1989). Most 5-year-olds
did an efficient item-by-item search, but older chil-
dren were more likely to display signs of explicit
planning by looking through the entire store and
then searching for specific objects based on where
they believed they would be located. The result was
a more effective search. In other research, Judith
Hudson and her colleagues (1995) asked 3-, 4-, and
5-year-olds to plan a trip to a grocery store (or to the
beach). Children were also told of potential mishaps
that could oceur (you forgot to bring your shopping
list) and asked how they might remedy or prevent
the situation. They reported that recognizable plans
were relatively rare for the 3- and 4-year-olds, but
quite common for the 5-year-old children, Age dif-
ferences were also found both in children’s responses
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to remedy and prevent a mishap. Children of all
ages were able to suggest some remedy to a potential
problem (although the number of plans to remedy
mishaps did increase with age), but very few 3- and
4.year-old children suggested plans to prevent a
mishap. Only the 5-year-old children made a sub-
stantial number of prevention plans.

In other research, 4- and 5-yearold children
were asked to plan a route through a large space to
retrieve a set of objects as quickly as possible (Fabri-
cius, 1988). Children were familiarized with the
space and then asked to retrieve the objects “the
quick way.” Fabricius concluded that the 5-year-
old children engaged in forward search, in which a
person envisions a series of moves that will achieve
a partial solution. In other words, 5-year-olds had
a plan that permitted them to foresee the conse-

quences of their moves and thus made relatively few
“backtracking” moves during their search. The 4-
year-olds were less apt to do this, and when they did
engage in forward search, they did so inconsistently.

One example of a problem where planning is im-
portant is the Tower of Hanoi problem. The three-
disk version of this problem is illustrated in Figure
10-4. Children are shown a structure with three pegs,
with three different sized disks on one peg (the one
to the far left, for instance). The task is to get all the
disks to the peg on the opposite side by moving only
one peg at a time and obeying the rule that a larger
peg cannot be placed on a smaller peg. This task can
be solved in seven moves, which are indicated by the
arrows in Figure 10-4. [t would seem that planning is
important in solving this problem. Having an idea in
mind ahead of time (or figuring one out soon after
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the task begins) would seem to be associated with
the likelihood of finding the right solution quickly.
Several researchers have emphasized that the

first move children make on the Tower of Hanoi
task is important and reflects and influences their
planning on the task (Klahr & Robinson, 1981).
However, a study by Gary Fireman (1996) with first-
and second-grade children on the three-disk prob-
lem failed to find any relation between making the
optimal first move (move number 2 in Figure 10-4)
and later success on the problem. Children who
never solved the problem were just as likely to make
a correct first move as were children who eventually
solved the problem within the 3-minute time limit.
Does this mean that planning is actually not impor-
tant in the Tower of Hanoi problem? Not at all.
This is a difficult task for children of this age, and
most of the planning on this task seems to come af-
ter a few moves are made as children become famil-
iar with the problem and the range of strategies they
have available to them to solve the problem. Before
planning could occur, children needed to learn, in a
hands-on way, the constraints associated with the
problem. According to Fireman (1996), at the start
of the task “children were not concerned with the
strategy of reducing the problem depth or attaining

asubgoal. Instead, children’s initial actions explored

the range of legal and illegal moves. Apparently, the
children had to experience the instructions in ac-
tion, despite their initial, spontaneous declaration
that they understood the goal of the problem” (p.
120). Planning for these children came only after
getting acquainted with the problem.

Rudiments of planning may be found in early
childhood, but even older children and adults are
often reluctant to engage in planning (Chalmers &
Lawrence, 1993). In general, planning is a late de-
veloping ability and many of us, adults as well as
children, approach many problems with as little
planning as possible.

Reasoning

Reasoning is a special type of problem solving. Rea-
soning usually requires that one make an inference.

That is, to reason, one must go beyond the informa-
tion given. It is not enough to figure out the rules as-
sociated with some game. That’s problem solving,
but not necessarily reasoning. In reasoning, one
must take the evidence presented and arrive at a
new conclusion based on that evidence. The result
is often new knowledge (DeLoache et al., 1998).

We use some forms of reasoning in our everyday
lives, and we are so accustomed to thinking this way
that we are often unawate of it. Other types of rea-
soning are highly formalized (in fact, termed formal
reasoning), which most of us do not engage in regu-
larly, and when we do we are certainly conscious of
it. In the following sections, [ will discuss three
types of reasoning: analogical reasoning, formal rea-
soning, and scientific reasoning, and conclude with
a discussion of the relation between reasoning and
memory.

Analogical Reasoning

Perhaps the type of reasoning that most people are
familiar with is analogical reasoning. Analogical
reasoning involves using something you already
know to help you understand something you don’t
know yet. Analogical reasoning involves relational
mapping—the application of what one knows
about one set of elements {the relation of A to B) to
relations about different elements (the relation of C
to D). Classic analogical reasoning problems are
stated A:B =: C: ? For example, dog is to puppy as cat
is to 7. The answer here, of course, is kitten. By
knowing the relation between the first two elements
in the problem (a puppy is a baby dog), one can use
that knowledge to complete the analogy for a new
item (cat). Analogies are thus based on similarity re-
lations. One must understand the similarity between
dogs and cats and puppies and kittens if one is to
solve the above analogy.

How basic is analogical reasoning to cognitive
development? Is it an early or late developing abil-
ity? How well adults are able to solve analogies is re-
lated to general intelligence as measured by IQ tests
(Sternberg, 1985), and one advantage gifted chil-
dren have over nongifted children is in their ability
to solve analogies (Muir-Broaddus, 1995). Individ-
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ual differences in analogical reasoning are found
over the life span and are predictive of intelligence.
This suggests that it is a complex skill that is influ-
enced by a variety of other cognitive abilities and
does not peak early in life. According to Piagetian
theory (Inhelder & Piaget, 1958), analogical rea-
soning is a sophisticated ability that is not seen until
adolescence. Others, however, have proposed that
analogical thinking serves as the basis for other rea-
soning and problem-solving tasks (Halford, 1993),
and might be present at birth (Goswami, 1996).
How can there be such divergence of opinion
about when analogical reasoning is first seen in de-
velopment? Part of the problem lies in the nature of
the problems children are asked to solve. In cases
when successful problem solving is not seen until
late childhood or adolescence, the problems often
involve objects or concepts with which children are
unfamiliar. Perhaps more than any other factor,
knowledge for the objects and relations among ob-
jects in analogical reasoning problems is paramount
in determining whether a child will solve or fail to
solve a problem. Other factors also contribute to a
child’s success on analogical-reasoning problems, in-
cluding memory for the premises, availability of
mental resources, representation of the relations,
and metacognitive knowledge (see DeLoache et al.,
1998; Gentner, 1989). In the following section,
will review children’s ability to solve analogical-
reasoning problems and look at some of the factors
that contribute to this developmental progression.

Analogical Reasoning in Young Children

Counter to the traditional Piagetian account of ana-
logical reasoning, several theorists have proposed
that very young children are capable of such reason-
ing, and in fact use analogical reasoning to solve a
host of problems (Goswami, 1996; Halford, 1993).
Children can use what they know about solving one
problem to solve a related problem. One would ex-
pect this ability to increase with age, as knowledge,
mental capacity, memory, and other factors increase
with age, but there is no a priori reason that this
ability should not be present in infancy. In fact,

Usha Goswami (1996) has proposed the relational
primacy hypothesis, proposing that analogical rea-
soning is available early in infancy.

In one of the few experiments to assess analogical
reasoning in infants, Chen, Sanchez, and Campbell
(1997) tested 1-year-old infants (Experiment 1).
The basic task involved placing a desirable toy out
of reach of the infant, with a barrier between the
baby and the toy. Two strings, one attached to the
toy and one not, were also out of the infant’s reach,
but each string was on a cloth that was within
reach. To get the toy, the infants had to pull the
clath toward them and then pull the string attached
to the toy. (This is similar to the rask described ear-
lier by Willatts, {1990]). There were three similar
tasks, although the toy, the barrier, and the color of
the cloth varied among the three tasks. These are il-
lustrated in Figure 10-5. If infants did not solve the
problem after 100 seconds, their parents modeled
the correct solution for them. The primary research
question concerned whether, after solving an initial
problem, either with or without parental modeling,
would the infants see the similarity with the later
problems and be more apt to solve them? That is,
would infants use analogical reasoning to solve the
subsequent problems?

Few children solved the first problem sponta-
neously (most required help from a parent). How-
ever, the percentage of infants solving the problems
increased from 29% for the first problem, to 43% for
the second, and 67% for the third (Experiment 1).
Infants’ problem solving was also rated for “effi-
ciency,” with higher scores reflecting a greater goal-
directed approach, as opposed to a trial-and-error
approach to the problem. As can be seen in Figure

10-6, efficiency increased steadily over the three
problems.

The research by Chen and her colleagues (1997)
reveals that 1-year-olds are able to use the similarity
between tasks analogically to solve problems. How-
ever, this is very different from the classic problems
used in research. The first study to demonstrate ana-
logical reasoning in young children using a more tra-
ditional task was performed by Holyoak, Junn, and
Billman (1984). In their study, preschool and
kindergarten children had to move some gumballs in
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FIGURE 10-5 The configuration of the three probl i

problems 1-year-old infants solved. source: Chen, Z., Sanch
Camrﬂaelllé"ﬂ (1997). From beyond to within their grasp: The rudiments of analogical problem solving inalrz)c- aexi:iRlél—)., &
month-olds. Developmental Psychology, 33, 790~801. Copyright © 1997 by the American Psychological Association,

Reprinted with permission.
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FIGURE 10-6 Infants’ problem-solving efficiency
scores. source: Chen, Z., Sanchez, R. P, & Campbell, T.
(1997). From beyond to within their grasp: The rudli- ,
ments of analogical problem solving in 10- and 13-
month:olds. Developmental Psychology, 33, 790~801.
C?opynght © 1997 by the American Psychological Asso-
ciation. Reprinted with permission.

one bowl on a table to another, out-of-reach bowl,
without leaving their chair. They had various ob-
jects available to them that they could use to solve
the problem, including scissors, an aluminum cane,
tape, string, and a sheet of paper. Before solving the
problem, children heard a story about a genie who
had a similar problem. The genie’s problem was to
move some jewels from one bottle within his reach
to another bottle, out of his reach. One way in
which he solved this problem was to roll his magic
carpet into a tube and pass the jewels down the tube
into the second bottle. Another solution that other
children heard was to use his magic staff to pull the
second bottle closer to him. After hearing the sto-
ries, children were told to think of as many ways that
they could to solve their problem—to get the gum-
balls from one bowl to another. About half of the
preschool and kindergarten children solved the

“magic staff” problem, and the remainder did so

after a hint. That is, these 4.5- to 6-year-old children
were able to reason by analogy. However, they were
less successful with the “magic carpet” analogy,
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FIGURE 10-7 Example of

I? problem used in Goswami &
Brown. Children must select
u from set of pictures in bottom

row (pictures D through G)

< || | §

the one that best completes
the visual analogy on the top

row. (The cortect answer is
D). source: Goswami, U., &
Brown, A. L. (1990). Higher-
order structure and relational
reasoning: Contrasting analog-
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suggesting that young children’s performance on
analogical reasoning tasks is highly dependent on
the similarity between objects. The “magic staff”
and the aluminum cane were more perceptually sim-
ilar to one another, Holyoak and his colleagues ar-
gued, than were the “magic carpet” and the sheet of
paper, making the former analogy easier to use for
these young children than the latter. But the basic
finding that preschool children could use the simi-
larity in one story to solve a similar (analogous)
problem, suggests that such reasoning is well within
the capability of these children, counter to the tradi-
tional Piagetian position.

Not all similarity is perceptual, however. Some-
times the similarity between objects is relational.
This is illustrated in a study by Goswami and Brown
(1990), who showed 4-, 5-, and 9-year-old children
sets of pictures of the A:B :: C: ? type. Children were
given four alternatives and had to choose which of
the four best completed the analogy. An example of
a problem used in this study is shown in Figure 10-7.
In this problem, children must discover the relation
between bird and nest (a bird lives in a nest) and
find the proper match for dog (here, dog house).
Chance performance on this task would be 25%,
and children of all ages performed greater than ex-
pected by chance (59%, 66%, and 94% correct for
the 4-, 5-, and 9-year-olds, respectively). Note that
children are not solving the problem based on per-
ceptual similarity. The bird and dog look nothing

S ical and thematic relations.

Cognition 36, 207-226. Re-
printed with permission of
Elsevier Science.

alike, nor do the nest and the dog house. To solve
this problem, they must do so on the basis of rela-
tional similarity — the relation between the A and B
terms (bird and nest) is used to find the best match
for the C term (dog). This is clearly a more ad-
vanced form of analogical reason than that demon-
strated by the 1-year-old infants in the Chen et al.
(1997) study.

However, children might have not been using
analogical reasoning to solve this problem. Maybe
they were simply selecting the item that “went best
with” the dog. This apparently was not the case,
however. Children in a control group were asked ex-
actly this question: pick the one that “goes best”
with the C term (in this case, dog). When asked to
do this, children were no more likely to select the
analogical choice (here, dog house) as they were a
high associate (here, bone). Thus, children’s perfor-
mance on the analogical-reasoning task cannot be
attributed to responding on the basis of strictly asso-
ciative or thematic relations, but rather reflects the
use of true analogical reasoning.

The fact that at least some young children were
solving these problems using true analogical rea-
soning was reflected by the type of errors they made.
For example, Goswami (1996) reports a 4-year-old
child, Lucas, who, after seeing the bird : nest :: dog:1
problem, figured out what the answer should be
without seeing the alternatives. However, what he
figured was wrong. “Lucas first told us that the
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correct solution was puppy. He argued, quite logi-
cally, ‘Bird lays eggs in her nest . .. dog—dogs lay
babies, and the babies are—umm-—and the name
of the babies is puppy’™” (p. 102). Lucas quickly
changed his mind when he saw that a puppy was not
among the alternatives, rethought the problem and
identified the “lives in” relation. However, his first
idea was also relational. He had simply identified a
type of relation (type of offspring) different than that
identified by the experimenters. Successful analogi-
cal reasoning requires identifying the “right” rela-
rion, but there can be many different relations
existing between sets of items, and, outside of the
laboratory or classroom, there might not be clear-
cut “right” and “wrong” answers.

Factors Affecting Children’s
Analogical Reasoning

According to Goswami’s (1996) analogical primacy
view, the ability to reason by analogy is present in
infancy. Even if we accept such a position, however,
many factors influence children’s success on any
given analogical-reasoning task. For example,
Graeme Halford (1993) has proposed that analogi-
cal reasoning develops in a stage-like fashion remi-
niscent of Piaget, based on the availability of mental
resources. A child’s ability to symbolically represent
concepts and relations will also affect whether and
how a child will use analogical reasoning (see De-
Loache et al., 1998).

Andlogical reasoning and relational shift. Re-
lated to how a child represents a problem are the
types of relations children identify and base their
reasoning on. For example, although the research of
Goswami and Brown (1990) indicates that young
children can use analogies based on relational simi-
larity, it does not mean that they do so easily, espe-
cially when they can form analogies based on
perceptual similarity. Dedre Gentner (1989) has ar-
gued that a relational shift occurs in the develop-
ment of analogical reasoning, in which young
children are more likely to focus on perceptual simi-
larity, whereas older children and adults focus more

on relational similarity in solving problems. (Com-
pare this with the “shift” between perceptual and
conceptual basis of classification discussed in Chap-
ter 7.) For example, infants and young children are
more influenced by the surface similarity of objects,
such as an object’s shape. Older children, on the
other hand, are more tuned to the underlying rela-
tion between sets of objects. For example, the better
performance of the preschool children in the
Holyoak (1984) study for the “magic staff” than the
“magic carpet” analogy was attributed to the greater
perceptual similarity between the magic staff and
the aluminum cane available to solve the “gumball”
problem, than between the magic carpet and the
sheet of paper (for other examples, see Daehler &
Chen, 1993; Pierce & Gholson, 1994), When there
is a conflict between object similarity and relational
similarity, young children’s ability to use relational
similarity is hindered (see Goswami, 1996).

Knowledge. One factor that affects whether chil-
dren will use relational similarity to solve an
analogical-reasoning problem is knowledge, or
familiarity. How familiar are children with the un-
derlying relations used to make the analogy? Re-
member, the function of analogical reasoning is to
use something you know to help you understand
something you don’t know. From this perspective,
analogical reasoning can only make sense if a child
is familiar with the base relation. You might get a
better understanding of the human nervous system,
for example, if you see it as analogous to electrical
circuits. But if you know nothing about electrical
circuits, it won't help you understand the nervous
system at all, no matter how well developed your
analogical reasoning abilities are. I think it is fair to
say that all major theorists acknowledge the impor-
tance of knowledge and familiarity on the develop-
ment of analogical reasoning, although they might
disagree on the exact role that knowledge plays in
such development (see DeLoache et al.,, 1998;
Goswami, 1996).
The role of familiarity is illustrated in a study by
Goswami (1995) that used a familiar children’s
story, Goldilocks and the Three Bears, as the basis for
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analogical reasoning. Goswami (1995) used the fa-
miliar story of the three bears (“The Daddy Bear has
all the big things, the Mummy Bear has all the
medium-sized things, and the Baby Bear has all the
tiny things”) to help children make transitive map-
pings. A transitive relation involves at least three
objects, such as the length of objects. If object A is
longer than object B, and object B is longer than
abject C, then object A must be longer than object
C (that is, A — B — C). Can young children use
the transitive relation on one dimension as a basis
for mapping transitive relations on another dimen-
sion? Or, stated somewhat differently, can children
map the transitive relation from one dimension (the
Daddy, Mummy, and Baby bear) to another (size, for
instance)?

In Goswami’s (1995) study, 3- and 4-year-old
children were asked to use the relation in the
Goldilocks story (Daddy Bear — Mummy Bear —
Baby Bear) to classify objects that differed in quan-
tity (a lot versus a medium amount versus a little
pizza, candy, or lemonade), or to rank order (three
levels) certain phenomena on the basis of loudness
{footsteps), pitch (of voices), temperature (of por-
ridge), saltiness {(of porridge), width (of beds), or
height (of mirrors). Four-year-olds generally per-
formed well on all these tasks, using the Three Bears
analogy to map onto other dimensions. Three-year-
olds did less well, although they performed above
chance levels on most tasks, indicating that they,
too, could use the familiar (perhaps less familiar to
them than to the 4-year-olds) story as a basis for
making analogical relations.

Metacognition. To what extent is explicit aware-
ness of the relations between entities on analogical
reasoning tasks important in solving problems? Can
children think analogically but be unable to articu-
late what they are doing? Might such knowledge be
implicit, and unavailable to consciousness? It cer-
tainly appears that the knowledge that the infants
in the Chen et al. (1997) study had was implicit.
These preverbal children’s metacognitive under-
standing of the problem and their solutions to them
was likely nonexistent. How important is metacog-

nitive knowledge for analogical reasoning during
childhood?

That analogical relations can be explicit to
young children was illustrated by the example of 4-
year-old Lucas discussed earlier, who generated an
analogical relation (albeit an incorrect one) for the
bird:nest :: dog: ? problem before seeing the alterna-
tives. Successful training of analogical reasoning is
often best accomplished when children receive ex-
plicit instruction about the rationale behind the
training (Brown & Kane, 1988; Chen & Daehler,
1993), much as has been found in the training of
memory strategies (see Chapter 8). This suggests,
not at all surprisingly, that knowing what one is do-
ing (that is, having metacognitive knowledge) facil-
itates analogical reasoning.

One set of studies relevant to metacognitive
knowledge was done by Brown, Kane, and their col-
leagues (Brown & Kane, 1988; Brown, Kane, &
Long, 1989), who assessed children’s learning to
learn on a series of analogical reasoning tasks.
Learning to learn refers to improvements in perfor-
mance on new tasks as a result of performance on
eatlier tasks, during which time children learn a
general rule or approach to problems. That is, par-
ticipants learn a general set of rules that they can
apply to new tasks, so that performance on later
tasks is enhanced relative to performance on earlier
tasks.

In Brown and Kane’s studies, preschool children
were given a series of problems similar to the “magic
carpet” story used by Holyoak and his colleagues
(1984). For example, some children were first given
the genie problem. If they did not solve it, they were
told about how rolling the “carpet” could be used to
transport the jewels. They were then given a similar
problem (the Easter Bunny needing to transport
eges by using a rolled up blanket), and then a third

(a farmer transporting cherries using a rolled-up
rug). Children receiving this series of problems, and
who were given the solution to a problem when
they failed, showed a large learning-to-learn effect.
For the “rolling” solution, 46% of the children used
analogical reasoning to solve the second problem,
and 98% of the children did so for the third task.
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This compares with a control group, who received
the three sets of “rolling” problems but who did not
receive the hints. They showed only 20% transfer
after the first problem and 39% after the second.
Does a learning-to-learn effect have to involve
metacognition! Not necessarily. But some of the
children’s comments suggested that their improved
performance on the later problems was the result of
their awareness of analogical reasoning strategies.
For example, one 4-year-old child in the Brown and
Kane (1988) study, after solving two “rolling” prob-
lems, commented at the beginning of the third prob-
lem: “And all you need to do is get this thing rolled
up! I betcha!” (p. 517). Brown and Kane (]988)
commented that children had developed a mind-set
to look for analogies, expecting to extract some gen-
eral rule to solve problems and to be able to use
knowledge they acquired in one context elsewhere.

Formal Reasoning

To this point, we have examined children’s informal
reasoning, or the type of reasoning children might
use in their everyday lives (even if the problems are
invented by a psychologist). Informal reasoning is
contrasted with formal reasoning. According to De-
Loache, Miller, and Pierroutsakos (1998), “In for-
mal reasoning, the form of an argument, not its
semantic content, is crucial. Logical, not empirical,
truth matter: The internal consistency of a set of
premises and the conclusion drawn from them is all
that counts, not whether or how they map onto the
real world” (p. 804). Why should such decontextu-
alized reasoning be of interest to developmental psy-
chologists, who are ostensibly concerned about
children’s intellectual development in the real
world? The answer is that formal-reasoning ability
has long been viewed as a hallmark of adult, and es-
pecially scientific, thinking. This is seen clearly in
Piaget’s account of adolescent thinking (Inhelder &
Piager, 1958). It is no accident that Piaget called
this final stage of cognitive development formal op-
erations (see Moshman, 1998).

Piaget proposed that not until 11 or 12 years of
age is formal reasoning first seen and that the think-
ing of adults (and older adolescents) corresponds to

a certain type of logical operation—specifically,
propositional logic. Propositional logic is a form of
symbolic logic that involves two or more factors
(conventionally, P and ), with each factor having
two possible values (for instance, true or false),
Take, for example, two coins, a penny and a dime.
Each coin has two and only two possible values,
heads and tails. In flipping these coins we have four
possible combinations: both the penny and the
dime are heads (P and Q); the penny is heads and
the dime is tails (P and not Q); the penny is tails
and the dime is heads (not P and QQ); and both the
penny and the dime are tails (not P and not Q).

These four alternatives can themselves be com-
bined, resulting in 16 outcomes that are referred to
as the 16 binary operations.! Piaget proposed that
these 16 binary operations correspond to mental
operations characteristic of formal operational
thought. One of these operations, implication, is
found frequently in human discourse and is ex-
pressed as “P implies Q.” This means that Q is true
if P is true, or P implies Q “if and only if no inter-
pretation makes [P] true and [Q] false” (Quine,
1972, p. 40). In everyday language, implication is
expressed in “if . . . then” statements. Tests of impli-
cation usually take the following form:

1. If there is a D, then there is a Q.
2. ThereisaP.
3. ThereisaQ.

Subjects are to determine the validity of the third
statement, which in this example is true. Con-
versely, there is the invalid form of implication, and
tests of this are usually expressed as follows:

1. If there is a P, then there is a Q.
2. Thereis no P
3. Thereisno Q.

In this case, the third statement is not necessarily
true, for although P implies Q, the initial premise
does not require that “not P implies not Q.” For ex-
ample, “If John passes calculus, then he will take his
girlfriend out to dinner.” Given this statement, the
gitlfriend can expect dinner if John passes calculus.
Should John fail, however, dinner is not necessarily
out of the question.

Reasoning

o

Based on observations from a variety of experi-
mental tasks and the verbal reports of their partici-
pants, Inhelder and Piaget concluded that concrete
operational children are unable to use the 16 binary
operations to solve problems, whereas formal opera-
tional thinkers can use each of the 16 operations as
the tasks demand.

A substantial amount of research has generally

supported Piaget’s view that formal, logical reason-
ing is not observed for most preadolescent children
(Markovits & Vachon, 1989; Overton et al., 1987).
But what about adults? Do we really think this way?
Apparently not, at least not most of the time. For
example, Paris (1973) assessed the ability of chil-
dren and adults to comprehend statements of propo-
sitional logic, including “if ... then” implication
statements. Paris reported that even 7-year-olds
could answer correctly valid implications, for in-
stance, “If there is a P, then there is a Q. There is a L.
There is a Q” (true or false?). However, both 7-year-
olds and adults performed pootly on the invalid im-
plications, for example, “If there is a P, then there is
a Q. There is no P. There is no Q" (true or false?).
That is, not only can concrete operational children
not solve invalid forms of implication, but neither
can college students. Rather, like children, adults
tend to interpret the reasonableness of the problem
(*John didn’t say anything about taking his girl-
friend out to dinner if he fails.)

Yet, as Paris (1973) demonstrated, even young
children can reason logically for some problems in
some situations. An interesting example of this is
provided in a study by Hawkins, Pea, Glick, and
Scribner (1984), who presented verbal syllogisms to
4. and 5-year-old children. Syllogisms are problems
that require deductive reasoning (a characteristic of
formal reasoning) and are of the form:

1. Socrates was a man.
2. All men are mortal.
3. Socrates was mortal.

On such problems, participants are to discern the
truth of the third statement given the first two.
Note that the truth value of the third statement is
based solely on the content of the first two, not on
the basis of what one knows to be true of the real

world. Piaget proposed that to solve syllogisms, the
conclusions drawn from the premises “must be held
to be true only by reason of the premises and quite
independently of the empirical truth of these
premises” (Piaget, 1969b, p. 32). Hawkins and his
colleagues presented preschool children with syllo-
gisms of three types: (1) fantasy, involving imagi-
nary characters of which the children had no
knowledge (for example, “Every banga is puiple”);
(2) congruent, in which the premises were consistent
with children’s world knowledge (for example,
“Bears have big teeth™); and (3) incongruent, in
which the premises were in contradiction to the
children’s knowledge (for example, “Glasses bounce
when they fall”). Here are examples of a fantasy,
congruent, and incongruent syllogism:

Fantasy Syllogism
Every banga is purple.
Purple animals sneeze at people.
Do bangas sneeze at people?

Congruent Syllogism
Bears have big teeth.
Animals with big teeth can’t read books.
Can bears read books?

Incongruent Syllogism
Glasses bounce when they fall.
Everything that bounces is made of rubbet.
Are glasses made of rubber?

The children were given eight problems of each
type, with some children being presented the set of
fantasy problems first and othets being presented the
fantasy problems second or third.

In keeping with Piaget’s observations, children
consistently failed the incongruent problems (13%
correct). They were not able to ignore what they
know about the world in answering these questions.
In other words, they were not able to think “for-
mally,” using only the form of the problem to gen-
erate an answer. Children’s performance was excel-
lent, however, for the congruent problems (94%).
But such performance does not require any reason-

ing at all. Children could have used their world
knowledge to answer the question (“Do bears read
books? Of course not!”). In fact, when children’s
justifications of their answers to the congruent
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problems were examined, most of them (81%) were
described as empirical, with reference being made to
their practical world knowledge. Very few of their
justifications were classified as theoretical (10%), in
which reference was made only to the information
presented in the problem.

But what about the fantasy questions? Here, per-
formance is independent of children’s past knowl-
edge. They posed questions about hypothetical
characters, requiring, it would seem, formal reason-
ing. Children’s performance on the fantasy problems
was very high, particularly when these problems
were presented first (94% correct). The percentage
of correct answers was lower on these problems
when the congruent or incongruent problems pre-
ceded them (66% correct). Furthermore, children’s
justifications on the fantasy problems were likely to
be classified as theoretical when the fantasy prob-
lems were presented first (58%), although nontheo-
retical explanations predominated when the fantasy
problems were presented later in the session (92%
nontheoretical explanations).

One interpretation of these findings is that 4-
and 5-year-old children possess rudiments for formal
reasoning. However, this study also reveals the ten-
uous nature of such reasoning in young children.
They consistently failed the incongruous problems.
When their real-world knowledge conflicted with
the form of the problem, they almost always went
with what they know (generally not a bad strategy
to follow). Yet when imaginary characters were
used, young children’s responses and their justifica-
tions were indicative of formal reasoning (see also
Markovits & Vachon, 1989). Nevertheless, children
were easily biased away from such deductions when
the fantasy problems were preceded by the congru-
ent or incongruent problems. Cbviously, formal rea-
soning is not well-established in young children and
is displayed only under optimal conditions (compare

with Fischer’s skill theory, discussed in Chapter 4).

Scientific Reasoning

Not all logical reasoning is decontextualized. Logic
comes in handy frequently in everyday life, espe-
cially if you happen to make your living being a
scientist. [ discussed scientific reasoning briefly in

Piaget’s model of formal operations (Chapter 4).
Scientific reasoning involves generating hypotheses
about how something in the world works and then
systematically testing those hypotheses. Basically,
one uses scientific reasoning by identifying the fac-
tors that can affect a particular phenomenon (the
rate at which a pendulum oscillates, as in the exam-
ple provided in the Piaget chapter, for instance),
and exhaustively varying one factor at a time while
holding the other factors constant. As you will re-
call, Piaget proposed that scientific reasoning is not
found until adolescence (Inhelder & Piaget, 1958).
Subsequent research has not always supported Pia-
get's theories, but it is generally agreed that scien-
tific reasoning is a late-developing ability that is not
easily demonstrated by many adults (Kuhn, Amsel,
& O'Loughlin, 1988). (Recall, however, that “the-
ory theory” accounts of development propose that
something akin to theory testing, and thus scientific
reasoning, characterizes even infants and young
children [Gopnik & Meltzoff, 1997].)

Let me provide an example from research by
Kuhn and her colleagues. Deanna Kuhn and her
colleagues (1988) presented hypothetical informa-
tion about the relation between certain foods and
the likelihood of catching colds to sixth- and ninth-
grade students and to adults of varying educational
backgrounds. Participants were first interviewed to
determine which foods they thought might be asso-
ciated with colds. Then, over several trials, they
were given a series of foods (for example, oranges,
baked potatoes, cereal, Coca-Cola), each associated
with an outcome (cold or no cold). Some foods were
always associated with getting a cold (baked pota-
toes, for instance), some were always associated with
not getting colds (cereal, for instance), and others
were independent of getting colds (that is, some-
times they were associated with getting colds, and
sometimes not). At least one outcome was consis-
tent with a participant’s initial opinion about the
“healthiness” of a food, and one inconsistent with it.

Scientific reasoning involves hypotheses, but
what is most crucial about the scientific method is
that it involves evidence. Maybe you have grown up
believing that eating chicken soup will make you
healthy, but science requires that evidence, when
available, be used to provide an answer Initial
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responses on these questions were usually based on
prior beliefs, but as more evidence accumulated,
most adults increased their decisions based on that
evidence. The adolescents, however, were much less
apt to consider evidence in their decisions, but in-
stead relied more frequently on extra-experimental
beliefs (for example, “The juice makes a difference
because my mother says orange juice is better for
you”). In fact, 30% of the sixth graders never made a
single spontaneous evidenced-based response. Yet,
when asked how they knew one food did or didn't
have an effect, most participants of all ages were able
to provide an evidenced-based answer, although
children were still less likely to do so than adults.
This indicates that reasoning from evidence is some-
thing that sixth graders can do, but that they choose
not to do spontaneously. It's also worth noting that
the adults did not fare perfectly on these problems
either. Only the most highly educared adults (phi-
losophy graduate students) consistently solved these
problems using the evidence that was presented.

Scientific reasoning can improve with practice.
Several researchers have given participants of vary-
ing ages sets of scientific problems to solve over re-
peated testing sessions (Kuhn etal,, 1995; Schauble,
1996). In these studies, participants’ performance
improved over sessions and generalized to different
scientific problems (for example, from determining
what factors affect the speed of a car to determine
what factors influence school achievement). How-
ever, although participants of all ages showed im-
provements Over sessions, preadolescent children
showed fewer gains than adults. Elementary school
children can be trained to use scientific reasoning
with explicit instruction, but transfer of such tr‘ained
strategies is limited to older preadolescent children
only (Chen & Klahr, in press).

Why do children, adolescents, and many adults
perform so pootly on scientific reasoning proble.ms?
Kuhn and her colleagues (1988) argued that scien-
tific reasoning involves thinking about theories
rather than just working with them. In other words,
scientific reasoning requires a high level of metacog-
nition. Scientific reasoning requires integrating the-
ories (or hypotheses) with data (or evidence).
When the two agree, there is little problem. Prob-
lems occur when hypotheses and evidence are in

conflict. Kuhn (1989) has speculated that children
(and many adults) take one of two extreme ap-
proaches to theory-data conflicts: Theory-bound chil-
dren distort the data to fit the theory, whereas
data-bound children focus not on the global theory to
explain their results but, rather, on isolated patterns
of results (to avoid conflict with the theory).

Although poor metacognition might he the over-

arching reason for peoples’ difficulties with scientific
reasoning, it is nat the only one. Children and ado-
lescents often do not conduct effective experiments;
they frequently fail to vary one factor systematically,
or they come to a decision before all possible factors
have been tested. Children, and to a lesser extent
adults, have a positive-results bias. They put more
weight on results that produce good outcomes (for
example, good academic performance, good health)
than on results that yield negative outcomes (see
DeLoache et al., 1998). Adolescents’ preexisting be-
liefs also strongly influence their scientific reasoning.
Outcomes that are consistent with their prior beliefs
are quickly and uncritically accepted, whereas evi-
dence counter to their beliefs are regarded more crit-
ically (Klaczynski, 1997; Klaczynski & Narasimham,
1998). )

In general, the “big” picture of scientific reason-
ing painted by Inhelder and Piaget (1958) more
than 40 years ago has not been drastically changed.
Scientific reasoning is rarely found in children.
What the new research indicates, however, is that
scientific reasoning is only occasionally found in
adolescents and adults without specific training.
Given these findings, it makes good sense for
univessity-level psychology students to have a course
in research methods, where the logic of experimen-
tal design is made explicit. College students are
clearly capable of such thinking, but we should not
be surprised that it does not come spontaneously or
easily to them.

Reasoning- Remembering Relationships

Most reasoning tasks are examples of “higher-orde:r”
cognition, in that they involve more Fhan the basic-
level processes of encoding, categorizing, and short-
term memory. Yet, these basic-level processes clearly
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influence a child’s ability to perform reasoning prob-
lems. That is, like other forms of complex thinking,
reasoning is supported by a host of lower-level forms
of cognition.
One basic-level process that has been proposed

Fo be involved in most, if not all forms of reasoning
is memory. Children need to remember the premises
of a problem to solve it. One popular explanation
for young children’s poor reasoning abilities is that
they forget the premises on which their reasoning
%s based. This has been illustrated for transitive-
inference problems. Transitive inference is the pro-
cess of inferring the relation between two concepts
or objects from a knowledge of their relation to
other concepts or objects. For instance, in a series of
sticks arranged in increasing length (for example, A,
B, C, D, and E), there is an implicit knowledge that
any given stick is both larger than the one immedi-

ately preceding it (for example, C — B) and smaller
than the one immediately following it (for example,

C « D). However, children do not necessarily
know the relation between two items that have not
been specifically compared. For example, if D is

longer than C, and C is longer than B, what is the
relation between B and D? Although it is obvious to
adults, it is not always apparent to children.

Tom Trabasso and his colleagues argued that it is
not young children’s lack of reasoning ability, per se
that prevents them from solving transitive inference
problems but, rather, their poor memories. They for-
get the premises (C — B; C < D; and so on.), mak-
ing it difficult if not impossible for them to come up
with the right answer. To support their position,
Bryant and Trabasso (1971) showed that young chil-
dren can solve transitive-inference problems when
given extensive training on all the premises. Sticks
of different colors were used, and children were pre-
sented with successive pairs of sticks and asked to
judge which was the longer (for example, A or B; B
ot C; Cor D; Dor E). The children were later tested
for their retention of the premises (for example
their memory that the red stick A was longer Lhan’
the yellow stick B). The children were then asked to
make judgments concerning pairs of sticks that had
not been presented together before (in our example
they might be asked which is longer: the yellov\;

stick B or the blue stick D). Counter to the findings
of Piaget and others, children as young as 4 years in
these experiments were able to answer the critical
transitive-inference question correctly, indicating
that young children have the competence to solve
such problems but that limitations of memory pre-
vent them from displaying this competence under
some circumstances.

Such results seem clear-cut and appear to reflect

a significant relationship between reasoning and re-
membering. However, research by Brainerd and
Kingma (1984) demonstrated that the relationship
is more apparent than real. They modified the stan-
dard transitive-inference paradigm, inserting occa-
sional memory probes for adjacent relations (for
example, “Which is longer, A or B"). In a series of
experiments, they found that memory for the
premises was independent of reasoning petfor-
mance. In other words, one was not able to predict
reasoning performance based on memory for the
premises.

Reyna and Brainerd have investigated more
thoroughly the relation between reasoning and
memory and have interpreted these relations in
terms of fuzzy-trace theory (Reyna, 1992; Reyna &
Brainerd, 1995; see Chapter 5). As you may recall
from our earlier discussion of fuzzy-trace theory
people of all ages have a bias toward reasoning usiné
the more readily available and inexact fuzzy (gist)
traces. Thus, when a reasoning task can be accom-
plished with fuzzy traces, performance can progress
without the child’s remembering the specifics of the
background information (that is, without using ver-
batim information). Verbatim information deterio-
rates more rapidly than gist information, so that it
should not be surprising that children forget the de-
tails (that is, the specific premises) but still retain
enough of the fuzzy traces from the representation
to solve the problem. Younger children will fail the
transi‘tive-inference task (and others) not because
they forget the premise, but because of faulty reason-
ing. In addition, young children’s greater tendency
to encode and reason with verbatim traces provides
them with another handicap. Such traces are more

prone to being forgotten and are more difficult
(mentally effortful) to use in solving many reasoning
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problems. Older children will solve the transitive-
inference problem because of their efficient process-
ing of fuzzy traces (that is, proper reasoning with
gistlike traces), independent of whether they re-
member the verbatim information or not.

In other situations, fuzzy-trace theory predicts
that there will be a significant relationship between
memory for background facts and reasoning. For ex-
ample, in mental arithmetic problems, correct an-
swers can only be obtained by processing verbatim
information. If children forget the premise (for ex-
ample, 8 + 9 = ?), they cannot rely on fuzzy traces to
arrive at the correct answer. In these cases, depen-
dencies between memory and reasoning are indeed
found (Brainerd & Reyna, 1988).

Although different reasoning requires different
types of information, Reyna and Brainerd propose
that most everyday reasoning involves primarily gist
traces, often supported by verbatim sources, such
as dictionaries, reference books, and lists (Reyna,

1992). For example, as | write this section, 1 rely on
my gistkike understanding of fuzzy-trace theory, fre-
quently checking one of Brainerd and Reyna's many
papers on the topic to confirm my interpretation
and to obtain the details of experiments. Thus, al-
though I could not write this section on fuzzy-trace
theory without substantial verbatim information,
my decisions about how to organize the section,
what, in general, to include, and what to emphasize
are based on the gistlike traces I have established
from reading papers on fuzzy-trace theory and dis-
cussions I've had with colleagues and students on
the topic over the last several years.

Summary

Problem solving involves having a goal, obstacles to
that goal, strategies for overcoming the obstacles,
and an evaluation of the results. Infants have shown
signs of true goal-directed behavior and problem solv-
ing in the latter part of the first year. Problem solv-
ing improves over the preschool years and is
influenced by how much knowledge the problem
solver has about the task to be solved or the context
in which the task is embedded.

Some forms of problem solving involve the dis-

covery or induction of rules. Rules for simple oddity
problems can be learned by preverbal toddlers, espe-
cially when accompanied by language instructions.
In the rule-assessment approach, cognitive develop-
ment is characterized by the acquisition of increas-
ingly powerful rules for solving problems. Although
the rule-assessment approach describes reasonably
well the development of many tasks (for example,
balance-scale problem, conservation), children typ-
ically use a variety of strategies for any particu-
lar problem, as exemplified by Siegler’s adaptive
strategy-choice model. Zelazo and his colleagues
have focused on children’s developing ability to fol-
low rules and report that young children often fail
to use a rule even though they can demonstrate
knowledge of the rule. This is especially apparent
when the rules governing a task change (for exam-
ple, from sorting cards by color to sorting cards by
shape). Cognitive complexity and control (CCC) the-
ory proposes that there are age-related changes in
the complexity of rule systems that children can
represent and that developmental differences in
conscious awareness give children increased control
over their behavior and cognition.

Planning is an important aspect of problem solv-
ing, but is a relatively late-developing phenomenon.
Some reasons for young children’s frequent failure to
plan include poor inhibition abilities, a bias toward
speed over accuracy, planning is difficult and time
consuming and does not always improve task perfor-
mance, and that it may be more fun to solve novel
problems without planning. Planning improves over
the preschool years, and most 5-year-olds display
planning for simple tasks.

Reasoning is a special type of problem solving that
requires that one make an inference. Analogical rea-
soning involves relational mapping— the application
of what one knows about one set of elements to re-
lations about different elements. The relational pri-
macy hypothesis proposes that analogical reasoning is
available early in infancy. Although there is some
evidence for this, preschool children have difficulty

with more traditional analogy problems, although
they are able to solve them in some situations. Sim-
ilarity (perceptual and relational) between different
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aspects of a problem plays an important role in solv-
ing analogies. There appears to be a relational shift in
the development of analogical reasoning, in which
young children are more likely to focus on percep-
tual similarity, whereas older children and adults fo-
cus more on relational similarity in solving
problems. Other factors that influence children’s
success at analogical reasoning are knowledge for
the relations on which the analogy is based, and
metacognition, or a conscious awareness of the basis
on which one is solving a problem.

In formal reasoning the form of an argument, not
its semantic content, is crucial. Piaget proposed that
formal reasoning is the hallmark of adult cognition
and was reflected by adolescents’ and adults’ use of
propositional logic, a form of symbolic logic that in-
volves two or more factors (conventionally, P and
Q), with each factor having two possible values (for
instance, true or false). Counter to Piaget’s theory,
propositional logic is frequently not shown by
adults. Other forms of formal reasoning, such as syl-
logisms, can be demonstrated by preschool children
under certain situations when statements in a prab-
lem do not contradict their world knowledge.

Scientific reasoning involves generating hypothe-
ses about how something in the world works and
then systematically testing those hypotheses. Scien-
tific reasoning is also a late-developing ability, in
part because of the metacognitive difficulty in-
volved in reasoning about theories.

Reasoning and memory for the premises of a
problem have been proposed to be related. How-
ever, in many cases, depending on the nature of the
problem, they are not. Reyna and Brainerd applied-
fuzzy-trace theory to reasoning-remembering rela-
tions to account for the inconsistent pattern found
in the research literature.

Note

1. The sixteen binary operations of propositional logic
following Inhelder and Piaget (1958) are: (1) Affir-
mation: All combinations are possible, for example,
PandQ, P and not Q, not P and Q, and not P and
not Q are all possible; (2) Negation: No combina-
tions are possible; (3) Conjunction: P is true and Q is

true; (4) Incompatibility: P is never true if Q is true,
and vice versa; (5) Disjunction: P is true or ( is true
(or both are true); (6) Conjunctive Negation: P

is false and {Q is false; (7) Implication: P implies (3
(8) Nonimplication: P does not imply Q; (9) Recip-
rocal Implication: Q implies P; (10) Negation of
Reciprocal Implication: (Q does not imply P; (11)
Equivalence: The effect of P is equal to the effect of
Q; (12) Reciprocal Equivalence: The effect of P is
not equal to the effect of Q; (13) Affirmation of P: P
is true independent of Q; (14) Negation of P: P is
false independent of Q; (15) Affirmation of Q: Q is
true independent of P; (16) Negation of Q: Q is false
independent of P.
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