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Cognitive Load, Schema Acquisition, and Procedural Adaptation
in Nonisomorphic Analogical Transfer

Karen A. Pierce, Melissa K. Duncan, Barry Gholson, Glen E. Ray, and Alan G. Kamhi

Cognitive load theory was explored in three conditions among 96 3rd graders in nonisomorphic
transfer. In one condition, both goal attainment and problem-space exploration were emphasized
on each acquisition trial. In a 2nd condition, problem-space exploration was emphasized, whereas
goal attainment was not. In a 3rd condition, goal attainment was emphasized, but the problem
space was explored only until an error occurred on each trial. All children solved 2 analogues of
the missionaries/cannibals problem and transferred to an analogue of the jealous husbands
problem. Children in the 2nd condition made fewer errors and required less time than the other
groups on the st move in transfer, which is taken to reflect the quality of the base attained during
acquisition. On later moves, children in Conditions 1 and 2 outperformed those in Condition 3.
Thus, children in the first two conditions were better able to adjust the base to the target.

The application of existing knowledge to new but related
problems has been a topic of continuing interest to psychol-
ogists throughout the 20th century. Historically, this kind of
application, called analogical transfer, has been studied un-
der a variety of labels. The theoretical frameworks have
ranged from Titchener’s (1910) to Piaget’s (e.g., Inhelder &
Piaget, 1958) structuralism and from functionalism (e.g.,
Thorndike, 1923; Thorndike & Woodworth, 1901) and be-
haviorism (e.g., Cantor, 1965; Hull, 1939; Spence, 1937) to
Gestalt psychology (Duncker, 1945; Luchins, 1942; Sobel,
1939), in addition to some that resist easy classification
(e.g., Judd, 1908; Spearman, 1923). In the context of mod-
ern cognitive psychology, most recent work on analogical
transfer, including that reported below, has involved prob-
lem solving (Burstein, 1986; Carbonell, 1986; Holyoak,
1984; Holyoak & Thagard, 1989; Reed, 1987; Reed, Demp-
ster, & Ettinger, 1985; Reed, Ernst, & Banerji, 1974; Ross,
1984, 1987, 1989), with an emphasis on the transfer of
knowledge organized structurally into frames or schemas
(Brown, Kane, & Echols, 1986; Gentner, 1983, 1989; Ghol-
son, Morgan, Dattel, & Pierce, 1990; Gick & Holyoak,
1980, 1983; Sweller, 1988, 1989).

To provide a context for the present research, we begin by
describing the component processes required for successful
transfer between isomorphic problems, that is, transfer be-
tween problems with identical goal structures, constraints,
and problem spaces (Gholson, Eymard, Morgan, & Kambhi,
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1987). First, the solution to the original problem, or base,
must be learned and represented in terms of its generalizable
structural relations (Brown et al.,, 1986; Gentner, 1983;
Holyoak, 1984) rather than in terms of specific surface
details, such as object attributes. Second, the correspon-
dence between the known solution (base) and the new prob-
lem (target) must be noticed (Ross, 1984, 1987). Third, the
base must be retrieved in terms of its relational structure
(Gentner, 1983; Reed, 1987). Finally, the same relations that
hold among objects in the base are applied to objects in the
target. This mapping process has the effect of placing the
objects in the base and target in one-to-one correspondence,
as a result of the roles they play in a common relational
structure (Gentner, 1989, p. 201; see also, Holyoak &
Thagard, 1989; Palmer, 1989).

If, however, the target problem is not isomorphic to the
base (i.e., is nonisomorphic), then the four processes de-
scribed in the preceding paragraph do not provide a com-
plete account of what is necessary for successful analogical
transfer. In general, when a given base is applied to a non-
isomorphic target problem, the initial mapping is, by defi-
nition, incomplete. That is, when there is not a one-to-one
correspondence between structural features of the base and
the target, a complete mapping is not possible. Additional
processes, which Novick (1988) dubbed “procedural adap-
tation” (p. 511) are required to bring a nonisomorphic base
and target into correspondence. That is, one replaces any
operators in the original base that would lead to illegal
problem states, or that would fail to produce progress to-
ward the goal, with new operators that are adapted to the
demands of the target.

Ideally, when procedural adaptation is required, both the
base and the target problems are represented correctly, in
terms of their structural features, at the outset. One then
notes the differences and modifies the procedures in the
base (see Carbonell, 1986, pp. 144-145), making whatever
changes are needed to yield a one-to-one mapping between
the (now modified) base and target. In practice, however,
other possibilities might also be expected to occur, at least
in complex problem-solving tasks (Gholson, Dattel, Mor-
gan, & Eymard, 1989). One might, for example, recognize
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at the outset that a one-to-one mapping is not possible but
be unable to produce the modifications necessary to bring
procedures in the base into correspondence with the target.
Any further attempts at procedural adaptation would then be
expected to take place while the problem-solving activities
themselves are being carried out. Initial difficulties in map-
ping the base to the target would be expected to result
primarily in an increase in the time required on the first
move and/or the error rate on that move. Later difficulties in
carrying out procedural adaptation during the course of
problem solving would be expected to increase the time or
error rate on later moves, although at present there is no
principled way of predicting the specific move or moves on
which this should occur.

When subjects exhibit successful analogical transfer be-
tween a nonisomorphic base and target, then one may rea-
sonably assume that several conditions have been met: First,
the (partial) correspondence between the base and target
was noticed. Second, a high-quality base was available and
was retrieved. Third, the base was mapped to the target.
Fourth, some procedures in the base were modified to bring
them into one-to-one correspondence with the target. When
subjects fail to exhibit successful transfer, however, it is not
always clear which component process or processes failed
(e.g., Brown, 1989; Brown et al., 1986; Gholson et al., 1990;
Gick & Holyoak, 1980, 1983; Novick, 1988; Reed, 1987;
Reed et al., 1974, 1985; Ross, 1984, 1987; Simon & Reed,
1976).

In a fairly typical series of experiments, Reed et al. (1974)
studied both isomorphic and nonisomorphic transfer in stan-
dard versions of the missionaries/cannibals (MC) and jeal-
ous husbands (Jh) scheduling problems, each requiring a
minimum of 11 moves for solution. In each problem, six
characters, three of each of two types, must cross a barrier
in a vehicle that can contain no more than two characters
and must contain at least one character on each crossing. In
MC the cannibals (Cs) may never outnumber the mission-
aries (Ms) on either side of the barrier. In Jh no wife (W)
may be in the presence of any man unless her husband (H)
is also present. Because there is no way to distinguish any
one M (or C) from another, there are only four distinct
11-move solution paths in MC. However, the Hs (and Ws)
are nonequivalent in Jh, and thus this task yields 486 distinct
11-move solution paths. If Ws are substituted for Cs and
Hs are substituted for Ms, however, each of the latter solu-
tion paths will map directly onto one of the four paths
in MC, resulting in a many-to-one (or homomorphic)
mapping.

The young adults studied by Reed et al. (1974) failed to
show nonisomorphic transfer. Even in isomorphic transfer,
these subjects failed to show improvement in terms of the
total number of moves to solution, although there was some
reduction in the total time required and in the number of
illegal problem states exhibited. In related work involving
isomorphic transfer between MC problems, Simon and
Reed (1976) also obtained disappointing results (see also
Greeno, 1974; Reed & Johnsen, 1977). In fact, failure to
obtain successful transfer has not been an uncommon find-
ing in research on analogical reasoning in a variety of prob-

lem domains (e.g., Gholson, Eymard, Long, Morgan, &
Leeming, 1988; Gick & Holyoak, 1980, 1983; Guberman &
Greenfield, 1991; Novick, 1988; Reed, 1987; Reed et al.,
1985; Rogoff & Gardner, 1984; Ross, 1984, 1987).

In attempting to address the many instances of (analogi-
cal) transfer failure, Sweller (1988, 1989) suggested that the
findings frequently result from events that transpire prior to
transfer, That is, because of conditions that prevail during
original learning, the base that is acquired—and eventually
transferred to the target problem—is of poor quality. Sup-
port for this claim is derived from what Sweller (1988,
1989) called “cognitive load” theory, which says that “some
forms of problem solving interfere with learning” (Sweller,
1988, p. 257), as do some instructional formats {Sweller,
Chandler, Tierney, & Cooper, 1990). According to cognitive
load theory, conventional problem solving, which empha-
sizes goal attainment, leads subjects to use means/ends anal-
ysis. Because the means/ends analysis involves working
backward from the goal, it overloads processing capacity,
leaving few resources for schema acquisition (i.e., for learn-
ing). Means/ends analysis is resource demanding because,
when working backward from the goal, subjects (a) split
their attention between the current state and the goal state to
determine what the differences are, while (b) simuita-
neously searching among the available move operators in an
attempt to select one that will reduce this discrepancy on
their next move. Thus, the relationship between consecutive
problem states and required operators is of secondary con-
cern. However, according to cognitive load theory, the kind
of learning that maximizes schema acquisition requires di-
rect exploration of the problem space and the move opera-
tors for the problem solver to see what moves are possible.
That is, efficient schema acquisition necessitates attention to
the relationship between classes of problem states and
operators.

Thus, an implication of cognitive load theory (Sweller,
1988, 1989) is that an increased emphasis on goal attain-
ment during original learning should actually decrease
schema acquisition, thereby significantly reducing the qual-
ity of transfer. This is because the greater the emphasis on
goal attainment, the higher is the likelihood that problem
solvers will engage in means/ends analysis; that is, they will
work backward from the goal. Working backward has two
interrelated outcomes that may inhibit schema acquisition.
First, as indicated in the previous paragraph, means/ends
analysis involves a variety of cognitive activities that are
resource demanding. Second, because these activities ab-
sorb cognitive capacities, few resources are available for
schema acquisition (Sweller, 1988, 1989).

In the present research, we used three instructional for-
mats, designed to manipulate the amount of problem-space
exploration and the emphasis on goal attainment, to study
nonisomorphic analogical transfer in somewhat simplified
(7-move) versions of MC and Jh problems that are appro-
priate for use with elementary school children (Gholson et
al., 1989, 1990). In MC there are three Ms and two Cs. In
Jh two Ws are paired with their respective Hs, and a third
woman is included whose location is unconstrained. With
the exception of the unpaired, third woman in Jh, the prob-
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lem constraints are the same as those in the MC and Jh
problems used by Reed et al. (1974). That is, Cs may never
outnumber Ms on either side of a barrier in MC, and in Jh
neither W may be in the presence of any man unless her own
H is present. The goal is to get all five characters across a
barrier in a vehicle that can carry at most two and must carry
at least one individual on each crossing. In acquisition, the
children were presented with the MC problem, which as
may be seen in Figure 1, includes only nine different
7-move solution paths in its problem space. All children
transferred to the Jh problem, which has a much larger
problem space, with 238 identifiable 7-move solution paths.
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The subjects were 96 third graders, of which 32 were assigned
to each of the three instructional conditions. However, the data of
2 children were lost due to equipment failure, so only 94 were
included in the analyses reported below. There were 31 children in
two of the conditions and 32 in the third. Approximately equal
proportions of boys and girls and of Black and White children were
assigned to each group. Each child was tested individually in a
single session lasting about 30 min, and a video recorder that
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Figure 1. The nine 7-move solution paths in the problem space of the missionaries/cannibals
problem, represented as connected nodes; the problem cannot be solved in fewer than 7 moves. (The
M:s and Cs represent missionaries and cannibals, respectively. The line bisecting each oval represents
the barrier, and the arrowheads point to the location of the vehicle at that node. From “Problem
solving, recall, and mapping relations in isomorphic transfer and nonisomorphic transfer among
preschoolers and elementary-school children” by B. Gholson, A. R. Dattel, D. Morgan, and L. A.
Eymard, 1989, Child Development, 60, p. 1174. Copyright 1989 by the Society for Research in Child

Development, Inc. Adapted by permission.)
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displayed time accurate to decaseconds was used to record each
child’s entire session.

Design and Instructional Procedure

During base acquisition, the children in all three instructional
conditions solved each of two consecutive analogues of the MC
problem. The analogues, which involved cartoon-type characters
(e.g., see Appendix), were called “ewoks and pilots” and “dread-
nocks and GI's.” The ewoks and dreadnocks played the roles of
cannibals in their respective problems. Haif of the children in each
instructional condition received the ewoks and pilots analogue
first, and for the other half, the order was reversed. Two parts
composed the acquisition criterion. The children in each condition
received their first analogue on repeated trials until they exhibited
an error-free, 7-move solution (see the nine paths in Figure 1). The
second analogue was then presented on repeated trials until a
7-move error-free solution was attained. Problem constraints were
described to the children in all three instructional conditions at the
outset of each trial (see Appendix). Because the acquisition crite-
rion was the same in all conditions, we interpret any differences
obtained in transfer as reflecting the learning that resulted from the
different instructional procedures.

As indicated in the preceding paragraph, problem constraints
were described to all subjects at the outset of each trial. Immedi-
ately after the constraints were described, half of the children in
each instructional condition were presented with physical materi-
als representing the problem (e.g., two ewoks, three pilots, river,
boat, air base) and asked to show how to get everyone across the
barrier safely. The remaining half of the children in each instruc-
tional condition were given an explicit solution to the problem
before they were asked to solve it. That is, on each trial, after the
constraint information was presented, these children were read a
list of seven story units describing a series of moves that, if
followed correctly, would lead to problem solution in 7 (error-free)
moves. The series of moves corresponded to the first solution path
in Figure 1, the path on the far left side.’ We hypothesized that
providing solution information in this way during base acquisition
might interfere with transfer. The rationale for this prediction was
that if the children attempted to maintain the seven story units in
memory during problem solving, the memory demands might ab-
sorb processing capacity and interfere with schema acquisition.
However, because there was no hint of any effect in transfer (see
Results and Discussion section), and because the prediction was
not derived from cognitive load theory, we did not consider it
further.? Immediately after the list of moves was read, the physical
materials, which were placed behind a screen when not in use,
were produced and the child was asked to show how to get ev-
eryone across the barrier safely.

Correct and continue. In one acquisition condition, dubbed
correct and continue (C&C) in this study, any time the children
made an error, either by moving objects into an illegal problem
state or by making an illegal move (e.g., moving three or more
characters simultaneously), the experimenter stopped the
problem-solving activity, explained the constraint violation in the
context of the problem configuration in which it occurred, moved
the object or objects to the locations they occupied before the
error occurred, and requested a new move. To proceed from any
one problem state to the next, the children were required to
exhibit a legal move that resulted in a legal problem state. A
given trial was terminated only when all five characters were in
the goal state, and trials of this type continued until the acquisi-
tion criterion was attained. Thus, this procedure was designed
to facilitate problem-space exploration and to emphasize goal
attainment.

Although the children were required to exhibit a constraint-
consistent move at each problem state on each trial, according to
cognitive-load theory schema acquisition should be incomplete.
This is because the theory predicts that, as a result of the empha-
sis on goal attainment, the children should be very likely to en-
gage in resource-demanding meansfends analysis. That is, the
children were expected to divide their attentional resources
among the current state, the goal state, the difference between the
two, and a search among available operators for one that reduces
the discrepancy. In ideal schema acquisition, however, the focus
of attention is on the associative relationship between each cur-
rent state and the required move operator.

Explore. In a second condition, called explore (EXP), there
was much less emphasis on goal attainment. The children were,
of course, told the problem constraints at the outset of each trial,
but they were otherwise permitted unconstrained exploration of
the problem space. That is, the children were permitted to move
characters in any manner they chose until all five were in the
goal state. If one or more errors occurred during any given trial,
then after all five characters were in the goal state, the first error
was corrected. To correct the error, the experimenter first recon-
structed the problem configuration that contained the constraint
violation and then explained why it was an error. No other errors
were corrected on that trial. Trials of this type continued until the
acquisition criterion was met on each of the two consecutive an-
alogues. Thus, EXP and C&C were similar in that problem-space
exploration continued until all five characters were in the goal
state on each precriterion trial. The two conditions differed, how-
ever, with respect to emphasis on goal attainment. Goal attain-
ment was emphasized in C&C by requiring the children to make
a legal move at each problem state, with errors immediately cor-
rected. In EXP, however, goal attainment was not emphasized be-
cause all moves were accepted, including errors. According to
cognitive load theory, because goal attainment was emphasized in
C&C but not in EXP, children in the EXP condition should ac-
quire a schema of higher quality, thereby exhibiting more suc-
cessful analogical transfer than children in C&C.2

Trial terminate. In a third condition called trial terminate
(TT), the children were permitted to proceed through the problem
space only until an error occurred. That is, when the children
made an error, it was immediately explained in the context of the
problem configuration in which the violation occurred, but all
five characters were then removed and a new trial was begun.
Thus, in both EXP and TT, only the first error was corrected, but
in TT the trial was terminated when the error occurred, whereas

! The children were not required to exhibit any particular path on
criterion trials; that is, any of the nine 7-move (error-free) solutions
was accepted (see Figure 1) on each analogue.

2 An alternative possibility was that transfer might be impaired
if the children attained the acquisition criterion in fewer trials and
thus had less opportunity to practice and explore problem states.
The children for whom solution information was provided during
acquisition did learn faster on the first analogue (see Results and
Discussion section), but there was no effect on the second ana-
logue, and in transfer there was no hint of any main effect or
interaction involving this variable.

* 1t could be argued that because children in the different con-
ditions explored the problem space in different ways during ac-
quisition, they were actually exploring somewhat different prob-
lem spaces. This may be correct, but the same would hold in much
of the research on problem solving that is designed to compare the
effects of different acquisition conditions (e.g., Kotovsky & Fall-
side, 1989; Kotovsky, Hayes, & Simon, 1985; Reed, 1987).
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in EXP the children continued to explore the problem space until
all five characters were in the goal state on each precriterion tri-
al. According to cognitive load theory, children in the TT condi-
tion were at a double disadvantage in comparison with those in
EXP. First, goal attainment was emphasized in TT—as it was in
C&C—which should promote the use of means/ends analysis.
Second, children in the TT condition were not permitted to ex-
plore the problem space on precriterion trials, so they lacked fa-
miliarity with the various problem states and move operators.
This familiarity is an important component of transfer (Novick,
1988; Sweller, 1988, 1989). Therefore, any differences between
C&C and TT might, at least in part, reflect the importance of
problem-space familiarity.

Transfer.  After the children met the acquisition criterion, by
exhibiting a 7-move {error-free) solution on each of the two con-
secutive MC analogues, the transfer problem was introduced,
with no break in procedure. The transfer problem was a Jh ana-
logue that, like the MC analogues used in acquisition, included
five cartoon-type characters. It was called “robots and wrestlers.”
The robots played the roles of husbands. The two robot/wrestler
pairs were each color coded; one pair was green and the other
was blue. A third wrestler, whose location was unconstrained,
was red.

When the transfer problem was presented, the children were
told that the new problem was a little different and the Jh prob-
lem constraints were described. The physical materials were then
produced, and the children were asked to show how to get every-
one across the barrier safely. In transfer, all children received
feedback according to the C&C procedure. That is, when an error
occurred, the experimenter immediately stopped the child, ex-
plained the error, returned the character or characters to the loca-
tions they occupied before the error, and requested a new move.

Results and Discussion

We performed several sets of analyses on the acquisition
and transfer data. The acquisition analyses included the
number of trials to criterion and an evaluation of the amount
of time required for each move on the two criterion trials.
The transfer analyses included the total number of moves,
the number of moves required to advance from each prob-
lem state to the next, and the amount of time expended at
each problem state. The analogue (first vs. second) pre-
sented in acquisition was treated as a within-subject vari-
able, as were data on individual moves within each problem
in both acquisition and transfer. We adopted a .05 alpha
level as a significance criterion, and contrasts examining
main effects were conducted with Fisher’s least significant
difference (LSD) test. We explored interactions using sim-
ple main effect procedures, along with Scheffé contrasts.

Acquisition Data

Trials to criterion. The number of trials to criterion
was submitted to a 3 (instructional condition: C&C vs.
EXP vs. TT) X 2 (solution information: present vs. absent)
X 2 (analogue: first vs. second) analysis of variance. There
were significant effects of instructional condition, F(2, 88)
= 3.25, MS. = 2.12; analogue, F(1, 88) = 63.26, MS, =
2.04; and solution information, F(1, 88) = 5.36, along
with a Solution Information X Analogue interaction, F(1,
88) = 6.98. Scheffé contrasts revealed that the interaction

reflected a significant difference in favor of the presence
of solution information on the first analogue (2.67 vs. 3.67
trials to criterion) but nearly identical scores on the second
(1.50 vs. 1.54).

Further analyses revealed that the main effect of instruc-
tional condition reflected a significant difference in favor
of C&C, as compared with TT (3.94 vs. 5.19 total trials to
criterion, respectively). Performance in the EXP condition
was intermediate (4.90) and did not differ from either
C&C or TT. Most of the difference between the three in-
structional conditions occurred on the first analogue, on
which the range was 2.52 in C&C to 3.58 in EXP (for TT,
the value was 3.38); in contrast, the range on the second
analogue was only 1.32 in EXP to 1.81 in TT, with an in-
termediate value of 1.42 in C&C. The Instructional Condi-
tion X Analogue interaction did not reach significance,
F(2,88) =299, p = .055.

Criterion trials. The amount of time expended on each
of the 7 moves on the two criterion trials in acquisition
was submitted to a 3 (instructional condition: C&C vs.
EXP vs. TT) X 2 (solution information: present vs. absent)
X 2 (analogue: first vs. second) X 7 (moves on each crite-
rion trial) analysis of variance. Main effects of analogue,
F(1, 88) = 7.16, MS. = 52.17, and move, F(6, 528) =
29.40, MS. = 32.88, were significant. The children aver-
aged 7.7 s per move on their first analogue and 6.6 s per
move on their second. There were also significant interac-
tions between instructional condition and move, F(12, 528)
= 1.78, and between solution information and move, F(6,
528) = 3.85. Move data depicting the interactions with
training condition and solution information are presented
in the upper and lower portions of Table 1, respectively.

Further Scheffé analyses revealed that the effect of train-
ing condition was significant only at move number three,
on which the children in TT required significantly more
time than those in C&C. Although this difference was not
predicted, and we have no ready explanation for it, the ex-
tra time required by the children in the TT condition may
have resulted from their lack of experience with the prob-
lem space. Because trials were terminated when errors oc-
curred, children in the TT condition were permitted little
opportunity to explore the problem space on precriterion
trials, that is, they had little opportunity to become familiar

Table 1

Mean Amount of Time (in Seconds) Required for Each
Move on Criterion Trials During Acquisition, as a
Function of Instructional Condition and Solution
Information Condition

Move
Condition 1 2 3 4 5 6 7

Instructional condition

Explore 114 65 79 60 57 47 38

Correct and continue 100 65 74 62 83 55 44

Trial terminate 11.5 75 112 79 779 50 4.1
Solution information

Absent 119 59 97 59 63 49 40

Present 10,1 78 79 76 82 52 43




COGNITIVE LOAD AND NONISOMORPHIC TRANSFER 71

with the various problem states and move operators before
the trial on which they solved each acquisition problem.*

In TT, Moves 1 and 3 both required significantly more
time than 3 of the remaining 5 moves. In C&C Move 1
was elevated in relation to Move 7, and in EXP the 1st
move required significantly more time than 4 others. In
general, the last 2 moves took place very fast, always
faster than any other move. Scheffé contrasts comparing
individual moves at each level of solution information
(lower portion of Table 1) failed to reveal any differences
between the two conditions on any move.

The pattern of data in each row of Table 1 involves pairs
of long and short moves followed by a fast final move.
Kotovsky and Fallside (1989) and Kotovsky et al. (1985)
obtained an identical pattern of findings in their work with
three-disk versions of the Tower of Hanoi problem. They
concluded that problem solving is a two-phase process. An
initial phase, which corresponds to our precriterion trials,
involves problem exploration. During this phase subjects
learn enough about the problem to be able to plan pairs of
moves. A subsequent phase, which Kotovsky and col-
leagues call the “final path,” results in solution because the
subjects plan move sequences that are within their process-
ing limitations. The subjects in their study, like the sub-
jects in our study, exhibited goal-subgoal pairs of moves,
followed by a quick final move. That is, subjects learn in
the initial phase, through practice in move making, how
“to automate or compile the process of planning short (two
move) sequences of moves before they ... [can] plan
ahead,” which is “a precursor of the final path behavior”
(Kotovsky & Fallside, 1989, p. 105).

Transfer Data

Findings from both move and time data in transfer are
presented in terms of seven nodes, or locations on solution
paths, which are dubbed node units (see Figure 1). A node
unit is defined as a unit containing everything that occurs
from the time the individual cartoon-type characters are
located at node n in the problem space until they are located
at node n + 1. The correct move, along with errors that
resulted in illegal problem states and any other moves that
failed to yield progress toward the goal state, are included in
each node unit. Stated more precisely, both the correct move
and any move that failed to produce a transformation from
node n to node n + 1 are included in the node unit desig-
nated by node n. Only the time the children actually spent
pondering their moves and carrying them out was included
in the time data. That is, once an error was made, the clock
Sfunctionally stopped while the experimenter explained the
error and moved the character or characters to the locations
they previously occupied. When the characters were in
place, a new move was requested, and the clock began
running again.

The move and time data were both submitted to 3 (in-
structional condition: C&C vs. EXP vs. TT) X 2 (solution
information: present vs. absent) X 7 (number of node units)
analyses of variance. In the move data, main effects of
instructional condition, F(2, 88) = 3.44, MS. = 0.96, and

Table 2
Mean Number of Moves Required in Each Node Unit
During Transfer for Each Instructional Condition

Node unit (move)

Instructional condition 1 2 3 4 5 6 7

148 142 126 1.03 142 119 1.00
252 116 126 1.00 1.71 123 100
231 116 150 1.00 234 122 1.00

Explore
Correct and continue
Trial terminate

node unit, F(6, 528) = 18.39, MS, = .90, were significant,
as was the Instructional Condition X Node Unit interaction,
F(12, 528) = 2.63. In terms of total number of moves in
transfer, Fisher contrasts revealed that the children in EXP
required significantly fewer moves (M = 8.81) than those in
the other two instructional conditions and that children in
C&C averaged significantly fewer moves (M = 9.87) than
those in TT (M = 10.53).

A similar 3 X 2 X 7 analysis of variance performed on the
time data revealed main effects of instructional condition,
F(2, 88) = 3.95, MS, = 798.33, and node unit, F(6, 528) =
19.27, MS. = 630.12, but the interaction between instruc-
tional condition and node unit did not reach significance,
F(12, 528) = 1.62, p < .10. The children in EXP required
a mean of 81.9 s to complete their transfer problem, those in
C&C required 116.9 s, and those in TT required 135.7 s.
Fisher contrasts indicated that only TT and EXP differed
significantly in terms of total amount of time in transfer. The
move and time data for each node unit and instructional
condition are presented in Tables 2 and 3, respectively.

Further Scheffé analyses performed on the data in Tables
2 and 3 revealed that on the first node unit, the children in
EXP required significantly fewer moves and less time than
did those in either the C&C or TT condition, and the latter
two did not differ from each other. Thus, when goal attain-
ment was not emphasized, children were better prepared
initially to map their base schemas to the nonisomorphic
target problem than were children in the other two condi-
tions. We interpret this finding to reflect schema quality, that
is, the schemas acquired by children in EXP were of higher
quality than those obtained under conditions that empha-
sized goal attainment.®

4 The children in the TT condition actually averaged about 2.5
moves prior to an error on precriterion trials, so there was some
limited exploration of the problem states and move operators.

5 An anonymous reviewer suggested that children in EXP had
more practice than those in C&C during acquisition and that more
practice would be expected to lead to a speedup of performance
that would be most noticeable on the first move. We have two
responses to this suggestion. First, the claim about acquisition may
not be accurate. In analysis of the number of trials to criterion,
there was a significant main effect of acquisition condition, but in
the contrast, C&C differed significantly only from TT whereas
EXP was intermediate and did not differ from either C&C or TT.
Second, we obtained one very clear finding indicating that amount
of practice during acquisition did not have any effect on transfer.
The children who received solution information did meet the ac-
quisition criterion in significantly fewer trials than those who did
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Table 3

Mean Amount of Time (in Seconds) Required in
Each Node Unit During Transfer for Each
Instructional Condition

Node unit (move)

Instructional condition 1 2 3 4 5 6 7

Explore 234 111 121 72 119 126 3.6
Correct and continue 443 13,1 129 7.7 227 12.1 40
Trial terminate 451 12.1 179 7.0 356 13.8 43

The importance of familiarity with the various problem
states and move operators, which resulted from exploring
the problem space on precriterion trials, was demonstrated
in subsequent Scheffé analyses. On the fifth node unit,
children in the TT condition required significantly more
moves than did those in both EXP and C&C and required
more time than children in EXP. Thus, the children in EXP
and C&C were more readily able to modify procedures in
their base schemas to bring them into correspondence with
the nonisomorphic target than were children in TT. Thus,
increased familiarity with the problem space—the problem
states and move operators—during precriterion trials, pro-
motes procedural adaptation during nonisomorphic analog-
ical transfer.5

Summary and Conclusion

According to cognitive load theory (Sweller, 1988, 1989),
two important determinants of analogical transfer are the
amount of emphasis on goal attainment and the amount of
problem-space exploration. Sweller (1988, 1989) claimed
that there is an inverse relationship between the extent to
which goal attainment is emphasized and the quality of the
schema that is attained during problem solving. The theory
also says that there is a direct relationship between success-
ful transfer and familiarity with problem states and move
operators that results from problem-space exploration. Thus,
cognitive load theory predicts that (relatively) free explora-
tion of the problem space, with little emphasis on goal
attainment (as in EXP), should produce a higher quality
base schema than constrained exploration that emphasizes
goal attainment (as in both TT and C&C). This prediction
was confirmed in the present study. Furthermore, because
the theory says that transfer is enhanced by familiarity with
problem states and move operators, it predicts that when
goal attainment is emphasized, exploring the complete prob-
lem space on precriterion trials (C&C) should produce bet-
ter transfer than minimal exploration (as in TT). This pre-
diction was also substantiated by the data.

not receive it. Both the main effect and the interaction with ana-
logue were significant. Thus if amount of practice during acqui-
sition affected transfer, as was suggested, the children who did not
receive solution information would be expected to perform better
in transfer than those who did. However, there was no hint of any
effect involving solution information in the transfer data.

The overall pattern of findings in the transfer data sug-
gests that the quality of the base schema mapped to the
target and the processes involved in procedural adaptation
may be relatively independent of each other. The difference
in favor of EXP, as compared with the other two conditions
on the first move, indicates that the effect of decreased
emphasis on goal attainment occurs primarily, if not en-
tirely, on the initial mapping process (Tables 2 and 3). The
initial mapping process is interpreted to reflect the quality of
the base schema that is transferred. The difference in favor
of both C&C and EXP, as compared with TT on the fifth
move, indicates that problem-space exploration has its ef-
fect primarily, if not entirely, on procedural adaptation. The
enhanced nonisomorphic transfer that results from greater
familiarity with the problem space is attributable to the ease
with which procedures in the base schema are adjusted to
bring them into correspondence with a target. Thus, when
nonisomorphic analogical transfer is an objective, children
should be encouraged to thoroughly explore the various
problem states and move operators during base acquisition.

® Whether similar results would be obtained in semantically rich
domains has yet to be addressed. Thus far, cognitive load theory
has been applied in the domain of mathematics, which is, like the
domain of scheduling problems, semantically impoverished.
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Appendix

Setting/Constraint Information for an Analogue
of the Missionaries/Cannibals Problem

Ewoks/Pilots

Setting/constraint information: Two brown ewoks and three grey pilots were on one side of a river they
needed to cross to get to an air base. They had a small boat, but it would only carry two people at a time.
They all knew that there could never be more brown ewoks than grey pilots on either side of the river,
because if there were, then the ewoks would hurt the pilots. What they had to figure out was how to get the
three grey pilots and the two brown ewoks across the river to the base safely, without any of the pilots
getting hurt.
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