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Generalizing Solution Procedures Learned From Examples 

Richard Cat rambone  
Georgia Institute of Technology 

Three experiments tested the hypothesis that when learners are led to group steps from example 
solutions, they will be more likely to learn subgoals that can be transferred to novel problems, 
thereby improving problem solving. The results from each experiment suggest that a label serves as 
a cue for grouping by demonstrating that a relatively meaningless label in an example solution is as 
effective as a meaningful label in helping learners transfer to novel problems. Experiments 2 and 3 
provide converging evidence for subgoal learning by demonstrating that participants studying 
example solutions with a label were more likely to segment the solution as a function of the label, to 
mention the corresponding subgoal in their self-explanations while studying the examples, and to 
mention the subgoal in their descriptions of how to solve problems after they studied the examples. 

A good deal of research has examined the transfer success 
people have after studying training materials such as those 
containing step-by-step instructions (Kieras & Bovair, 1984; 
Smith & Goodman, 1984), examples (e.g., Ross, 1987, 1989), 
or both (Fong, Krantz, & Nisbett, 1986). Although there have 
been some exceptions (e.g., Fong et al., 1986; Zhu & Simon, 
1987), the usual finding from such research is that people can 
carry out new procedures or solve new problems that are quite 
similar to those on which they were trained, but have difficulty 
when the novel eases involve more than minor changes from 
what they had previously studied. 

This transfer difficulty seems to stem from a tendency by 
many learners to form representations of a solution procedure 
that consist of a linear series of steps rather than a more 
structured hierarchy. An advantage of a hierarchical organiza- 
tion is that it can provide guidance for adapting the procedure 
for novel eases. One potentially useful hierarchical organiza- 
tion for a solution procedure would be a set of goals and 
subgoals with methods for achieving them (e.g., Anzai & 
Simon, 1979; Card, Moran, & Newell, 1983; Catrambone & 
Holyoak, 1990; Newell & Simon, 1972; Singley & Anderson, 
1989). For instance, Brown, Kane, and Eehols (1986) found 
that children demonstrated better spontaneous transfer to 
novel problems if they had focused (either on their own or 
through an experimental intervention) on the goal structure of 
the base analog. 

Problems within a domain typically share the same set of 
subgoais, although the steps for achieving the subgoals might 
vary from problem to problem. For example, physics mechan- 
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ics problems typically share the subgoals of identifying all 
"systems" in the problem and identifying all forces acting on 
the object of interest regardless of whether the problems 
involve objects on inclined planes or blocks suspended over 
pulleys (Heller & Reif, 1984). 

How Subgoals Aid Transfer to Novel Problems 

A particular subgoal will have a set of steps, or method, 
associated with it, and if the learner discovers that those steps 
cannot be used to achieve that subgoal on a particular 
problem, he or she will have a reduced search space to 
consider when trying to adapt the method. That is, the learner 
knows on which steps to focus for changing the procedure. 
Conversely, a learner who has learned a solution procedure 
consisting of a single goal with a long series of steps will be less 
likely to determine successfully which steps need to be modi- 
fied to solve the problem because the search space of possible 
modifications will be larger. In a more extreme case, if a 
particular subgoal needs to be achieved in a very different way 
than was demonstrated in the example (i.e., new steps are 
required rather than a modification of old steps), the learner 
possessing a representation with subgoals will have some 
guidance about what prior knowledge might be relevant to 
achieving the subgoal. The learner who memorized only a 
series of steps will be less likely to know what knowledge he or 
she possesses might be useful. Thus, a person representing a 
solution procedure in terms of subgoals and steps for achieving 
the subgoals has a more flexible procedure than a person 
representing the procedure as a single long series of steps. 

Subgoal  Lea rn ing  

The notion of a subgoal is sometimes applied to a construct 
generated by a learner when he or she reaches an impasse 
during problem solving (e.g., Newell, 1990, Chap 4; VanLehn, 
1988) and is sometimes used to refer to a feature of a task 
structure that can be taught to a learner (e.g., Catrambone & 
Holyoak, 1990; Dixon, 1987). Both views converge on the 
prediction that learning subgoals can help one transfer more 
successfully to novel problems. However, although many 
models of transfer posit the existence of subgoals, they rarely 
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explain how they are learned or formed. Anzai and Simon 
(1979) offered an account of subgoal learning in the context of 
a person learning to solve the Tower of Hanoi problem. They 
recorded the moves and verbal protocol of the learner as she 
solved the problem multiple times. They observed that over 
trials the learner appeared to form goals and subgoals in her 
representation of the procedure for solving the problem. 

A key component in Anzai and Simon's (1979) model for 
subgoal formation is the presence of a perceptual system that 
allows the learner to observe various external features of the 
problem situation. In the case of the Tower of Hanoi problem, 
one feature might be a particular disk being located next to a 
smaller disk. If one notices such a feature, then he or she is in a 
better position to chunk the procedural steps associated with 
(i.e., leading to) that feature. In Anzai and Simon's model this 
aids subgoal formation because a subgoal is formed when a 
learner is working towards a certain goal (perhaps derived 
from task instructions) and notices that a set of steps places 
him or her in a situation (the subgoal) to be able to carry out 
additional steps that ultimately achieve the goal. 

However, in learning tasks that are less obviously perceptu- 
ally oriented, such as learning to solve word problems in 
probability, physics, or algebra, simple perceptual features are 
less likely to play a key role in subgoal formation. Rather, other 
cues in worked examples will play a larger role. These cues may 
take the form of text and diagrams in the problem that direct 
the learner to relevant aspects of the problem and relevant 
prior knowledge (cf. Ward & Sweller, 1990). The cues also can 
direct the learner to group a set of steps in the example 
solution and thus, to increase his or her chances of recognizing 
that a particular outcome is the result of the execution of those 
steps. One such cue that could encourage grouping, and thus 
subgoal learning, is a label. 

A label is hypothesized to serve as a cue to the learner that 
the labeled steps form a unit. It is further hypothesized that 
one consequence of recognizing the steps as a unit is that 
learners will be more likely to attempt to self-explain the 
purpose of that group of steps. One predicted result of this 
self-explanation is the formation of a subgoal to represent that 
purpose. This subgoal can be used by the learner to help him or 
her solve novel problems. These hypotheses are tested in the 
three experiments presented here. 

Learning Subgoals From Examples 

This study examined learners acquiring subgoals by studying 
examples rather than through direct instruction of those 
subgoals. There were two primary reasons for this approach. 
First, people typically prefer to study and use worked ex- 
amples, or problems they have previously solved, when attempt- 
ing to solve new problems (e.g., LeFevre & Dixon, 1986; Pirolli 
& Anderson, 1985) despite the fact that they are frequently 
misled by surface features of the examples and problems (e.g., 
Ross, 1987, 1989). 

Second, there is evidence that students, at least good 
students, can derive knowledge from examples that they did 
not or could not acquire from explanatory text, even if the text 
was formally complete. Chi, Bassok, Lewis, Reimann, and 
Glaser (1989) found that after studying a text on mechanics, 

good and poor students (as defined by a subsequent problem- 
solving test) seemed to possess similar declarative knowledge. 
However, after studying worked examples, good students were 
more likely to acquire knowledge about, among other things, 
the conditions of application of actions or operators, the 
consequences of these actions, and the relationship of the 
actions to goals. Chi et al. suggested that this additional 
problem-solving or procedural knowledge was the result of a 
self-explanation process. Good students were far more likely 
than poor students to produce self-explanations leading to the 
acquisition of this knowledge. One reason good students were 
more likely to do this is that they could better recognize the 
locations in examples that contained unexplicated actions. In 
the framework of the present study, they were better at 
determining the subgoals being achieved by those actions. 

From an educational point of view, there are two responses 
to the findings of Chi et al. (1989). One is to find ways to help 
poor students improve their self-explanation skills so that they 
can derive more from examples. The second, and the one 
chosen here, is to find ways to improve examples to help all 
learners derive useful information, such as subgoals, from 
examples. 

Overview of  Exper iments  

In the materials used in this study, the ultimate goal of each 
problem is to calculate a probability. The solution procedure 
for achieving this goal involves a number of steps, a subset of 
which constitutes a sequence of multiplication and addition 
operations that can be grouped under the subgoal "find the 
total frequency of the event." 

Consider the "no label" solution to the probability example 
in Appendix A involving the Poisson distributionJ A learner 
could study this example and memorize the steps for solving a 
problem that involves the same set of steps even if the new 
problem involves farmers and tractors instead of lawyers and 
briefcases. After studying the no label solution, the learner's 
knowledge for the part of the solution procedure that involves 
finding h, the average, might be represented as the following: 

Goal: Find k 
Method: 

1. Multiply each category (e.g., owning exactly zero brief- 
cases, owning exactly one briefcase, etc.) by its observed 
frequency. 

2. Sum the results. 
3. Divide the sum by the total number of lawyers to obtain 

the average number of briefcases per lawyer. 

This representation would serve the learner well for prob- 
lems that involve calculating the average in the same way as the 
example. However, this representation fails to capture the fact 

1 The Poisson distribution is often used to approximate binomial 
probabilities for events occurring with some small probability. The 
Poisson equation is 

[(e-~)(~O] 
P ( X  = x )  x !  ' 

where k is the average (the expected value) of the random variable X. 
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that the first line of the no label solution in Appendix A also 
involves calculating a total frequency. Finding the total fre- 
quency is a subgoal that might be achieved in a variety of ways 
depending on the givens in the problem. A novel problem that 
requires finding total frequency in a different way than in the 
example might cause problems for the learner with the above 
representation. For instance, consider the first problem in 
Appendix B. In this problem the total frequency is calculated 
by adding a set of simple frequencies. This is a less complex 
method than was used in the example, but the learner might 
not be able to construct it because the subgoal for finding the 
total frequency, and an instance of a method for achieving it, 
were never isolated. If the learner had formed the following 
representation, then his or her chance of solving the first 
problem in Appendix B might be better because this represen- 
tation identifies the subgoal of finding the total and the steps 
involved in achieving that subgoal: 

Goal: Find k 
Method: 

1. Goal: Find total number of briefcases 
Method: 

a. Multiply each category by its observed frequency. 
b. Sum the results to obtain the total number of 

briefcases. 
2. Divide the total number of briefcases by the total number 

of lawyers to obtain the average number of briefcases per 
lawyer. 

Catrambone (1995) found that learners studying the mean- 
ingful label solution in Appendix A to the example were more 
likely than no label learners (who studied the no label solution 
in Appendix A) to find the total frequency as measured by 
their success at solving problems such as the first one in 
Appendix B. This was taken as initial evidence that the former 
group had learned the subgoal to find the total frequency. 

The account proposed in Catrambone (1995) for why the 
label group was more likely than the no label group to learn the 
subgoai to find the total frequency could be summarized as 
follows: 

1. A label leads learners to group a set of steps (such as the 
steps for finding the total frequency). 

2. After grouping the steps, learners are likely to try to 
self-explain why those steps go together. 

3. The result of the self-explanation process is the formation 
of the goal that represents the purpose of that set of steps. 

Although most learners can presumably engage in a self- 
explanation process with varying degrees of success, good 
students seem better at determining the appropriate bound- 
aries between meaningful groups of steps in a solution proce- 
dure (Chi et al., 1989). The use of a label in examples may 
serve as a cue to the boundaries (cf. Ausubel, 1968). Thus, 
label participants in Catrambone (1995) were helped, presum- 
ably, to focus on the steps that formed a coherent unit (finding 
a total), whereas the no label participants were not. 

Although the results of Catrambone (1995) were consistent 
with the above account, they did not constitute a strong test of 
the account. That is, it is possible that part of the transfer 
advantage enjoyed by the label group could have been due to 
the fact that the label itself provided information beyond 
serving as a cue to group a set of steps. That is, the label 
indicated that the total number of briefcases was being found. 

Thus, instead of the label leading learners to group a set of 
steps and inducing a self-explanation process, it may simply 
have provided them with this fact: Finding the total number of 
things is something that one does when solving Poisson 
problems. 

One way to tease apart these possible explanations is to 
provide learners with labels that contain no explicit informa- 
tion about the domain and examine whether transfer perfor- 
mance is as good as transfer performance by learners who 
study examples with more meaningful labels. This is the 
general approach taken in the experiments in the present 
study. 

Experiment I explored the possibility that a label has to have 
some meaning in order for the learner to learn a subgoal, as 
opposed to a simply serving as a cue for the learner who then 
uses background knowledge to construct the subgoal. Experi- 
ment 2 sought converging evidence for subgoal learning by 
examining students' descriptions of bow to solve problems 
after they had studied examples. Finally, Experiment 3 used a 
talk-aloud methodology to test more directly the hypothesis 
that a cue such as a label leads a learner to group a set of steps 
and that this learner will be more likely to self-explain the 
purpose of those steps. 

E x p e r i m e n t  1 

Experiment 1 examined the role of label meaningfulness in 
subgoal learning. In this experiment all participants studied 
examples demonstrating the weighted average method for 
finding k (see Appendix A for an example). The no label 
solution in Appendix A demonstrates the solution seen by the 
no label group for one of the examples. The meaningful label 
and less meaningful label groups' examples (see Appendix A) 
labeled the steps for finding the total frequency rather than 
merging them with the overall set of steps for finding the 
average. 

The presence of a label was not hypothesized to improve 
learners' ability to memorize the solution procedure, because 
they were allowed to work at their own pace. Thus, the no label 
group was predicted to be as successful as the label groups at 
solving test problems that were isomorphic to the training 
examples. Subgoal learning was assessed by how successfully 
participants found the average on test problems such as those 
in Appendix B. If learners receiving examples with labels solve 
novel problems more successfully than the no label group, this 
would be consistent with the hypothesis that the presence of a 
label, rather than its meaningfulness, is sufficient to induce 
subgoal learning (assuming the learner has the necessary math 
background to recognize that the grouped steps calculated a 
total). If the meaningful label group outperforms the less 
meaningful Label group, this would suggest that the meaning- 
fulness of the label affects the likelihood of forming a domain- 
relevant subgoal or aids transfer in some other way. 

Method 

Participants. Participants were 100 students recruited from an 
introductory psychology class at the Georgia Institute of Technology 
who received course credit for their participation. None of the 



GENERALIZING SOLUTION PROCEDURES 1023 

students had taken a probability course prior to participating in the 
experiment. 

Materials and procedure. All participants initially studied a cover 
sheet that briefly described the Poisson distribution and how it could 
be used as a replacement for more cumbersome techniques for 
calculating probabilities involving events that could be categorized as 
successes and failures. The Poisson equation was presented along with 
a simplified notion of a random variable. 

Participants were randomly assigned to one of three groups. The 
meaningful label group (n = 34) studied three examples demonstrat- 
ing the weighted average method for finding h, in which the steps for 
finding the total frequency were given a label that was assumed to have 
meaning for the participants and made mathematical sense given the 
steps that preceded it (see the meaningful label solution in Appendix 
A for an example). The less meaningful label group (n = 34) studied 
examples in which the steps for finding the total frequency were 
labeled with ll, which was assumed to have little meaning for the 
participants in the context of the examples (see the less meaningful 
label solution in Appendix A). The no label group (n = 32) studied 
examples in which the steps for finding the total frequency were not 
labeled (see the no label solution in Appendix A). 

After studying the examples, participants solved six test problems. 
The first two required the use of the weighted average method for 
finding h (isomorphic to the example in Appendix A). These problems 
were given first so that participants would be able to immediately see 
that the prior examples were relevant for solving the test problems. 
The third and fourth problems provided the total frequency directly; 
thus, the average could be found by simply dividing the given total 
frequency by the total number of trials. These problems were the 
second problem in Appendix B and another problem isomorphic to it. 
The fifth and sixth problems involved adding simple frequencies to find 
the total frequency (see the first problem in Appendix B for one of the 
problems). Participants were told not to look back at the examples 
when solving the test problems. 

Participants' written solutions were scored for whether they found 
the average (h) correctly. 

Design. The independent variable was type of example solution 
studied (meaningful label, less meaningful label, no label); thus, there 
were three groups in the experiment. The dependent measure was 
performance on the six test problems. 

Results 

Participants were given a score of 1 for a given problem if 
they found the average correctly and a score of 0 otherwise. 
The scores for the two problems that were isomorphic to the 
training examples, Problems 1 and 2, were summed, thus 
creating a score from 0 to 2 for performance on those 
problems. Similarly, the scores for Problems 3 and 4 were 
summed, thus creating a score from 0 to 2 for performance on 
novel problems in which the total frequency was provided 
directly. Finally, the scores for Problems 5 and 6 were summed, 
thus creating a score from 0 to 2 for performance on novel 
problems in which the total frequency had to be found by 
adding simple frequencies. 

As expected, all groups did quite well at finding the average 
on test problems that were isomorphs to the training examples 
(Problems 1 and 2). All participants except two, one in the less 
meaningful label group and one in the no label group, solved 
both isomorphs correctly. 

There were significant differences among the three groups 
with respect to finding the average in the novel test problems in 
which the total frequency was provided directly, F(2, 97) = 

5.73,p = .004, MSE = 3.96, with means of 1.65, 1.44, and 0.97 
for the meaningful label, less meaningful label, and no label 
groups, respectively. The most typical mistake that students 
made on these problems was to write in the solution area that 
not enough information was given to solve the problem. 
Shaffer (1986) sequential Bonferroni pairwise comparisons 
(familywise et = .05) indicated that both label groups outper- 
formed the no label group (both ps < .05). No reliable 
performance difference was found between the two label 
groups (p  = .28). 

There were also significant differences among the three 
groups with respect to finding the average in the novel test 
problems in which the total frequency had to be found by 
summing simple frequencies, F(2, 97) = 10.39, p = .0001, 
MSE -- 5.36, with means of 1.79, 1.53, and 1.00 for the 
meaningful label, less meaningful label, and no label groups, 
respectively. Pairwise comparisons indicated that both label 
groups outperformed the no label group (both ps < .05). A 
marginal performance difference was found between the two 
label groups (p = .09). 

Discussion 

The transfer performance of the three training groups 
reveals that the presence of a label facilitated performance on 
novel problems. These results are consistent with the hypoth- 
esis that a label helps learners form a subgoal for the labeled 
steps. Even a relatively meaningless label appeared to promote 
subgoal learning, presumably because it served as a cue to 
learners to retrieve information from long-term memory in 
order to explain why a set of steps belonged together. 

If the less meaningful label group had not outperformed the 
no label group, this would suggest that a label might not serve 
as a grouping cue merely by its presence. If a reliable transfer 
difference had been found between the meaningful label and 
the less meaningful label groups, even if the less meaningful 
label group had outperformed the no label group, this would 
imply that the semantics of the label may affect subgoal 
formation. Although the meaningful label group had a mar- 
ginal advantage over the less meaningful label group for one 
set of novel problems, the fact that the label groups did not 
reliably differ on the other set (and do not differ in the 
following experiments) suggests that at least under some 
circumstances (e.g., sufficient background knowledge of the 
learner), the presence of a label is sufficient to induce grouping 
and subsequent subgoal learning. 

It is proposed that a label aids transfer because it leads 
learners to group a set of steps and then to self-explain why the 
steps go together. The result of this self-explanation process is 
the subgoal. The results from Experiment 1, although demon- 
strating the relationship between labels and improved transfer, 
did not directly test the hypothesized links. Experiments 2 and 
3 began a more direct exploration of the links among labeling, 
grouping, self-explanation, and subgoal formation. 

Exper imen t  2 

Experiment 2 examined the hypothetical connections among 
labeling, grouping, and subgoal formation, and continued the 
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examination of  the relationship between labeling and transfer 
performance,  through the use of  three tasks. The  first task was 
a segmenting task in which participants circled the steps in a 
worked example that they believed went together.  It was 
hypothesized that participants whose examples provided a 
label for the set of  steps for finding the total frequency would 
be more likely to circle those steps as a unit, that is, to group 
those steps, compared to the no label participants who might 
be more likely to circle the entire set of  steps for finding the 
average as a unit. 

The  second task required participants to provide a descrip- 
tion of  how to solve problems in the domain. It was hypoth- 
esized that if a person learns a subgoal, such as the subgoal to 
find a total, then he or she would be more likely to mention it in 
a description than would a learner  who did not  learn that 
subgoal. That  is, the description would be more hierarchically 
organized compared to one that simply listed steps. It is 
possible that the segmenting task could affect performance on 
the description task by leading participants to pay more 
attention to the steps than they might otherwise. However,  a 
prior study (Catrambone,  1995) found a relationship between 
a similar labeling manipulation and description performance 
without the intervening segmenting task. 

The  third task was to solve the same problems as in 
Experiment  1. 

In summary, participants'  segmenting performance,  descrip- 
tions, and transfer performance were used as converging 
measures of  subgoal learning. 

Method 

Participants. Participants were 150 students recruited from intro- 
ductory psychology classes at the Georgia Institute of Technology who 
received course credit for their participation. None of the students had 
taken a probability course prior to participating in the experiment. 

Materials and procedure. Participants studied the same cover sheet 
as in Experiment I and were randomly assigned to one of three groups. 
The meaningful label (n = 50) and less meaningful label (n = 50) 
groups studied the same three examples as the corresponding groups 
in Experiment 1 (in which the steps for finding the total frequency 
were explicitly labeled), whereas the no label group (n = 50) studied 
the same examples used by the no label group in Experiment 1. 

The solutions studied by the label groups were modified from 
solutions in Experiment 1 so that the steps for finding the total 
frequency were on the same line as the rest of the steps for finding the 
average (see Appendix C for an example), thus making the solutions 
more visually similar to those studied by the no label group. There 
were two reasons for the modification. The first was to reduce the 
chance that any segmenting and transfer differences could be due to 
factors other than labeling. The second was to guard against the 
possibility that participants in the label groups would circle a series of 
steps simply because they were on their own line. 

Accompanying the third example were instructions asking partici- 
pants to circle steps in the solution that they felt formed a unit. The 
actual instructions were as follows: 

In the solution presented below, please circle the groups of steps 
that you feel go together. For instance, suppose you were 
following a recipe for cooking something. Perhaps the first three 
steps of the recipe involved putting various ingredients into a bowl 
and the fourth step involved stirring the ingredients with a spoon 
and the fifth step involved using a blender to finishing the mixing. 
You might draw a circle around the first three steps because they 

involve "adding ingredients" and you might draw a circle around 
the the fourth and fifth steps because they involve "blending the 
ingredients." 

After performing the segmenting task, participants were asked to 
describe how to solve problems in the domain. The instructions were 
as follows: 

Suppose you were going to teach someone how to solve Poisson 
distribution problems of the types you have just studied. Please 
describe the procedure or procedures you would give someone to 
solve these problems. Please be as complete as possible. 

After writing their descriptions, participants solved the same six test 
problems used in Experiment 1. Participants were told not to look back 
at the examples when writing their descriptions or solving the test 
problems. 

Participants' segmenting performance was scored for whether they 
circled the steps for finding the total frequency as a unit. Participants' 
explanations of how to solve problems in the domain were scored for 
two features: an explicit mention of trying to find the total and an 
explicit mention of trying to find an average. Participants' written 
solutions to the test problems were scored for whether they found the 
average correctly. 

Two raters independently scored the descriptions and agreed on 
scoring 94% of the time. Disagreements were resolved by discussion. 

Design. The independent variable was type of example solutions 
studied (meaningful label, less meaningful label, no label); thus, there 
were three groups in the experiment. The dependent measures were 
segmenting performance, descriptions for how to solve the problems, 
and transfer performance on the six test problems. 

Results 

Segmenting. I predicted that if the label manipulation 
made learners more likely to group a set of steps, then the label 
groups should tend to circle the steps (in the third example) for 
finding total frequency as a single unit more often than no label 
participants. As predicted, the label groups circled the steps 
for finding total frequency as a single unit more frequently 
than the no label group, ×2(2, N = 150) = 10.81,p = .004 (see 
Table 1). 

Descriptions of how to solve problems. Because it was 
hypothesized that the label groups would be more likely than 
the no label group to learn the subgoal of  finding a total, the 
label groups should be more likely to mention the idea of  
finding a total in their descriptions of  how to solve Poisson 
problems. The  less meaningful label group might mention the 

Table 1 
Segmenting and Descriptions as a Function 
of Group (Experiment 2) 

Group 

Meaningful Less meaningful 
label label No label 

Task (n = 50) (n -- 50) (n = 50) 

Percentage circling 
total frequency 68 64 38 

Percentage mentioning 
finding 

h/Average 46 60 66 
Total/~ 56 60 26 
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notion of finding"II" rather than finding the "total number" of 
things if there is some tendency by learners to repeat the 
wording from examples. All groups were expected to mention 
finding the average (or k) equally often, because this subgoal 
was labeled in the examples for all conditions. 

As expected, there was no significant difference among the 
groups in the frequency of mentioning the subgoal of finding 
the average, ×2(2, N = 150) = 4.31,p = .12 (see Table 1). 

The frequency with which participants mentioned the sub- 
goal of finding a total was analyzed in the following way. 
Participants in the less meaningful label condition who men- 
tioned the notion of finding l) and also explicitly called this 
value a total were counted in Table 1 as having mentioned a 
total rather than IL Participants in the less meaningful label 
condition were the only ones to mention l). This makes sense 
given that this term is arbitrary and did not appear in the 
solutions seen by the other two groups. However, a frequency 
analysis measuring the association between condition and 
whether a participant mentioned the notion of finding a total, 
l), or neither, would be inflated because two of the groups 
would have zero frequency for mentioning l). Thus,'partici- 
pants in the less meaningful label condition who mentioned l), 
but did not also refer to it as a total (n = 12), were placed in the 
same category as those who explicitly mentioned a total. 

On the basis of the scheme just described, all participants 
were categorized into one of two groups: those mentioning a 
total (and/or l)) versus those mentioning neither. There was a 
significant difference among the groups in the frequency of 
mentioning total/l), ×2(2, N = 150) -- 13.85,p = .001. 

Transfer. As in Experiment 1, the label groups were pre- 
dicted to be more likely to find the average successfully on 
novel test problems because these problems involved new ways 
of finding the total frequency. All groups were predicted to 
find the average correctly in the isomorphic test problems 
because the same sets of steps used in the examples could be 
applied to those problems. 

Test problems were scored as in Experiment 1. All partici- 
pants except two in the meaningful label group and one in the 
less meaningful label group solved both isomorphic problems 
correctly. 

As predicted, there were significant differences among the 
three groups with respect to finding the average in the novel 
test problems in which the total frequency was provided 
directly, F(2, 147) = 6.66,p -- .002, MSE = 5.79, with means of 
1.52, 1.40, and 0.88 for the meaningful label, less meaningful 
label, and no label groups, respectively. Pairwise comparisons 
indicated that both label groups outperformed the no label 
group (bothps < .05). No reliable performance difference was 
found between the two label groups (p  = .50). 

Performance on the novel test problems in which the total 
frequency had to be found by summing simple frequencies was 
identical to the performance on the problems in which the 
total frequency was provided directly. 

Given that performance on both sets of novel problems was 
identical, the two sets were collapsed into one for the analyses 
below, producing possible scores from 0 to 4. 

Transfer to novel problems as a function of  segmenting perfor- 
mance. To produce a strict test of the relationship between 
segmenting performance and transfer, no label participants 

should be excluded from the analysis because it has been 
demonstrated that these participants performed differently 
than participants in the label groups in transfer. Under this 
approach, label participants who circled the steps for finding 
total frequency (n = 66) did not significantly outperform those 
who did not circle those steps as a unit (n = 34), F(1, 98) = 
0.74,p = .39, MSE = 3.19; Ms = 3.03 and 2.71, respectively. 

Transfer as a function of  descriptions. Using the same logic 
as above, the relationship between descriptions and transfer 
was tested using only meaningful and less meaningful label 
participants. Participants mentioning total/l) (n = 58) outper- 
formed those who mentioned neither (n = 42), F(1, 98) = 9.97, 
p = .002, MSE = 2.92; Ms = 3.38 and 2.29, respectively. 

As expected, participants who mentioned finding the aver- 
age (n = 86) did not perform differently from those who did 
not mention finding it (n = 64), F(1, 148) -- 0.27, p = .60, 
MSE -- 3.76; Ms = 2.61 and 2.44, respectively. There was no 
reason to restrict the analysis only to participants in the label 
conditions, because all participants received a label for the 
average. Nevertheless, this more restrictive analysis also fails 
to show a difference in transfer performance. 

Discussion 

The purpose of Experiment 2 was to determine whether 
more direct support could be found for the hypothesized 
connections among labeling, grouping, and subgoal formation. 
The segmenting results provide initial support for the link 
between labeling and grouping, and the description results 
support the connection between labeling and subgoal forma- 
tion. Finally, the overall transfer results are largely consistent 
with the claim that subgoal formation aids transfer. Learners 
who mentioned finding a total in their descriptions transferred 
better than those who did not. However, those circling the 
steps for finding the total did not show better transfer than 
other participants. These potentially conflicting results might 
be resolved by considering how well each task, segmenting and 
description writing, reflects a learner's knowledge. The seg- 
menting task is fairly simple and one might carry it out with 
minimal effort by responding to layout cues in the example. 
The description task, however, presumably requires more 
effort and thought and thus might reflect more accurately the 
learner's representation of the solution procedure. Under this 
caveat, it seems reasonable to claim that converging evidence 
was found for connections among labeling, grouping, and 
subgoal formation. 

Exper iment  3 

The first two experiments provide converging, but indirect, 
evidence for subgoal learning as a function of a cue--a 
label--that is hypothesized to lead learners to group steps and 
then to self-explain the grouping. Experiment 3 was designed 
to collect more direct evidence for the self-explanation process 
by having learners talk aloud while studying examples. Learn- 
ers were asked to explain the solutions to the examples they 
studied. It was predicted that participants studying examples 
that labeled the steps for finding the total frequency would be 
more likely than no label participants to make a statement 



1026 CATRAMBONE 

about those steps being a unit  and would also be more likely to 
offer an explanation for what the steps accomplished. The no 
label, meaningful label, and less meaningful label groups 
studied the same examples and solved the same problems as 
their counterparts in Experiment  2. 

Method 

Participants. Participants were 45 students recruited from an 
introductory psychology class at the Georgia Institute of Technology 
who received course credit for their participation. None of the 
students had taken a probability course prior to participating in the 
experiment. 

Materials and procedure. Participants studied the same cover sheet 
as in the prior experiments and were randomly and evenly assigned to 
one of three conditions: meaningful label (n = 15), less meaningful 
label (n = 15), and no label (n = 15). 

Participants were tested individually. After studying the cover sheet, 
participants were given a brief description of the process of talking 
aloud and then played the experimenter in a game of tic-tac-toe. 
Participants were asked to "describe what is going through your mind 
and what your strategy is each time you write an X." After this 
warra-up task, participants were given three examples formatted in the 
same style as in Experiment 2. They were told that they would be asked 
to solve problems after they studied the examples and therefore they 
should make sure they understood the examples well enough to solve 
similar and novel problems. They were asked to talk aloud in order to 
show the experimenter what they were doing to understand the 
solutions to the examples. If a participant was silent for 7 s while 
studying, he or she was prompted to "please say out loud what is going 
through your mind. ''2 After they finished the first example, partici- 
pants were no longer prompted because the examples were isomorphic 
and continual prompting could have made participants feel that they 
were being asked to repeat themselves arbitrarily. 

The protocols were tape recorded and transcribed. The transcrip- 
tions were annotated to indicate gestures by the participants such as 
when they pointed to a particular part of an example while talking 
aloud. 

After studying the examples, participants solved the same six test 
problems used in Experiments 1 and 2. Their written solutions were 
scored for whether they found the average correctly. 

Two raters independently coded the talk-aloud protocols while one 
rater scored the solutions to the test problems. The raters agreed on 
coding 95% of the time (see coding system below). Disagreements 
were resolved by discussion. 

Design. The independent variable was type of example solution 
studied (meaningful label, less meaningful label, no label); thus, there 
were three groups in the experiment. The dependent measures were 
the presence of certain elements in the talk-aloud protocols (see 
below) and performance on the six test problems. 

Results and Discussion 

The self-explanation features that were coded were: (a) 
whether or not a participant made an observation about the 
steps for finding the total frequency being a group (they did not  
have to ment ion the fact that the steps calculated a total), and 
(b) whether a participant ment ioned that those steps were in 
fact calculating a total. 3 

Participants'  self-explanations were combined across the 
three examples. That  is, if a participant ment ioned either of 
the above features for any of the examples, then he or she was 
scored as having ment ioned the feature. 

Self-explanations. There was a significant difference among 
the three groups in the frequency with which they observed 
that the steps (for finding total frequency) were a group, ×2(2, 
N = 45) = 7.74,p = .02, with percentages of 73%, 67%, and 
27% for the meaningful label, less meaningful label, and no 
label groups, respectively. Both label groups ment ioned the 
grouping more often than the no label group (bo thps  < .03), 
whereas there was no significant difference between the two 
label groups (p  = .69). 

There was a significant difference among the three groups in 
the frequency with which they ment ioned that the steps 
calculated a total, ×2(2, N = 45) = 7.65, p = .02, with 
percentages of 67%, 60%, and 20% for the meaningful label, 
less meaningful label, and no label groups, respectively. Both 
label groups ment ioned that the steps calculated a total more 
often than the no label group (bo thps  < .03), whereas there 
was no significant difference between the two label groups 
( p  = .70). 

Transfer. Test problems were scored as in the prior experi- 
ments. All participants solved both isomorphs correctly. 

There were significant differences among the three groups 
with respect to finding the average in the novel test problems in 
which the total frequency was provided directly, F(2, 42) = 
4.87,p = .01, MSE = 3.82, with means of 1.53, 1.40, and 0.60 
for the meaningful label, less meaningful label, and no label 
groups, respectively. Pairwise comparisons indicated that both 
label groups outperformed the no label group (bothps  < .05). 
No reliable performance difference was found between the 
two label groups (p  = .68). 

As in Experiment 2, performance on the novel test problems 
in which the total frequency had to be found by summing 
simple frequencies produced the same means and variances as 
for the problems in which the total frequency was provided 
directly. Thus, as in Experiment  2, the two sets were collapsed 
into one for subsequent analyses involving self-explanations 
and transfer, producing possible transfer scores from 0 to 4. 

Transfer as a function of self-explanations. Because the label 
groups showed better  transfer than the no label group, the 
relationship between self-explanations and transfer was ana- 
lyzed using only label participants. Participants in the label 
conditions who observed that the steps for finding the total 
frequency were a group (n = 21) performed better  on the novel 
test problems than those who did not make that observation 
(n = 9), F(1, 28) = 7.00,p < .02, MSE = 2.45; Ms = 3.43 and 
1.78, respectively. 

With respect to the relationship between ment ioning a total 
and transfer, label participants who ment ioned that the steps 
found a total (n = 19) outperformed those who did not  
ment ion it (n = 11), F(1, 28) = 9.41, p = .005, MSE = 2.30; 
Ms = 3.58 and 1.82, respectively. 

The results from Experiment  3 provide more direct evidence 
that a label can lead a learner to group a set of steps and to 

2 This value was chosen after pilot testing and does not have any 
particular theoretical motivation. 

3 Although participants made a number of interesting and poten- 
tially enlightening comments (cf. Chi et al., 1989; Piroili & Recker, 
1994), most features of the protocols have not yet been coded or 
analyzed. 
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attempt to determine the goal or function of those steps 
through a self-explanation process. The superior transfer to 
novel problems by the label groups, as well as the superior 
transfer by those participants who noted the grouping of the 
steps and their purpose, is consistent with the interpretation 
that subgoal learning helps a person to solve novel problems 
that involve the same subgoals but require a change in the 
steps for achieving them. 

Genera l  Discussion 

Students frequently learn a solution procedure as a series of 
steps with little or no higher level organization (Reed, Demp- 
ster, & Ettinger, 1985). As a result, although they can solve 
new problems that involve the same steps as a previously 
studied example, they have difficulty with problems that 
require a change in the steps, even though the conceptual 
structure from the example to the problem is preserved. 

A guiding assumption of the present research was that 
transfer performance would be enhanced if a solution proce- 
dure is structured by subgoals and a method for achieving each 
subgoal rather than just a single linear set of steps for the 
entire procedure. Presumably, there is a continuum of struc- 
turedness depending on the number of subgoals into which a 
procedure is broken. 

Singley and Anderson (1989, p. 258) defined a rote solution 
strategy as one that contains a single goal and a set of steps that 
occur in a predetermined order to achieve that goal. Such a 
strategy is not particularly flexible in terms of supporting 
transfer to novel problems. Nevertheless, Singley and Ander- 
son pointed out that there are advantages to a rote procedure: 
It is more efficient in terms of number of rule firings (if one 
were to model the procedure with production rules), and a rote 
procedure is often easier to learn and perform than a proce- 
dure that has more structure to it. Thus, it seems plausible that 
learners will tend to form a rote procedure unless induced to 
do otherwise. Factors that may lead a learner to form more 
structured or hierarchical representations of procedures in- 
clude his or her ability to articulate goals that sets of steps are 
achieving (Chi et al., 1989), the learner's reasoning style (e.g, 
Dufresne, Gerace, Hardiman, Mestre, 1992), and the type of 
training materials used (e.g., Catrambone, 1994; Eylon & Reif, 
1984). 

On the basis of prior work involving instructional manipula- 
tions (e.g., Eylon & Reif, 1984; Smith & Goodman, 1984) and 
problem solving (Anzai & Simon, 1979), I hypothesized that 
learners would be more likely to learn a subgoal from an 
example if the steps for achieving that subgoal were labeled. A 
label was predicted to make a learner more likely to group the 
set of steps and, through a self-explanation process, form a 
subgoal that represented the purpose of the steps. 

The three experiments presented here demonstrate that the 
presence of a label, rather than its semantic content, can be 
sufficient to induce a learner to form a subgoal. Participants 
with less meaningful labels were able to solve transfer prob- 
lems as successfully as participants with meaningful labels and 
both groups transferred better than a no label group. The 
segmenting task results were consistent with the claim that a 
label can aid grouping. Finally, the description data and 

talk-aloud results, coupled with transfer performance, pro- 
vided converging evidence for the connections among group- 
ing, self-explanation, and subgoal formation. 

A related explanation for the similarity in performance 
across the experiments by the two label groups is that the less 
meaningful label participants had to discover the purpose of 
the labeled steps, as opposed to being told the purpose. The 
strategies or processes involved in determining the purpose of 
the steps might be similar to the processes for constructing new 
steps or modifying old steps to achieve the same purpose or 
subgoal (e.g., McDaniel & Schlager, 1990). Thus, any advan- 
tage from the labels seen by the meaningful label group may 
have been matched by the advantage produced by the overlap 
in the processes used by the less meaningful label group to 
discover the purpose of the steps during learning and to 
construct or modify steps during testing. 

Instructional and Individual Differences Factors Affecting 
Subgoal Learning 

To be sure, the background of a learner plays a role in how 
likely he or she is to learn a subgoal. Ausubel (1968, p. 
148-149) suggested that the value of "organizers" hinges upon 
the learner possessing relevant background information so 
that the pieces of information being organized already have 
some meaning. For instance, if a student learning mechanics is 
told that one part of a solution procedure is to determine the 
components of force along the x and y axes, this organizer for 
the subsequent steps will be of minimal use if the learner 
knows little or nothing about coordinate systems or trigonom- 
etry. 

With respect to the present study, a learner with a weak 
math background may look at a series of addition and 
multiplication steps labeled with II  and not group them or, in 
grouping them, not realize that the steps calculate a total. This 
learner might be predicted to be less likely to form the subgoal 
of finding the total number of objects in this situation com- 
pared to one in which the steps were labeled with total number 
of briefcases owned. For a learner with a weaker math back- 
ground, meaningful labels might produce better subgoal learn- 
ing because the extra domain information provided by a 
meaningful label could help the learner make sense of the 
steps and understand their purpose (even though the resulting 
subgoal might have ties to superficial features [Ross, 1987, 
1989]). Conversely, a learner with a stronger math background 
might be expected to recognize that the series of steps, when 
separated from the other steps in the overall solution proce- 
dure through the use of a label such as l'l, calculates the total. 
A label tied to superficial features of the problem (i.e., 
briefcases) might influence this learner to form a less general 
subgoal than would a more abstract label such as II. 

Most students in the present study had at least two college- 
level math courses; thus, it is reasonable that when cued with a 
label they could determine that a set of steps calculated a total. 
No label students were less likely to form the subgoal of finding 
a total, presumably because it was more difficult for them to 
parse the solution procedure effectively. Thus, an interesting 
issue to examine in future work would be the effects on subgoal 
learning and transfer performance due to the learners' back- 
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ground and the interaction of this factor with the type of labels 
(tied or not tied to surface features of the example) used in 
examples. 

Is There a "Right" or "Basic" Level  o f  Subgoal Learning? 

A solution procedure can be broken down into any number 
of subgoals and methods. It is unlikely that, with respect to 
improving transfer, a particular breakdown could be defended 
in any formal way either by an appeal to a particular cognitive 
architecture or to a task analysis. However, if the set of 
problems to be considered in the domain is restricted, as was 
the case in the present study, then the pool of potentially 
useful subgoals might be more easily identified by the re- 
searcher. Factors such as differences in learners' background, 
working-memory capacity, and hypothesized working-memory 
load as a function of a particular breakdown, would also need 
to be considered in evaluating how easily the subgoal structure 
could be learned and how well it supports transfer. 

Subgoals at varying levels of the solution structure hierarchy 
could differentially affect transfer success. For instance, in 
Experiment 2, transfer to novel problems was not predicted by 
whether participants mentioned the goal of finding the average 
in their descriptions; rather, it was associated with mentioning 
the goal of finding a total. This may be because the goal to find 
the average is too high level; it does not sufficiently constrain 
the learner's search for appropriate steps to modify or create. 
It is intriguing to consider whether the inconsistency in the 
problem-solving literature concerning difficulties in proce- 
dural transfer may potentially be explained through a subgoal 
"level" analysis. 
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A judge noticed that some of the 219 lawyers at City Hall owned more than one briefcase. She counted 
the number of briefcases each lawyer owned and found that 180 of  the lawyers owned exactly 1 briefcase, 
17 owned 2 briefcases, 13 owned 3 briefcases, and 9 owned 4 briefcases. Use the Poisson distribution to 
determine the probability of a randomly chosen lawyer at City Hall owning exactly two briefcases. 

No Label Solution 

1(180) + 2(17) + 3(13) + 4(9) 289 
E(X) = 219 219 

= 1.32 = k = average number of  briefcases owned per  lawyer 

[(e-~)(xx)] 
P(X = x) x! 

[(2.718-L32)(1.322)] = (.27)(1.74) -- .235 
P(X = 2) = 2! 2 

Meaningful Label Solution 

Total number of briefcases owned -- [1(180) + 2(17) + 3(13) + 4(9)] = 289 

289 
E(X) = 2-~ = 1.32 = h = average number of  briefcases owned per lawyer 

[(e-~)(xx)] 
P(X = x) = x! 

[(2.718-1"32)(1.322)] = (.27)(1.74) = .235 
P(X = 2) - 2! 2 

Less Meaningful Label Solution 

1~ = [1(180) + 2(17) + 3(13) + 4(9)] = 289 

289 
E(X) = 2-~ = 1.32 = k = average number of  briefcases owned per lawyer 

[(e-~)(~x)] 
P(X = x) x! 

[(2.718-1"32)(1.322)] -- (.27)(1.74__) = .235 
P(X = 2) = 21 2 

(Appendixes continue on next page) 
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Appendix B 

Sample Test Problems 

T o t a l  F r e q u e n c y  C a l c u l a t e d  by A d d i n g  S i m p l e  F r e q u e n c i e s  

Over the course of the summer ,  a group of 5 kids used to walk along the beach each day collecting 
seashells. We know that on Day 1 Joe found 4 shells, on Day 2 Sue found 2 shells, on Day 3 Mary found 5 
shells, on Day 4 Roger  found 3 shells, and on Day 5 Bill found 6 shells. Use the Poisson distribution to 
determine the probability of  a randomly chosen kid finding 3 shells on a particular day. 

Solution (Not Seen by Participants) 

4 + 2 + 5 + 3 + 6  20 
E(X) = 5 = -~- = 4.0 = h = average number  of shells per kid 

[(2.718-4"°)(4.03)] (.018)(64) 
P ( X = 3 ) -  3! - ~  .195 

T o t a l  F r e q u e n c y  P r o v i d e d  Di rec t ly  

A number  of celebrities were asked how many commercials they made over the last year. The 20 
celebrities made a total of  71 commercials. Use the Poisson distribution to determine the probability that a 
randomly chosen celebrity made exactly 5 commercials. 

Solution (Not Seen by Participants) 

71 
E(X) = ~-~ = 3.55 = X = average number  of  commercials per celebrity 

[ (2 .718-355)(3 .555)]  ( . 0 2 9 ) ( 5 6 3 . 8 )  
P ( X  -- 5)  - 5! - 120 -- .135 

Appendix C 

Solution Seen by Meaningful and Less Meaningful Label Groups to One of the 
Training Examples (Experiment 2) 

Meaningful Label Group 

E(X) = 1(180) + 2(17) + 3(13) + 4(9) = total number  of  briefcases owned 289 

219 219 219 

= 1.32 = h = average number  of  briefcases owned per lawyer 

[(e-X)(XX)l 
P(X = x) - xr 

[(2.718-1"32)(1.322)] (.27)(1.74) 
P(X = 2) = 2! 2 .235 
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Less Meaningful Label Group 
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1(180) + 2(17) + 3(13) + 4(9) fI  289 
E(X) -- 219 = 21"~ = 21"-~ 

= 1.32 = ~ = average number of  briefcases owned per lawyer 

[ (e -~) (~ ' ) ]  
P(X = x) = x! 

P(X = 2) = 
[(2.718-L32)(1.322)] _- (.27)(1.74) 

- -  = .235 
2! 2 
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