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 ABSTRACT

 CHEN, ZHE, and ROBERT S. SIEGLER. Across the Great Divide: Bridging
 the Gap Between Understanding of Toddlers' and Older Children's
 Thinking. Monographs of the Society for Research in Child Development, 2000,
 65(2, Serial No. 261).

 Research on very young children's cognitive development differs greatly
 from research on cognitive development in older children. The differ-
 ences include the questions that are asked, the methods that are used to
 address them, the measures that are employed to provide relevant evi-
 dence, and the level of detail at which children's knowledge is repre-
 sented. The research approaches are so different that they create an
 impression that infants' and toddlers' thinking differs qualitatively from
 that of preschoolers and older children. This impression, however, may
 reflect differences in research approaches rather than differences in chil-
 dren's thinking.

 In the present study, we attempted to bridge this gap by applying to
 toddlers a type of process analysis that has proved fruitful in studies of
 older children. Overlapping waves theory, trial-by-trial strategy assess-
 ments, and microgenetic methods were used to analyze 1.5- and 2.5-year-
 olds' problem solving and learning. The results demonstrated that changes
 in toddlers' strategies could be assessed reliably on a trial-by-trial basis,
 that the changes followed the basic form predicted by the overlapping
 waves model, and that analyses of toddlers' strategies could tell us a great
 deal about both qualitative and quantitative aspects of their learning.

 A componential analysis of learning that previously had been applied
 to older children also proved useful for understanding toddlers' learning.
 The analysis specified that cognitive change frequently involves five com-
 ponents: acquisition of new strategies; strengthening of the strategies in
 their original context; improved mapping of strategies onto novel prob-
 lems; increasingly refined choices among variants of the strategies; and
 increasingly skillful execution of the strategies. Independent measures
 of these components indicated that strategic development in toddlers
 involves improvements in all five components. Analyses of individual

 V
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 differences in learning showed that the effects of distal variables, such as
 age and sex, could be partially explained in terms of their influence on
 mastery of the components, but that the distal variables exercised addi-
 tional direct effects as well.

 The process of learning in toddlers closely resembled that of older
 children in other ways as well. Like older children, toddlers use multiple
 strategies over the course of learning; their choices among strategies are
 quite adaptive from early on; their choices become progressively more
 adaptive as they gain experience with the task; they switch strategies not
 only from trial to trial but within a single trial; their transfer of learning
 from one problem to the next is primarily influenced by structural rela-
 tions between problems but also is influenced by superficial features; they
 show utilization deficiencies early in learning that they gradually over-
 come; and they show individual differences in learning that fall into a few
 qualitatively distinct categories.

 Perhaps most striking, the 1.5- and 2.5-year-olds emerged as active
 learners, who continued to work out the lessons of previous instruction
 in the absence of further instruction. That is, they integrated the lessons
 of their own problem-solving efforts with the previous instruction in ways
 that magnified the initial effects of the instruction. Overall, the findings
 indicated that the gap can be bridged; that theories, methods, measures,
 and representations of knowledge typically used with older children can
 improve our understanding of toddlers' problem solving and learning as
 well.

 VI
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 PREFACE

 This Monograph examines change processes in toddlers' thinking. Al-
 though research on older children's cognitive development is focusing
 increasingly on this topic, little is known about how changes occur in the
 thinking of infants and toddlers. Even less is known about age-related
 differences in change processes within this period. Our goal in conduct-
 ing the present study is to demonstrate that the type of process analysis
 that has proved highly informative in studying changes in older children's
 and adults' thinking can be equally informative in studying changes in
 the thinking of infants and toddlers.

 In the sections below, we first describe the "great divide" that sepa-
 rates research on very early and later cognition. We next describe a cur-
 rent theoretical approach-the overlapping waves model-and a current
 methodology-the microgenetic method-that have been fruitfully ap-
 plied to studying change processes in older children and adults. We ar-
 gue that although this theory and method have not been applied to
 studying very young children's thinking, they should prove just as useful
 there as they have with older children. Then we describe the present
 study: what we did, what we found, and how the overlapping waves ap-
 proach and microgenetic method allowed us to gain in-depth understand-
 ing of change processes in toddlers' problem solving.

 vii
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 I. THE GREAT DIVIDE

 Current research on infants' and toddlers' thinking differs greatly from
 current research on the thinking of older children. The two bodies of
 research differ in the questions and issues that are emphasized, the ex-
 perimental paradigms that are employed, the measures used to assess cog-
 nitive competence, and the level of detail at which thought processes are
 described. Some of these differences between the two bodies of research

 are due to inherent differences between younger and older children. Other
 reasons for the differences, however, are more historical and, from our

 perspective, unnecessary.

 DIFFERENT QUESTIONS AND ISSUES

 Most research on infant and toddler cognition has focused on estab-
 lishing when particular competencies emerge. Among the competencies
 that have received extensive attention are imitation (Meltzoff, 1988), plan-
 ning (Willatts, 1990), tool use (Brown, 1990), representing hidden objects
 (Baillargeon, 1987), forming expectations of future events (Haith, 1993),
 representing the number of objects (Wynn, 1998), and using external
 representations to find hidden objects (DeLoache, 1995). The basic theme
 that emerges from these and many other studies of infants' and toddlers'
 thinking can be summarized quite simply: Cognitive competencies are
 present, at least in rudimentary forms, at much younger ages than once
 suspected.

 Research on infants and toddlers also has focused on developmental
 trends toward increasingly broad application of these early-emerging com-
 petencies. Such age-related improvements are evident in the range of
 causal relations that infants understand (Oakes, 1994), in the length of
 action sequences that they can plan (Willatts, 1990), in the set of physical
 symbols that toddlers can use to guide their searches for hidden objects
 (DeLoache, 1995), and in the rapidity with which they acquire problem-
 solving skills (Chen, Sanchez, & Campbell, 1997).

 1
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 The issues that are most often addressed in current studies of older

 children's thinking overlap with those that are being addressed with infants
 and toddlers. For example, many studies of 4- to 8-year-olds focus on when
 they first show various competencies and on age-related improvements in
 the range of situations in which they exhibit these competencies. In the
 last decade, however, these types of research have been supplemented by
 an increasing number of studies aimed at revealing mechanisms of change
 in older children's thinking. The need to specify such mechanisms has long
 been recognized. For example, Flavell (1984) commented,

 Serious theorizing about basic mechanisms of cognitive growth has actually
 never been a popular pastime, now or in the past. It is rare indeed to en-
 counter a substantive treatment of the problem in the annual flood of arti-
 cles, chapters, and books on cognitive development. (p. 189)

 Such implicit criticisms of the state of knowledge about change mech-
 anisms, along with the inherent importance of the issue, have motivated
 a number of researchers who study preschoolers and older children to
 examine change processes empirically. These studies have already re-
 vealed quite a bit about change mechanisms, have the potential to reveal
 more, and have contributed to breaking down the once-rigid barrier be-
 tween learning and development. In one reflection of this new focus,
 Kuhn (1995) commented,

 In the 1960s and 1970s, development was contrasted to a simplistic, non-
 representational conception of learning that has little relevance today. Mod-
 ern research has made it clear that learning processes share all of the com-
 plexity, organization, structure, and internal dynamics once attributed exclusively

 to development. If the distinction has become blurred, it is not because de-
 velopment has been reduced to "nothing but" learning, but rather because
 we now recognize learning to be more like development in many fundamen-
 tal respects. (p. 138)

 This increasing emphasis on change processes has been characterized as
 a "paradigm shift" in views of cognitive development (Granott, 1998).

 One reason for the increasing emphasis on cognitive change pro-
 cesses is that studies that have focused on them have yielded clear com-
 monalities regarding the basic properties of cognitive change. Consider
 just one of the consistent findings that has emerged-that discovery of
 new strategies is constrained by conceptual understanding (Coyle & Bjork-
 lund, 1997; Gelman & Williams, 1998; Granott, 1993; Kuhn, Garcia-Mila,
 Zohar, & Andersen, 1995; Schauble, 1990, 1996). The novel strategies that
 children attempt generally make sense; they are not generated via blind
 trial and error. Newly generated strategies do not always yield correct

 2
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 solutions to the problems that elicited them, but they usually are reason-
 able efforts in that direction and usually conform to the basic principles
 that underlie legitimate strategies in the domain. This finding has been
 observed in such diverse areas as scientific reasoning, arithmetic, collab-
 orative problem solving, memory strategies, and motor skills.

 This and other consistent findings regarding the basic properties of
 cognitive change have motivated proposals regarding the mechanisms that
 result in these characteristics. One example comes from the domain of
 single-digit addition. To account for how children discover legitimate ad-
 dition strategies without ever trying illegal ones, the idea of goal sketches
 has been proposed (Siegler & Jenkins, 1989), tested and supported through
 empirical experiments (Siegler & Crowley, 1994), and formally specified
 as a mechanism within a computer simulation of strategy discovery (Shrag-
 er & Siegler, 1998).

 The same questions about change processes that are being ad-
 dressed in studies of older children's thinking can be asked about youn-
 ger children-and they are at least as interesting when applied to them.
 Consider one such question: Are the novel procedures attempted by in-
 fants and toddlers also constrained by conceptual understanding? No
 one knows. Only through direct observation of infants' and toddlers'
 construction of new procedures, and identification of the processes that
 give rise to the procedures, can such basic questions be answered.

 DIFFERENT METHODS

 As noted by Horowitz (1995) and by Haith and Benson (1998), the
 methods typically used to study infants' cognition differ considerably from
 those used to study preschoolers' and older children's cognition. Most
 research on infant cognition has employed looking-time paradigms, in
 particular habituation and preferential looking. Although these para-
 digms have the advantages of standardization and simplicity, several in-
 vestigators have noted difficulties in interpreting the results that they
 yield (Haith & Benson, 1998; Russell, 1996). In particular, it often is
 difficult to specify the basis on which infants are discriminating among
 the displays. The paradigms also yield only the dichotomous outcome
 "discriminates/does not discriminate." Such depictions do not capture
 either the graded nature of most cognitive growth or the many small
 qualitative innovations that contribute so greatly to it.

 Such concerns have led a number of investigators to begin using al-
 ternative paradigms that focus on infants' and toddlers' actions on ob-
 jects. Procedures that examine reaching, sequential touching, and elicited
 imitation are among the most common alternatives to the looking paradigms

 3
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 (Bauer & Mandler, 1992; Clifton, Muir, Ashmead, & Clarkson, 1993; Hof-
 sten, Spelke, Feng, & Vishton, 1994; McCarty, Clifton, & Collard, 1999; Melt-
 zoff & Moore, 1998; Willatts, 1998). Although experiments using such
 procedures constitute only a small minority of research on infants' and
 toddlers' cognition, they have extended knowledge in this area consider-
 ably. They have allowed examination of very young children's thinking in
 more natural contexts than those of the habituation paradigm and have
 yielded data that reflect the graded nature of early (and later) cognition.

 To date, however, neither type of method has been used much to
 observe ongoing changes in infants' and toddlers' thinking. Much of the
 reason goes back to the questions that have been viewed as central in the
 area of early cognitive development. If the question of greatest interest is
 "What types of capabilities are present from early in development," stan-
 dard cross-sectional methods are sufficient. If the central question, how-
 ever, is "How do children acquire new knowledge," a different type of
 method is necessary. In particular, to provide maximally relevant data for
 addressing this question, it is essential to densely sample changing com-
 petence while the changes are occurring. Without such high-density sam-
 pling of changing competence, the specifics of the change process can
 only be the subject of speculation.

 Microgenetic methods provide the type of high-density data needed
 to move beyond speculation regarding the change process. Such methods
 involve observing children's changing performance on a trial-by-trial ba-
 sis during the period of rapid change (Kuhn, 1995; Siegler & Crowley,
 1991). Studies using this approach have yielded the surprisingly consis-
 tent findings regarding cognitive change alluded to in the previous sec-
 tion (Kuhn, 1995; Miller & Coyle, 1999; Siegler, 1996).

 Despite the usefulness of microgenetic methods for providing de-
 tailed information about cognitive change, such designs have not been used
 to examine infants' or toddlers' cognitive growth. Part of the problem is
 that certain means of assessing strategies on a trial-by-trial basis cannot be
 used with infants or toddlers. Verbal reports of strategy use provide one
 obvious example. Inability to use a particular measure, however, is not the
 same as inability to use a method; very young children's lack of articulate-
 ness simply means that alternative measures must be identified for assess-
 ing strategy use on each trial. One such means, a means that should prove
 applicable in many contexts, is illustrated in the present study.

 DIFFERENT MEASURES

 Research on infants' and toddlers' thinking, whether using looking-
 time paradigms or other approaches, has measured cognitive competence

 4
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 primarily in terms of the frequency of desired behaviors: imitating the
 model, reaching to the right location, showing renewed looking when a
 novel stimulus is shown or when a physically impossible event seems to
 occur, and so on. The questions that have been viewed as central have
 been crucial to this choice of measures, just as they have been crucial to
 choices of experimental paradigms. In particular, as discussed above, if
 the central question is "When can children do X," then evidence of above-
 chance levels of engaging in the desired behavior is highly informative.
 By contrast, if the central question is "How do children do X," or "Through
 what process of change do children become able to do X," then these
 measures tell only a small part of the story.

 Research with older children and adults uses a considerably greater
 range of behavioral measures than does research on infants and toddlers.
 The additional measures include patterns of specific errors, solution-time
 patterns, eye movements, and verbal reports. Although infants and tod-
 dlers cannot generate very informative verbal reports, they can generate
 the other types of measures. Methods using such measures are frequently
 referred to as "process tracing methodologies," because they allow in-
 sights into the process through which the behavior was produced.

 DIFFERENT REPRESENTATIONS OF KNOWLEDGE

 The questions, methods, and measures used with older children have
 allowed their knowledge to be described in greater detail than current
 descriptions of infants' and toddlers' knowledge. Rather than simply in-
 dicating that the child "has" the relevant competence or capability, re-
 searchers who study older children often characterize their knowledge at
 the level of rules, strategies, and processing components that underlie
 their degree of success, the particular errors they make, and their pattern
 of solution times. Being able to assess children's knowledge at this rela-
 tively detailed level is crucial for examining change. Frequently, much of
 the increase in speed and accuracy that comes with age can be traced
 back to discovery of new rules and strategies (e.g., Amsel, Goodman, Savoie,
 & Clark, 1996; Brown & Burton, 1978; Siegler, 1987). Other times, the
 improved speed and accuracy reflect improved choices among alternative
 rules or strategies, rather than discovery of new approaches. Either way,
 detailed representation of children's knowledge is crucial for understand-
 ing the change process.

 To summarize the arguments in this section, current research on in-
 fants' and toddlers' thinking differs from research on the thinking of
 older children in the questions that are being asked, the experimental
 methods and measures that are being used to answer them, and the level

 5
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 of detail at which knowledge is being represented. The gap is understand-
 able, but it also is unfortunate. It creates artificial discontinuities in char-
 acterizations of cognitive development, artificial in the sense that they
 reflect changes in the way that investigators study children's thinking rather
 than changes in the thinking itself. One sign that the discontinuities are
 artificial comes in the paradoxical conclusions that emerge from the re-
 search. Research on the cognitive capabilities of infants and toddlers gen-
 erally conveys an impression that they are highly cognitively competent.
 Research on the cognitive capabilities of preschoolers and school-age chil-
 dren often conveys an impression that they are cognitively incompetent.
 But are preschoolers and school-age children less cognitively competent
 than infants and toddlers? The problem is that the gap between the ques-
 tions, methods, and measures used with infants and toddlers, on the one
 hand, and with older children, on the other, is so great that it becomes
 impossible to integrate the two literatures into a coherent depiction of
 cognitive development. The present study is an attempt to show that in
 addition to this gap being undesirable, it also is unnecessary. To this end,
 we describe recently developed theoretical and methodological approaches
 that are being applied to older children's thinking, and then describe
 how, in the present study, we applied these approaches to analyzing 1.5-
 and 2.5-year-olds' problem solving.

 6
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 II. OVERLAPPING WAVES THEORY

 Overlapping waves theory (Siegler, 1996) is based on three assump-
 tions: (a) at any one time, children think in a variety of ways about most
 phenomena; (b) these varied ways of thinking compete with each other,
 not just during brief transition periods but rather over prolonged periods
 of time; and (c) cognitive development involves gradual changes in the
 frequency of these ways of thinking, as well as the introduction of more
 advanced ways of thinking.

 Figure 1 provides a schematic illustration of these assumptions. Look-
 ing at any vertical slice of the figure indicates that multiple approaches
 are used at one time. Following the curve for any strategy indicates that
 strategies continue to be used for protracted periods. Looking horizon-
 tally across the figure indicates that the relative frequencies of all strat-
 egies shift gradually over time, with new strategies sometimes being added
 and older strategies sometimes ceasing to be used. Thus, the schematic

 5
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 FIGURE 1.-Schematic depiction of the overlapping waves model. NOTE. From Emerg-
 ing Minds: The Process of Change in Children's Thinking, by Robert S. Siegler, 1996, Ox-
 ford: Oxford University Press. Copyright 1996 by Oxford University Press. Reprinted
 with permission.
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 diagram focuses attention on several key issues: the set of approaches
 (rather than the single approach) that children use at a given age, the
 factors that influence their choices among these approaches, the mecha-
 nisms that lead to changing frequencies of use of existing approaches,
 and the mechanisms that lead to discovery of new approaches.

 Overlapping waves theory also postulates that the typical pattern of
 strategic development, shown in Figure 1, arises through the workings of
 five component processes: acquiring the strategy of interest, mapping the
 strategy onto novel problems, strengthening the strategy so that it is used
 consistently within given types of problems where it has begun to be used,
 refining choices among alternative strategies or alternative forms of a sin-
 gle strategy, and executing the strategy of interest increasingly effectively.

 Acquiring new strategies is a necessary first step in strategic develop-
 ment; each strategy must begin to be used sometime. Such acquisition can
 occur through drawing analogies to better-understood problems, through
 forming mental models of the situation and reasoning about them, through
 observations made during the course of problem solving, or through di-
 rect verbal instruction (Anderson, 1991; Sternberg, 1985). Studies in which
 strategy use is classified on a trial-by-trial basis indicate that most children
 use three to six strategies to perform a given task (see Siegler, 1996, for a
 review of such studies). All of these strategies have to have been acquired
 at some point in development. Presenting children with novel tasks, or pre-
 senting them with large amounts of experience on somewhat familiar tasks,
 often allows observation of acquisition of new strategies (e.g., Siegler &
 Jenkins, 1989). Thus, the acquisition of new strategies is a fairly common
 event, one that is not limited to occasional transition periods and one that
 can be studied directly.

 Mapping the strategy onto novel problems becomes essential once a
 strategy is acquired. Strategy acquisition inevitably takes place in a partic-
 ular context. Generalizing the strategy from that context to other con-
 texts in which the strategy is applicable can be a formidable task. The
 challenge is similar to that faced in vocabulary acquisition (Anglin, 1993),
 where the learner must be able to extend the new word to all cases in

 which it is applicable and to avoid extending it to cases in which it is
 inapplicable. As with vocabulary acquisition, successful mapping of new
 strategies to novel situations requires the problem solver to distinguish
 relevant from irrelevant aspects of the situation in which the new cogni-
 tive entity was initially acquired. Mapping the strategy to new problems
 on the basis of similarity between superficial features of the original and
 novel situations leads to the strategy being used where it is not applica-
 ble, to it not being used where it is applicable, or both. In contrast,
 understanding the principles that govern applicability of the strategy re-
 sults in appropriate mapping of the new approach.

 8
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 Strengthening the newly acquired strategy, both in the original context
 and in the contexts to which it is mapped, is a third component of learn-
 ing. Given that children use multiple ways of thinking over prolonged
 periods of time, and given that some of the ways of thinking are more
 advanced than others, the quality of children's thinking can improve if
 they increase their reliance on new, relatively advanced approaches and
 decrease their reliance on older, less advanced ones. Such strengthening
 of relatively sophisticated approaches within the existing set of approaches
 is a more common vehicle of cognitive growth than is commonly recog-
 nized. Both children and adults frequently fail to rely on new strategies
 that they have acquired, even when those strategies are considerably more
 effective than older alternatives (Acredolo, O'Conner, & Horobin, 1989;
 Church & Goldin-Meadow, 1986; Siegler, 1995). Difficulties in retrieving
 the new strategy and difficulties in inhibiting older strategies are likely
 causes of the limited use of new approaches.

 Refining choices among alternative versions of a strategy is the fourth
 key learning component. Even if both the set of strategies and the overall
 frequency of each strategy remain constant, use of each strategy can be
 concentrated increasingly on those problems on which the strategy is most
 useful. This is not just a logical possibility. Although preschoolers' and
 older children's strategy choices tend to be adaptive from early in learn-
 ing, the degree of adaptiveness often increases as they gain experience in
 the domain (Karmiloff-Smith, 1979; Lemaire & Siegler, 1995). For exam-
 ple, Lemaire and Siegler (1995) found that over the course of a year,
 French second graders who were learning single-digit multiplication in-
 creasingly often chose the strategy that yielded the most efficient perfor-
 mance on the particular type of problem.

 Increasingly effective execution of new strategies is the fifth and final
 component within this analysis of learning. Even if there are no changes
 in the set of strategies that have been acquired, in the breadth of prob-
 lems onto which each strategy is mapped, in the frequency of each strat-
 egy on both original and transfer problems, and in the precision of choices
 among the strategies, children's accuracy and speed can improve greatly
 as they gain practice in executing each approach. In the Lemaire and
 Siegler (1995) study, for example, on those problems on which children
 retrieved answers to a given multiplication problem at all three times of
 measurement, percentage of errors decreased from 23% to 2%, and mean
 solution time decreased from 4 s to 2 s. Utilization deficiencies, in which
 use of a new strategy does not lead to enhanced performance until their
 execution of the strategy improves, also illustrate the importance of this
 source of development (Coyle & Bjorklund, 1997; Miller & Seier, 1994).

 These five components of strategic change-acquiring, mapping,
 strengthening, refining, and executing-are illustrated in Figure 2, in rough

 9
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 Initial use

 of strategy
 Stable, precise,
 and efficient

 use of strategy

 Acquisition  Mapping  Strengthening
 Choice

 Refinement  Execution

 FIGURE 2.-Five components of strategic change, in rough sequential order.

 sequential order. The sequence is roughly sequential, rather than pre-
 cisely so, because learning of the components overlaps, rather than one
 process being mastered before learning of the next begins. For example,
 mapping a strategy from the original context in which it was learned to a
 new problem overlaps with strengthening the strategy so that it is used
 more often. Figure 2 does, however, provide a rough sense of the learn-
 ing sequence, in that children must acquire a strategy in an initial con-
 text before mapping it to different problems, must know several strategies
 before refining their choices among them, and so on.

 Data consistent with the overlapping waves model have been ob-
 tained across such varied tasks as serial recall, tic-tac-toe, arithmetic, time

 telling, spelling, reading, locomotor activity, rule learning, moral reason-
 ing, and scientific experimentation (Adolph, 1997; Crowley & Siegler, 1999;
 Goldin-Meadow, Alibali, & Church, 1993; Granott, 1993; Karmiloff-Smith,

 1979; Kuhn, Garcia-Mila, Zohar, & Andersen, 1995; McGilly & Siegler,
 1990; Rittle-Johnson & Siegler, 1999; Schauble, 1990, 1996; Siegler, 1988;
 Siegler & McGilly, 1989; Thelen & Ulrich, 1991; Turiel & Davidson, 1986).
 In all of these areas, children have been found to use multiple strategies
 at any given age, with the variability existing within individual children as
 well as between children. In each area, children have been found to shift

 toward more advanced approaches with age and experience. The compo-
 nents summarized above also have been found to play important roles in
 preschoolers' and older children's learning of a wide variety of tasks (Le-
 maire & Siegler, 1995; Siegler, 1995; Siegler & Chen, 1998; Siegler &
 Stern, 1998).

 Moreover, computational models of strategy choice and strategy dis-
 covery have been formulated that generate patterns of change that closely
 resemble both the overlapping waves formulation and empirical data on
 children's performance (Shrager & Siegler, 1998; Siegler & Shipley, 1995).
 These simulation models suggest that the overlapping waves pattern arises
 through a mix of strategy discovery and strategy choice processes. More

 10
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 specifically, the system's problem-solving experience generates an increas-
 ingly extensive database regarding the properties of both strategies and
 problems. This database, together with the system's basic architecture, makes
 possible discovery of new strategies, increased reliance on relatively ad-
 vanced preexisting strategies, mapping of strategies onto novel problems,
 increasingly refined choices among strategies, and increasingly fast and
 accurate execution of strategies.

 Overlapping waves theory also suggests a new agenda for studies of
 infants' and toddlers' cognition. Rather than trying to identify the age at
 which children develop a given competence or capability, we would trace
 over time the set of approaches that they use, paying attention to chang-
 ing distributions of existing approaches as well as to the emergence of
 new approaches. We also would examine how emergence of a new ap-
 proach changes choices among previous approaches. For example, we would
 try to learn whether use of the new approach comes completely at the
 expense of the least advanced existing approach, whether it comes pro-
 portionately from all of the existing approaches, or whether it comes pri-
 marily at the expense of the most advanced of the existing approaches
 (as would happen if both the new approach and the most advanced pre-
 vious approach were used primarily on the most challenging problems in
 the domain). Finally, we would examine the circumstances surrounding
 discovery of new approaches. All of these goals can be addressed through
 the use of microgenetic methods.
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 Ill. MICROGENETIC METHODS

 Obtaining a precise understanding of cognitive change requires ob-
 serving such changes while they are occurring. Traditional cross-sectional
 and longitudinal designs do not allow precise analyses of change, because
 the observations of intellectual competence are separated too far in time
 for much to be learned about the change process. This wide spacing of
 observations leaves open a large number of possible pathways to change.
 The problem is especially great because changes in children's thinking
 often do not proceed by the most direct route imaginable. After discov-
 ering more advanced new approaches, children often temporarily aban-
 don the new ways of thinking and regress to less sophisticated ones. This
 is true even when the children have stated compelling explanations for
 why the new approach is superior (Siegler & Jenkins, 1989). Exacerbating
 the problem, individual children often vary in their paths of change (e.g.,
 Karmiloff-Smith, 1984; Piaget, 1971). A strategy that is transitional to a
 more advanced approach for some children may not be used at all by
 others (Kuhn et al., 1995; Schauble, 1996; Siegler & Stern, 1998).

 Microgenetic methods offer a promising way to meet the challenges
 inherent in trying to understand change processes. The approach is de-
 fined by three characteristics: (a) an observation period spanning the
 time from the beginning of the period of rapid change to the stable use
 of target ways of thinking; (b) a high density of observations during this
 period, relative to the rate of change; and (c) intensive, trial-by-trial as-
 sessments of ongoing changes, both qualitative and quantitative. For re-
 cent perspectives on microgenetic methods and what they have taught us,
 see Kuhn (1995) and Miller and Coyle (1999).

 A study conducted by Schauble (1996) illustrates how microgenetic
 methods can yield information about change that could not be attained
 using traditional cross-sectional or longitudinal designs. Fifth graders and
 adults were asked repeatedly over six sessions to generate experiments
 that would indicate the causal roles of each of four variables. Both the

 children and the adults increased their understanding of the impact of
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 the variables through their experiments. The progress, however, was far
 from direct. Cases of learning rarely involved children or adults progress-
 ing from an incorrect understanding of a variable to a correct understand-
 ing and then maintaining that correct understanding. Instead, more than
 80% of belief revisions involved at least three changes back and forth,
 and some involved as many as eight. Both adults and 11-year-olds fre-
 quently returned to incorrect beliefs that they had earlier explicitly re-
 jected on the basis of contrary evidence, though adults did so somewhat
 less often. Without the trial-by-trial analyses afforded by the microgenetic
 method, such regressions and jagged paths of change would not have
 been detected.

 Microgenetic methods have proved useful for studying a wide range
 of age groups, content domains, and issues. They have been used to study
 cognitive change in preschoolers (e.g., Siegler & Jenkins, 1989), school-
 age children (e.g., Coyle & Bjorklund, 1997), adolescents and college stu-
 dents (Kuhn et al., 1995), and elderly adults (Siegler & Lemaire, 1997).
 They have been used to study change in domains as diverse as attention
 (Miller & Aloise-Young, 1996), memory (Bjorklund, Coyle, & Gaultney,
 1992), arithmetic computation (Siegler & Jenkins, 1989), mathematical
 principles (Alibali & Goldin-Meadow, 1993), conceptual understanding
 (Metz, 1998), social problem solving (Wertsch & Hickmann, 1987), scien-
 tific reasoning (Kuhn et al., 1995; Schauble, 1996), pictorial representa-
 tion (Karmiloff-Smith, 1986, 1992), and analogical reasoning (Chen &
 Klahr, 1999). Among the issues that they have allowed researchers to study
 are developmental differences in learning (Coyle & Bjorklund, 1997; Kuhn
 et al., 1995; Metz, 1998; Schauble, 1996) and the relation between initial
 knowledge and the acquisition of new knowledge (Alibali, 1999; Staszew-
 ski, 1988).

 Microgenetic methods have proven particularly useful for studying in-
 dividual differences. The reason is the large amount of data they yield
 about each child's learning. They allow us to identify differences in the
 types of strategies that children use initially, in the benefits they derive
 from various types of experiences, and in the path of change that their
 thinking follows.

 Microgenetic studies also have suggested a useful conceptual distinc-
 tion for thinking about individual differences in cognitive change. The
 distinction is between distal and proximal influences on change (Siegler
 & Chen, 1998). Distal influences are characteristics that children bring
 with them to the experiment: age, sex, IQ, content knowledge, and so
 on. Proximal influences are processes that children execute in the course
 of the experiment, such as the five components in Figure 2. Many analy-
 ses of individual differences in older children and adults have linked vari-

 ation in distal variables to variation in learning outcomes. For example,
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 older children, children with higher IQs, and children with greater initial
 knowledge all tend to learn more from relevant experience (Coyle & Bjork-
 lund, 1997; Johnson & Mervis, 1994; Schneider, Korkel, & Weinert, 1989).
 These distal influences, however, presumably exercise their influence by
 affecting the proximal processes that occur during the course of the ex-
 periment. For example, children with greater initial content knowledge
 may learn more quickly and completely because they more accurately en-
 code stimulus displays, better recall information from prior trials, gener-
 ate higher quality analogies to comparable past situations, and so on.
 These proximal processes directly produce learning in the experimental
 situation. In microgenetic studies with older children, successful execu-
 tion of proximal processes that occur earlier in the learning sequence has
 been found to exercise large influences on success in executing sub-
 sequent processes (Rittle-Johnson, 1999; Siegler & Chen, 1998). Usually,
 the immediately preceding proximal component exerts the largest influ-
 ence. Distal influences, however, can and fairly often do exert an addi-
 tional influence, above and beyond that of the proximal processes.

 Microgenetic methods have been adopted by researchers with a vari-
 ety of theoretical perspectives: Piagetian (Inhelder et al., 1976), Vy-
 gotskian (Wertsch & Hickmann, 1987), dynamical systems (Thelen & Ulrich,
 1991), and information processing (Bjorklund & Coyle, 1995). Despite
 the investigators' varying theoretical predispositions and the diverse con-
 tent domains to which microgenetic methods have been applied, the de-
 scriptions of change that have emerged from the studies are strikingly
 similar. One consistent finding was cited earlier-that discovery of new
 strategies is conceptually constrained. Another consistent finding is that
 cognitive change tends to be gradual. Older, less powerful ways of think-
 ing about a task usually continue to be employed for a long time after
 newer, more advanced ways of thinking about it are also available (Kuhn,
 1995; Metz, 1985; Schauble, 1990, 1996; Siegler, 1994). A third consistent
 phenomenon that has emerged from microgenetic studies is that discov-
 eries are made when children have been succeeding on the task as well as
 when they have been failing (Karmiloff-Smith, 1992; Miller & Aloise-
 Young, 1996; Siegler & Jenkins, 1989). Necessity can be the mother of
 invention, but new ideas also emerge without any external pressure. Yet a
 fourth consistent finding is consistent positive relations between the ini-
 tial variability of thinking and the subsequent rate of learning. In many,
 but not all studies, the greater the initial variability, the more likely that
 children will generate useful new problem-solving strategies (Alibali &
 Goldin-Meadow, 1993; Goldin-Meadow, Alibali, & Church, 1993; Graham
 & Perry, 1993; Siegler, 1995).

 These consistent phenomena, in turn, have given rise to a set of in-
 triguing proposals regarding the processes that produce the changes. To
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 account for the persistent use of nonoptimal strategies, despite more ef-
 fective strategies being known, the construct of utilization deficiency has
 been proposed (Bjorklund & Coyle, 1995; Miller & Seier, 1994). To ac-
 count for why discoveries occur when existing strategies are producing
 successful performance, the SCADS computer simulation progressively frees
 cognitive resources as it gains experience executing existing strategies,
 thus making possible construction of effective new strategies (Shrager &
 Siegler, 1998). To account for positive relations between initial variability
 and subsequent learning, investigators have focused on the ways in which
 variable behavior reveals the possibilities inherent in the task environ-
 ment, which often leads to discovery of useful new approaches (Neuring-
 er, 1993; Stokes, 1995).

 Although microgenetic approaches have become an increasingly im-
 portant approach in examining older children's cognition, they rarely have
 been used to study infants' or toddlers' thinking. Perhaps the most im-
 portant reason was alluded to earlier: The questions that have been dom-
 inant in the area have given little incentive to those studying infants' and
 toddlers' thinking to use microgenetic methods. A second important rea-
 son involves the logistics of doing research with infants and toddlers. Chil-
 dren of these ages have relatively short attention spans and lack the verbal
 facility to explain their reasoning. Studying their thinking microgeneti-
 cally would require relatively short sessions and use of nonverbal methods
 to assess strategy use.

 Fortunately, these considerations in no way preclude use of micro-
 genetic techniques with infants and toddlers. Although such young chil-
 dren cannot generate verbal reports, they do generate a great deal of overt
 behavior that can be at least as useful for inferring strategy use on a trial-
 by-trial basis. With well-chosen tasks and age groups, trial-by-trial analyses
 can reveal a considerable amount of change within a relatively short ses-
 sion or series of sessions. Most important, the inherent importance of
 change in the lives of infants and toddlers means that we must understand
 it better if we are ever to have a comprehensive understanding of chil-
 dren's thinking. Indeed, the omnipresence and rapidity of change during
 the first years of life suggest that using microgenetic methods to study very
 young children could lead to especially great advances in understanding.

 One of the very few microgenetic studies of infants illustrates the
 type of advances that this method can yield. The study (Adolph, 1997)
 examined how infants and toddlers learn to locomote up and down ramps
 of varying slopes. Adolph followed the infants at frequent intervals from
 the time when crawling was their predominant mode of locomotion on
 flat surfaces to the time when walking had become dominant. The re-
 search indicated that the infants and toddlers used a variety of strategies
 for going up and down the ramps: crawling, walking, sliding on their
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 bellies, sliding on their behinds, and so on. Adolph also found that the
 infants and toddlers adjusted their locomotor strategies to the demands
 of the tasks. They used their predominant mode of locomotion on rela-
 tively shallow slopes, but when they needed to descend down steeper slopes,
 they relied more often on safer strategies, such as sliding down feet first.
 She also found that the precision of infants' choices reached quite high
 levels by the end of the period in which crawling was their predominant
 mode of locomotion, but that it regressed substantially when walking be-
 came their predominant mode. Although Adolph conceptualized her find-
 ings within a motor development framework, the study also suggests that
 microgenetic methods can be used to study infants' and toddlers' acqui-
 sition of problem-solving skills.

 16
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 IV. THE PRESENT STUDY

 THE TASK

 In the study described in this Monograph, we applied a microgenetic
 method to examine 1.5- and 2.5-year-olds' acquisition of a problem-
 solving skill. The task that we examined required the toddlers to use sim-
 ple tools, such as a toy rake or a toy cane, to pull in a toy that was too
 distant for them to reach. Toddlers' tool use was of interest because abil-

 ity to use tools to solve problems is a classic measure of intelligence in
 both people and nonhuman primates (Goodall, 1986; Kohler, 1925; Visal-
 berghi & Limongelli, 1994); because such tool use requires understand-
 ing causal relations, a key part of early cognitive development (Keil, 1989;
 Leslie, 1982; Oakes & Cohen, 1995); and because efforts to solve the task
 generate a great deal of visible behavior from which strategy use can be
 inferred. The task also presents a particularly clear demand for means-
 end reasoning. This is a central problem-solving skill, which involves com-
 paring the current situation to a goal and progressively reducing the
 differences between them until the goal is met. Such reasoning underlies
 problem solving in a great many situations from infancy (Willatts, 1984;
 Willatts & Rosie, 1989) to adulthood (Newell & Simon, 1972).

 The tool-use task that we presented was similar to one described by
 Brown (1990). Children were presented an attractive toy that was on a
 table in front of them but that was out of reach. On the table between

 the child and the toy were six potential tools that might be used to re-
 trieve the toy. Only one of the tools was both long enough and had the
 right kind of head to be effective for this purpose. Depending on the
 problem, this target tool could be a toy rake, cane, or ladle. The other
 tools were either too short to reach the toy, had the wrong kind of head
 for pulling (e.g., an oar), or had no head (i.e., a straight stick).

 As illustrated in Table 1, the task involved a series of three problems.
 On the first three trials of the first problem (Problem A), children in all
 three conditions were encouraged to obtain the toy and were told they
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 TABLE 1

 DESIGN OF EXPERIMENT

 TRIAL

 Pretraining Posttraining

 PROBLEM 1 2 3 4 5

 A Modeling,
 B hint, or no
 C instruction

 NoTE.-Posttraining problems were not included on Problem C.

 could use the tools to do so, but were given no more specific instruction.
 These pretraining trials provided a measure of the toddlers' baseline per-
 formance. Then, children in the modeling condition saw the experi-
 menter demonstrate how to use the target tool to obtain the toy, children
 in the hint condition heard the experimenter encourage them to use the
 target tool to obtain the toy, and children in the control condition were
 not given any instruction. Following this, children in all conditions were
 presented two posttraining trials on that problem, to determine if chil-
 dren in the modeling and hint conditions had learned from the instruc-
 tion. After completing Problem A, children in all three conditions were
 presented Problem B, which differed from Problem A in the particular
 tools and toy, and in some other superficial ways, but on which the same
 strategy would be effective. Again, children in all conditions were given
 three trials prior to training, then those in the modeling and hint condi-
 tions received the modeling or the hint, respectively, and then, children
 in all three conditions were presented two posttraining trials. Finally, chil-
 dren in all three groups were presented Problem C, which differed from
 Problems A and B in the particulars of the toy and tools and in other
 superficial aspects, but on which the same strategy would work again.

 Brown (1990) found that on a similar task, 2- and 3-year-olds who
 were trained to use the most effective tool could transfer their learning
 to a superficially dissimilar problem. For example, when children who
 had been trained to use a rake with a red-and-white striped pattern were
 presented a transfer problem, they usually chose the functionally similar
 toy (e.g., a solid red cane) rather than a straight stick with the red-and-
 white pattern or the head of a rake. This finding established the age-
 appropriateness of the task for examining toddlers' problem solving.

 In addition to being age-appropriate, the toy-retrieval task had sev-
 eral major advantages for conducting a microgenetic study. One was that
 young children find it interesting. Microgenetic studies require repeated
 trials so that changes in children's thinking can be examined. Such rep-
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 etition makes it essential to select a task that motivates children and at-

 tracts their attention, at least to the extent that they continue to try hard
 over repeated trials.

 Another major advantage of the toy-retrieval task for conducting a mi-
 crogenetic study of young children's learning was that it allowed straight-
 forward assessment of their strategy on each trial. We could see whether
 the children's strategy was to (a) lean forward and reach for the toy with
 their hand, (b) turn to their parent and ask for help, (c) use one of the
 tools to reach for the toy, or (d) just sit and look at the toy or engage in
 some other activity not directed at obtaining the toy, such as waving a tool
 in the air. Of course, they could, and sometimes did, engage in several of
 these strategies on a given trial. We also could assess their strategy use at
 the more specific level of which of the tools they chose on each trial in
 which they used some tool. For these reasons, toddlers' lack of articulate-
 ness was no problem in assessing their strategy use on this task; their overt
 behavior provided incontrovertible evidence of which strategy they used.

 A third advantage of the toy-retrieval task was that it was easy to cre-
 ate multiple structurally parallel problems. The problems shared the same
 goal structure and allowed the same type of solution. They differed, how-
 ever, in the toy that was being retrieved, in the color and patterns of the
 target tool and of the other five tools, and in the exact form of the target
 tool (rake, cane, or ladle). These isomorphic forms of the problem al-
 lowed us to assess not only learning in the context of the original prob-
 lem but also transfer of the learned skills to new problems with different
 tools and toy. Together, the multiple problems and the multiple trials on
 each problem allowed us to examine whether toddlers relied primarily on
 superficial or structural similarities among tools in choosing which tool
 to use on new problems.

 A fourth advantageous feature of the toy-retrieval task was that it al-
 lowed us to examine children's ability to learn from their own problem-
 solving experience. As shown in Table 1, all children received three trials
 on each problem before any instruction was given on that problem. Chil-
 dren's ability to transfer to Problem B what they learned from instruction
 on Problem A should be evident on the first trial of Problem B. If tod-

 dlers can learn from their own problem-solving experience, however, their
 performance should improve over the first three trials of Problem B, de-
 spite their not receiving any instruction in this period. Instruction does
 more than convey specific information, such as that a particular tool is
 the one to use to get a toy. It also can create a structure for interpreting
 subsequent experience. Having such a structure may allow children to
 learn lessons from their experience that the same experience would not
 have conveyed without the prior instruction. If this view of instruction is
 correct, then children in the modeling and hint conditions should show
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 greater gains over the pretraining trials within Problems B and C than
 children in the control condition.

 Thus, the toy-retrieval task had much to recommend it for a micro-
 genetic study of toddlers' acquisition of a problem-solving skill. It was
 within their problem-solving capabilities, was sufficiently interesting that
 they would remain motivated over repeated trials, elicited unambiguous
 overt behavior so that strategy use could be assessed reliably on each
 trial, allowed assessment of transfer as well as initial learning, and allowed
 assessment of strategic variability within each problem as well as general
 trends across problems.

 STRATEGIES FOR PERFORMING THE TASK

 What means might toddlers use to obtain the toy? The one strategy
 that could lead to success in the experimental context was using a tool
 (the tool strategy). Children, however, could also try at least three other
 approaches. They could lean forward and reach for the toy (the forward
 strategy), they could ask their parent for help (the indirect strategy), or they
 could just sit facing the toy and hope that it was given to them (no strat-
 egy). In the toddlers' past experience, all three of these strategies seem
 likely to have led to attaining goals more often than the tool strategy.
 Infants and toddlers frequently obtain desired objects by leaning forward
 and reaching for them (e.g., Clifton, Muir, Ashmead, & Clarkson, 1993),
 they often use their parents as tools for obtaining toys that are out of
 reach (Mosier & Rogoff, 1994), and informal observation indicates that
 parents and siblings frequently give babies toys that the baby is looking
 at. In contrast, using physical objects to retrieve toys seems likely to be a
 novel activity for infants and toddlers. Consistent with this analysis, for
 the first few trials of the present study, toddlers used all three of the
 alternative approaches more often than they used the tool strategy.

 As is often the case, strategy choice on the toy-retrieval task involved
 a hierarchical set of choices. Toddlers needed to choose not only among
 the four strategies listed in the last paragraph; those who chose the tool
 strategy needed to make the further choice of which tool to use. Chil-
 dren could choose the target tool, but they also could choose tools that
 were deficient in one or more ways. Thus, children needed to learn both
 to choose a tool and to choose the right tool.

 LEARNING CONDITIONS

 As briefly described above, children participated in one of three learn-
 ing conditions: modeling, hint, or control. We chose to examine the ef-
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 fects of modeling and verbal hints on toddlers' learning because showing
 and telling toddlers how to solve problems are common practices in the
 everyday environment and because it seemed likely that they would be ef-
 fective in the current situation. There was good reason to think that tod-
 dlers could benefit from the modeling procedure, both in terms of learning
 to solve the original problem and in terms of transferring the learning to
 new problems. Even before their first birthday, children can learn to achieve
 goals by imitating novel sequences of actions modeled by an adult (e.g.,
 Bauer & Mandler, 1992; Case, 1985; Meltzoff, 1988). Toddlers just beyond
 their first birthday also have been shown able to generalize imitated ac-
 tions to novel materials when some of the original props are replaced by
 new ones (Barnat, Klein, & Meltzoff, 1996; Bauer & Dow, 1994; Chen,
 Sanchez, & Campbell, 1997). Such imitation and generalization of action
 sequences provides infants with a powerful learning tool, one that makes
 possible the acquisition of problem-solving strategies that they see other
 people use.

 Although very young children can imitate modeled behaviors and can
 transfer them to somewhat different situations, the consistency and rapid-
 ity with which they do so improves considerably with age and experience.
 In all of the above-cited studies that compared older and younger chil-
 dren, the older children learned more completely and more quickly. Thus,
 developmental differences in learning seem to be omnipresent at this
 early age, as they are later in development.

 These developmental differences notwithstanding, past studies have
 demonstrated that infants and toddlers should be able to learn to solve

 toy-retrieval problems. Demonstrating that infants and toddlers can learn
 a skill, however, is not the same as specifying how they learn it. The
 componential analysis described in the next section was generated with
 this goal in mind.

 APPLYING OVERLAPPING WAVES THEORY TO THE TOY RETRIEVAL TASK

 As noted earlier, overlapping waves theory postulates that acquisition
 of new strategies involves five learning components. The componential
 analysis seemed as applicable to toddlers' learning of the toy retrieval
 task as to older children's learning of more complex problems.

 In the toy-retrieval context, the first component, acquisition of the
 new strategy, involves beginning to use tools to reach for the toy. Al-
 though using a tool to get the toy would strike adults and older children
 as obviously the best approach, for toddlers the competing approaches of
 learning forward to reach for the toy or asking parents for help seemed
 likely to be strong competitors. Young children seemed likely to have past
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 histories of obtaining desired objects through those means but not through
 using tools. Without modeling or hints, it was unclear whether most tod-
 dlers would use a tool anytime during the session.

 The second component involved mapping the tool strategy from the
 problem on which it was first used onto subsequent, superficially differ-
 ent, problems. Again, this seemed likely to present a challenge for tod-
 dlers. A number of contextual factors varied from each problem to the
 next: the identity of the toy that children were trying to obtain, the color
 and material of the table on which the toy was placed, whether the chil-
 dren were sitting or standing, and so on. In addition, the tool that had
 allowed children to obtain the toy in one problem was never present in
 later ones. Children had to map the tool strategy from the previous prob-
 lem to the new one, despite these differences between the problems.

 The third learning component in the toy retrieval context involved
 strengthening the tool strategy. Using a tool on a given trial did not guar-
 antee its continued use. Based on previous observations of older chil-
 dren's strategy use, strengthening seemed likely to occur gradually over
 problems and over trials within a single problem.

 The fourth component, strategy refinement, needed to be made at
 several hierarchically related levels. As shown in Figure 3, children needed
 to choose the tool strategy, rather than leaning forward or asking their
 parent's help, and they also needed to choose the target tool, rather than
 one of the five alternative tools. The tools that were presented on the
 three problems were constructed so that if children chose tools on new
 problems by trying to match perceptually compelling superficial features
 of the previous target tool, they would fail to obtain the toy. For example,
 if on Problem A, the target tool had red vertical stripes, then on Problem
 B, two ineffective tools would have red vertical stripes and the target tool
 would not. If toddlers understood the causal properties that led to previ-

 Strategies

 Tool Strategy!  Forward Strategy Indirect Strategy No Strategy

 Target Tool  Tool with Tool with Short Tool
 Ineffective Head No Head

 FIGURE 3.-The hierarchy of strategies among which children needed to choose.
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 ous target tools being effective in obtaining the toy, they presumably would
 prefer the new target tool to alternatives that were more perceptually
 similar to previous ones. By contrast, if their understanding of the mod-
 eling or verbal hint was not conceptually constrained in this way, they
 would be slow to distinguish essential from incidental properties of pre-
 vious target tools and to consistently choose the new target tool.

 The final learning component involves strategy execution. Even if chil-
 dren chose the target tool, they still might fail to obtain the toy. A certain
 amount of skill in using the cane, rake, or ladle was necessary for the
 right choice to yield the desired goal.

 Thus, we expected toddlers' learning to incorporate the same five
 component processes as older children's and adults' acquisition of problem-
 solving skills that are equally novel to them. Using the same components,
 however, in no way precluded age-related differences in children's learn-
 ing. To the contrary, such age-related differences were expected to be
 present in the effectiveness with which older and younger children ex-
 ecuted all five processes. Development was expected to occur not in which
 processes were components of learning but in the likelihood of successful
 implementation of each component.

 GOALS OF THE PRESENT RESEARCH

 In the present study, we pursued three types of goals: specific, inter-
 mediate, and high-level. The specific goal was to understand how tod-
 dlers learn to use tools to solve problems. Tool use is one of the basic
 characteristics that distinguishes human beings and, to a lesser extent, a
 few other types of primates from other animals. The findings of Brown
 (1990) indicate that toddlers are capable of using tools to meet their
 goals. The present study was designed to reveal the learning processes
 through which they become able to do so.

 An intermediate goal of the study was to test the usefulness of the
 componential analysis of learning and transfer with a much younger pop-
 ulation than heretofore examined. Similar componential analyses have
 proved useful for analyzing preschool and elementary school-age chil-
 dren's acquisition of competence in arithmetic (Lemaire & Siegler, 1995),
 number conservation (Siegler, 1995), and scientific reasoning (Siegler &
 Chen, 1998). Determining which components cause the most difficulty,
 and whether the relative difficulty differs for older and younger children,
 seems likely to be useful for characterizing learning on a range of tasks.
 The componential analysis also provides a common framework for com-
 paring the learning of infants and toddlers with that of preschoolers, ele-
 mentary school children, adolescents, and adults.
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 Our most general goal was to demonstrate the usefulness of overlap-
 ping waves theory and microgenetic methods for studying very young chil-
 dren. Almost all past studies in which this theory and methodology have
 been applied have utilized older children. This is not coincidental. Imme-
 diately retrospective verbal reports provide a convenient and widely use-
 ful means for assessing strategy use on a trial-by-trial basis. Solution times,
 which often provide converging evidence for the verbal reports, are also
 more easily interpretable with older children and adults. The reason is
 that chronometric methods presuppose participants who are trying to an-
 swer as quickly as possible, something that is difficult to assume with in-
 fants or toddlers. Thus, it is not surprising that most evidence for strategic
 variability, most microgenetic studies, and most applications of overlap-
 ping waves theory have involved older children. The potential usefulness
 of this theory and methodology, however, are as great with very young
 children as with older ones. Indeed, given the omnipresence of learning
 in the lives of infants and toddlers, and the frequency with which their
 thinking is reflected in their overt behavior, the theory and methodology
 may prove to be especially useful for studying them. Thus, the most gen-
 eral goal of this study was to demonstrate the types of insights into change
 processes that can be gained by applying the overlapping waves theory,
 componential framework, and microgenetic methods to very young children.
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 PARTICIPANTS

 Eighty-six toddlers between 18 and 35 months of age participated in
 the study. The toddlers were divided into a younger group of forty-two
 18- to 26-month-olds and an older group of forty-four 27- to 35-month-
 olds. Children were randomly assigned to one of three experimental con-
 ditions, thus creating six groups: modeling-young (N = 16; mean age =
 21.6 months); modeling-old (N = 15; mean age = 30.2 months); hint-
 young (N = 16; mean age = 21.8 months); hint-old (N= 12; mean age =
 30.4 months); control-young (N= 12; mean age = 22.2 months); and control-
 old (N= 15; mean age = 30.5 months). Approximately the same propor-
 tion of boys and girls were assigned to each condition. An additional 9
 children were tested, but their data were not included in the analyses,
 due to their crying or becoming unhappy during the procedure and there-
 fore not being able to complete it. The experimenters were a female
 research assistant in her 20s and a male postdoctoral fellow in his 30s.

 TASK AND MATERIALS

 As shown in Figure 4, children started each problem facing a table,
 either standing or sitting on their parent's lap. An attractive toy was in
 the middle of the table, too far away for the child to reach (children
 were not allowed to climb on the table). In one problem, the toy was a
 turtle; in another, a bird; and in the third, an Ernie doll. Each toy gen-
 erated a distinctive sound.

 On the table, between the child and the toy, were six potential tools
 (Figure 5). Only one of them-the target tool-was likely to be useful for
 obtaining the toy, because it was the only one that had a long enough
 shaft and a head at a right angle to the shaft so that it could be used to
 pull the toy to the child. The other tools were less useful than the target
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 FIGURE 4.-The toy-retrieval task. The child needed to choose the target tool (in
 this illustration, the toy rake) to pull in the toy (in this case, the turtle).

 tool because they were too short, had no head, or had an ineffective
 head (e.g., a tool shaped like an oar). On each problem, the six tools
 included one with an ineffective head, two with no head, two with shafts

 too short to reach the toy, and the target tool. Each of the four long
 tools was about 14 in. long; the short tools were 5-6 in.

 As shown in Figure 5, the target tools on successive problems differed
 along several dimensions, including the color and pattern of the shaft
 and the shape of the head at the end of the tool (rake, cane, or ladle).
 All target tools, however, enabled children to achieve the same function-
 pulling in the toy-in essentially the same way. The six tools on Problem
 B were related to the target tool on Problem A as follows:

 Target tool: Same length shaft, functionally similar but different-
 shaped head, different color and pattern;

 Ineffective head tool: Same length shaft, functionally dissimilar and
 different-shaped head, different color and pattern;

 No head tool 1: Same length shaft, no head, same color and pattern;

 No head tool 2: Same length shaft, no head, different color and
 pattern;
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 Problem Tools and Toy

 A

 B

 C

 FIGURE 5.-Sets of tools presented on the three problems. Each set of tools and toy
 was presented equally often as the first problem (Problem A), the second problem (Prob-
 lem B), and the third problem (Problem C).

 27

This content downloaded from 129.19.129.254 on Wed, 25 May 2016 18:58:31 UTC
All use subject to http://about.jstor.org/terms



 CHEN and SIEGLER

 Short tool 1: Shorter shaft, identical head, same color and pattern;

 Short tool 2: Shorter shaft, identical head, different color and pattern.

 These relations between the preceding target tool and the six new tools
 allowed us to examine the influence of both functional and perceptual char-
 acteristics on children's choices. If toddlers rely primarily on functional sim-
 ilarity between the target tool on the preceding problem and the potential
 tools on the new problem, they should choose the new target tool most
 often. If they are influenced by perceptual similarity, they should choose
 tools on the new problem with the same color and pattern as the previous
 target tool more often than the comparable alternatives that differ in color
 and pattern. If their choices are influenced by both functional and per-
 ceptual similarity, both of these patterns should be observed.

 PROBLEMS

 The toddlers were presented three parallel problems, which will be
 referred to as Problem A, Problem B, and Problem C, respectively. Each prob-
 lem's label was determined by its order in the sequence of problems,
 rather than by the tools and toy that were available in it. Thus, whichever
 set of tools and toy a child encountered first was Problem A for that
 child. The particular set of tools that was present on a given problem was
 counterbalanced, so that on Problem A, the target tool for some children
 was the rake, for others the ladle, and for others the cane.

 The tools and toys for the three problems sat atop three different
 tables in the room in which the experiment was conducted. Two of the
 tables were relatively tall; one was shorter. One of the tables had a gray
 top, one a white top, and one a woodgrain top. For the two problems on
 which the toy and tools were on a tall table, the child sat in the parent's
 lap; for the one problem with the short table, the child stood. The par-
 ticular table that was used for each problem was counterbalanced, so that
 one third of children encountered each table on a given problem.

 Children received five trials on Problem A, five on Problem B, and

 three on Problem C. Each trial represented a 1-min period during which
 the child had the opportunity to obtain the toy. In subsequent sections of
 this Monograph, we refer to each trial by a two-symbol label: the letter
 represents the problem and the number, the trial within the problem.
 Thus, Trial B3 was the third trial on Problem B, and Trial C2 was the
 second trial on Problem C.

 To summarize, the three problems presented to each toddler varied
 in the toy that was being retrieved; the particular tools that were available
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 for retrieving it; and contextual features, such as the height, shape, and
 color of the tables on which the toy and tools rested. The child, however,
 could use the same type of solution strategy on all of them.

 EXPERIMENTAL CONDITIONS

 The toddlers were randomly assigned to one of three experimental
 conditions. As shown in Table 1, these conditions varied only in what
 happened between the third and fourth trials of Problems A and B. In
 the modeling condition, after the third trial of Problems A and B, the
 experimenter told the child, "Let me show you how to get the toy." The
 experimenter then slowly demonstrated twice how to use the target tool
 to obtain the toy, waited a second or two, repeated the demonstrations,
 and then encouraged the child to "do what I did." If the child did not
 imitate the solution within 10 s, the experimenter repeated the sequence.
 Similarly, in the hint condition, after the third trial of Problems A and B,
 the experimenter pointed at the target tool and asked the child twice,
 "Can you use this to get Ernie?" If the child did not use any tool within
 10 s, this hint was given twice more. The planned training was provided
 even if the child had already used a tool to solve the problem during the
 pretraining trials. Finally, in the control condition, children did not re-
 ceive any training; they proceeded directly from the third to the fourth
 trial. Because children in the modeling and hint conditions received in-
 struction between the third and fourth trials, we labeled the first three

 trials of each problem as pretraining trials and the fourth and fifth trials as
 posttraining trials. Thus, Trials A1-A3 were the three pretraining trials of
 Problem A, and Trials A4-A5 were the two posttraining trials of it.

 PROCEDURE

 When toddlers and parents arrived, they were greeted by a research
 assistant and escorted to a laboratory on the university campus. Approxi-
 mately 10 min were allotted for the child and experimenter to interact
 until the child appeared comfortable in the new surroundings. At this
 point, testing began.

 The child was directed to the first table, and, depending on which
 one it was, the child was asked either to stand in front of the table or to

 sit on the parent's lap, a few inches from it. For the two problems in
 which the child sat on the parent's lap, the parent was asked to prevent
 the child from climbing on the table. Before the first trial began, the
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 parent was given sunglasses and asked to wear them to prevent any sug-
 gestive gaze. The parent also was asked not to gesture or say anything
 that might help the child solve the problem.

 Until the beginning of each trial, a transparent box sat atop the toy
 and tools. Timing of the trial began when the experimenter lifted the
 box. Parents were asked to encourage their child to try hard on each
 trial, for example by saying, "Can you get that Ernie for Mommy?" or
 "You can do it." With one small class of exceptions, each trial ended
 when the child obtained the toy or when 1 min had elapsed, whichever
 came first. (The one class of exceptions came in the rare cases in which
 toddlers were in the middle of an attempt to get the toy when the allot-
 ted time expired. When this occurred, we allowed them to complete that
 attempt.) After each trial, the tools were rearranged on the table in a
 different left-to-right order, and the toy was returned to its original loca-
 tion. If a child failed to obtain the toy after Trial C3 (the last trial that
 was part of the experiment), the experimenter showed the child how to
 solve the problem by using the target tool and allowed the child to ob-
 tain it several times. The procedure lasted for 30-45 min, with a half
 minute interval between trials within a problem and a 2-3 min break
 between problems.

 MEASURES

 General strategy. Children's problem-solving activities were measured
 in several ways. One measure was the general strategy that children used
 on each trial. At this relatively general level, four strategies were distin-
 guished. One was the tool strategy, defined as the child picking up any
 of the six tools and using it to reach for the toy. The second was the
 forward strategy. Here, children leaned forward, in an effort to reach
 the toy with their hands, or tried to climb on the table to get the toy
 but without a tool in their hand. The third general approach was the
 indirect strategy. This involved children asking their parent for help,
 looking toward the parent for help, or walking around the table to look
 at the toy from different angles. Finally, children fairly often looked at
 the toy but did not engage in any of these three types of activity; on
 these trials, they were classified as using no strategy. The indirect strat-
 egy was used on only around 10% of trials, but all three other strategies
 were used frequently.

 In addition to these relatively common strategies, children occasion-
 ally used other approaches, such as attempting to combine two or more
 tools into one (a la Kohler's apes) or moving all tools out of the way to
 clear a path to the toy. These strategies, however, were used on fewer
 than 1% of trials and hence are not included in the analyses.
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 Specific tool-use strategies. Within the general strategy of using a tool,
 we differentiated among several specific tool strategies: using the target
 tool, using a tool that was too short, or using a tool with an ineffective
 head or no head. On some trials, children used more than one tool;

 when this occurred, they were credited with employing both specific tool
 strategies.

 Success in obtaining toy. Use of a tool, even the target tool, did not
 guarantee success in obtaining the toy. Conversely, children sometimes
 obtained the toy when they used a tool other than the target. Therefore,
 we examined percentage of trials on which children obtained the toy. To
 provide a direct measure of strategy execution, we also analyzed percent-
 age of successful use of the target tool (relative to percentage of trials on
 which the target tool was used successfully or unsuccessfully).

 Solution time. Time to obtain the toy was also examined for those tri-
 als on which children obtained the toy. This provided another measure
 of the skill with which tools were used.

 Our trial-by-trial assessment of children's general strategies, specific
 tool strategies, success in obtaining the toy, and solution time was based
 on performance on more than 1,000 trials. This extensive database al-
 lowed ample opportunity to examine the processes involved in toddlers'
 learning.
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 EXAMPLES OF TODDLERS' PROBLEM SOLVING

 To obtain a sense of what the toddlers' performance was like, con-
 sider the following two examples. (Recall that Al refers to performance
 on the first trial of Problem A, A2 to performance on the second trial of
 Problem A, and so on.)

 Example 1: A 31-month-old boy in the hint condition:

 Al: No strategy.

 A2: Indirect and forward strategies:
 Child plays with tools but does not use them to reach for toy. After
 the experimenter again encourages him to get the toy, he asks his
 mom for help. Then he leans forward and stretches his arm toward
 the toy. When that does not work, he resumes playing with the tools
 without trying to obtain the toy.

 A3: Forward, indirect, and tool strategies:
 Child attempts to climb on table:
 Mom: "Don't climb."

 Child: "Mommy, you get it."
 Mom: "You can get it. Can you show Mommy?"
 Child tries to reach the toy;
 Child: "I can't. My arm is too short."
 Child looks at the tools, says "I can use this," picks up a tool with
 an ineffective head, but fails to retrieve the toy. Child continues to
 use the tool and finally retrieves the toy.

 Instruction: The hint was given; then the child picked up the target tool
 and used it to obtain the toy.
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 A4 and A5: Tool strategy: Child uses the target tool and obtains the toy.

 B1 to B5: Tool strategy: Child uses the target tool and obtains the toy.

 C1: Tool strategy: Child uses the target tool and obtains the toy.

 C2: Tool strategy: Child first picks up a tool without a head and fails to
 secure the toy. He then shifts to the target tool and pulls in the toy.

 C3: Tool strategy: Child uses the target tool and obtains the toy.

 Example 2: A 21-month-old girl in the modeling condition:

 Al and A2: Forward and indirect strategies: Child attempts to climb on
 the table to reach the toy and then turns to mom for help.

 A3: No strategy.

 Instruction: Child sees model and then uses the target tool to obtain the
 toy.

 A4 and A5: Tool strategy: Child uses the target tool and obtains the toy.

 BI: Tool strategy: Child picks up a tool without a head and fails to get
 the toy. Then child picks up the target tool but still fails to obtain
 the toy.

 B2 and B3: Forward strategy.

 Instruction: Child sees model and then uses the target tool to obtain the
 toy.

 B4 and B5: Tool strategy: Child uses the target tool and obtains the toy.

 C1: Tool strategy: Child chooses the target tool but fails to obtain the
 toy.

 C2: Tool strategy: Child uses several ineffective tools and does not get
 the toy.

 C3: Indirect strategy: Child asks her mother for help and does not ob-
 tain the toy.
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 These examples illustrate how children learned, or failed to learn,
 how to obtain the toy. In Example 1, when the boy first tried the tool
 strategy, he did not select the target tool. After receiving the hint, he
 used the target tool on Trials A4 and A5 and obtained the toy both times.
 When he encountered Problem B, he readily selected the target tool,
 even though it was perceptually different from the target tool on Prob-
 lem A. He then transferred this effective approach to Problem C, though
 with one regression in which he chose an ineffective tool.

 In Example 2, the girl reproduced the modeled strategy in the con-
 text of Problem A, the problem on which the modeling occurred. When
 she encountered the superficially different Problem B, however, she trans-
 ferred the general strategy of using a tool but not the specific strategy of
 using the target tool. After seeing use of the target tool modeled on
 Problem B, she transferred both the general and the specific strategy
 (Trials Cl and C2), but she did not execute the tool strategy sufficiently
 well to obtain the toy. This child's performance highlights the fragility of
 newly acquired strategies. Even after beginning to use tools, she did not
 use the tool strategy consistently. Even when she used the target tool, she,
 like the boy in Example 1, did not use it very skillfully. Both inconsistent
 use of the newly acquired strategy and ineffective execution when it was
 used were characteristic of many toddlers' learning.

 Having described qualitative aspects of toddlers' learning, we now turn
 to quantitative analyses. The results are reported in three sections. In the
 first section, we provide an overview of children's success in obtaining
 the toy, of the strategies that they used to do so, and of the amount of
 learning and transfer that occurred under different experimental condi-
 tions and at different ages. In the second section, we present a detailed
 analysis of the component processes that generated change over the three
 problems, over successive trials within a single problem, and within a given
 trial. In the third section, we examine individual differences in all of
 these aspects of strategic change.

 LEARNING AND STRATEGY USE

 The data in this section are organized to answer several relatively gen-
 eral questions. Are 1- and 2-year-olds capable of solving the toy-retrieval
 problem? Does seeing a model or receiving hints aid their learning? Can
 they transfer the learned strategy to novel problems? What strategies do
 they use, and how do these strategies change with experience? And how
 do older and younger toddlers differ along all of these dimensions?

 Figure 6 illustrates the percentage of older and younger children in
 each condition who obtained the toy on each trial of each problem.
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 FIGURE 6.-Percentage of children in each age/condition group who obtained the
 toy on each of the 13 trials. The first three trials on each problem were pretraining
 trials; the last two trials on Problems A and B were posttraining trials.

 Performance of children in all conditions on the pretraining trials of
 Problem A, and of children in the control condition throughout the ex-
 periment, makes a clear point: Without instruction, toddlers rarely were
 able to solve the toy-retrieval problem. Under such conditions, older tod-
 dlers obtained the toy on only about 15% of trials, and younger ones
 obtained it on about 5%.

 Initial learning. To test whether modeling or the hint increased tod-
 dlers' success in obtaining the toy, we performed paired comparisons be-
 tween their problem-solving performance before and after instruction on
 Problem A. Children who obtained the toy on at least one of the three
 pretraining trials of Problem A received a score of 1; others were scored
 0. Similarly, children who obtained the toy on at least one of the two
 posttraining trials on Problem A received a score of 1; others received a
 score of 0. Despite this comparison being biased against showing learning
 (three pretraining trials, two posttraining trials), the analysis indicated
 that far more children solved Problem A after instruction than before.

 This was true in the modeling condition, t(15) = 15.00, p < .0001, and
 t(14) = 7.48, p < .0001, for younger and older children, respectively, and
 it was also true in the hint condition, t(15) = 2.61, p < .05, and t(11) =
 3.92, p < .005, for younger and older children, respectively. In contrast,
 children in the control group did not differ on pretraining and posttrain-
 ing trials of Problem A.
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 Transfer

 Between-problem changes. A second general question concerned whether
 children were able to transfer what they learned on earlier problems to
 later ones. To examine this issue, we performed a 3 (problem: A, B, or
 C) x 3 (condition) x 2 (age) x 2 (sex) analysis of variance (ANOVA) on
 the number of times each child obtained the toy on the three pretraining
 trials of each problem. The key predictions regarding the pattern of trans-
 fer were that there should be a two-way interaction between problem and
 experimental condition and a three-way interaction among problem, con-
 dition, and age. On Problem A, children in all three conditions should
 be equally likely to solve pretraining trials, because they were treated iden-
 tically up to that point. If children in the modeling and hint conditions
 transferred what they learned on Problem A to subsequent problems, how-
 ever, they should be more likely than children in the control condition to
 obtain the toy on pretraining trials of Problems B and C. This would give
 rise to the interaction between condition and problem.

 It also seemed likely that among children in the modeling and hint
 conditions, older toddlers would transfer what they had learned more
 completely and more quickly than younger toddlers. Thus, older children
 who received the modeling or hint should show especially enhanced per-
 formance on Problem B, relative to both older and younger children in
 the control condition and relative to younger children in the modeling
 and hint conditions. On the other hand, both older and younger chil-
 dren in the control condition were predicted to do equally poorly on all
 three problems. This would lead to the predicted three-way interaction
 among experimental condition, age, and problem.

 Consistent with these predictions, there were significant interactions
 between condition and problem, F(4, 148) = 14.96, p < .0001, and among
 condition, problem, and age, F(4, 148) = 2.49, p < .05. Figure 6 makes
 clear the source of these interactions. First consider the performance of
 the older toddlers. Those in both the modeling and hint conditions trans-
 ferred what they had learned from instruction on Problem A to the pre-
 training trials of Problem B (Trials B1, B2, and B3), thus leading to
 substantial improvements in pretraining performance from Problem A to
 Problem B (in the modeling condition, t(14) = 6.44, p < .0001; in the hint
 condition, t(11) = 4.98, p < .001). Older toddlers in both conditions ob-
 tained the toy even more often on the pretraining trials of Problem C than
 on those of Problem B (in the modeling condition, t(14) = 2.47, p < .05;
 in the hint condition, t(11) = 3.22, p < .01). In contrast, older toddlers in
 the control group showed no improvement over the three problems.

 Younger toddlers in the modeling and hint conditions also trans-
 ferred what they had learned, but they did so less quickly, and to a lesser
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 extent, particularly in the hint condition. Those in the modeling condi-
 tion tended to obtain the toy more often on the pretraining trials of
 Problem B than on the corresponding trials of Problem A, t(15) = 2.06,
 p < .10. They showed a large gain from the pretraining trials of Problem
 B to the corresponding trials of Problem C, t(15) = 3.22, p < .01. Younger
 toddlers in the hint condition did not show gains from Problem A to
 Problem B, but they did improve from the pretraining trials of Problem
 B to those of Problem C, t(15) = 2.10, p < .05. Thus, the three-way inter-
 action reflected older toddlers in both the modeling and hint conditions
 showing considerable transfer on both Problems B and C; younger tod-
 dlers in the modeling condition showing some transfer on both Problems
 B and C; younger toddlers in the hint condition showing transfer only on
 Problem C; and both older and younger toddlers in the control condi-
 tion showing no transfer.

 The ANOVA also revealed a number of other main effects and inter-

 actions. Main effects were present for all four variables: Children in the
 modeling and hint conditions obtained the toy more often than those in
 the control condition, F(2,74) = 24.82, p < .0001; older children obtained
 the toy more often than younger children, F(1,74) = 36.12, p < .0001;
 boys obtained it more often than girls, F(1,74) = 10.95, p < .001; and
 children obtained it more often on Problems B and C than on Problem

 A, F(2, 148) = 65.62, p < .0001. Among these findings, only the difference
 between boys and girls was unanticipated; boys obtained the toy on 32%
 of trials, whereas girls obtained it on 22%. The interaction between age
 and problem was also significant, F(2,148) = 7.01, p < .005. Except for
 the main effect for sex, all of these findings were best interpreted in the
 context of the condition by problem by age interaction described above.

 Within-problem changes. In addition to the between-problem improve-
 ments in solutions following instruction, there also appeared to be im-
 provements over the three pretraining trials within each problem. Such
 improvements were of interest because if they occurred, it would indicate
 that the learning of toddlers in the modeling and hint conditions was not
 entirely due to the instruction that they received after Trials A3 and B3.
 Rather, improvements over the pretraining trials of a given problem would
 indicate that the toddlers learned from their own problem-solving activi-
 ties and their efforts to work out the lessons of the prior instruction.

 An Age x Condition x Problem x Pretraining Trial (first, second, or
 third) ANOVA on number of children who solved the problem on each
 pretraining trial indicated a main effect for trial, F(2,160) = 7.68, p <
 .001, and a three-way interaction among age, problem, and trial, F(4, 160) =
 3.01, p < .05. Number of solutions generally increased from the first to
 the last pretraining trial, indicating that children were learning from their
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 own problem-solving efforts. The interaction reflected the fact that this
 effect was limited to Problems B and C, and occurred earlier in the ses-

 sion for older toddlers than for younger ones. Older toddlers in the mod-
 eling and hint conditions increased their number of solutions between
 B1 and B3, matched-group t(26) = 2.28, p < .05. Among these children, 7
 of 12 (58%) who did not obtain the toy on B1 did obtain it on B3. In
 contrast, far fewer older toddlers in the control group (1 of 13) showed
 such within-problem improvement from BI to B3, X2(1) = 7.35, p < .01.
 Younger toddlers in the modeling condition did not show much improve-
 ment on the pretraining trials of Problem B, but their success in obtain-
 ing the toy did tend to improve from the first to the last pretraining trial
 of Problem C, t(15) = 1.86, p < .10.

 An interesting commonality was evident in the timing of the within-
 problem increase in solutions over the pretraining trials. These within-
 problem increases occurred at the same point in mastery for the three
 groups that showed the effect: older children in the modeling and hint
 conditions on Problem B and younger children in the modeling condi-
 tion on Problem C. In all cases, in the group in which within-problem
 improvement occurred, performance was already at 50%-55% correct on
 the first pretraining trial of the new problem. In the groups that did not
 show such within-problem learning (older and younger children in the
 control group and younger children in the hint condition), pretraining
 performance never reached this high a level. The consistency suggests
 that instruction had to bring children to a moderate level of understand-
 ing before they could benefit from their own efforts to solve the problem.

 Strategy use. One of the advantages of the tool-use task for studying
 strategy development was that it was easy to code the strategies. Two rat-
 ers independently coded 104 trials (the performance of eight toddlers).
 Their ratings agreed on 100% of trials involving tool use, 97% of trials
 on which the forward strategy was used, and 95% of trials on which the
 indirect strategy was used. (In the few cases of disagreement, the classifi-
 cation was determined by discussion between the two raters.)

 Changes in strategy use. Figure 7 shows the percentage of children who
 used each strategy on the three pretraining trials of each problem. Be-
 cause children fairly often used both the tool strategy and the forward
 strategy on a single trial, the percentages in the three figures frequently
 sum to more than 100%.

 The overlapping waves pattern that has been observed in studies of
 older children's cognitive development was clearly evident in the tod-
 dlers' pattern of strategic change. At first, most children used either no
 strategy or the forward strategy. Use of no strategy decreased considerably
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 FIGURE 7.-Percentage of children who used each strategy on each pretraining trial.

 after this. In contrast, use of the forward strategy increased; it was the
 most frequent strategy on the pretraining trials of Problems A and B. Its
 use gradually decreased, however, and the tool strategy supplanted it as
 the most common strategy by Problem C. The indirect strategy showed
 yet another pattern; toddlers used it occasionally throughout the experi-
 ment, but it never reached high levels of use.

 Figure 8 breaks down strategy use by age and condition for the tool
 strategy (left panel), the forward strategy (middle panel) and no strategy
 (right panel) on the three pretraining trials of each problem. (The data
 for use of the indirect strategy are not shown, because this approach was
 used on only around 10% of trials.)

 As shown in the left panel of Figure 8, use of tools to obtain the toys
 increased considerably over the three problems among both older and
 younger toddlers in the hint and modeling conditions. As shown in the
 middle panel, use of the forward strategy decreased considerably among
 older children in the hint and modeling conditions, but it remained high
 among younger ones in all conditions. As shown in the right panel, both
 older and younger toddlers in the hint and modeling conditions de-
 creased the number of trials on which they used no strategy to obtain the
 toy. Finally, toddlers in the control condition did not change their use of
 any of these approaches very much over the three problems. As in the
 previous section on success in obtaining the toy, the changes in strategy
 use in the modeling and hint conditions were of very large magnitude,
 especially among the older toddlers. For example, older toddlers in the
 hint and modeling conditions used tools on only 20% of pretraining
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 FIGURE 8.-Percentage of use of the three most common strategies on each prob-
 lem by children in each age/condition group (pretraining trials).

 trials on Problem A, but they used them on almost 100% of trials on
 Problem C.

 We expected that changes in use of the tool strategy would parallel
 those involved in obtaining the toy. To test this hypothesis, we conducted
 a 3 (Condition) x 2 (Age) x 2 (Sex) x 3 (Problem) ANOVA, on percent-
 age of use of the tool strategy on the pretraining trials of each problem.
 The analysis showed main effects for all four variables: condition, F(2, 74) =
 26.51, p < .0001; age, F(1,74) = 19.48, p < .0001; sex, F(1,74) = 11.31, p <
 .005; and problem, F(2,148) = 76.00, p < .0001. Children in the modeling
 and hint conditions used tools on more pretraining trials than did chil-
 dren in the control condition, older children used them more often than

 did younger ones, boys used them more frequently than did girls, and
 children in general used them more frequently on later than on earlier
 problems.

 For the same reasons as in the analysis of frequency of obtaining the
 toy, the central predictions tested by this analysis of tool use on pretrain-
 ing trials concerned the two-way interaction between problem and condi-
 tion and the three-way interaction among problem, condition, and age.
 Both predicted interactions were present: the Condition x Problem
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 interaction, F(4,148) = 18.22, p < .0001, and the Age x Condition x Prob-
 lem interaction, F(4,148) = 2.62, p < .05. Furthermore, the interactions
 occurred for the predicted reasons. Both older and younger children in
 the modeling and hint conditions used tools increasingly often over prob-
 lems, though the older children improved more quickly and to a some-
 what greater extent. In contrast, neither older nor younger children in
 the control condition increased their use of tools over problems.

 Post hoc analyses provided the following evidence for this interpreta-
 tion. Both younger and older children in the modeling condition in-
 creased their use of the tool strategy from Problem A to Problem B, t(15) =
 2.67, p < .05, for younger children, and t(14) = 6.87, p < .0001, for older
 children. They also increased their tool use from Problem B to Problem
 C, t(15) = 3.52, p < .005, for younger children, and t(14) = 2.20, p < .05,
 for older children. Older children in the hint condition increased their

 use of the tool strategy from Problem A to Problem B, t(11) = 6.14, p <
 .0001, but not from Problem B to Problem C. In contrast, younger chil-
 dren in the hint condition increased their use of tools later and to a

 lesser extent. As shown in the left panel of Figure 8, they increased their
 tool use a little from Problem A to Problem B, t(15) = 1.82, p < .10, but
 increased it considerably more from Problem B to Problem C, t(15) =
 3.22, p < .01. Children at both age levels in the control condition failed
 to increase their use of the tool strategy over the three problems.

 Thus, the reasons for the three-way interaction in the analysis of use
 of the tool strategy were the same as those underlying the three-way
 interaction in the analysis of success in obtaining the toy. Regardless of
 age or experimental condition, toddlers rarely used tools on the pretrain-
 ing trials of Problem A. Both older and younger children in the control
 condition continued to rarely use tools on Problems B and C. Younger
 children in the modeling and hint conditions increased their use of tools
 on Problems B and C. Older children in the modeling and hint condi-
 tions increased their use of tools more quickly and to a greater extent
 than their younger peers.

 Strategic variability. Along with this trend toward increasing use of the
 tool strategy was a great deal of strategic variability. This variability was
 evident in examination of individual toddlers' use of the four strategies
 (tool, forward, indirect, and no strategy). Among the 86 toddlers, 74%
 used either three or four strategies. Only three children, 3% of the sam-
 ple, always used the same strategy. The mean number of strategies used
 by each child was 3.04. The forward strategy was used at least once by
 98% of the children, the tool strategy by 76%, no strategy by 76%, and
 the indirect strategy by 53%. Thus, each of the four strategies was used
 by a majority of children at some time during the experiment.
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 Such a pattern might have been caused by the toddlers not discover-
 ing the one effective approach, the tool strategy, until they had tried the
 other three approaches, but then consistently using the tool strategy. This
 was not the case, however. Strategic variability continued after children
 began to use the tool strategy, though the degree of variability was greatly
 influenced by the instructional condition and the children's age. Among
 children in the control group, 11 of 12 who used the tool strategy also
 used other strategies on at least one trial after beginning to use the tool
 strategy. The younger toddlers in the control group used approaches other
 than the tool strategy on 84% of trials after the first time they used the
 tool strategy; the older toddlers in the control group did so on 48% of
 such trials. In contrast, children who received instruction in using the
 tool strategy subsequently used other approaches much less often. Youn-
 ger toddlers in the modeling condition used approaches other than the
 tool strategy on 23% of trials after they started using the tool strategy; the
 corresponding percentage for younger toddlers in the hint condition was
 20%. Even more extreme, after older toddlers in both the modeling and
 hint conditions started using the tool strategy, they used other approaches
 on only 4% of trials. Thus, instruction greatly reduced strategic variabil-
 ity, especially for the older toddlers, as well as promoting greater use of
 the tool strategy.

 The increased use of the tool strategy greatly enhanced toddlers' abil-
 ity to obtain the toy. There was considerably more to the story, however.
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 VII. COMPONENTS OF STRATEGIC CHANGE

 Strategic change was hypothesized to include five components: initial
 acquisition, mapping, strengthening, refinement of choices, and increas-
 ingly skillful execution. Improvement in any of these five processes could
 increase overall speed and accuracy, even if no changes occurred in the
 other four. As it turned out, toddlers' learning involved improvements in
 all five components. Assessing these components separately allowed us to
 achieve a more precise conceptualization of the processes of learning and
 transfer on the toy retrieval task.'

 ACQUISITION

 A necessary first step in mastering the toy-retrieval task is to pick up
 a tool and attempt to get the toy with it. Whether a given child showed
 such acquisition was measured by whether the child used the tool strategy
 on at least 1 of the 13 trials. Success in obtaining the toy was not neces-
 sary, but the child needed at least to reach for the toy with the tool,
 rather than just waving it around.

 Children in the three experimental conditions differed considerably
 in the likelihood of acquisition, X2(2) = 19.34, p < .0001. Over the 13
 trials, 100% of children in the modeling condition, 86% of children in
 the hint condition, and 56% of children in the control condition used

 the tool strategy at least once. The percentage of children who ever used

 1Throughout this section, the total means on which the ANOVA are based, and
 which are used in the text, do not match the total means presented in the tables. For
 purposes of computing the ANOVAs, only those children who met the relevant criteria
 on all three problems were included; those means are given in the text. To communicate
 a sense of all children's performance, however, the total means in the tables were based
 on the performance of all children, even if they provided relevant data only on one or
 two problems. This also is the reason why the Ns for the ANOVAs are smaller than the
 total Ns in the tables.
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 the tool strategy was greater in the modeling condition than in the hint
 condition, X2 (1) = 4.75, p < .05, and it was greater in the hint condition
 than in the control condition, X2 (1) = 6.06, p < .05. On the other hand,
 there was no difference between the percentages of younger and older
 children who showed this initial acquisition (80% of younger children,
 83% of older ones).

 Considerably more boys than girls used the tool strategy at least once
 (91% of boys versus 72% of girls, X' (1) = 4.91, p < .05). These sex differ-
 ences were especially large in the control condition, in which children
 were encouraged to get the toy, and were told that they could use the
 tools to do so, but in which the experimenter did not direct them toward
 any particular strategy. In the control condition, 79% of boys but only
 31% of girls used the tool strategy at least once, X2 (1) = 6.24, p < .05.

 MAPPING

 Mapping refers to the degree to which children who acquired the
 tool strategy on an earlier problem applied it to a subsequent problem
 without any training on that later problem. Recall that the three prob-
 lems differed in the particular tools and toy that were presented, in the
 color and height of the table on which the tools and toy sat, and in the
 child's posture (sitting or standing) when trying to solve the problem.

 To examine mapping, we first considered the conditional probability
 of children using the tool strategy on Trial BI, given that they earlier had
 used the tool strategy on Trial A4 or A5, and the conditional probability
 of their using the tool strategy on Trial C1, given that they had used it on
 Trial B4 or B5. The logic of using these conditional probabilities to assess
 mapping was that only children who acquired the tool strategy in the
 original situation could map what they had learned onto a novel context.
 The logic of only examining strategy use on the first trial of the new
 problem was that this allowed us to examine mapping of the tool strategy
 from the previous problem to the new problem, independent of learning
 over the three pretraining trials of the new problem. We limited the analy-
 sis to children in the two experimental groups, because few children in
 the control group used the tool strategy on Trial A4, A5, B4, or B5.

 As shown in Table 2, of those toddlers who acquired the tool strategy
 on Problem A, about 60% mapped the strategy onto Problem B; of those
 who acquired it by Problem B, about 90% mapped it onto Problem C.
 The amount of mapping was quite similar for children in the modeling
 and hint conditions. This is a striking amount of transfer for toddlers, a
 population that until recently was viewed as being incapable of transfer
 (see Brown, 1990, for a discussion of past claims that toddlers were inca-
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 TABLE 2

 MAPPING OF TOOL STRATEGY ONTO NEW PROBLEMS: P (CHILD USED TOOL STRATEGY
 ON FIRST PRETRAINING TRIAL OF NEW PROBLEM I CHILD USED TOOL STRATEGY

 ON ONE OR BOTH POSTTRAINING TRIALS OF PREVIOUS PROBLEM)

 Conditional Probability of Mapping
 Age

 Condition (in months)  A4 or A5 - Bla B4 or B5 - C1

 Modeling 18-26 .44 .80
 27-35 .71 1.00

 Hint 18-26 .33 .78

 27-35 1.00 .92

 Totalb .62 (N= 47) .89 (N= 51)

 "aNumbers in the column A4 or A5 -- B1 indicate the conditional probability that the child used the tool strategy
 on the first pretraining trial of Problem B, given that the child used the tool strategy on at least one of the two
 posttraining trials of Problem A. Thus, 44% of younger children in the modeling condition who used the tool strategY
 following training on Problem A transferred the strategy to the first pretraining trial of Problem B.

 'Here and in subsequent tables, the numbers in the "Total" row do not equal the mean of the numbers above
 them in the column, because the numbers higher in the column are based on different numbers of observations for
 older and younger children in each condition. Instead, the numbers in the Total row are based on observations of all
 children who used the tool strategy on the previous posttraining problem.

 pable of transfer and for additional evidence that they can transfer what
 they have learned to new problems and situations).

 To better understand factors that influenced mapping of the tool strat-
 egy onto new problems and contexts, we conducted a 2 (condition: mod-
 eling or hint) x 2 (age) x 2 (sex) x 2 (problem: B or C) ANOVA. Only
 those children in the experimental conditions who used the tool strategy
 on posttraining trials of both Problems A and B were included in this
 analysis (N= 47). Children who used the tool strategy on the first trial of
 the new problem received a score of 1 for that problem; children who
 did not use it on the first trial of the new problem received a score of 0
 for that problem. The ANOVA showed main effects for age, F(1,39) =
 14.26, p < .001, and problem, F(1,39) = 14.73, p < .001, and an inter-
 action between age and problem, F(1,39) = 4.34, p < .05. The three-way
 interaction among age, condition, and problem was also marginally sig-
 nificant, F(1,39) = 2.88, p < .10.

 Paired comparisons revealed that in the modeling condition, the
 amount of mapping of the tool strategy to a novel problem increased
 from Problem B to Problem C. This was true for both younger children,
 t(14) = 2.09, p = .05, and older ones, t(13) = 2.28, p < .05. Among the
 younger children in the hint condition, amount of mapping of the tool
 strategy to Problem C was also greater than to Problem B, t(6) = 2.83, p <
 .05. Older children in the hint condition were already at 100% mapping
 on Problem B, and thus could not show any increase over problems. In
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 general, however, the 1- and 2-year-olds exhibited even more mapping of
 the tool strategy onto Problem C than onto Problem B.

 STRENGTHENING

 Generating a novel strategy is the beginning of the strategy develop-
 ment process, but it is not the end. Even the most advantageous new
 strategies need to be strengthened, so that they are used consistently when
 they are applicable. Such consistency needs to be gained both in the
 context of initial acquisition and in new contexts to which the strategy is
 mapped.

 One measure of the degree of strengthening of the tool strategy was
 how consistently it was used on a given problem once it had been used
 for the first time on that problem. As in the analyses of initial acquisition
 and mapping, this analysis was performed on the pretraining trials of
 each problem. Table 3 shows the conditional probability of using the tool
 strategy on a later pretraining trial, given that it had been used on an
 earlier pretraining trial on the same problem. Note that only children
 who started using the tool strategy on the first or second trial of each
 problem could be included in this analysis, because there were no pre-
 training trials following the third trial on each problem.

 To test whether consistency of use of the tool strategy increased over
 the three problems, a one-way ANOVA was performed on the data of
 toddlers who used the tool strategy on the first or second trial on all
 three problems (N = 10). The ANOVA revealed a main effect for prob-
 lem, F(2,18) = 3.97, p < .05. This effect was due to consistency of use of

 TABLE 3

 CONSISTENCY OF USE OF TOOL STRATEGY: P (TOOL STRATEGY USED ON A
 PRETRAINING TRIAL OF A PROBLEM I TOOL STRATEGY USED ON THE IMMEDIATELY

 PREVIOUS PRETRAINING TRIAL OF THAT PROBLEM)

 Condition Age (mo.) Problem A Problem B Problem C
 Hint 18-26 .67 .91 .86

 27-35 .50 1.00 .96

 Modeling 18-26 .00 .50 .86
 27-35 1.00 .92 .97

 Total .63 (N= 15) .82 (N= 43) .90 (N= 57)

 NorE.--Control group was not included because the number of children using the tool strategy was too low. The
 means reflect consistency of use of all children in these groups, not only of those who used the tool strategy on one of
 the first two trials of all three problems.
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 the tool strategy increasing over the three problems (55%, 85%, and 95%,
 on Problems A, B, and C, respectively).

 Another reflection of the strength of a strategy is its accessibility. In
 the present context, the accessibility of the tool strategy was measured by
 the percentage of pretraining trials on which it was the first approach
 attempted, relative to the total number of trials on which it was used
 anytime during the trial (Table 4). Thus, an increase in accessibility meant
 that children more often were using the tool strategy as their first strat-
 egy on a trial, rather than as a later strategy.

 To test whether the accessibility of the tool strategy increased over
 problems, a one-way ANOVA was conducted on the performance of those
 children who used the strategy at least once on all three problems (N =
 23). The ANOVA revealed a main effect for problem, F(2,44) = 6.25, p <
 .005. The percentage of tool-use trials that children began by using the
 tool strategy increased from 43% on Problem A to 62% on Problem B to
 83% on Problem C. Paired t tests indicated increases from Problem A to

 Problem C, t(22) = 3.18, p < .005, and from Problem B to Problem C,
 t(22) = 2.28, p < .05. Thus, not only were there substantial increases in
 the likelihood of using a tool at all; the likelihood of using a tool first,
 rather than later, also increased considerably.

 It also was possible that the accessibility of the tool strategy would
 increase over trials within a given problem, as well as between problems.
 This would occur if the children's own efforts to solve a given problem
 led to their learning that using tools was a good idea on that problem. To
 test this possibility, we performed separate one-way ANOVAs on accessi-
 bility of the tool strategy among children who used the tool strategy on
 all three pretraining trials of Problem B (N = 28) and those who used it
 on all three pretraining trials of Problem C (N = 44). The ANOVA on
 within-problem changes in accessibility of the tool strategy on Problem B

 TABLE 4

 ACCESSIBILITY OF TOOL STRATEGY: P (TOOL STRATEGY WAS FIRST STRATEGY USED ON A
 GIVEN PRETRAINING TRIAL I TOOL STRATEGY USED AT SOME POINT ON THAT TRIAL)

 Condition Age (mo.) Problem A Problem B Problem C

 Hint 18-26 .28 .50 .61

 27-35 .50 .58 .92

 Modeling 18-26 .25 .79 .81
 27-35 .40 .77 .98

 Total .48 (N= 27) .68 (N= 49) .85 (N= 59)

 NOTE.-This table includes data for all children, even if the child did not use the tool strategy on pretraining
 trials on all three problems.
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 showed a main effect for trial order, F(2,54) = 4.59, p < .05. Among chil-
 dren who used the tool strategy on all three pretraining trials of Problem
 B, the tool strategy was the first one used by 57% of children on Trial B1,
 75% on B2, and 89% on B3. Paired comparisons indicated that strategy
 accessibility on B3 was higher than on B1, t(27) = 3.10, p < .005. The
 corresponding ANOVA for Problem C revealed no differences in accessi-
 bility across the three pretraining trials. This appeared to be due to ceil-
 ing effects. Among toddlers who used the tool strategy on all three trials,
 the tool strategy was the first one used by 82% of children on C1, 93%
 on C2, and 87% on C3. Thus, the tool strategy was sufficiently strong by
 Problem C that it was used first by the large majority of toddlers from
 the initial presentation of the new problem. More generally, these find-
 ings meant that the instructional procedures (the hint and modeling)
 were not the only factors responsible for the increasing strength of the
 tool strategy; the toddlers' own problem-solving efforts also contributed.

 Using a tool is different than choosing the right tool, however. There-
 fore, we next examined children's choices among the six tools that they
 encountered on each problem.

 REFINEMENT OF STRATEGY CHOICES

 As often occurs, strategy choice on the toy-retrieval task was a hierar-
 chical process. To have a good chance of succeeding, the toddlers needed
 not only to choose the tool strategy; within the set of tools, they needed
 to choose the target tool, the one tool among the six that was long enough
 to reach the toy and that had a head at a right angle to the shaft. Analy-
 ses of refinement of choices among the tools showed that it was a surpris-
 ingly complex process.

 A graphical presentation of the results helps to convey the multifac-
 eted changes that occurred during the course of the experiment. The six
 graphs in Figure 9 illustrate for each age-condition group both the over-
 all changes in frequency of tool use and the refinements in the type of
 tool that was chosen on the pretraining trials of each problem. On Prob-
 lem A, before children in any condition received training, they rarely
 used any tool. This continued to be the case for children in the control
 condition on Problems B and C. On those later problems, however, chil-
 dren in the hint and modeling conditions considerably increased their
 use of tools in general and increasingly often chose the target tool on
 those trials on which they used a tool.

 An Age x Problem x Condition x Sex ANOVA on frequency of use of
 the target tool on the three pretraining trials of each problem provided
 statistical evidence for these statements and revealed some additional ef-
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 fects as well. The analysis showed main effects for all four variables: con-
 dition, F(2,74) = 31.55, p < .0001; age, F(1,74) = 20.47, p < .0001; sex,
 F(1,74) = 10.14, p < .005; and problem, F(2,148) = 54.31, p < .0001. Chil-
 dren in the modeling and hint conditions used the target tool more fre-
 quently than children in the control condition, older children used it
 more frequently than younger ones, boys used it more frequently than
 girls, and children used it more frequently on later than on earlier
 problems.

 The ANOVA also yielded interactions that paralleled those in the analy-
 ses of frequency of obtaining the toy and frequency of using a tool. There
 was a condition by problem interaction, F(4,148) = 14.35, p < .0001, and
 a tendency toward an age by condition by problem interaction, F(4,148) =
 2.12, p < .10. Again, the interactions occurred for the predicted reasons.
 Both older and younger toddlers increased their use of the target tool
 greatly in the modeling and hint conditions, older toddlers in those con-
 ditions improved more quickly and to a somewhat greater extent than
 younger ones, and neither older nor younger toddlers in the control con-
 dition improved over problems.

 This overview of changes in use of the target tool sets the stage for a
 series of analyses that addressed four specific issues about the choice re-
 finement process: (a) Did the toddlers bring to the experiment knowl-
 edge of tools that constrained and guided their subsequent choices?
 (b) What changes beyond that initial knowledge occurred over the three
 problems? (c) What types of refinements in strategy choices occurred over
 the three pretraining trials within a given problem? and (d) What types of
 refinements in strategy choices did toddlers make within a given trial?

 Knowledge about tools prior to instruction. Analysis of choices of tools on
 the pretraining trials of Problem A allowed us to examine what toddlers
 knew about the properties of effective tools before they received any in-
 struction. This knowledge seemed important, because if the toddlers en-
 tered the experiment already having a sense of the properties of effective
 tools, this knowledge may have helped them draw the intended lesson
 from the instruction that they subsequently received.

 The toddlers' choices among the six tools on the pretraining trials of
 Problem A indicated that they indeed did enter the experiment with some
 understanding of the requisites of effective tools. Because toddlers used
 tools on only about 20% of these trials, and because all children were
 presented identical experience up to this point in the experiment, we
 combined the data across conditions and ages. First we examined percent-
 age of choice of tools with shafts long enough to reach the toy. Of the six
 tools, four (67%) met this criterion. Children chose these long tools, how-
 ever, on 93% of trials on which they chose any tool, more than if they
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 FIGURE 9.-Figure continues on facing page.
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 FIGURE 9.-Percentage of pretraining trials in each age/condition group in which
 each type of tool was chosen first. The distance between the height of each bar and
 100% indicates the percentage of trials on which an approach other than the tool strat-
 egy was used first. (A) 18- to 26-month-olds in the control condition; (B) 27- to 35-month-
 olds in the control condition; (C) 18- to 26-month-olds in the hint condition; (D) 27- to
 35-month-olds in the hint condition; (E) 18- to 26-month-olds in the modeling condi-
 tion; (F) 27- to 35-month-olds in the modeling condition.
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 had chosen randomly, t(40) = 6.24, p < .0001. Within the group of long
 tools, two had heads and two did not; children more often chose tools

 with heads (66% of choices) than the 50% chance probability, t(37) =
 2.02, p < .05. Then we examined whether on those trials on which chil-
 dren chose a tool with a head, they were more likely than chance to
 choose the tool with the most effective head, the target tool. They were
 not; their choices here did not differ from chance. Thus, before instruc-

 tion, toddlers already tended to choose tools that were long enough to
 reach the toy and that had heads that might be useful for pulling the toy
 to them, but they did not seem to differentiate between tools with more
 and less useful heads.

 Refinement of choices over problems. The second set of issues regarding
 the toddlers' choices among the six tools involved changes that occurred
 from Problem A to Problem B to Problem C. We first examined whether

 the increased use of the target tool over problems was entirely attribut-
 able to increased use of tools in general, or whether children's choices
 among the six tools also became more refined. To examine this issue, we
 computed each child's conditional probability of using the target tool
 first on the pretraining trials, given that the child used some tool on the
 trial. If children's choices among the tools became more refined with age
 and with experience on the task, we would expect that even when we
 limited the analysis to trials on which children used some tool, the per-
 centage of trials on which the target tool was chosen first would increase.
 Because tool use was relatively rare on Problem A in all three conditions,
 and because it continued to be relatively rare in the control condition on
 Problems B and C, we limited this analysis to performance on Problems
 B and C of children in the modeling and hint conditions who used a tool
 on at least one pretraining trial of both problems.

 A 2 (condition: modeling or hint) x 2 (problem: B or C) x 2 (age) x
 2 (sex) ANOVA (N= 39) yielded main effects for problem, F(1,31) = 4.87,
 p < .05, and condition, F(1,31) = 4.56, p < .05. The percentage of tool use
 trials on which the target tool was the first tool chosen increased from
 52% on Problem B to 71% on Problem C. Because there were six tools,

 only one of which was the target, this meant that children's choices among
 the tools were already much better than chance on Problem B, and that
 the choices became yet more refined on Problem C. Children in the
 modeling condition chose the target tool first on 69% of tool-use trials,
 whereas children in the hint condition chose the target tool first on 53%
 of such trials. Unlike the case with overall frequency of use of the target
 tool, older children did not choose the target tool on a higher percent-
 age of tool-use trials than younger children, nor did boys choose it on a
 higher percentage of such trials than girls.
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 These results raised the converse issue to the one that motivated the

 just-described analysis: Were changes in overall tool use totally due to
 changes in use of the target tool? To find out, we analyzed the number
 of trials on which children used a tool other than the target tool. The
 Age x Sex x Condition x Problem ANOVA showed that all four variables
 influenced frequency of using tools other than the target tool. Main
 effects were present for age, F(1,74) = 5.04, p < .05, sex, F(1,74) = 4.77,
 p < .05, condition, F(2,74) = 6.92, p < .01, and problem, F(2,148) = 5.10,
 p < .01. Older children used tools other than the target tool on 22% of
 trials, younger children on 12%. Boys used them on 21% of trials, ver-
 sus 13% for girls. Frequency of use of tools other than the target in-
 creased from 10% to 21% to 22% from Problem A to B to C. Toddlers

 in the hint condition used tools other than the target more often than
 toddlers in either the modeling or control conditions (28% versus 16%
 and 9%, respectively). Thus, although children in both the modeling
 and hint conditions increased their use of tools to a similar extent, fre-

 quency of use of the target tool increased more in the modeling condi-
 tion, whereas frequency of use of nontarget tools increased more in the
 hint condition. This made sense, because toddlers in the modeling con-
 dition saw the target tool being used to pull in the toy, whereas those in
 the hint condition saw the experimenter point to the target tool but did
 not see it used. Thus, in the hint condition, it may have been more
 difficult to remember which tool was the target.

 The fact that, over problems, choices of tools were increasingly influ-
 enced by functional aspects of the tools does not imply that superficial
 similarity to previous target tools played no role in subsequent choices.
 Recall that the six potential tools on each problem included two short
 tools and two long tools without heads. Within each pair, the only differ-
 ence between the two tools was that one had the same pattern and color
 as the target tool on the previous problem (Figure 5). To determine
 whether children's choices among tools were affected by these superficial
 similarities, we examined whether children were more likely to use the
 two nonoptimal tools with superficial features identical to those of the
 previous target tool than the two nonoptimal tools with different super-
 ficial features.

 Because children did not choose any of these nonoptimal tools very
 often, we combined the data over age groups and over the modeling and
 hint conditions (children in the control condition were not included be-
 cause they rarely learned which object was the target tool and therefore
 could not learn its superficial features). Also, because memory for the
 superficial aspects of the target tool from the previous problem was likely
 to fade, we limited this analysis to the first choice of tool on Trial B1 and
 Trial C1. On Trial B1, 15% of children who used the tool strategy used
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 one of the two nonoptimal tools that were superficially similar to the
 target tool on Problem A. In comparison, only 3% of children chose one
 of the two matched comparison tools that were not superficially identical
 to the previous target tool, t(71) = 2.59, p < .05. On Problem C1, the
 comparable percentages were 5% and 3% (ns). Thus, superficial similar-
 ity did influence initial choices of tools on Problem B, but by Problem C,
 the toddlers' choices among tools were influenced only by functional
 similarity.

 Refinement of choices within problems. The third issue regarding refine-
 ment of strategy choices concerned whether there were refinements over
 the three pretraining trials within a given problem. To examine whether
 the toddlers showed such within-problem learning, separate one-way
 ANOVAs were conducted on percentage of use of the target tool among
 children who used the tool strategy on all three pretraining trials of Prob-
 lem B (N= 28) and those who used the tool strategy on all three trials of
 Problem C (N = 44). The first ANOVA showed a main effect for trial
 order within Problem B, 39% use of the target tool on tool use trials on
 B1, 57% on B2, and 68% on B3, F(2,54) = 3.57, p < .05. Paired compar-
 isons indicated that percentage of use of the target tool on the third trial
 was higher than on the first trial, t(27) = 2.52, p < .05. The parallel AN-
 OVA on Problem C did not reveal differences in likelihood of choosing
 the target tool, rather than just some tool, across the three pretraining
 trials (64%, 73%, and 68% choices of the target tool on tool-use trials on
 C1, C2, and C3, respectively). These results indicate that children did
 indeed learn through their problem-solving experience to choose the tar-
 get tool increasingly often over the pretraining trials of Problem B. They
 then maintained the same high frequency of choices of the target tool as
 they had reached by Trial B3 (around 70%) on all trials of Problem C.

 Refinement of choices within individual trials. The fourth issue was whether
 children shifted their choices of tools in adaptive directions within indi-
 vidual trials. That is, on trials on which children started a trial by using
 an ineffective tool, did they disproportionately switch to the target tool?
 Such adaptive changes within trials would again attest to children learn-
 ing from their own problem-solving efforts, as there was no instruction
 within any trial. The data were combined over ages and conditions be-
 cause the number of within-trial shifts from one tool to another was rel-

 atively small.
 The chance likelihood that a child who shifted away from an ineffec-

 tive tool would choose the target tool was 20% (one of the five remaining
 tools was the target). On Problem B, 42% of within-trial shifts away from
 ineffective tools were to the target tool, more than the 20% that would
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 have been expected by chance, t(35) = 2.60, p < .01. On Problem C, an
 even higher percentage of shifts, 63%, were from ineffective tools to the
 target. This again was more than would have been expected by chance,
 t(29) = 4.84, p < .001. Thus, the toddlers' strategy choices became more
 refined within individual trials, as they did over the three problems and
 over the pretraining trials within each problem.

 EFFECTIVENESS OF EXECUTION

 In addition to acquiring and strengthening new strategies, mapping
 them onto novel problems, and refining choices among alternative ap-
 proaches, children also often need to improve their execution of new
 strategies. In the present context, improvements in both accuracy and
 speed were necessary before toddlers could consistently obtain the toy.

 Success in obtaining the toy. To determine whether execution of the
 tool strategy became more effective with experience, we examined changes
 over the three problems in children's conditional probability of obtaining
 the toy, given that they used a tool on the trial. The analysis included
 only those children who used the tool strategy at least once on each of
 the three problems, and included only pretraining trials of each problem.
 As shown in Table 5, the percentage of tool-use trials on which children
 obtained the toy increased substantially over the three problems, F(2,44) =
 14.60, p < .0001. Paired t tests indicated that success in obtaining the toy
 on trials on which a tool was used increased from Problem A to B, t(22) =
 3.16, p < .005, and from Problem B to C, t(22) = 2.37, p < .05.

 We also examined whether execution of the tool strategy improved
 within problems. The issue was the same as in the previously described

 TABLE 5

 EFFECTIVENESS OF EXECUTION OF TOOL STRATEGY:

 P(Toy OBTAINED I CHILD USED A TOOL)

 Condition Age (mo.) Problem A Problem B Problem C

 Control 18-26 0 .25 1.00
 27-35 .53 .50 .40

 Hint 18-26 .08 .36 .61
 27-35 .50 .79 .94

 Modeling 18-26 0 .45 .76
 27-35 .27 .81 .93

 Total .26 (N= 27) .61 (N= 49) .79 (N= 59)
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 analysis of within-problem refinements in choices among the tools: Did
 children learn from their own problem-solving efforts, as well as from the
 instruction that the experimenter provided? One-way ANOVAs were con-
 ducted on the performance of children who used the tool strategy on all
 three pretraining trials of Problem B (N= 28) and Problem C (N = 44).
 (There were too few tool-use trials on Problem A for the analysis to be
 meaningful there.) The ANOVA for Problem B showed a tendency for
 increased success over trials in obtaining the toy: 71% successful execu-
 tion of the tool strategy on B1 and 86% on B2 and B3, F(2,54) = 2.40,
 p < .10. The ANOVA for Problem C revealed no differences in percent-
 age of successful execution across the three pretraining trials (86%, 87%,
 and 93%, respectively). As in the within-problem improvements in choices
 among tools, toddlers' execution of the tool strategy tended to improve
 over the pretraining trials of Problem B, and it stayed at that high level
 throughout Problem C.

 Part of the improvement in execution of the tool strategy was attrib-
 utable to the increasingly refined strategy choices that were described in
 the previous section. When children used the target tool, they were far
 more likely to obtain the toy than when they used other tools (although
 they sometimes were successful in obtaining the toy with other long tools).
 We wanted to know whether children also improved the skill with which
 they wielded the optimal tool. To find out, we examined children's suc-
 cess in obtaining the toy on those trials on which they chose the target
 tool. Given that few children in any condition used the target tool on the
 pretraining trials of Problem A, and few children in the control condition
 ever used it, we compared percentage of successful use of the target tool
 on Problems B and C of children in the modeling and hint conditions.
 Only the 27 children who used the target tool on pretraining trials of
 both Problem B and Problem C were included in the analysis.

 The Age x Condition x Sex x Problem ANOVA yielded main effects
 for problem, F(1,19) = 8.04, p < .01, and age, F(1,19) = 17.44, p < .0001,
 and an interaction between age and problem, F(1,19) = 6.75, p < .05. As
 shown in Table 6, older toddlers almost always obtained the toy when
 they used the target tool on either problem, but younger ones improved
 from Problem B to Problem C in their effectiveness in obtaining the toy
 when they used the target tool. Thus, the toddlers' greater success in
 obtaining the toy on Problem C than on Problem B was due not only to
 their choosing the target tool more often but also to the younger tod-
 dlers becoming more skillful in using it.

 Speed of obtaining the toy. Effectiveness of execution of the tool strat-
 egy also improved with problem-solving experience in a second sense: the
 speed with which children obtained the toy. Mean solution time for chil-
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 TABLE 6

 EFFECTIVENESS OF EXECUTION WHEN TARGET TOOL WAS USED:

 P(ToY OBTAINED I CHILD USED TARGET TOOL)

 Condition Age (mo.) Problem B Problem C
 Hint 18-26 .57 .76

 27-35 .90 .96

 Modeling 18-26 .75 .91
 27-35 1.00 1.00

 Total .76 (N= 30) .87 (N= 49)

 dren in the modeling and hint conditions on trials on which the toy was
 obtained is presented in Figure 10. To provide statistical evidence for the
 improvement in problem-solving speed with experience, we conducted a
 one-way ANOVA on mean solution time for each problem. Only children
 who obtained the toy on at least one pretraining trial on all three prob-
 lems were included in the analysis (N = 7). The ANOVA revealed a main
 effect for problem, F(2,12) = 7.33, p < .01. The toddlers' mean solution
 times was 33 s on Problem A, 15 s on Problem B, and 12 s on Problem C.
 Paired t tests indicated that solution time decreased from Problem A to

 B, t(6) = 2.89, p < .05, and from Problem A to C, t(6) = 2.75, p < .05.

 60

 S50

 40

 10

 0

 Al A2 A3 BI B2 B3 C1 C2 C3

 Problem

 FIGURE 10.-Mean solution time (s) of children in the modeling and hint condi-
 tions on trials on which the toy was obtained.
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 We also wanted to determine whether speed of obtaining the toy im-
 proved over the pretraining trials within a given problem. As in the pre-
 vious analysis of within-problem performance, the purpose was to see if
 children learned from their own problem-solving efforts. To find out, we
 performed one-way ANOVAs comparing solution times on the three trials
 of children who obtained the toy on all three pretraining trials on Prob-
 lem B (N = 18) and Problem C (N = 36). The ANOVA on Problem B
 showed that times decreased over the three trials, means of 15 s, 10 s,

 and 10 s on Bi, B2, and B3, respectively, F(2,34) = 11.62, p < .0001.
 Paired comparisons indicated that solution time decreased from the first
 trial to the second, t(17) = 3.04, p < .005, and from the first trial to the
 third, t(17) = 4.48, p < .001. The ANOVA on Problem C also indicated
 that solution times decreased over the three trials, 21 s, 11 s, and 11 s,

 respectively, F(2,70) = 9.09, p < .001. Paired comparisons indicated that
 solution time decreased from C1 to C2 and from C1 to C3, t(35) = 3.36,
 p < .005, and t(35) = 3.10, p < .005, respectively.

 These improvements in solution time were not attributable to in-
 creased use of the target tool on later problems and on later trials. When
 only the solution time associated with the target tool was examined, a
 similar pattern was obtained: Mean solution time decreased from 32 s for
 Problem A to 18 s for Problem B to 14 s for Problem C (means based on
 all uses of target tool). A paired t test was performed on the 22 children
 who obtained the toy with the target tool on at least one pretraining trial
 on both Problems B and C. The mean solution time decreased from 19 s

 to 12 s from Problem B to C, t(21) = 2.73, p < .05.
 To summarize, improvements in toddlers' performance on the toy-

 retrieval task reflected all five of the hypothesized components of strate-
 gic change: (a) acquiring the strategy of using a tool to obtain the toy;
 (b) mapping the strategy onto novel problems; (c) strengthening the tool
 strategy, so that it was used consistently; (d) more refined choices among
 the tools (greater use of the target tool); and (e) executing the tool
 strategy increasingly skillfully. The degree to which each of these compo-
 nents was mastered varied with children's age and with the type of in-
 struction they were given. There also were substantial individual differences
 in children's learning, even among those in the same experimental con-
 dition. We now turn to them.
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 VIII. INDIVIDUAL DIFFERENCES IN LEARNING

 The microgenetic design used in this study allowed detailed analysis
 of changes in individual children's performance. Given that cognitive
 change was largely limited to the modeling and hint conditions, the analy-
 ses of individual patterns of change focused on children in those two
 conditions.

 CHANGES IN STRATEGY USE

 Table 7 illustrates the percentage of older and younger children in
 the modeling and hint conditions who showed three common patterns of
 strategic change. The small figures at the top of the table indicate that
 one common pattern was increasing use of tools and decreasing use of
 the forward strategy, that a second common pattern was increasing use of
 tools and simultaneous frequent use of the forward strategy, and that a
 third common pattern was little use of tools throughout the experiment.

 As shown in the leftmost column of numbers in Table 7, absolute
 majorities of older toddlers in the hint condition and both older and
 younger toddlers in the modeling condition showed the first pattern. These
 were children who progressed from little tool use on Problem A to con-
 sistent tool use by Problem C. Although this pattern was common among
 older children in the modeling and hint conditions and among younger
 children in the modeling condition, it was quite uncommon among youn-
 ger children in the hint condition; only 25% of them showed it.

 Instead, most younger children in the hint condition showed one of
 two other patterns. As shown in the rightmost column of Table 7, almost
 40% of them did not learn the tool strategy; they did not use a tool on
 more than one pretraining trial on any of the three problems. The third
 pattern, shown by quite a few of the younger children in the hint condi-
 tion as well as by some others, was for the forward strategy to be common
 throughout the experiment and for the tool strategy also to become
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 TABLE 7

 PERCENTAGE OF TODDLERS SHOWING EACH PATTERN OF CHANGE IN USE

 OF TOOL AND FORWARD STRATEGIES ON PRETRAINING TRIALS

 Tool strategy up Tool strategy up
 Forward Forward Tool strategy

 strategy downa strategy high low throughout
 3

 2

 1

 0

 ABC

 3

 2

 1

 0

 AB C

 3

 2

 1

 0

 AB C

 Condition Age (mo.) Percentage of Children Showing Pattern

 Hint 18-26 25 25 38

 27-35 67 17 0

 Modeling 18-26 69 6 0
 27-35 87 0 0

 "'Use of tool strategy represented in schematic diagrams by squares; use of forward strategy represented by dia-
 monds. Criteria for inclusion in tools-strategy-up/forward-strategy-down group were at least two more uses of tool
 strategy on pretraining trials of Problem C than Problem A, and no more than one use of forward strategy on Problem
 C. Criteria for inclusion in tools-strategy-up/forward-strategy-high group were at least two more uses of tool strategy on
 pretraining trials of Problem C than on Problem A, but also at least two uses of forward strategy on the three pre-
 training trials of Problem C. Criteria for inclusion in tools-strategy-low group were no more than one use of tool
 strategy on the pretraining trials of any problem. The percentages in each age/condition group do not add up to
 100% because not all children fit any of the three patterns.

 common by Problem C. Thus, these children used both the forward strat-
 egy and the tool strategy on most trials of Problem C.

 CHANGES IN USE OF TARGET TOOL

 The optimal strategy in this experiment was for children consistently
 to choose the target tool first. Pronounced individual differences were
 again evident in whether this goal was attained and in the path that led
 to it when it was attained. The columns in Table 8 are ordered from the

 slowest and least complete learning in the leftmost column to the fastest
 and most complete learning in the rightmost column. As shown in the
 leftmost column, a substantial majority of younger toddlers in the hint
 condition rarely if ever chose the target tool first on any pretraining prob-
 lem. As shown in the next column, quite a few of the toddlers in all four
 age/condition groups, especially younger toddlers in the modeling con-
 dition, showed late learning. They rarely used the target tool first on the
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 pretraining trials of Problems A and B, but they did so often on Prob-
 lem C. A number of toddlers, primarily older ones, showed continuous
 learning. They increased their use of the target tool somewhat from Prob-
 lem A to Problem B and further on Problem C. Finally, a few of the
 toddlers, again primarily older ones, showed quick learning; they consis-
 tently chose the target tool as their first approach on both Problem B
 and Problem C. Table 8 as a whole reveals quite striking differences be-
 tween the rapidity with which older and younger toddlers learned: 48%
 of older toddlers, but only 3% of younger ones, increased their choice of
 the target tool as the initial approach from Problem A to Problem B.

 DISTAL AND PROXIMAL INFLUENCES ON LEARNING

 Most analyses of individual differences in problem solving examine
 how well distal variables such as age, sex, prior knowledge, and training
 condition predict which children will succeed in solving the problem (e.g.,
 Johnson & Mervis, 1994; Schneider, Korkel, & Weinert, 1989). The present
 study supplemented analyses of the roles of these distal variables with
 measures of proximal processes (the five components described above).
 Measuring both distal and proximal influences allowed us to test the de-
 gree to which the distal characteristics exerted their contribution through
 influencing execution of proximal processes early in the learning se-
 quence, which in turn influenced proximal processes later in the se-
 quence. Possessing both types of information also allowed us to determine
 the degree to which the distal processes exerted direct influences on the
 later proximal processes, above and beyond those they exerted on the
 earlier proximal processes.

 In some cases, the measures of proximal processes are not identical
 to those previously utilized to assess the components. This reflected the
 need in the present analysis to assess each component in a single mea-
 sure that clearly separated the components. Given that only some of the
 relations between the distal and proximal influences on learning were
 theoretically specified, we performed stepwise regression analyses. All re-
 sults are reported with adjusted R squares. In addition, a correlation
 matrix including all the distal and proximal variables involved in the
 componential analyses is provided in Table 9.

 We first examined distal predictors of success in obtaining the toy
 among the 59 children in the modeling and hint conditions. The predic-
 tor variables were age (older vs. younger toddlers), sex, prior knowledge
 (number of trials on which the child used a tool on the pretraining trials
 of Problem A), and whether the child was in the modeling condition or
 the hint condition. The dependent variable was the number of times (0-6)
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 that each child obtained the toy on the pretraining trials of Problems B
 and C (the problems whose pretraining trials occurred after children had
 received instruction on prior problems).

 Two distal variables accounted for 51% of the variance in the chil-

 dren's number of solutions on pretraining trials on Problems B and C.
 Age accounted for 45% of the variance and sex for an additional 6%.
 Older children solved more problems than did younger children, and
 boys solved more than girls.

 The componential analysis allowed us to go beyond these distal pre-
 dictors of performance to trace predictors of the paths of change shown
 by individual children. The initial analysis used the distal variables to pre-
 dict the first component, acquisition of the tool strategy from instruction
 (i.e., number of posttraining trials, A4, A5, B4, and B5, on which a tool
 was used). Three variables accounted for 26% of the variance in whether
 children showed such initial acquisition. Age accounted for 13% of the
 variance, experimental condition accounted for an additional 8%, and
 prior knowledge accounted for an additional 5%. Older toddlers, tod-
 dlers in the modeling condition, and toddlers who used tools relatively
 often before instruction were more likely to use tools after instruction.

 The next regression analysis examined mapping of learning from the
 original problem and context to new problems and contexts. Mapping
 was operationally defined as whether the child used the tool strategy on
 Trials B1 and C1. Performance on later pretraining trials would reflect
 within-problem learning as well as mapping, but performance on the ini-
 tial trial on each problem would directly reflect mapping. The predictor
 variables were the same distal variables as in the previous analyses plus
 the measure of the prior component, acquisition. Three variables ac-
 counted for 52% of the variance in mapping. Acquisition accounted for
 38% of the variance, prior knowledge for an additional 9%, and age for
 an additional 5%.

 We next examined predictors of strengthening. Strengthening was mea-
 sured by the number of tool uses on Trials B2, B3, C2, and C3. The
 independent variables were the same ones used as predictors of mapping,
 plus the measure of mapping itself. Four variables accounted for 69% of
 the variance in strengthening. As in the previous analysis, the preceding
 component, in this case mapping, was the best predictor of its immediate
 successor, in this case strengthening. Mapping accounted for 58% of the
 variance in strengthening. Age accounted for an additional 5% of vari-
 ance (older children showed greater strengthening than would have been
 expected given their level of mapping), sex accounted for an additional
 3% of variance (boys used the tools somewhat more than would have
 been expected from their level of mapping and age) and acquisition ac-
 counted for an additional 3%.
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 The next step was to examine predictors of refinement of choices.
 This dependent variable was measured in terms of number of pretraining
 trials on Problems B and C on which children chose the target tool as a
 means for obtaining the toy before they tried any other approach. The
 independent variables were the same as in the analysis of strengthening,
 plus the measure of strengthening itself. Two variables accounted for 55%
 of the variance in choice refinement. As in the last two analyses, the
 immediately preceding component was the best predictor of its successor.
 Strengthening accounted for 51% of the variance in choice refinement.
 The child's experimental group accounted for an additional 4% of the
 variance; children in the modeling condition more often chose the target
 tool first than children in the hint condition. As in previous analyses, it
 appeared that seeing the target tool used to obtain the toy helped the
 toddlers choose subsequent target tools.

 The final step was to examine predictors of successful execution of
 the tool strategy. The dependent measure was the number of times tod-
 dlers obtained the toy on the pretraining trials of Problems B and C. The
 independent variables were all of those used to predict choice refine-
 ment, plus choice refinement itself. Three variables accounted for 74%
 of the variance. The best predictor of successful execution was the strength-
 ening component. It accounted for 65% of the variance, somewhat more
 than the 53% accounted for by choice refinement. Age accounted for an
 additional 6% of variance, and choice refinement for an additional 3%.

 Overall, the analysis of distal and proximal variables showed a clear
 pattern. Proficiency in the immediately preceding component usually was
 the best predictor of proficiency in the succeeding component. At the same
 time, distal variables exerted an influence above and beyond that of influ-
 encing the level of mastery of previous components. Particularly striking,
 age influenced three of the four "downstream" components, above and be-
 yond the effects of the other variables. Older toddlers consistently did bet-
 ter on the later components than would have been expected from their
 status on the earlier components. Measuring both distal and proximal com-
 ponents thus allowed a more complete understanding of individual differ-
 ences than could have been obtained by measuring either one alone.

 AN ALTERNATIVE INTERPRETATION

 The results suggested that toddlers in the modeling and hint condi-
 tions, especially older ones, relied predominantly on structural correspon-
 dences between target tools to map their learning from one problem to
 the next. Another interpretation also was plausible, however: Maybe the
 structurally similar target tool on the new problem looked more like the
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 previous target tool to young children than did the tools that were deco-
 rated in the same way and were of the same color as the previous target.
 If this were the case, both structural and perceptual correspondences with
 the target tool on Problem A would have favored choice of the target
 tools on Problems B and C. Due to toddlers' limited verbal comprehen-
 sion skills, we could not test this interpretation directly with them. We
 were able to test it, however, by conducting a separate experiment with
 preschoolers.

 The participants were seventeen 5-year-olds. The materials were the
 tools and toys used in the main study with the toddlers. On each trial, we
 presented one of the target tools from the main experiment (e.g., the toy
 rake), all six tools from a different problem, and the toy that had been
 used with that set of six tools.

 Children were asked to make both perceptual comparisons and func-
 tional comparisons. For the perceptual comparisons, the preschoolers were
 presented the target tool from one problem and all six tools from an-
 other. Then they were asked to select the item that "looks most like" the
 target tool. In the problem described earlier in this paragraph, they would
 be asked which of the six tools looked most like the toy rake.

 For the functional comparisons, the experimenter first demonstrated
 how the previous target tool could be used to pull in a toy that was out
 of reach. The child was encouraged to imitate the action with the same
 tool. Then the experimenter presented the set of six tools from the other
 problem and asked the child to pick the tool that "can best do the same
 thing" as the tool they had seen.

 Each child first was asked to make three perceptual comparisons and
 then three functional ones. The reason for asking them to make all of
 one type of comparison before any of the other was to avoid confusion
 about what was being asked on a particular question. The reason for al-
 ways having children make the perceptual comparisons first was to avoid
 any possibility that focusing on the functional characteristics would bias
 their perceptual comparisons. The order of the three problems within
 each type of comparison was counterbalanced.

 The results supported our original view regarding the relative similar-
 ity of the tools' perceptual appearances. Children literally never chose
 the new target tool as being the most perceptually similar to the previous
 target tool. In contrast, on 73% of trials (37 of 51), they chose the new
 target tool as the best for doing the same thing (pulling in the toy) as
 the previous target tool. Thus, in line with our expectation, the results of
 the main experiment reflected children having to choose whether to rely
 on perceptual similarity or on functional similarity, and for the most part
 relying on functional similarity to map what they had learned from one
 problem to another.

 66

This content downloaded from 129.19.129.254 on Wed, 25 May 2016 18:58:31 UTC
All use subject to http://about.jstor.org/terms



 IX. HOW CHANGES OCCUR IN
 TODDLERS' THINKING

 The purpose of this study was to start bridging the gap between the
 understanding of very early and later cognitive development. We pursued
 this goal by asking questions, using methods and measures, and generat-
 ing representations of knowledge of toddlers' learning that correspond to
 those being used in contemporary process analyses of older children's
 learning. Overlapping waves theory, microgenetic methods, trial-by-trial
 strategy assessments, and a componential analysis that previously had proved
 useful for understanding learning and problem solving in older children
 all proved useful with toddlers as well. Thus, the study demonstrates that
 the gap can be bridged.

 The microgenetic method used in this study provides a kind of micro-
 scope whose level of magnification can be turned up or down depending
 on the generality of the question being asked. Here, it allowed us to
 address both general and specific questions about toddlers' problem solv-
 ing. At the most general level, results of the study conveyed a sense of
 the amount of learning and transfer that are possible for toddlers. Older
 toddlers in the modeling and hint conditions progressed from obtaining
 the toy on about 10% of pretraining trials on Problem A to obtaining it
 on almost 90% of pretraining trials on Problem C. At a more specific
 level, the results revealed the strategies used by 1.5- and 2.5-year-olds in
 their pursuit of the goal and how those strategies shifted over the course
 of the three problems. At a yet more specific level, the findings yielded
 information about the components that produced strategic change. The
 componential analysis allowed us to distinguish improvements that were
 due to increased use of the tool strategy from improvements due to in-
 creasingly refined choices among tools, and it allowed us to distinguish
 improvements due to each of these factors from improvements due to
 more skillful use of the target tool. The microgenetic method also pro-
 vided information about change at different time grains for each level of
 analysis. It provided information about changes that occurred over the
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 three problems, changes that occurred over trials within the same prob-
 lem, and changes that occurred within individual trials.

 This concluding part of this Monograph contains three sections. In
 this first section, we examine what the study tells us about toddlers' learn-
 ing and problem solving. In the next section, we consider implications of
 the study for understanding cognitive development of older children. In
 the final section, we return to the initial phenomenon that inspired the
 study-the gap between our understanding of very young children's and
 older children's thinking and learning-and examine implications of the
 study for understanding of continuities and discontinuities between early
 and later learning processes.

 DIMENSIONS OF COGNITIVE CHANGE

 Cognitive change occurs along a number of dimensions. Five that are
 particularly important are the path, rate, breadth, variability, and sources of
 change. Subsets of these dimensions have been emphasized within devel-
 opmental approaches emphasizing stages (e.g., Case, 1985; Flavell, 1971;
 Piaget, 1969), individual differences (e.g., Collins, 1991; McCall, Apple-
 baum, & Hogarty, 1973), and learning (Brown, Bransford, Ferrara, & Cam-
 pione, 1983; Klahr & MacWhinney, 1998). A comprehensive understanding
 of cognitive development, however, requires consideration of all of them.
 These dimensions have proved useful for describing cognitive change in
 older children (Siegler, 1995; Siegler & Stern, 1998). As indicated below,
 the dimensions are equally applicable for characterizing cognitive change
 in toddlers.

 THE PATH OF CHANGE

 A basic question regarding cognitive developmental change is whether
 children progress through qualitatively different understandings before
 reaching mature competence. This question has been highlighted in stud-
 ies inspired by stage theories. As Flavell (1971) noted, a basic assumption
 of stage theories is that children progress through a sequence of qualita-
 tively distinct understandings on their way to acquiring concepts and
 problem-solving skills.

 The assumption of qualitative change is far from unique to stage
 theories. For example, privileged-domain approaches differ from stage
 theories in emphasizing the domain-specificity of cognitive growth. The
 two types of theories are similar, however, in positing that within each
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 domain, children progress through qualitatively distinct knowledge states.
 Thus, Wellman (1990) proposed that children move from a very early
 desire theory of mind to a somewhat later belief-desire theory. Stage and
 privileged-domain approaches also are alike in their goal of describing
 the stage that children are in or the theory that they have. At a given point
 in time, children think in one way, and later they substitute a different,
 more advanced, way of thinking. Many information-processing approaches
 to development are similar in positing sequences of rules: young children
 use one rule, somewhat older children another, and so on (e.g., Klahr &
 Siegler, 1978).

 The main traditional alternative to this perspective has been to por-
 tray cognitive development as involving continuous, quantitative growth.
 Psychometric theories, learning theories, connectionist theories, and growth
 curve modeling all take this approach (Bandura, 1977; Bayley, 1970; Mc-
 Clelland & Jenkins, 1991; Willett, 1997).

 The present analysis of the development of toddlers' problem solving
 was based on a third perspective: that development involves a changing
 mix of ways of thinking. Qualitative change occurs, but it is qualitative
 change with a small q rather than a capital Q. That is, children often
 generate new ways of thinking, but the new ways of thinking are of lim-
 ited range and scope. Most toddlers in the modeling and hint conditions
 of the present study experienced such qualitative change with a small q
 during the course of the experiment. Few of them knew the tool strategy
 at the outset, yet by the end, almost 90% were using tools.

 Results of the present study also indicated important quantitative fea-
 tures of cognitive growth. With experience, children used the tool strat-
 egy increasingly consistently; they chose the optimal form of it increasingly
 often; and when they used it, they executed it increasingly well. Each of
 these quantitative changes contributed to their increasing success in ob-
 taining the toy.

 Comparing the idealized form of strategic development in Figure 1
 with the data in Figure 7 shows that the toddlers' path of change on the
 toy-retrieval task adhered closely to the form envisioned within overlapping
 waves theory. At first, most children used either no strategy or the for-
 ward strategy; then the forward strategy became the most common, with
 the tool strategy also being used quite often; then the tool strategy be-
 came the most common approach, with the forward strategy remaining
 quite common. Throughout the experiment, children also continued to
 sometimes use no strategy or the indirect strategy. This strategic variabil-
 ity and wavelike pattern of change characterized individual children as
 well as the sample as a whole. On average, children used three strategies,
 and the large majority of children used either three or four approaches;
 only 3 of the 86 children always relied on a single approach.
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 Although individual children who showed substantial strategic change
 consistently followed the path depicted in Figure 7, whether children
 showed such change depended heavily on whether they received instruc-
 tion. The path of change described in the previous paragraph was almost
 totally due to changes of children in the modeling and hint conditions.
 Children in the control condition showed a more meandering path of
 change, with little systematic change in strategy use over the three prob-
 lems. Within the experimental groups, older toddlers made more dra-
 matic switches toward use of the tool strategy, and toward consistent choice
 of the target tool, than did younger toddlers. The age difference was
 especially pronounced in the hint condition. Thus, experimental condi-
 tion and age influenced the likelihood of children changing the strat-
 egies that they used, but it did not influence the path of change of those
 children who showed substantial change. This pattern of age and experi-
 mental condition influencing the probability of change, but of the path
 of change being quite similar across children in different conditions and
 of different ages, also has been observed with cognitive changes in older
 children (Alibali & Goldin-Meadow, 1993; Schauble, 1996).

 One question that might be asked about this path of change was,
 "Why these strategies?" This question can be answered at two levels. One
 level emphasizes prior problem-solving experience and experience in the
 experimental situation. During infancy and the toddler period, children
 in the everyday environment frequently get desired objects by leaning
 forward and reaching for them, by asking their parents for help in ob-
 taining them, and by looking at the desired objects and waiting for some-
 one to help. In all likelihood, most infants and toddlers rarely if ever use
 tools to obtain toys that are out of reach. In the present experimental
 situation, however, the experimenter suggested to children that they might
 use the tools to obtain the toy. Those in the modeling and hint condi-
 tions were explicitly instructed in which tool to use and, in the modeling
 condition, were shown how to use it. Thus, everyday experiences and
 participation in the study provided a basis for children to use these four
 strategies.

 But how did children know to try these strategies out of all the
 problem-solving approaches that they knew? The types of tools that they
 selected before they received any instruction suggest that they possessed
 some conceptual understanding of the requirements of the situation and
 the types of strategies that might succeed in it. On the first three trials of
 the experiment, toddlers already were biased toward choosing tools with
 shafts long enough to reach the toy and with a head that might be useful
 for raking it to them.

 This selectivity suggests that the toddlers had the kind of goal sketch
 that Siegler and Crowley (1994) ascribed to older children in the context
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 of arithmetic and that Bray, Fletcher, and Huffman (1999) ascribed to
 older children and adults in the context of memory strategies. The basic
 idea of a goal sketch is that people often have enough understanding of
 the goals that useful strategies in a domain must meet that they can rap-
 idly devise plausible new strategies or choose from among their existing
 strategies ones that might be effective in a new situation. The toddlers'
 goal sketch for the toy-retrieval task seems likely to have included two
 main goals that strategies needed to meet: The strategy must allow them
 to make contact with the desired object (directly or indirectly), and the
 contact must be of a sort that could bring the desired object to them.
 Usually, the forward strategy would meet these goals, though in the present
 situation it did not; usually, asking one's parent for help, or looking implor-
 ingly toward the parent, also would be effective, though again in the present
 situation it was not; and usually, wielding a tool with a long enough shaft
 and a useful head would be effective, which in the present case it was.

 Using no particular strategy might seem to present an exception to
 the general plausibility of toddlers' strategies for obtaining the toy. For
 toddlers, however, looking at a desired toy might quite often succeed in
 motivating someone to bring the toy to them. This last interpretation
 could be tested by presenting toddlers the tool-retrieval task without an-
 other person present, and determining whether reliance on just looking
 at the toy decreased.

 In addition to the goal sketch hypothesis being in accord with the
 sensible strategies that the toddlers used, it also helps to explain the ra-
 pidity with which they learned the tool strategy from relevant instruction.
 Although most of the toddlers probably had not previously used a physi-
 cal object to pull in a toy, seeing the model led almost all of them to
 learn to do so. And they learned quickly. On Trial A3, the trial immedi-
 ately before the initial modeling, 10% of toddlers used a tool; on Trial A4,
 the trial immediately after modeling, 90% of them did. Clearly, the tod-
 dlers were well prepared to learn that tools could be effective for obtain-
 ing toys. It seems likely that conceptual understanding of the properties
 needed to bring objects to oneself facilitated this learning.

 THE RATE OF CHANGE

 The rapidity with which children came to rely consistently on the
 tool strategy varied greatly with their age and experimental condition.
 Older toddlers in both the modeling and hint conditions showed an im-
 mediate, large increase in tool use and problem solutions after receiving
 instruction on Problem A. They continued to use tools and to obtain the
 toy on most pretraining trials on Problem B. After training on Problem B,
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 almost all of them used tools and obtained the toy, and almost as many
 did so on the pretraining trials of Problem C. Thus, the older toddlers
 showed quite rapid learning in both experimental conditions.

 The younger toddlers showed more gradual change. Many in the hint
 condition never learned very well. Even on the posttraining trials of Prob-
 lems A and B, fewer than 40% obtained the toy. The trend across the
 pretraining trials was gradually upward-from about 5% solutions on Prob-
 lem A to around 20% on Problem B to around 35% on Problem C-but

 it was a slow process. The learning of younger toddlers in the modeling
 condition followed a different pattern, one with more dramatic ups and
 downs. They showed rapid initial learning after seeing the model; they
 progressed from less than 5% solutions on the pretraining trials of Prob-
 lem A to more than 80% solutions on the posttraining trials of the prob-
 lem. The learning proved to be specific to the problem on which they
 saw the modeling, however. When Problem B was presented, their perfor-
 mance dropped to the levels of their peers in the hint condition; both
 obtained the toy on only 15% to 20% of trials. After seeing the model
 demonstrate how Problem B could be solved, they once again succeeded
 on more than 80% of posttraining trials. This time, the learning proved
 more transferable; they succeeded in obtaining the toy on about 70% of
 pretraining trials on Problem C. Thus, the younger toddlers' learning was
 rapid on the specific problem on which they were trained, but it was
 more gradual across problems.

 Instruction influenced the rate of learning in two distinct ways. The
 more straightforward way was that for older toddlers in both experimen-
 tal conditions and for younger toddlers in the modeling condition, in-
 struction led to much improved performance on the posttraining trials of
 the initial problem, and often to efforts to use the tool on the new prob-
 lem as well. Beyond this, however, there also was improvement over the
 three pretraining trials of each problem, despite children not receiving
 any additional instruction during this period. Children in the control con-
 dition did not show comparable learning over the three pretraining trials.
 Thus, both the direct and indirect effects of modeling and verbal hints
 influenced the rate of learning.

 THE BREADTH OF LEARNING

 Learning a problem-solving skill in a particular context rarely does
 children much good. They also must be able to transfer the technique
 to other problems on which the same principles and solution strategies
 apply. Studies of adults' cognition and of older children's cognitive
 development have documented that learning often is more specific than
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 seems optimal. Adults frequently learn to solve one problem but then fail
 when presented a second problem that has the identical structure and
 that can be solved in an identical way (Greeno, 1974; Simon & Hayes,
 1976). Similarly, the fact that a 6-year-old knows how to solve number
 conservation problems is no guarantee that the child can solve liquid
 quantity and solid quantity conservation problems, despite the fact that
 the same logic can be applied to all three problems (Siegler, 1981). More-
 over, schoolteachers at every level lament their students' failure to trans-
 fer what they have learned to new contexts (Glaser, 1982).

 The present findings illustrated a complementary point that is often
 overlooked: Although learning may not be maximally general, it also is
 not maximally specific. This is true even when the learners are 1.5- and
 2.5-year-olds. The large majority of toddlers who received modeling or
 hints learned to solve Problem A. They then were presented Problem B,
 which differed in the tools they needed to use; the toy that they were
 trying to obtain; the color, decoration, and form of the target tool; the
 type of table on which the toy and tool were placed; and, in two thirds of
 cases, whether they were presented the problems while sitting on their
 mother's lap or while standing in front of the table. Despite these many
 contextual differences, slightly more than half of the older toddlers in
 the modeling and hint conditions succeeded in solving the new problem
 from its very first presentation (Trial Bi). Many of those who did not
 succeed at first were able to use the combination of the instruction and

 their new experience to figure out how to solve the problem by Trial B3.
 Thus, the differences between new and old problems reduced the num-
 ber of children who obtained the toy, but most older toddlers still did.
 Younger toddlers' performance was disrupted to a greater extent by pre-
 sentation of the first new problem, but in the modeling condition, most
 of them were able to succeed in obtaining the toy by the pretraining
 trials of Problem C.

 One likely reason for the toddlers' relatively high amount of transfer
 is the goal sketch described in the previous section. The knowledge em-
 bodied in such a goal sketch would not only constrain in useful direc-
 tions toddlers' initial attempts to obtain the toy and heighten their ability
 to learn from instruction in the original context, it also would help them
 transfer the learning to superficially different situations. The benefits of
 the goal sketch in promoting transfer seemed likely to take several forms.
 One would involve encoding; the goal sketch would lead children to en-
 code the tools that were presented on new problems in terms of the
 length of their shafts and their type of head. Such encoding would help
 them choose the most promising tools on subsequent problems. Another
 benefit would involve the causal inferences toddlers would draw from the

 modeling, hints, and their own problem-solving experience. The toddlers
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 would be biased toward relating the length of the shaft and the type of
 head on the trial to their, or the model's, success in obtaining the toy. In
 contrast, although the toddlers also might encode the target tool's color
 and decorative pattern, they would be biased against connecting these
 features to success in obtaining the toy. Thus, the toddlers' goal sketch
 seems likely to have constrained their initial performance, aided learning
 in its original context, and facilitated transfer.

 Within the range of variation of problems in this study, the toddlers
 showed substantial transfer. Without question, however, they would show
 less transfer on tasks in which the solution principle applied in less obvi-
 ous ways. This phenomenon is far from unique to toddlers' problem solv-
 ing; it is equally pervasive in studies of infants' and toddlers' imitation
 (Barnat, Klein, & Meltzoff, 1996; Bauer & Dow, 1994) and in studies of
 older children's and adults' problem solving (DeLoache, Miller, & Pier-
 routsakos, 1998). Having a general understanding of the goals that must
 be met by successful strategies in a domain facilitates transfer, but it does
 not guarantee it. Generating useful procedures that reflect the under-
 standing and executing the procedures effectively also are essential for
 meeting goals. Thus transferring knowledge to new contexts is a challeng-
 ing problem for toddlers, as it is for learners of all ages (Bransford &
 Schwartz, in press; Brown, 1992).

 THE VARIABILITY OF CHANGE

 Longitudinal studies of individual differences have been the main tech-
 nique used to examine the variability of change (Appelbaum & McCall,
 1983; Nesselroade, 1990). The emphasis has been on stability of overall
 test performance or factor structure rather than on variation in specific
 cognitive processes. Such longitudinal analyses have provided a general
 depiction of the variability of cognitive change, but they have not pro-
 vided much in-depth information on the variability of particular cogni-
 tive changes within and between children.

 The present microgenetic study of toddlers' problem solving, like ear-
 lier microgenetic studies with older children and adults, indicated that
 substantial variability is present at every level of cognitive functioning. As
 discussed previously, the number of toddlers, particularly younger ones,
 who used the tool strategy following instruction on Problem A dropped
 considerably when Problem B was presented. Even after children began
 to use tools on a given problem, they quite often switched to a different
 strategy, usually the forward strategy, on a subsequent trial on that prob-
 lem. Such switching occurred within individual trials as well; a child often
 started by using the forward strategy, and then switched to the tool strat-
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 egy. Substantial variability was also present in children's choices of tools.
 Paralleling the choice of whether to use a tool at all, even children who
 previously had used the target tool often subsequently chose less effective
 tools. And even when children used the target tool, they used it with
 varying degrees of success. Executing the strategy effectively on a prior
 trial was no guarantee that they would execute it effectively on later ones.
 Thus, even after children had "acquired" the tool strategy, all of the other
 component processes of strategic change-mapping, strengthening, choice
 refinement, and execution-showed considerable variability.

 The cognitive variability was especially great in the control condition,
 in the sense that almost all children in it continued to use a variety of
 strategies after they had begun to use the tool strategy. This more pro-
 longed variability in the control condition was not surprising. Instruction
 can be viewed as having two main purposes: (a) teaching new approaches
 that people can use to solve problems, and (b) persuading people to stop
 using less effective previous approaches and instead to rely on the new
 approach. As Kuhn has noted (e.g., Kuhn, 1995; Kuhn, Amsel, &
 O'Laughlin, 1988), the latter goal often is often more difficult to achieve
 than the former. Older, less advantageous approaches frequently con-
 tinue to be used long after superior new approaches are also known. In
 the present study, most toddlers in the control group started using the
 tool strategy at some point in the experiment, but it remained one among
 several approaches that they used. Toddlers in the modeling and hint
 conditions came to rely more consistently, though not exclusively, on the
 tool strategy. Thus, having the experimenter demonstrate the utility of
 the target tool or recommend it verbally decreased the variability of tod-
 dlers' strategies, above and beyond the effects of unguided experience in
 trying to obtain the toy. Similar findings have arisen with older children
 and adults in diverse contexts. In general, the more completely specified
 the instruction, the less variable the subsequent behavior (Joyce & Chase,
 1990; Stokes & Balsam, 1999).

 The microgenetic approach also yielded information about variability
 among individuals, that is, about individual differences. The traditional
 individual difference variables of age and sex both were related to tod-
 dlers' learning. Examining these distal variables, along with the proximal
 variables specified by the componential analysis, indicated how the distal
 variables exercised their effects. The componential analysis was especially
 revealing of the locus of sex differences. The fact that boys solved more
 problems than girls was due to their more often using the tool strategy,
 both before and after instruction. In contrast, when boys and girls used
 tools, they were comparably good at selecting the target tool from among
 the six possibilities, and they were comparably skillful at using the target
 tool to obtain the toy once they chose it. Put simply, boys were more
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 likely than girls to use tools, both optimal and nonoptimal, but boys and
 girls were comparable in how well they chose among alternative tools and
 in how skillfully they used them.

 Age exerted both direct effects on initial components in the causal
 chain and additional effects once degree of success on those earlier com-
 ponents was statistically taken into account. It not only was the best pre-
 dictor of acquisition of the tool strategy; it also predicted mapping above
 and beyond the effect of acquisition, predicted strengthening above and
 beyond the effect of acquisition and mapping, and predicted successful
 execution, above and beyond the effect of acquisition, mapping, strength-
 ening, and choice refinement. By contrast, sex accounted for additional
 variance only in the case of strengthening. This one unique effect of sex
 on a component process made sense, given that the locus of sex differ-
 ences was the boys' greater eagerness to use the tools.

 These analyses indicate that toddlers' problem solving exhibits all of
 the varied forms of variability that are evident in older children's prob-
 lem solving. Variability involves more than some children performing bet-
 ter than others. It also includes variations in the strategies that children
 use, in how well they choose among different forms of a given strategy,
 and in how well they execute each strategy. Distinguishing conceptually
 among components of learning, and measuring them independently, can
 deepen our understanding of how traditional individual difference vari-
 ables, such as age and sex, exert their influence on learning.

 THE SOURCES OF CHANGE

 We chose to examine the effects of modeling and verbal hints on
 toddlers' learning because these are two of the most common ways in
 which toddlers learn. Both instructional manipulations produced consid-
 erable learning, although with the younger toddlers, modeling was more
 effective than the verbal hint. Absolute majorities of older toddlers in
 both conditions and of younger toddlers in the modeling condition in-
 creased their use of the tool strategy and decreased their use of the for-
 ward strategy (and of using no strategy) over the three problems. In
 contrast, most younger toddlers in the hint condition continued to use
 the forward strategy on a high percentage of trials on all three problems,
 sometimes in conjunction with the tool strategy, sometimes not. The find-
 ing suggested that most younger toddlers needed the kind of concrete
 demonstration provided by the modeling in order to grasp the utility of
 the tool strategy, whereas older toddlers could grasp the tool strategy's
 utility just from verbal encouragement to try the target tool. This may
 be a quite general tendency; older toddlers may learn well from simply
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 being told what to do, whereas younger toddlers may require showing as
 well as telling.

 Modeling and verbal instruction have usually been discussed as social
 learning variables (e.g., Bandura, 1977; Grusec, 1988). The main goal of
 social learning research involving them has been to identify the condi-
 tions under which they exercise their effects, as opposed to getting inside
 the heads of children to identify the cognitive processes through which
 they operate. Thus, typical conclusions are that imitation is greater when
 models are powerful, when they are warm and responsive, and when they
 practice what they preach (Bandura, 1977; Yarrow, Scott, & Waxler, 1973).

 There is no in-principle reason, however, not to consider the cogni-
 tive processes through which modeling and verbal instruction lead to
 changes in behavior. Indeed, in recent years, social learning theorists (e.g.,
 Bandura, 1992) have placed increasing emphasis on cognitive processes.
 The level at which these theorists have analyzed the cognitive processes
 that influence social learning, however, is much less specific than the
 level at which cognitive process analyses are usually undertaken. The present
 study illustrates that relatively detailed analysis of the cognitive processes
 through which social learning occurs can also be fruitful, even with 1.5-
 and 2.5-year-olds.

 The advantages of examining the effects of social learning variables
 at the level of specific cognitive processes can be seen by considering one
 of the most interesting changes in toddlers' problem solving that arose in
 this study: the improvement that toddlers in the modeling and hint con-
 ditions showed over the three pretraining trials of new problems. The
 differences between children in the experimental conditions and those in
 the control group grew considerably over these three trials, despite chil-
 dren in all three groups being treated identically on them. Thus, the
 positive effects of exposure to the modeling and hint continued to grow
 in the absence of further instruction. This within-problem improvement
 over the three pretraining trials was a pervasive phenomenon, seen on
 many measures: frequency of use of the tool strategy, percentage of choices
 of the target tool on trials on which a tool was used, successful execution
 of the tool strategy when children used a tool, and number of trials on
 which the toy was obtained.

 The improvement occurred for the older toddlers from Trial B1 to
 B3, and for the younger toddlers in the modeling condition from Trial
 C1 to C3. Interestingly, the absolute point in learning at which the within-
 problem improvement began, and the height that it reached on that prob-
 lem, were almost identical for the two groups that showed the improvement
 on Problem B and for the third group that showed it on Problem C. In
 all three cases, substantial within-problem improvement was seen when
 children reached a success rate of 50%-55% on the first trial of the new
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 problem. In all three cases, success rates reached 75%-85% by the third
 trial of that problem (Figure 6). The consistency of the pattern suggested
 that on problems on which children require instruction to move beyond
 low levels of success, the instruction may have to lift their performance to
 a reasonably proficient level before they can learn from their own problem-
 solving efforts.

 This pattern of learning, and the conditions that elicited it, are rem-
 iniscent of the type of cognitive scaffolding emphasized by cultural-
 contextualist theorists (Brown & Reeve, 1987; Bruner, 1983; Wood, 1989).
 Modeling and verbal hints helped structure the toy-retrieval task and in-
 dicated how goals could be attained. In the cases in which learning oc-
 curred over the pretraining trials, the instructional manipulations seem
 to have created a cognitive structure within which children could benefit
 from their own problem-solving efforts in the absence of further instruction.

 How might modeling and verbal hints have created conditions under
 which toddlers could learn without additional instruction? Several pro-
 cesses probably contributed. The most obvious was that the instruction
 would have increased the likelihood of using the tool strategy, and of
 using the target tool, relative to alternative approaches. The ASCM model
 of strategy choice (Siegler & Shipley, 1995) illustrates how learning can
 occur through changing strengths of strategies. Strategy choice is a prob-
 abilistic process; the fact that a given strategy has been the most effective
 approach in the past does not mean that it will be consistently chosen in
 the future. Performance at the outset of the present study, the pretrain-
 ing trials of Problem A, indicated that the tool strategy's strength was
 weak relative to competitors such as leaning forward and trying to grab
 the toy. Encountering the modeling or hint on Problem A, and sub-
 sequently obtaining the toy, would have strengthened the tendency to
 choose the target tool. On the pretraining trials of Problems B and C,
 when toddlers chose the target tool and obtained the toy, the strength of
 that approach would increase further, thus leading to increased tenden-
 cies to choose the target tool on subsequent trials. Strategies other than
 tool use never succeeded, and tools other than the target rarely did; try-
 ing them would reduce their future probability, thus making it more likely
 that children would choose the target tool on the next trial.

 For this strengthening process to work effectively over trials, however,
 the strength of the target tool strategy already had to be reasonably high.
 If it was not, weakening another strategy would have little effect on the
 likelihood of the tool strategy being chosen (Siegler & Shipley, 1995).
 The similar operation of the simulation model provides a mechanistic
 account for why the improvement over trials did not occur until chil-
 dren's spontaneous likelihood of using the target tool was fairly high.
 Similar nonlinear effects of experience have arisen in connectionist models
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 of cognitive development (e.g., McClelland, 1995) for basically the same
 reason.

 A second process that probably gave rise to learning over the pretrain-
 ing trials was opportunity for the toddlers to practice using the tools.
 Toddlers who used a tool on the new problem could improve their exe-
 cution of the strategy. They might not succeed at first, either because they
 did not choose the target tool or because they used it clumsily, but they
 would be engaging in activities through which they could gain greater skill.

 Encountering the model or the hint on earlier problem (s) also pro-
 vided a resource for children to draw on if their initial attempts to solve
 a new problem failed. After such failure, they could search their memory
 for differences between what they did previously when they obtained the
 toy and what they did now when they failed to get it. This might lead
 them to recall, for example, that the tool they had used successfully had
 a head at a right angle to the shaft, whereas the tool they had just cho-
 sen did not. Children in the control group lacked such resources, be-
 cause they had not succeeded earlier and thus lacked experiences of success
 that they could recall and analyze. This lack of success in obtaining the
 toy was probably why many toddlers in the control group used no strategy
 as late as Problem C, whereas almost no toddlers in the modeling or hint
 conditions did so.

 A fourth way in which modeling and the hint may have contributed
 to children's ability to learn without further instruction was through its
 motivational effects. Having obtained the toy, they knew they could do it.
 Many children in the control condition never obtained the toy, and they
 may have become skeptical that it was even possible for them to do so.

 All of these processes seem likely to amplify initial effects of instruc-
 tion in a great many situations. Consider high school students who hear a
 lecture on some technique for solving algebra problems and who then
 solve a few problems using it. The instruction leads them to acquire the
 new technique at some level of strength. At first, the strength of the
 newly acquired strategy may be too low for the technique to be chosen
 consistently, especially on problems that look different from the ones on
 which the technique was learned. The experience of having used the tech-
 nique successfully, however, would strengthen it to some degree, create a
 context in which the students could practice and become more skillful in
 using it, provide memory traces (and notes) that could be drawn upon if
 the technique failed in later applications, and bolster their confidence
 that they could succeed using it. Thus, although the phenomenon has
 not received much attention, self-generated learning that amplifies the
 effects of initial instruction seems likely to be pervasive across both tasks
 and age groups.
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 X. IMPLICATIONS FOR OLDER CHILDREN'S
 COGNITIVE DEVELOPMENT

 Just as previous research on older children informed the present study
 of toddlers' thinking and learning, so the present study of toddlers can
 inform our understanding of thinking and learning in older children. In
 this section, we discuss implications of the present findings for under-
 standing several areas of cognitive development in older children: analog-
 ical reasoning, utilization deficiencies, and learning.

 ANALOGICAL REASONING

 Most studies of preschoolers' and older children's analogical reason-
 ing and problem solving have focused on demonstrating the importance
 of a single component of the overall process. For example, Inagaki and
 Hatano (1987) focused on initial acquisition of analogies; Gentner (e.g.,
 Gentner & Medina, 1998; Kotovsky & Gentner, 1994) focused on the role
 of structure mapping, and Chen (1996) focused on execution of solution
 procedures.

 In the present study, we examined the contributions of all of these
 component processes, as well as others such as choice refinement, to per-
 formance on a single analogical problem-solving task. All of the compo-
 nent processes proved to be important, in the sense that failure on any
 of them could short-circuit the problem-solving process. Some failures
 to obtain the toy were due to children not learning to use tools even on
 problems on which they received instruction. Others were due to chil-
 dren learning in the initial context but not mapping the tool strategy
 onto later, superficially different problems. Others were due to children
 using the tool strategy only sporadically. Yet others were due to children
 choosing an ineffective tool rather than the target. And some occurred
 when children chose the target tool but used it ineffectually.
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 Considering the whole range of components is essential for a com-
 prehensive understanding not just of analogical problem solving at any
 one age but also of learning and development in this area. Both learning
 over the three problems and age-related differences in that learning in-
 cluded improvement in all five components. No one component would
 have accounted very well for either the effects of experience or the age-
 related differences in learning. The same seems likely to hold true for
 older children. This is critical for understanding the learning process:
 Failure to obtain one's goal is likely to interfere with learning, regardless
 of the source of the failure. If correct analogies do not allow the learner
 to achieve the desired goal, those analogies are unlikely to be strength-
 ened as much as correct analogies that lead to goal attainment. Thus,
 comprehensive analyses of children's acquisition of analogical problem-
 solving skills will need to consider multiple components rather than fo-
 cusing on a single process.

 The present analysis also sheds light on a specific controversial issue
 within the analogical reasoning literature: the roles of superficial features
 and deep structure. Some investigators, such as Gentner (1989) and Tver-
 sky and Hemenway (1984), have argued that 3- to 6-year-olds rely primar-
 ily on superficial features and perceptual correspondence in drawing
 analogies, whereas older children rely primarily on deep structure and
 functional correspondence. Other investigators, such as Brown (1990), Go-
 swami (1996), Kemler-Nelson (1995), and Kobayashi (1997), have argued
 that even 2- and 3-year-olds are not limited to drawing superficial analo-
 gies, that in domains that they understand, they rely primarily on struc-
 tural correspondences.

 The present findings were consistent with the latter position. The 1.5-
 and 2.5-year-olds in this study based choices primarily on structural cor-
 respondences between previous target tools and new potential tools. On
 the other hand, matches in superficial features between previous target
 tools and new tools also influenced the toddlers' choices. They more often
 chose suboptimal tools with colors and decorations that matched the pre-
 vious target than otherwise identical tools with colors and decorations
 that did not match. This was especially true early in learning. Superficial
 similarities exercised a moderate effect on strategy choices on Problem B,
 but very little effect on choices on Problem C. Even on Problem B, how-
 ever, deep structure similarities were more influential than were super-
 ficial ones. Thus, in domains in which toddlers understand the basic causal

 relations, their analogical reasoning, like that of older children, reflects
 influences of both deep structure and superficial features, though deep
 structure exercises a larger influence. The question is not "deep structure
 or superficial features," but rather when and how each type of resem-
 blance influences analogical reasoning.
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 UTILIZATION DEFICIENCIES

 The purpose of using a strategy is to attain a goal. Recent studies
 with preschoolers and older children, however, indicate that generating a
 new, relatively advanced strategy does not always help children achieve
 the goal that the strategy is intended to meet. The problem is that strat-
 egies that are useful in the long run are not always seen as useful in the
 short run. Sometimes, children derive no benefits in attaining goals from
 using new, potentially useful strategies. Other times, they benefit to a
 small degree, but not as much as they will once they have used the strat-
 egy more. Such "utilization deficiencies" (Miller, 1990) are quite com-
 mon; they have been documented with diverse types of strategies, including
 attentional, memorial, and problem-solving strategies (for recent reviews
 of this literature, see Bjorklund, Miller, Coyle, & Slawinski, 1997, and Miller
 & Seier, 1994).

 The microgenetic design and componential analysis used in the present
 study revealed several sources of utilization deficiencies, sources that prob-
 ably contribute to utilization deficiencies in other contexts as well. One
 source was limited mapping. At first, the tool strategy was not applied as
 broadly as it could be. A second source of the early utilization deficiency
 involved the relatively low strength of the new strategy. Even in the con-
 text of the problem on which the tool strategy was acquired, it initially
 was not applied as consistently as it later was. A third source of utilization
 deficiencies was relatively unrefined choices among alternative versions of
 the tool strategy. Toddlers at first often chose tools that were not very
 useful; this led to their using the tool strategy but not obtaining the toy.
 Yet a fourth source was poor execution of the new strategy. Early in learn-
 ing, even when toddlers chose the target tool, they fairly often failed to
 wield it sufficiently skillfully to meet their goal. As has been emphasized
 previously in this Monograph, acquiring a new strategy is only the begin-
 ning of strategic development. Mapping, strengthening, refinement of
 choices, and skillful execution all are needed before strategies reach their
 potential usefulness. Until that point, utilization deficiencies can be
 expected.

 LEARNING

 For many years, learning was the central topic in psychology in gen-
 eral and in developmental psychology in particular. With the cognitive
 revolution and the rise of Piaget, this hegemony was overthrown. Atten-
 tion shifted from learning to thinking, an emphasis that has continued to
 this day. Even the term "learning" became perjorative, as in the phrase,
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 "this is learning, not development." The movement away from studying
 learning was noted by a number of authorities in the 1983 edition of the
 Handbook of Child Psychology. In a particularly evocative description, Steven-
 son (1983) observed,

 As rapidly as the field (of learning) had developed, it went into decline. By
 the mid-1970s, articles on children's learning dwindled to a fraction of the
 number that had been published in the previous decade, and by 1980, it was
 necessary to search with diligence to uncover any articles at all .... The dis-
 cussion of children's learning had been displaced by a newfound interest in
 cognitive development. (p. 213)

 In a similar vein, Brown et al. (1983) noted, in their Handbook chapter,
 that although their title, "Learning, Remembering, and Understanding,"
 included the term "learning," the research being reviewed focused almost
 exclusively on memory and comprehension.

 The movement away from studying learning not only reflected a shift
 in interest; it also reflected an active skepticism about whether learning
 had much to do with development. Piaget went out of his way to distin-
 guish between learning, by which he meant associative learning, and de-
 velopment, by which he meant the active construction of knowledge. This
 distinction was valuable in exposing hidden assumptions that had shaped
 earlier research on children's learning, but it had the unfortunate side
 effect of producing skepticism about the importance of any kind of learn-
 ing for development. This skepticism was evident in the title of a volume
 edited by Liben (1987), Development and Learning: Conflict or Congruence?
 Asking whether learning and development were in conflict revealed an
 attitude that would have been unimaginable in an earlier era.

 Stevenson (1983), Brown et al. (1983), and a number of contempo-
 raries who noted the movement away from studying children's learning
 (e.g., Case, 1985) predicted that the area would make a comeback. All
 gave the same reason: the inherent importance of the topic. Their pre-
 diction proved prophetic-to a degree. There indeed has been increasing
 interest in children's learning, but the trend would more accurately be
 characterized as a boomlet than as a boom. The interest also has been

 more evident in increased theorizing about children's learning (e.g., Gel-
 man & Williams, 1998; Keil, 1998; Thelen & Smith, 1998; Wellman &

 Gelman, 1998) than in empirical studies that examine learning as it oc-
 curs. Studies of preschoolers' and older children's learning have started
 to appear in greater numbers, but the quantity of such studies remains a
 small fraction of the number of studies on such specific topics as infants'
 object permanence, preschoolers' theory of mind, and preschoolers' and
 older children's eyewitness testimony. And, as noted above, the number
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 of studies that focus on infants' and toddlers' learning of cognitive capa-
 bilities is even smaller than the number that focus on older children's

 learning of them.
 There are numerous reasons for the paucity of empirical studies of

 children's learning. It makes sense to determine what children know at
 different ages before trying to determine how they get from here to there.
 Examining what children know at any one time is easier than assessing
 initial knowledge and then going on to examine how they build on that
 base to acquire new knowledge. The great recent progress in understand-
 ing the topics that have been in vogue, such as theory of mind, has cre-
 ated its own momentum, raising numerous interesting questions regarding
 alternative interpretations and potential extensions of previous findings.

 Arrayed against these varied reasons that militate in favor of continu-
 ing to focus on children's knowledge, rather than on their learning, is
 one central fact: Learning is omnipresent in children's lives. Brown and
 DeLoache (1978) aptly characterized young children as "universal novices."
 The only way in which they can acquire greater expertise is through learn-
 ing. Knowing what children's thinking is like at different ages, without
 knowing how they get from here to there, is an inherently unsatisfying
 state of affairs.

 A major purpose of the present study was to illustrate that we can
 move beyond this unsatisfying state. Very young children's learning, like
 older children's learning, can be studied in ways that yield rich and re-
 vealing data, data that broaden our understanding of developmental dif-
 ferences, individual differences, and a variety of other topics.

 In addition to yielding interesting data about an omnipresent aspect
 of children's lives, studies of learning have an additional advantage: They
 can help unify our understanding of cognitive development. A number of
 recent reviewers have lamented the fragmentation of the field of cogni-
 tive development into a number of small, specialized subareas without
 unifying theories or frameworks (e.g., Case, 1998; DeLoache, Miller, &
 Pierroutsakos, 1998; Haith & Benson, 1998). The deemphasis of learning
 may have a great deal to do with this. When learning theory was ascen-
 dant, the stated goal was to identify universal "laws of learning" that would
 apply across ages, species, and conditions. This proved to be a dead end;
 learning is influenced by the kind of organism doing the learning, the
 content being learned, and the conditions under which learning occurs.

 Newer theories of learning recognize the importance of considering
 the learner's species and developmental status, as well as the content be-
 ing learned and the context within which the learning is occurring. These
 newer theories, however, also are beginning to identify similarities in learn-
 ing processes across these variables. In one notable example, Gelman and
 Williams (1998) highlighted the importance of constraints for facilitating
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 learning in all types of domains, both biologically privileged and nonpriv-
 ileged. Similarly, Keil (1989, 1998) and Wellman and Gelman (1998) em-
 phasized formation of theories that stress causal linkages as a crucial part
 of children's learning in a broad range of domains. Thelen and Smith
 (1998) and Bertenthal and Clifton (1998) focused on the importance of
 considering the physical situation; the learner's anatomical properties, co-
 ordination, and learning history inside and outside of the current situa-
 tion; and numerous other influences for understanding acquisition of
 cognition, perception, and action. In yet another example, Siegler (1989)
 noted that the best-specified models of children's learning all shared the
 same structure, a structure within which learning consisted of mecha-
 nisms for generating variation, mechanisms for selecting among the vari-
 ants, and mechanisms by which the more successful variants became
 increasingly common.

 The present observations of toddlers' learning provided evidence sup-
 porting all of these theoretical perspectives on learning. Toddlers' choices
 among tools were constrained in useful ways even before they received
 any instruction on the task. They predominantly chose tools with shafts
 long enough to reach the toy and with a head that could be useful for
 pulling it in. This tendency to choose tools from the outset that had the
 right causal properties, together with the rapidity with which children
 benefited from the modeling and hint, suggested that they were attend-
 ing to causal relations between properties of the tools and requirements
 for obtaining the toy. Success in obtaining the toy depended not just on
 acquiring the tool strategy but on the toddlers' motoric skill and coordi-
 nation, base-rate of using tools to try to obtain the toy, previous exposure
 to modeling or hints, and a host of other influences. The toddlers gen-
 erated a variety of strategies, they tended to choose the most useful strat-
 egy, and they preserved the lessons of past experience in mapping their
 learning onto novel problems.

 The present results also illustrated a number of other cross-domain
 and cross-age similarities in learning processes. The 1.5- and 2.5-year-
 olds' learning about tools reflected the same component processes as 5-year-
 olds' learning about conservation and 8-year-olds' acquisition of an
 arithmetic insight (Siegler, 1995; Siegler & Stern, 1998). Strategic change
 involved improvement in all five components, rather than just substitu-
 tion of a more advanced strategy for a less advanced one. Although amount
 of learning varied with the learner's age, sex, and initial knowledge, the
 components of learning were the same for older and younger toddlers,
 boys and girls, and children with greater and lesser initial knowledge.

 In general, the process of learning may share more commonalities
 across ages, domains, and tasks than the products of learning. What chil-
 dren know at a given time inevitably reflects the amount of experience
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 that they have had in the domain, the rate at which they learned from
 their experiences, the difficulty of the material being learned, the condi-
 tions under which learning occurred, and many other variables. The pro-
 cesses through which children learn, however, may share many
 commonalities that hold over diverse types of learners, material being
 learned, and learning contexts. If this is the case, focusing on the pro-
 cesses through which children learn may help unify the fragmented field
 of cognitive development.

 86

This content downloaded from 129.19.129.254 on Wed, 25 May 2016 18:58:31 UTC
All use subject to http://about.jstor.org/terms



 XI: CONCLUSIONS: BRIDGING THE GAP

 The main goal of this study has been to bridge the gap between
 research on very early and later cognitive development. Research on in-
 fants' and toddlers' cognition has differed from research on the cogni-
 tion of older children in the questions that have been asked, the methods
 and measures that have been used, and the way that knowledge has been
 represented. In the present study, we applied the overlapping waves theory
 and the microgenetic method, which had been developed in the context
 of older children's cognitive development, to examining toddlers' prob-
 lem solving and learning. Not only did the general theory and method-
 ology prove applicable to this much younger population, but a specific
 componential analysis, developed to account for older children's learning
 of scientific and mathematical concepts, also proved useful for character-
 izing how toddlers learn to use tools to obtain toys that are out of reach.

 Many specific results also were similar. Like older children, the tod-
 dlers used several problem-solving strategies from the beginning of learn-
 ing; they continued to use less advantageous strategies even after they
 learned a more advantageous one; they chose among strategies in fairly
 adaptive ways from the beginning of learning; their choices became in-
 creasingly adaptive with problem-solving experience; their mapping of what
 they had learned to novel problems was influenced primarily by struc-
 tural similarities; superficial similarities also exerted some influence on
 their choices; they switched strategies not only from problem to problem
 but also from trial to trial within a problem; they fairly often switched
 strategies within a single trial; and improved execution was necessary for
 the optimal strategy to consistently allow them to achieve their goal.

 A more general similarity also was present: Toddlers, like older chil-
 dren, emerged as active thinkers and learners. This was perhaps most
 evident in their success in learning from their own problem-solving expe-
 rience. Children who had received the modeling or verbal hint showed a
 certain amount of direct transfer when they encountered a novel prob-
 lem. They went on, however, to learn from their efforts to solve the novel
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 problem, so that their performance continued to improve without further
 instruction. Children in the control group did not show comparable learn-
 ing over these trials. Thus, children learned through integrating earlier
 instruction with subsequent problem-solving experience.

 This integration of instruction with the lessons of one's own experi-
 ence is not what would be expected if toddlers were passive learners. But,
 of course, they are not. Studying children's learning in no way requires
 that we buy into the assumptions of the learning theories of the 1950s
 and 1960s. It does demand, however, that we recognize that the only way
 to understand development as a process is to study learning while it is
 occurring.
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 COMMENTARY

 A KEY BRIDGE TO UNDERSTANDING THE DEVELOPMENT

 OF THINKING AND PROBLEM SOLVING

 Marvin W Daehler

 A major difficulty for anyone attempting to write a commentary on
 this Monograph is selecting only a few of its many significant points to
 single out as the more noteworthy contributions. This work is filled with
 ample illustrations of informative, thought-provoking advances bearing on
 theory and methodology; as a consequence, it offers many insights into
 our understanding of toddlers and their early problem-solving capacities.
 The application of overlapping waves theory, and the detailed observa-
 tions of performance over multiple tasks on which it hinges, seems like
 such an obvious way to explore cognitive development in 2-year-olds that
 the reader will surely ponder why it has taken so long to put the theory
 and method to the test.

 Fortunately, Chen and Siegler help to ease our dismay over failing to
 recognize the enormous potential of a microgenetic analysis of toddler
 problem solving. They point out the problem of different agendas as well
 as different methods and measures often used to evaluate infant and

 toddler cognition compared to the cognitive development of older chil-
 dren. Questions directed at when capacities emerge have dominated the
 infant literature, whereas a focus on how various competencies are estab-
 lished has become an increasingly pointed concern in research with older
 children.

 Yet it would be misleading to exaggerate the emphasis on the "when"
 question among infant researchers. The polemics surrounding the "how"
 question seem to occur on a different plane. The debate over how cog-
 nitive development proceeds during the first months and years of life
 typically has been framed within the controversy of nativism versus em-
 piricism (cf., Haith, 1998; Haith & Benson, 1998; Spelke, 1998), an issue
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 that loses much of its potential interpretive appeal as examination of cog-
 nitive development shifts to older children. Given the difficulty of resolv-
 ing the role of inborn mechanisms versus acquired factors with respect to
 cognition in infancy, we can be virtually assured that it will be an even
 more arduous task, and probably considerably less productive, for under-
 standing later development. Wisely, investigators have steered away by fo-
 cusing instead on the various component processes that underlie thinking
 and problem solving in older children. To our good fortune, Chen and
 Siegler have now effectively extended this approach to include toddlers.

 The Power of Observation and the Persuasion of Hints

 In applying overlapping waves theory and the microgenetic approach,
 Chen and Siegler have identified a number of component processes char-
 acterizing strategic behavior. The results provide insights relevant to many
 of these processes. Among them is the question of how new strategies are
 acquired. Certainly one of the more remarkable findings among the many
 reported in this work is just how essential it was for toddlers to observe a
 tool's use or receive a hint to initiate a tool selection strategy for success-
 ful performance on the task. Children in the control condition, left to
 their own devices, rarely engaged in a tool selection strategy, and as a
 consequence seldom succeeded in retrieving the toy. Indeed, there was
 little evidence that children, some approaching 3 years of age, were mak-
 ing any progress in implementing the tool selection strategy over the 15
 trials of the task.

 This finding is reminiscent of the results of another recently pub-
 lished microgenetic study of problem solving, involving 5- to 9-year-olds
 and a very different kind of problem (Thornton, 1999). The task was to
 create a bridge crossing over an imaginary "river." To do so, children had
 to use wooden blocks of the kind commonly found in various preschools.
 No single block was long enough, however, to span the river by itself. A
 successful solution required children to join two blocks (or possibly more)
 to cross the river. An additional constraint was that no block could be

 placed in the middle of the river to serve as a stanchion to support the
 juncture formed by the separate blocks. Thus, the weight of the blocks
 projecting over the river needed to be offset in some manner, for exam-
 ple, by assembling a tower of blocks atop the ends extending onto the
 river bank to act as a counterweight.

 Needless to say, this was not an easy task to complete, even for the 7-
 and 9-year-olds. But consider the plight of 5-year-olds, who rarely were
 able to derive a solution. One 5-year-old did produce a correct solution
 right away. More interesting, only one of nine 5-year-olds not immediately
 successful came up with an acceptable resolution to the problem within
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 the approximately 25 min permitted to work on the task. This child liter-
 ally stumbled on the solution strategy while pressing her hands, and even-
 tually other blocks she held in her hands, on opposite ends of the two
 spans to keep them joined and suspended above the river. In her analy-
 ses of these results, Thornton (1999) emphasized that constraints estab-
 lished within the problem itself permitted this child to arrive at the
 principle of counterbalance and led to her achieving the goal of the task,
 a reasonable explanation for that child's success. To repeat, however, only
 one of the nine 5-year-olds who spent any time working with these mate-
 rials was able to come up with a solution strategy. In fact, one of the
 5-year-olds devoted the entire 25-min period searching throughout the
 room for a single block of sufficient length to span the river!

 Thornton's results, along with those observed in the Chen and Siegler
 control group, dramatically bring home the point that children, and very
 likely adults as well, are not always very good at inventing or detecting
 new strategies for solving problems when left to their own brute cognitive
 processing devices. Researchers have witnessed this difficulty elsewhere.
 For example, one of the most powerful influences on successful transfer
 involving analogical reasoning for both children and adults is that of no-
 ticing the relevant solution principle; hints are among the most effective
 ways of encouraging this process (Brown & Campione, 1984; Gick & Holy-
 oak, 1980, 1983; Weisberg, DiCamillo, & Phillips, 1978). At every age we
 often seem to need assistance in coming up with new strategies just as it
 appeared to be very important for the toddlers in order for them to be
 successful.

 Although Thornton did not provide a helping hand to the 5-year-
 olds in her study, the experience of watching as one of them searched for
 a block of sufficient length for the entire 25 min surely must have been a
 painful one. In fact, researchers often comment on how difficult it is
 for parents as well to avoid helping their children when attempting to
 solve a problem in an experimental setting. Perhaps that says something
 about their parenting concerns more broadly. It also has implications
 relevant to the enormous value of modeling and hints as resources for
 cognitive processing and for the development of learning more generally.
 Chen and Siegler present a helpful discussion about modeling and hints
 as factors for initiating cognitive change. They also comment on the
 rise and fall of learning as a central topic of study in psychology. Perhaps
 the two phenomena are more closely coupled than many investigators
 concerned with cognition are comfortable to admit. Researchers have
 traditionally focused on learning in very limited contexts. As psycholo-
 gists simplified and sanitized experimental settings, procedures, and ma-
 terials in order to test the basic processes underlying learning, they may
 well have removed some of the most powerful means by which cognitive
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 development is promoted. That is, the richer context may provide the
 best opportunity to observe and become informed about becoming a bet-
 ter thinker and problem solver.

 This is certainly not a revolutionary idea. Brown et al. (1983) empha-
 sized that cognitive activity very often proceeds in the context of others
 rather than in isolation. For dialecticians, the matter of dialogue is piv-
 otal to development (Vygotsky, 1978), and those who have built upon this
 theoretical tradition, along with many other psychologists, have expanded
 upon the central role that both verbal and nonverbal interactions play in
 cognitive development (Rogoff, 1990, 1998; Wood, 1989; Wood, Bruner,
 & Ross, 1976). But as Rogoff (1998) pointed out in a recent review of
 studies concerned with cognition as a collaborative process, the notion
 still seems to be novel for many researchers. Perhaps the findings pre-
 sented here will help to convince us that modeling, hints, and other in-
 formational contexts can provide an integral link to establishing new
 strategies. A major issue then becomes one of determining what kinds of
 instruction the toddler can most effectively assimilate into his or her under-
 standing of the problem to be solved.

 Still Other Divides to Conquer?

 The use of the microgenetic approach as a means of crossing the
 great divide has paid off handsomely in helping to appreciate the strate-
 gic behavior of toddlers. But are there other divides yet to cross? Another
 interesting finding in the present study was that the older and younger
 toddlers differed in the degree to which they benefited from the experi-
 menter's verbal hints to use a tool. This age difference was not evident
 when children could observe the experimenter select a tool to obtain the
 toy. Both experimental procedures appeared equally effective for the older
 children but not for the younger children, as a smaller proportion of the
 younger children seemed to respond to the verbal hint. Chen and Siegler
 suggest that the modeling of tool selection and its use offered more con-
 crete information than did the verbal hint. That is a reasonable explana-
 tion for the age and condition differences, but the finding also raises
 other questions. For example, what might the results have looked like for
 even younger children than those tested in this study? Based on the re-
 search on imitation with 12- to 18-month-olds (e.g., Barr & Hayne, 1999;
 Meltzoff & Moore, 1999), perhaps they, too, would have had some suc-
 cess, at least with respect to the modeling condition. Would the verbal
 hints, however, have promoted a tool selection strategy at this earlier age?
 Perhaps not, because of limits in verbal comprehension. More important,
 the difference reported in this Monograph between performance in the
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 modeling and verbal hint conditions further opens the door to another
 persistent problem: how language affects our thinking and problem solving.

 The relevance of the potential great divide associated with language's
 influence on thought comes from one other bit of information. At sev-
 eral places in this Monograph, Chen and Siegler note that the micro-
 genetic approach for studying toddlers mirrored the way it has been carried
 out with older children-with one exception. That exception was the inabil-
 ity to exploit verbal reports from toddlers as a means of revealing their
 strategy use. This methodological limitation does not detract from the
 findings in the Monograph. The lack of access to verbal resources, how-
 ever, along with the differences reported for the effectiveness of certain
 kinds of assistance, highlights the reality that older children are able to
 both interpret and represent strategies in linguistic form, whereas infants
 are unable to do so (or do so much less effectively). This divide still has
 to be crossed. Here again we are confronted with an issue that has plagued
 developmental psychology from its beginning, but one that continues un-
 resolved. What exactly is the nature of the representations available to
 the infant and toddler that underlie their cognition, or in this particular
 case, strategic behavior? And is it possible that developmental changes
 with respect to these, for example, the appearance of propositional or
 linguistically based representations, have a substantial bearing on both
 children's conceptual understanding and the particular components of
 their strategic activity such as acquiring, mapping, or effectively executing
 strategy choices? The results of the present study are comforting in sug-
 gesting that a microgenetic analysis yields extremely valuable information
 about strategic development despite the lack of availability of verbal re-
 ports. The jury remains out, however, on whether the development of
 symbolic representational systems has important consequences for the
 various component processes underlying problem solving. And even if
 the nature of the available representations has little bearing on the
 fundamental components of strategic learning, it surely has implications
 for the kinds of context in which their acquisition is fostered. In fact, it
 is conceivable that for older children certain kinds of learning may pro-
 ceed more effectively as a result of being told, rather than observing,
 what to do.

 Biases and Knowledge

 One of the most exciting aspects of the microgenetic approach is
 how much information it provides about mapping, strengthening, refin-
 ing, and executing strategies in addition to their acquisition. Chen and
 Siegler were able to offer insights for each of these learning components
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 as a result of the innovative design of their study. Various types of stimu-
 lus or response biases, often a part of the behavioral repertoire of very
 young children, apparently were not seen with sufficient frequency to be
 considered among the "strategies." Because children in the control con-
 dition generally did not engage in tool selection, any bias, such as pick-
 ing out a specific tool or a tool in a particular location in the array,
 would not have been easy to measure. Furthermore, in the experimental
 conditions, perhaps the modeling or hint was sufficiently powerful to over-
 ride possible position or other response tendencies so that refinement of
 the correct tool selection strategy did not compete with such biases. Posi-
 tion biases and perseverative response have been reported most fre-
 quently in somewhat different kinds of problems, for example, in classic
 discrimination tasks or where retrieval of hidden objects is a central as-
 pect of the situation (e.g., DeLoache, 1999; O'Sullivan, Mitchell, & Daehler,
 1999; Stevenson, 1972; Zelazo, Reznick, & Spinazzola, 1998). The absence
 of response biases and stimulus preferences in the tool-use problem helped
 to make the analysis of tool selection strategies far more manageable.

 In reporting the results concerned with the refinement of strategy
 choices, Chen and Siegler note that at least some children entered the
 problem-solving task with an understanding of the tool-use strategy. For
 example, on the first three trials of the problem, before they were given
 encouragement to select a tool, children used one or more tools on about
 20% of the trials. On these trials children also were more likely to choose
 the longer tool, and, among the longer ones, they were more likely to
 use the tool with a head than would be expected by chance. But we need
 to be cautious in making inferences about the type of knowledge chil-
 dren possess about the tools at the beginning of the task. For example,
 some toddlers, as Chen and Siegler conclude, may realize that the length
 of the tool is the relevant aspect in determining which one should be
 chosen. It also is possible, however, that the typically closer proximity of
 the endpoints of the longer tools in relation to the toy made them better
 candidates than the shorter tools for trying to make contact with the toy.
 Alternative interpretations for why children chose tools with heads more
 frequently than tools without heads are less easy to generate. But until a
 simple preference test is carried out evaluating the extent to which chil-
 dren this age interact with a tool (in a context other than using it to
 retrieve a toy), we cannot eliminate other potential explanations for these
 choices as well.

 These are relatively minor points. Perhaps the real power of the type
 of research described in this Monograph comes from the opportunities
 created to explore other questions about strategic behavior, problem
 solving, and transfer in very young children. Is the positioning of the
 tools a factor? For example, would children this age, as a consequence of
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 particular kinds of instructions, generalize the tool selection strategy to
 arrays in which the tools are set out on a table to the side of the child
 rather than immediately in front and in the line of sight for reaching for
 the toy? How durable are the strategies once they are acquired? For ex-
 ample, if some type of intervening activity took place between the prob-
 lems, would younger and older toddlers show the same levels of transfer
 and might instructional condition have a bearing on this as well? These
 are just a couple of the many possibilities for further exploring the path,
 rate, breadth, variability, and sources of cognitive change in toddlers. A
 major purpose of the present study was to begin the task of understand-
 ing these dimensions of change in the toddler years; the results have
 provided a superb foundation on which to continue to build this
 understanding.

 Some Concluding Comments

 Many other important findings could be highlighted. For example,
 boys displayed greater success than girls at retrieving the toy, probably
 because they also were more likely to use a tool strategy. Does this sex
 difference arise from the generally higher activity level typically ascribed
 to boys? Or perhaps from a greater orientation toward instrumentality or
 some other social or personality characteristic that differentiates the be-
 haviors of boys and girls? Or are the sex differences somehow linked to
 the spatial aspects of this particular type of problem or a few of the basic
 components of strategic behavior? Sex differences have not always been
 found in other types of tasks involving tool use. For example, in a recent
 study in our laboratory 30-month-old girls, after observing a model, were
 as likely as boys to select the correct tool and imitate its appropriate
 action from among various tools associated with a child's workbench (Mac-
 Connell, 2000).

 Noteworthy, too, is the chapter on individual differences in learning,
 an aspect of developmental research that all too rarely is included in
 studies of thinking and problem solving. As Chen and Siegler emphasize,
 the microgenetic approach is particularly useful in being able to provide
 such information. Especially informative here was the attempt to identify
 the influences of both distal (e.g., age, sex, and training condition) and
 proximal factors (the various components of learning taking place within
 the task) on the performance of a tool selection strategy.

 My guess is that readers will find many other positive aspects pertain-
 ing to the theory, method, and findings reported in this Monograph. That
 is one of the primary reasons that this work will gain wide recognition. It
 reflects a pivotal approach to bridging the gap between infancy and older
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 children and will help to reconcile the different vistas that seem so ap-
 parent when looking to either side of the great divide. Just as important,
 I suspect the route along which this work has traveled will be one many
 researchers will follow, and find extraordinarily valuable, in their efforts
 to integrate the very different perspectives that, from the present vantage
 point, seem to veil our understanding of how cognition in infants corre-
 sponds with cognition in older children.
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