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Abstract

An eight-session microgenetic study of acquisition of an insightful problem-solving strategy was
conducted. A total of 35 second graders who did not use this insightful strategy initially were
assigned to two groups that differed in the frequency of problems likely to facilitate discovery and
generalization of the strategy. Children in the facilitative problems group discovered the insightful
strategy earlier, used it more often subsequently, and transferred it more often to novel problems
than did those in the nonfacilitative problems group. Children generally discovered the insightful
strategy on the most facilitative items and extended it progressively to items on which its advantages
were smaller but still substantial. The results indicate that experience outside the experimental situ-
ation, as well as experience inside the experimental situation, influences use of new strategies.
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Introduction

Understanding how change occurs is among the deepest challenges facing the field of
cognitive development. The challenges are both conceptual and methodological. The main
conceptual difficulty is that understanding change implies not only describing children’s
thinking at different points in development but also explaining how and why the changes
between the different states occur. Generating well-grounded answers to these ‘‘how’’ and
‘‘why’’ questions is not a trivial task. The main methodological difficulty is that standard
cross-sectional and longitudinal designs are of limited usefulness for understanding
change. The density of observations that these traditional developmental methods yield
is too low to answer many basic questions about change (Adolph, Robinson, Young, &
Gill-Alvarez, 2007; Demetriou & Raftopoulos, 2004; Kuhn, 1995; Miller & Coyle, 1999).

The microgenetic method provides a means for obtaining the kind of fine-grained infor-
mation that is essential for understanding the change process. This method emphasizes
high-density sampling of changing competence while the change is occurring. A common
form of the method involves accelerating the change process by providing participants
with experiences intended to promote discovery of more advanced concepts, strategies,
rules, or theories. The increased density of opportunities to discover and exercise the
new understanding allows more detailed examination of change than would otherwise
be possible.

Microgenetic designs incorporate three features. First, observations encompass the per-
iod of rapid change, starting before rapid change begins and continuing until the compe-
tence has reached a relatively advanced state. Second, density of observations is high
relative to the rate of change of the phenomenon under study. Third, observations are
examined on a trial-by-trial basis with the goal of understanding the process that gives rise
to both qualitative and quantitative aspects of change.

The microgenetic method has proved to be applicable to many content domains and
age groups. These include infants’ and toddlers’ locomotion and tool use (Adolph,
1997; Chen & Siegler, 2000); preschoolers’ simple addition, controlled attention, and the-
ory of mind (Amsterlaw & Wellman, 2006; Miller & Aloise-Young, 1995; Siegler & Jen-
kins, 1989); school-age children’s memory and language (Coyle & Bjorklund, 1997;
Karmiloff-Smith, 1992; Schlagmüller & Schneider, 2002); and adolescents’ scientific rea-
soning and problem solving (Kuhn, Garcia-Milla, Zohar, & Andersen, 1995; Schauble,
1996).

Microgenetic methods also allow examination of five dimensions of change: its path,
rate, breadth, source, and variability. The path of change refers to the sequence of knowl-
edge states that lead to advanced understanding or skill. The rate of change includes both
the amount of time or experience required for the new strategy to be used initially and the
amount of time or experience required for it to be used consistently on the type of prob-
lems on which it was discovered; the first type is referred to as the strategy’s rate of dis-
covery, and the second type is referred to as its rate of uptake. The breadth of change is
the range of problems to which the new approach is generalized. The source of change
refers to the experiences that set the change in motion. The variability of change concerns
individual differences in the other dimensions of change.

In the current study, we used a microgenetic design to examine the discovery and
generalization of an insightful quantification strategy. The task was to determine the
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number of blocks (green squares) in 10 · 10 grids. Previous studies of this task by Luwel,
Verschaffel, Onghena, and De Corte (2000), Luwel, Verschaffel, Onghena, and De Corte
(2001) and by Verschaffel, De Corte, Lamote, and Dherdt (1998) revealed that children
solve such problems via two main strategies: addition and subtraction. The addition

strategy involves starting at 1 and enumerating blocks until all are included in the count
or estimate. This approach is most efficient when there are relatively few blocks to enu-
merate. The subtraction strategy involves either starting at 100 and counting down the
number of empty squares or counting the number of empty squares and subtracting that
number from 100. It is most efficient when there are nearly 100 blocks. Thus, the effi-
ciency of the two strategies varies strongly, but inversely, with the number of blocks
in the grid.

For any given amount of counting, the subtraction strategy in both of its forms imposes
greater cognitive demands than does the addition strategy. Counting backward from 100 is
less frequent and less well learned than counting forward from 1. Counting the number of
empty squares and subtracting that number from 100 requires two operations rather than
one (counting and subtracting rather than counting only). Both the relative unfamiliarity
with counting backward and the extra operation probably contribute to the subtraction
strategy for solving grid problems emerging later in development than the addition strat-
egy (Luwel, Verschaffel, Onghena, & De Corte, 2000; Luwel, Verschaffel, Onghena, & De
Corte, 2001; Verschaffel et al., 1998). These previous studies have also shown that use of
the subtraction strategy becomes faster and more accurate with age and that the adaptive-
ness of choices between the subtraction strategy and the addition strategy also improves
(see also Luwel, Lemaire, & Verschaffel, 2005). However, the cross-sectional designs used
in the previous studies did not allow detailed analysis of how the subtraction strategy
emerges and how it is generalized to novel problems.

The current study applied a microgenetic design to obtain a fine-grain depiction of
acquisition of the subtraction strategy.1 Together with trial-by-trial analyses of strategy
use, this design allowed identification of the trial of discovery of the subtraction strategy,
which in turn allowed analysis of the path, rate, breadth, and variability of the acquisition.
The design also made it possible to examine a potential source of change, namely, encoun-
tering numerous problems where the subtraction strategy would be much more efficient
than the addition strategy.

The grid task had the advantage of providing a straightforward and continuous metric
for analyzing the influence of the type of problem on discovery and generalization of a new
strategy. For example, the task allowed examination of whether children discovered the
subtraction strategy on items on which its advantages, relative to the addition strategy,
were particularly large (items with nearly 100 squares) and whether its generalization
beyond its initial use occurred quickly and broadly, slowly but eventually broadly, only
narrowly, or in an unsystematic pattern.
1 In using the expression ‘‘acquisition/discovery of the subtraction strategy’’ we do not want to suggest that the
children in our study had no prior knowledge (conceptual, procedural, or factual) of subtraction or that they
never applied this knowledge in other contexts (e.g., solving a symbolically presented missing addend sum as 2 +
. . . = 9 or a corresponding word problem as ‘‘Pete had 2 apples. Ann gave him some more. Now Pete has 9
apples. How many apples did he get from Ann?’’ by directly subtracting 2 from 9). Rather, this expression refers
to the first time children used the subtraction strategy in the current task.
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To achieve these goals, we presented second graders who did not use the subtraction
strategy initially with eight sessions of experience with grid problems. In the four practice

sessions (Sessions 2, 3, 5, and 6), children encountered either a high or low percentage of
facilitative items, that is, items on which the advantages of the subtraction strategy were
especially large. Children in the facilitative problems group were presented with 90% of
items with 80 to 99 squares in the four practice sessions; encountering many such items
was expected to promote discovery and generalization because on these items the subtrac-
tion strategy should be much faster and more accurate than the addition strategy. Children
in the nonfacilitative problems group were presented with only 10% of such items in the
practice sessions.

In the three test sessions (Sessions 1, 4, and 7), all children were presented with identical
problems that were distributed evenly across the range 1 to 99; thus, 10% of test session
problems involved 90 to 99 blocks, 10% involved 80 to 89 blocks, and so forth. The test ses-
sions allowed examination of whether encountering a high percentage of facilitative prob-
lems in the practice sessions increased the use of the subtraction strategy even when the
context of other problems in the session was not facilitative. Finally, in the transfer session

(Session 8), children were presented with a different grid from the one used in the other
seven sessions to assess generalization of the strategy to related but different problems.

The main hypotheses can be organized around the five dimensions of change described
earlier. With regard to the path of change, we expected that in both experimental groups
discovery of the subtraction strategy would occur primarily on highly facilitative problems
(those with nearly 100 squares). From there, children would progressively extend the new
strategy to problems with fewer squares. This prediction follows from previous findings
that use of new strategies is quite adaptive even when novel strategies are just beginning
to be used (e.g., Lemaire & Siegler, 1995). With regard to the source of change, we hypoth-
esized that encountering a higher percentage and number of facilitative problems in the
practice sessions would increase use of subtraction due to greater activation of the strat-
egy. (For data consistent with this assumption, see Siegler & Stern, 1998; for a model that
illustrates how activation influences strategy use, see Siegler & Araya, 2005.) With respect
to the rate of change, we expected that children who received a high frequency of facilita-
tive items would discover the subtraction strategy more rapidly than would children who
received a low frequency of facilitative items (again through greater activation of the strat-
egy). With respect to the breadth of change, we expected that use of the subtraction strat-
egy in the facilitative problems group would extend to a broader range of problems than in
the nonfacilitative problems group (again because of greater activation of the strategy).
With regard to the variability of change, we expected children to differ considerably in
both the rate of discovery and the breadth of generalization of the new strategy but to fol-
low similar paths of learning. This pattern has been typical in previous microgenetic stud-
ies (Siegler, 2006).
Method

Participants

The initial sample consisted of 74 second graders (40 girls and 34 boys) with a mean
age of 7.44 years (SD = 0.47, range = 6.54–9.38). The children came from two schools
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in the Flemish part of Belgium, and the schools were similar in terms of general edu-
cational approach, mathematics curriculum, and students’ socioeconomic status. All
children were tested during October and November, a time when they were in the midst
of exploring the number range up to 100 and had already learned to subtract from
numbers larger than 20.

Test Session 1 provided pretest data on children’s knowledge of the subtraction strat-
egy. Overt behavior, verbal protocols, solution times, and error rates indicated that
slightly fewer than half of the children (35 of 74) used the subtraction strategy at least once
and thus were excluded from participation in the study. Another 3 children were excluded
because they were unable to count to 100; this prevented them from executing the addition
strategy accurately and almost certainly also would have prevented them from executing
the subtraction strategy accurately. In addition, 1 child was excluded because of behav-
ioral problems (she wandered around and did not stop talking about irrelevant topics).
This left a final sample of 35 children (22 girls and 13 boys) who participated in all eight
sessions. These children were randomly assigned to either the nonfacilitative problems
group (18 children) or the facilitative problems group (17 children). The mean ages of
the children in the nonfacilitative and facilitative problems groups were 7.55 years
(SD = 0.59) and 7.46 years (SD = 0.54), respectively. The mean general math achievement
scores on the Leerlingvolgsysteem (LVS) test (Dudal, 2001), which is normed on the Flem-
ish school population, were 44.33 (SD = 6.24) and 45.43 (SD = 8.11), with a maximum of
60, for nonfacilitative and facilitative problems groups, respectively. In addition, t tests did
not reveal a significant difference between the two groups on any of these measures, all
ts < .50.
Materials

The task was presented on a PC equipped with a Pentium III processor and a 15-inch
monitor with a screen resolution of 800 · 600 pixels. Stimuli were presented within a
10 · 10-cm matrix of 1 · 1-cm squares. These squares were either ‘‘on’’ (filled with a green
block) or ‘‘off’’ (having the same black color as the background). The green blocks were
located randomly within the 10 · 10 grid. Thin red lines separated the rows and columns
of the grid, and the border of the grid was also red.
Design and procedure

At the beginning of Test Session 1, children were seated approximately 50 cm from the
computer monitor. They were told that they would be presented with a number of screen
displays, each showing a grid with a different number of green blocks, and that their task
was to determine the number of green blocks as accurately as possible. Children also were
told that each grid contained 10 rows, that each row contained 10 squares, and that there-
fore the maximum number of green blocks in each grid was 100. The experimenter also
said that children could determine the number of blocks in whatever way they wanted
but should not guess, an instruction that was repeated at the beginning of each session.
No mention was made of speed; given the large difference in the speed of the addition
and subtraction strategies for many numerosities, speed seemed likely to be its own
reward.
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To accustom children to the task, three practice trials with 9, 26, and 37 blocks were
presented at the beginning of Test Session 1. On these and all subsequent trials, children
were asked to state the answer as soon as they knew it. Then the experimenter pressed a
key that stopped the computer timer, entered the children’s response, and asked the chil-
dren how they had solved the problem. After this, a new trial began with a different grid
appearing on the screen. Each session was video-recorded to allow accurate classification
of the strategies.

Children were presented with 20 10 · 10 grids in each of the first seven sessions, and in
the transfer session (Session 8) they were presented with 6 5 · 10 grids. Each grid within a
session had a different number of green squares, and the 20 grids within a session were pre-
sented in the same random order for each participant to ensure that all children underwent
exactly the same learning experience. In both experimental groups, Sessions 1, 4, and 7
were test sessions; Sessions 2, 3, 5, and 6 were practice sessions; and Session 8 was the
transfer session.

Test sessions

In the three test sessions, children were presented with the same 20 grids, with two num-
erosities from each of the 10 decades from 1 to 100. Because these test sessions were aimed
mainly at comparing the generalization of the subtraction strategy at several points during
the microgenetic study, the same 20 items were used in each test session to maximize com-
parability of results from the different test sessions. Moreover, because having solved a
specific item with a particular strategy might affect the strategy choice on the next item
(Siegler & Araya, 2005), these 20 items were presented in the same order in all test sessions.
Although it was theoretically possible for the second graders to memorize the number of
squares in particular arrays, their consistently long solution times and/or verbal reports
indicated that they did not do so.

Practice sessions

In the four practice sessions, the items that were presented differed in the two exper-
imental groups. In the facilitative problems group, 90% of the numerosities in each ses-
sion were randomly selected from the range 80 to 99, where the subtraction strategy
was expected to generate answers more efficiently. The remaining 10% of numerosities
were randomly chosen from the range 1 to 50, so that the children would have some
experience with problems on which the addition strategy was likely to be faster and
more accurate.

In the nonfacilitative problems group, 90% of the numerosities in each practice session
were randomly chosen from the range 1 to 50, where the addition strategy was expected to
be faster and more accurate. The remaining 10% of numerosities were randomly selected
from the range 80 to 99, so that children in this group would also have some experience
with problems on which the subtraction strategy was more efficient.

In both groups, the particular numerosities with which children were presented varied
across the four practice sessions. However, within a given practice session of a given exper-
imental group, all children were presented with the same numerosities in the same order—
an order that was random except for the restriction that the two atypical numerosity items
in each session always were presented on the 5th and 15th trials of the session.
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Transfer session

Like the test sessions, the transfer session involved presentation of the same items in the
same order to children in both experimental groups. However, the transfer problems
involved a 5 · 10 grid rather than the 10 · 10 grid used in Sessions 1 to 7. The numerosities
on all six trials in the transfer session were randomly selected from the range 35 to 50, a
range that was expected to facilitate use of the subtraction strategy to varying degrees
(e.g., more for 48 squares than for 36 squares). As in the test sessions, children were told
the maximum number of squares that this grid could contain (50). Appendix A provides a
list of the number of squares presented on each problem in each session.

Children were tested individually for eight sessions, with two sessions per week (Week
1: Test Session 1 and Practice Session 1; Week 2: Practice Session 2 and Test Session 2;
Week 3: Practice Session 3 and Practice Session 4; and Week 4: Test Session 3 and Trans-
fer Session); thus, the duration of the study was 4 weeks for each participant except in
cases of illness or schedule conflicts.
Results

The results are presented in four main sections. In the first section, we provide an over-
view of changes in performance over the course of the study. Next, we examine changes in
performance over the three test sessions, a comparison that allows rigorous tests of the
effects of encountering facilitative or nonfacilitative problems. After that, we examine dis-
covery and generalization of the subtraction strategy in the practice sessions of children in
the facilitative problems group; this group received enough problems on which use of the
subtraction strategy was highly advantageous to allow detailed microgenetic analyses of
the discovery and generalization processes. Finally, we analyze individual differences in
discovery and generalization of the subtraction strategy among children in the facilitative
problems group, again because this group had received enough relevant problems to gain
in-depth understanding. Tukey’s HSD tests were used in all post hoc comparisons.
Overview

Based on the children’s overt behavior and verbal reports on each trial, we identified 12
procedures that children used to solve the grid problems. Of these 12 procedures, 2 were
common variants of the addition strategy: counting the green blocks upward from 1 by
ones (60% of trials) and counting upward from 1 by twos (9%). In addition, 2 procedures
were common variants of the subtraction strategy: the counting down procedure, where
the number of empty squares was counted down from 100 (12% of trials), and the direct
subtraction procedure, which involved counting the number of empty squares and then
subtracting that number from 100 (9%). The other 8 procedures were together used on
10% of trials; all except guessing were variants of the addition strategy (e.g., counting
upward by a combination of ones and twos and counting complete rows by tens and add-
ing 1 for each square in incomplete rows or columns). Over the eight sessions, the number
of procedures used by each child ranged from one to eight with a mean of 3.22
(SD = 0.88). Fully 85% of the children used two to four of the procedures. In all subse-
quent analyses, we grouped together as the subtraction strategy the two variants of that
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approach and grouped together as the addition strategy all other approaches except guess-
ing (because all involved proceeding upward from 1).2

Perhaps the most striking finding from the experiment was how strongly item charac-
teristics influenced discovery of the subtraction strategy. All 29 children who ever used
the subtraction strategy first used it on a problem with 93 to 99 blocks. Such items con-
stituted only 7% of trials in the nonfacilitative problems group and 21% of trials in the
facilitative problems group. This means that every child first used the subtraction strategy
on an item where it required little counting down from 100 and thus was far more efficient
than the addition strategy. In both groups, the average number of green blocks on the trial
where the subtraction strategy was discovered was 96.

Encountering facilitative or nonfacilitative problems in the practice sessions also influ-
enced discovery of the subtraction strategy. Fig. 1 presents the cumulative percentages of
children who had used the subtraction strategy at least once by a given session. In the facil-
itative problems group, more than 70% of children discovered the subtraction strategy in
Practice Session 1, which was the first session in which discovery was possible (children
who used the strategy in Test Session 1 did not participate further in the experiment).
2 Our initial plan was to conduct an in-depth analysis of the development of the two subtraction variants during
the course of the microgenetic study. With this analysis, we wanted to test the expectation that children would
gradually exchange the simpler variant of the subtraction strategy (i.e., counting down) for the more advanced
one (i.e., direct subtraction). We found, however, that a large majority of the children (i.e., 23 of 29) exclusively
used one of the two variants of the subtraction strategy throughout the study, with 13 children solely using the
‘‘counting down’’ variant and 10 children exclusively applying the ‘‘direct subtraction’’ variant. Only 6 children
used both subtraction strategies. The analysis of the development of the use of both variants of the subtraction
strategy in this latter group of children did not confirm the above-mentioned expectation, most likely as a result of
the limited number of participants in this group. All research questions that are included in the remainder of the
Results section were examined separately for the two groups of children who exclusively applied either the
counting down or direct subtraction variant of the subtraction strategy. None of these analyses yielded a
significant effect with respect to the subtraction variants. Because of the absence of any effect of the two variants
of the subtraction strategy, we decided to lump them together and treat them as a single strategy.
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As illustrated in Fig. 1, fewer than 30% of children in the nonfacilitative problems group
discovered the strategy in that session. More generally, the cumulative percentage of chil-
dren who had discovered the subtraction strategy increased more gradually in the nonfa-
cilitative problems group than in the facilitative problems group, although by Practice
Session 4 the percentage of discoverers in the two groups did not differ. A Kolmogo-
rov–Smirnov two-sample test showed that children in the facilitative problems group dis-
covered the subtraction strategy after fewer sessions, D14,15 = 102.90, p < 05.

To determine whether the higher density of facilitative problems in the facilitative prob-
lems group led to discovery of the subtraction strategy after fewer such problems, we then
compared the numbers of items with between 93 and 99 blocks that were presented before
children discovered the subtraction strategy. (In this analysis, children who never discov-
ered the subtraction strategy were assigned the total number of items with 93–99 blocks
plus one). The analysis did not show any difference between the two groups in the number
of facilitative problems prior to discovery of the subtraction strategy; the number of such
problems averaged 4.06 (SD = 3.42) in the nonfacilitative problems group and 4.52
(SD = 3.83) in the facilitative problems group. Thus, the discovery of the subtraction
strategy after fewer sessions in the facilitative problems group was due to the larger num-
ber of items with few unfilled spaces that were presented to that group rather than to the
higher percentage of such problems within the practice sessions.
Changes over test sessions

Strategy use

To examine changes in use of the subtraction strategy of children in the two experimen-
tal groups on identical problems, we analyzed test session performance of the 29 children
who discovered the strategy in the course of the experiment (14 in the nonfacilitative prob-
lems group and 15 in the facilitative problems group. A 2 (Group: facilitative or nonfacil-
Test Session 2                                          Test Session 3
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itative problems) · 2 (Test Session: 2 or 3) · 4 (Numerosity: 60–69, 70–79, 80–89, or 90–
99)3 ANOVA on number of uses of the subtraction strategy revealed main effects of num-
erosity, F(3, 81) = 38.03, p < 0001, g2 = 57, and session, F(1, 27) = 5.91, p < 05, g2 = 18,
and a marginally significant effect of group, F(1, 27) = 3.36, p = 08, g2 = 11. As shown in
Fig. 2, the subtraction strategy was used more on items with 90 to 99 blocks (63% of trials)
than on items with 80 to 89, 70 to 79, and 60 to 69 blocks (27, 16, and 9%, respectively),
more in Test Session 3 than in Test Session 2 (34 vs. 23%), and more in the facilitative
problems group than in the nonfacilitative problems group (36 vs. 20%).

Correlations between the number of squares on each problem and the frequency of use
of the subtraction strategy on that problem in the test sessions indicated that strategy
choices were highly adaptive. The greater the number of squares—that is, the easier the
execution of the subtraction strategy and the harder the execution of the addition strat-
egy—the more often children used the subtraction strategy on the problem: r = .60,
n = 20, p < 005 in the nonfacilitative problems group for Test Session 2; r = .65, n = 20,
p < 005 in the nonfacilitative problems group for Test Session 3; r = .78, n = 20, p < 001
in the facilitative problems group for Test Session 2; and r = .85, n = 20, p < 001 in the
facilitative problems group for Test Session 3. The correlations tended to increase over ses-
sions as children gained experience with the subtraction strategy, but the differences were
not significant.
Solution times

Use of the subtraction strategy on trials with many blocks was expected to reduce the
time required to solve the items. To test this prediction, we conducted a 2 (Group: facil-
itative or nonfacilitative problems) · 3 (Test Session: 1, 2, or 3) · 4 (Numerosity: 60–69,
70–79, 80–89, or 90–99 blocks) ANOVA on solution times. The analysis indicated main
effects of test session, F(2, 48) = 34.99, p < 0001, g2 = 56, and numerosity, F(3,
72) = 6.94, p < 001, g2 = 16. Solution times decreased between Test Sessions 1 and 2
(79.59 vs. 62.37 s) and between Test Sessions 2 and 3 (62.37 vs. 46.50 s). Solution times
for numerosities 80 to 89 were longer than those for numerosities 60 to 69 and 90 to 99
(72.00 s vs. 56.76 and 56.77 s, respectively).

A Test Session · Numerosity interaction also was present, F(6, 144) = 12.55, p < 0001,
g2 = 34. As shown in Fig. 3, times decreased considerably between Test Sessions 1 and 2
and between Test Sessions 2 and 3 for the ranges 80 to 89 and 90 to 99. However, only
small nonsignificant reductions were present for the ranges 60 to 69 and 70 to 79. The
interaction could also be viewed from another perspective. In Test Session 1, where by def-
inition children never used the subtraction strategy, solution times were longer when 90 to
99 blocks were present than when 60 to 79 blocks were present. In contrast, in Test Ses-
sions 2 and 3, solution times were shorter when 90 to 99 blocks were present than when 60
to 79 blocks were present because in Test Sessions 2 and 3 children usually used the sub-
traction strategy when 90 to 99 blocks were present.

The low percentage of use of the subtraction strategy on problems with 60 to 89 blocks
seemed to be inefficient in that using the addition strategy required more counting and,
3 We included these ranges in the analysis because the subtraction strategy never was used in any test session on
a numerosity smaller than 65.
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presumably, more time. However, it was possible that counting down was so much more
time-consuming than counting up for any given number of counts that it was actually
more efficient to use addition than to use subtraction to solve such problems. Two tests
were conducted to test whether this was the case.

One test correlated each child’s number of uses of the subtraction strategy on prob-
lems where the strategy seemed to be advantageous (those with 60–99 blocks) with the
child’s mean solution time on those problems. Consistent with the view that greater use
of the subtraction strategy led to faster solution times when many blocks were present,
the number of test session trials with 60 to 99 blocks that a child solved by using the
subtraction strategy correlated substantially with that child’s mean solution time on
items in the range, r = �.78, n = 29, p < 001 for Test Session 2 and r = �.72, n = 29,
p < 001 for Test Session 3.

The second test compared the mean solution time on each item produced by use of the
subtraction strategy with the mean solution time produced by use of the addition strategy
on the same item. This test indicated that the time saved by using the subtraction strategy
was very large. A 2 (Strategy: addition or subtraction) · 4 (Numerosity: 60–69, 70–79, 80–
89, or 90–99 blocks) ANOVA for Test Session 2 revealed a main effect of strategy, F(1, 15) =
108.39, p < 0001, g2 = 88, and a Strategy · Numerosity interaction, F(3, 45) =
6.94, p < 001, g2 = 32. Executing the addition strategy took far longer than executing the
subtraction strategy on problems with 60 to 99 blocks (75.47 vs. 19.65 s). The interaction
was due to the difference between mean solution times produced by the two strategies
increasing as set size increased: The difference in solution times was 46.13 s for 70 to 79
blocks, 62.35 s for 80 to 89 blocks, and 85.15 s for 90 to 99 blocks (there were too few uses
of the subtraction strategy with 60–69 blocks for solution time differences to be meaning-
ful). A parallel analysis for Test Session 3 revealed similar effects of strategy, F(1,
10) = 29.08, p < 0005, g2 = 74, and of the Strategy · Numerosity interaction, F(3,
30) = 8.78, p < 0005, g2 = 47. Again, the interaction between strategy and numerosity
was caused by an increase in solution times for the addition strategy and by a decrease
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in solution times for the subtraction strategy between the numerosities 70 to 79 and 80 to
99. The difference in solution times was 32.72 s for 70 to 79 blocks, 56.08 s for 80 to 89
blocks, and 56.21 s for 90 to 99 blocks.

Accuracy

A 2 (Group: facilitative or nonfacilitative problems) · 3 (Test Session: 1, 2, or 3) · 4
(Numerosity: 60–69, 70–79, 80–89, or 90–99 blocks) on percentage of correct answers
showed main effects of session, F(2, 48) = 15.17, p < 0001, g2 = 39, and numerosity,
F(3, 72) = 9.74, p < 0001, g2 = 29. Children correctly identified the number of green
blocks more often in Test Sessions 2 (29%) and 3 (38%) than in Test Session 1 (11%),
and more often on items with 90 to 99 blocks than on items with 80 to 89, 70 to 79,
and 60 to 69 blocks (40% vs. 22, 16, and 26%, respectively).

Test session and numerosity also interacted, F(6, 144) = 3.82, p = 001, g2 = 14, due
to the number of correct answers increasing over sessions for larger numerosities but
not for smaller ones (Fig. 4). For the range 90 to 99, accuracy was greater for Test
Session 2 than for Test Session 1 (46 vs. 10%) and was also greater for Test Session
3 than for Test Session 2 (63 vs. 46%). Similarly, for the range 80 to 89, accuracy
was greater in Test Session 3 than in Test Sessions 2 and 1 (40% vs. 19 and 6%,
respectively). In contrast, percentage correct did not change over sessions in the ranges
60 to 69 and 70 to 79.

As with the solution times, we compared the percentage of correct responses on
grids with 60 to 99 blocks produced by the addition and subtraction strategies. Paired
t tests showed that in Test Session 2, children generated a higher percentage of correct
answers on items with 60 to 99 blocks when using subtraction than when using addi-
tion (60 vs. 27%), t(15) = 2.81, p = 01, g2 = 35. A similar result was found for Test
Session 3; again, the subtraction strategy generated a higher percentage of correct
answers than did the addition strategy (64 vs. 30%), t(20) = 3.17, p < 005, g2 = 33.
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Fig. 4. Percentages correct in test sessions for four numerosity ranges.
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Transfer task performance

All six transfer problems had blocks in 35 to 49 of the 50 spaces in the grid, and thus
could be solved relatively efficiently using the subtraction strategy. The issue was whether
the children would extend what they had learned on the 10 · 10 grids to the novel prob-
lems. A 2 (Group: facilitative or nonfacilitative problems) · 3 (Numerosity: 35–39, 40–44,
or 45–49 blocks) ANOVA on use of the subtraction strategy on transfer problems indi-
cated effects of group, F(1, 27) = 4.08, p < 05, g2 = 13, and numerosity, F(2,
54) = 46.07, p < 0001, g2 = 63. Children in the facilitative problems group used the sub-
traction strategy on a higher percentage of transfer problems than did children in the non-
facilitative problems group (54 vs. 33% of trials). The subtraction strategy was used on a
higher percentage of trials when 45 to 49 blocks were presented than when 40 to 44 blocks
were presented (78 vs. 40% of trials) and on a higher percentage of trials when 40 to 44
blocks were presented than when 35 to 39 blocks were presented (40 vs. 16% of trials).
Thus, participation in the facilitative problems group increased transfer of the subtraction
strategy to a different grid, and the absolute amount of use of the subtraction strategy was
as great on the transfer problems as on the original ones.

Changes over practice sessions

This section presents microgenetic analyses of changes in use of the subtraction strategy
over the practice sessions. The analysis is limited to the facilitative problems group because
only this group had received enough grids with very many blocks to allow detailed analysis
of the change process.

Discovery of the subtraction strategy

We first examined the number of facilitative problems (grids with 80–99 blocks) that
children encountered before using the subtraction strategy in each numerosity range. A
one-way ANOVA with numerosity range (80–84, 85–89, 90–94, or 95–99) as the sole var-
iable indicated that the more advantageous the problem for the subtraction strategy, the
earlier children first used that strategy, F(3, 42) = 16.63, p < 0001, g2 = 67. Children used
the subtraction strategy earlier on trials with 95 to 99 blocks (3.20 such trials) than on tri-
als with 90 to 94, 85 to 89, and 80 to 84 blocks (8.13, 12.13, and 11.13 such trials, respec-
tively), which did not differ among themselves.

Frequency of use of the subtraction strategy

To test whether frequency of use of the subtraction strategy progressed gradually from
the most advantageous cases to decreasingly advantageous ones, we conducted a 4 (Prac-
tice Session: 1, 2, 3, or 4) · 4 (Numerosity: 80–84, 85–89, 90–94, or 95–99) ANOVA on the
frequency of use of the subtraction strategy. The analysis revealed main effects of session,
F(3, 42) = 7.22, p < 001, g2 = 34, and numerosity, F(3, 42) = 17.92, p < 0001, g2 = 56. As
expected, children used the subtraction strategy on a higher percentage of practice session
trials when 95 to 99 blocks were present than when 90 to 94, 85 to 89, and 80 to 84 blocks
were present (62% vs. 45, 39, and 39%, respectively). Children also used the subtraction
strategy more often in Practice Session 4 than in Practice Sessions 2 and 1 (62% vs. 40
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and 29%, respectively) and more often in Practice Session 3 than in Practice Session 1 (54
vs. 29%).

A one-way ANOVA was conducted to test more precisely the hypothesis that use of the
subtraction strategy was extended gradually from the most advantageous cases to decreas-
ingly advantageous ones. This analysis examined the range of numerosities over which the
subtraction strategy was used in each session (the difference between the highest and low-
est numerosities on which each student used the strategy). The mean range of numerosities
increased from 10 in Practice Session 1 (89–99 blocks) to 12 in Practice Session 2 (87–99
squares) to 16 in Practice Sessions 3 and 4 (83–99 blocks), F(3, 24) = 5.49, p = 005,
g2 = 41. The range of application was significantly greater in Practice Sessions 3 and 4
than in Practice Session 1.

We also examined whether the subtraction strategy came to be used increasingly con-
sistently in the range of numerosities on which it was used at all. To do so, we calculated
percentage use of the subtraction strategy on trials with numerosities in between the high-
est and lowest ones on which the strategy was used in each session. A one-way ANOVA
revealed a main effect of session, F(3, 15) = 3.79, p < 05, g2 = 43. Consistency of strategy
choices in Practice Session 1 was lower than in Practice Sessions 2 and 4 (79% vs. 98 and
98%, respectively), and consistency in Practice Session 3 (93%) did not differ from that in
any of the other sessions.
Solution times

A 4 (Practice Session: 1, 2, 3, or 4) · 4 (Numerosity: 80–84, 85–89, 90–94, or 95–99)
ANOVA on subtraction strategy solution times among children who used the subtraction
strategy in all four numerosity ranges in all four practice sessions yielded main effects of
session, F(3, 6) = 5.86, p < 05, g2 = 75, and numerosity, F(3, 6) = 26.25, p < 001,
g2 = 93. Time needed to execute the subtraction strategy decreased from Practice Session
1 (15.27 s) to Practice Sessions 3 and 4 (10.62 and 10.82 s, respectively). When children
used the subtraction strategy, they quantified 95 to 99 blocks (6.68 s) and 90 to 94 blocks
(9.85 s) more rapidly than they did 85 to 89 blocks (15.78 s) and 80 to 84 blocks (17.58 s.).
Accuracy

A parallel Practice Session · Numerosity ANOVA on the percentage of correct quan-
tifications showed marginally significant effects of numerosity, F(3, 9) = 3.51, p = 06,
g2 = 54, and of the Practice Session · Numerosity interaction, F(9, 27) = 2.18, p = 06,
g2 = 42. Children generated 41% correct answers in the range 80 to 84, 46% in the range
85 to 89, 68% in the range 90 to 94, and 70% in the range 95 to 99.4 In Practice Sessions 1
and 2, percentage correct was greater for grids with 95 to 99 blocks (56 and 75%, respec-
tively) and 90 to 94 blocks (70 and 75%, respectively) than for grids with 80 to 84 blocks
4 These seemingly low accuracy scores are due to the way in which accuracy was measured in the current study.
Only items for which children determined the exact number of colored cells were scored as correct. So, as soon as
a response already deviated one block from the correct numerosity, it was scored as incorrect. Taking into
account that children’s counting skills were still under development and that they were in the midst of exploring
the number range up to 100, it is not surprising that they erred rather frequently when determining numerosities
in this range, resulting in a relatively low number of correctly solved trials.
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(19 and 31%, respectively). Percentage correct did not vary with numerosity in Sessions 3
and 4.
Individual paths of development

The microgenetic design, together with the large number of practice session grids that
favored use of the subtraction strategy in the facilitative problems group, allowed in-
depth analyses of the paths of change followed by individual children in that group.
Practice session performance of 14 of the 15 children in this group who ever used the
subtraction strategy fell into one of four patterns that differed in the rate and breadth
of learning (Fig. 5). Three children (20% of the group) were rapid and broad learners;

they used the subtraction strategy on at least 75% of trials on all four numerosity ranges
(80–84, 85–89, 90–94, and 95–99) in all four practice sessions. This pattern resembles
that of adults whose performance was examined in previous studies (e.g., Verschaffel
et al., 1998). Five children (33% of the sample) were broad learners; they did not use
the subtraction strategy much on all four numerosity ranges in Practice Session 1 but
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minimal learners (d).
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did so later. Two children (13% of the sample) were narrow learners; they used the sub-
traction strategy on more than 50% of trials in at least two sessions on the most facil-
itative problems (those with 95–99 blocks) and at least twice as often across the four
sessions in the range 95 to 99 as in any other range. The final four children (27% of
the sample) were minimal learners; they used the subtraction strategy on fewer than
10% of trials and never used it on a majority of trials at any numerosity. The one child
who did not meet the criteria for any group never used the subtraction strategy until
Practice Session 4 but used it quite broadly in that session (on at least 80% of trials with
85–89, 90–94, or 95–99 blocks).
Discussion

The current study focused on the discovery and early development of an insightful
problem-solving strategy. Combining a microgenetic design with trial-by-trial analyses
allowed us to identify the exact point in learning when children first used the subtraction
strategy, and this in turn made possible precise analyses of how children systematically
extended the new strategy to other problems beyond the initial use. None of the main
findings could have emerged from a standard cross-sectional design that averaged data
over trials. The findings provided unusually clear information regarding the path,
breadth, rate, variability, and sources of change in use of the new problem-solving
approach and also hold a number of more general implications for understanding of
strategy acquisition.
Path of change

Perhaps the most striking finding of the study concerned the path of change. Children
in both groups began the experiment using the addition strategy; this was not surprising
because only children who used this approach consistently in Test Session 1 participated
further. More surprising was the next step in the path of change, where 100% of children in
both groups first used the subtraction strategy on an item with 93 to 99 blocks. In the non-
facilitative problems group, items in this range constituted only 7% of total items, and
none in the first 14 trials, so the invariant discovery of the subtraction strategy on prob-
lems with very few empty spaces was not attributable to chance.

After the discovery of the subtraction strategy on these nearly complete grids, the path
of change involved children progressively extending the strategy to grids with increasing
numbers of empty spaces. The extension process was impressively systematic. Children’s
first use of the subtraction strategy was earlier on grids with 95 to 99 squares than on grids
with 90 to 94 squares, earlier on those than on grids with 80 to 89 squares, and earlier on
those than on grids with 60 to 79 squares.

The distance that children traveled along this path was quite limited, however, espe-
cially given the large advantages that the subtraction strategy conveyed on all of these
problems. On problems with 80 to 89 squares, for example, children were more than
1 min faster when they used the subtraction strategy than when they used the addition
strategy, and they were considerably more accurate as well. Yet even in Test Session 3,
after being presented with 88 problems with 80 to 99 filled squares, children in the
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facilitative problems group still used the subtraction strategy on fewer than half of trials
with 80 to 89 blocks.

These data on the path of change on the grid task have implications for understanding
strategy choice more generally. Previous studies have identified a strategy’s accuracy and
speed in the experimental situation as the main influences on how often the strategy is cho-
sen (Geary, 2006; Geary & Brown, 1991; LeFevre, Smith-Chant, Hiscock, Dale, & Morris,
2003). Computational models of strategy choice have also emphasized the influence of
speed and accuracy in the experimental setting (e.g., Siegler & Shipley, 1995; Siegler & Shr-
ager, 1984).

The current findings suggest another factor that needs to be considered to understand
many strategy choices, namely, prior experience with the strategies outside the laboratory
context. The grid task that was used in the current experiment was in all likelihood unique
in the children’s experience. However, all of the children would have used addition and
counting forward innumerable times to solve problems in other contexts. The children’s
histories also would have included use of subtraction and counting backward, but these
experiences almost certainly would have been far less numerous and probably less success-
ful. Preschoolers count forward before they count backward (Siegler & Shrager, 1984),
first graders receive addition instruction before subtraction instruction, and second grad-
ers, such as those in the current experiment, solve a higher percentage of addition prob-
lems than inverse subtraction problems (Siegler, 1989). Unfortunately, we have no
specific data about children’s prior experience in counting forward and backward and
in addition and subtraction.

Related findings of experience with strategies in one context influencing strategy
choice in other contexts abound in studies of mathematical cognition. To cite three
examples, knowledge of addition influences number matching (Bisanz & LeFevre,
1990), knowledge of addition influences multiplication (Miller & Paredes, 1990), and
knowledge of whole number arithmetic influences decimal fraction arithmetic (Byrnes
& Wasik, 1991). These findings and the current ones suggest that in situations where
strategies have extensive histories of use in other situations, models of strategy choice
need to include the likely history of the strategies in other contexts as influences on strat-
egy choices in the new context.

Another interesting issue for further research is the effect of children’s prior mathemat-
ics instruction on their performance on tasks like the one used in the current study. It
seems likely that children who have followed a reform-based instructional program that
emphasizes the integrated mastery and flexible use of procedural and conceptual knowl-
edge would discover the subtraction strategy earlier and generalize it more extensively
than would children who have received purely skills-based instruction focusing on the rou-
tine mastery of arithmetic facts and procedures (Hatano, 2003; Verschaffel, Greer, & De
Corte, 2007). The issue seems worthy of empirical test.
Rate of change

Results from this study underline the value of distinguishing between the ‘‘rate of dis-
covery’’ and the ‘‘rate of uptake’’ of a new strategy. In making this distinction, Siegler
(2006) noted that the two rates are only weakly related. Children fairly often discover a
strategy after minimal experience but then increase their use of it only slowly. Other times,
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they require extensive experience before they discover a new strategy but then quickly
come to use it consistently.

In the current study, the rate of discovery of the subtraction strategy was very fast if
viewed in terms of the number of maximally facilitative problems (those with 93–99
blocks). Children in both experimental groups discovered the subtraction strategy after
an average of four or five such trials; for children in the facilitative problems group, this
occurred within the first eight trials in Practice Session 1.

The rate of uptake of the subtraction strategy was much slower in both groups. Even
after encountering many facilitative problems, children used the subtraction strategy on
fewer than half of trials in the ranges 60 to 69, 70 to 79, and 80 to 89 in Test Session 3.
The much greater experience with the addition strategy outside of the laboratory, and per-
haps greater cognitive resource requirements of subtraction, seems likely to have produced
this slow and incomplete uptake of the subtraction strategy.

Breadth of change

Initially, children applied the subtraction strategy almost exclusively on problems with
90 to 99 filled squares. Even within that range, they used it more often on grids with 95 to
99 filled squares than on those with 90 to 94 filled squares. This narrow breadth of change
continued to be present to a large degree throughout the study. Even in Test Session 3, the
subtraction strategy was generalized to only approximately 15% of problems with 60 to 79
filled squares, a range where the strategy still produced considerably faster and somewhat
more accurate performance than did the addition strategy.

The situation was quite different with the problems in the transfer session at the end of
the study. There, use of the subtraction strategy was surprisingly high, at least when
viewed in terms of the percentages of filled and empty spaces. For example, children used
the subtraction strategy on 78% of 5 · 10 grids with 45 to 49 blocks and on 40% of grids
with 40 to 44 blocks. These percentages were slightly greater than those in Test Session 3
with the original 10 · 10 grids when the same percentages of filled and unfilled spaces were
present despite the children never having encountered the 5 · 10 grids previously. Substan-
tial transfer of the subtraction strategy was present in both experimental groups, although
it was greater in the facilitative problems group.

These findings raise the issue of why the amount of transfer was so high. Obtaining
transfer in amounts comparable to initial learning is unusual, especially when the instruc-
tion is not designed specifically to promote transfer (Bransford, Brown, & Cocking, 1999).
One possibility is that children based their strategy choices, in whole or in part, on the
number of unfilled spaces rather than on the percentage of unfilled spaces. Previous models
of strategy choice (Busemeyer & Myung, 1992; Payne, Bettman, & Johnson, 1993; Riesk-
amp & Otto, 2006; Siegler & Shipley, 1995) have been based on the assumption that strat-
egy choices are a function of the relative advantages of the available alternatives. On the
grid task, the relative advantage of the addition and subtraction strategies is a function of
the percentage of unfilled spaces rather than of the number of them. To make this point
concretely, in a 3 · 3 matrix, children almost surely would count up rather than down even
when there were only five unfilled spaces; in a 30 · 30 matrix with five unfilled spaces, they
almost surely would do the opposite.

However, strategy choices may reflect literal features of problems as well as relative
ones. In the current context, children may have been influenced by the absolute number
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of unfilled spaces as well as by the percentage of them. Viewed from this perspective, use of
the subtraction strategy on the transfer task was midway between the percentage of use
that would have been expected on the basis of the percentage of unfilled spaces and on
the basis of the number of unfilled spaces in the 10 · 10 grids in Test Session 3. Additional
data are needed to test whether literal features of problems as well as relative advantages
of strategies on the problems generally influence strategy choices, but it seems likely that
they did so in the current context.

Variability of change

Children varied substantially in their rate and breadth of change, as was evident in the
individual difference categories. The rapid and broad learners discovered the subtraction
strategy in the first session, used it consistently from the beginning in the original context
of 93 to 99 filled squares, and almost immediately used it consistently on problems with 80
to 99 filled squares. The broad learners eventually used the strategy on the same range of
problems but extended it at a slower rate. The narrow learners limited use of the subtrac-
tion strategy to the most favorable problems—those with few unfilled squares—and they
required several sessions before they used it consistently on them. Finally, the minimal
learners did not use the subtraction strategy on even half of items on any type of problem;
what little use they showed was limited to the most favorable problems in the final session.

In addition to illustrating the variation in individual children’s rate and breadth of
change, these data indicate the senses in which children’s paths of change did and
did not vary. All of the children started by using the addition strategy and then began
to use the subtraction strategy on problems where it had particularly large advantages.
However, for some children this was the end of the path, whereas others extended it
further. Given more practice problems, it seems likely that other children also would
have followed this path and extended the subtraction strategy to a greater range of
problems.

Source of change

Presentation of a high number and percentage of facilitative problems was hypothesized
to increase use of the subtraction strategy in the practice sessions, the test sessions, and the
transfer session. Consistent with this hypothesis, in the practice sessions children in the
facilitative problems group discovered the subtraction strategy after fewer items and used
it more often thereafter. Also as expected, children in the facilitative problems group used
the subtraction strategy on more of the transfer problems.

On the other hand, contrary to expectation, the rate of discovery of the subtraction
strategy was not affected by the percentage of highly facilitative problems; it was purely
a function of the number of such problems. Large advantages in speed and accuracy were
insufficient for problems to trigger discovery of the subtraction strategy; only problems
where the advantages were extremely large elicited discoveries. Also contrary to expecta-
tion, presenting a high percentage of facilitative problems in the practice sessions did not
lead to more frequent use of the subtraction strategy in the test sessions or to faster or
more accurate performance in them.

A critical issue concerns the unequal distribution of facilitative problems for Trials 1 to
10 and Trials 11 to 20 of the test sessions. Trials 1 to 10 contained only one facilitative
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problem (81), whereas Trials 11 to 20 contained three facilitative problems (86, 95, and
97). Exposing children to few facilitative problems (and thus to many problems that facil-
itated the addition strategy) on Trials 1 to 10 in Test Session 1 may have induced a mental
set favoring use of the addition strategy that carried over to Trials 11 to 20. In contrast, an
alternative design that exposed children to many facilitative problems on Trials 1 to 10 in
Test Session 1 might induce a mental set favoring use of the subtraction strategy. Future
studies focusing on the effect of prior items on future strategy choices are needed to test
this hypothesis.

Having discussed the current findings in terms of the five dimensions of change, we
want to make a final remark concerning the children who did not show any evidence of
using the subtraction strategy throughout the whole experiment. Although we regarded
these children as children who did not yet possess the subtraction strategy, we cannot
exclude the possibility that they already had this particular strategy in their repertoire
but were unable to apply it in the number range up to 100. This number range factor might
also explain why children in the current study did not generalize the subtraction strategy
more extensively on the items from the practice and test sessions that were presented in a
10 · 10 grid but were quite able to transfer it toward the items from the transfer test being
presented in a 5 · 10 grid. This alternative explanation could be tested by adapting a par-
adigm similar to that used in Dowker’s (2003) study on computational estimation, where
for different number ranges she compared children’s competence in computational estima-
tion with their precise computational skills. Analogously, one could first test children’s
familiarity with the number domain by testing whether they could count up and down flu-
ently in each of the respective decades between 1 and 100, with special attention being paid
to their mastery of decade changes. Next, one could divide these children into different
groups according to their performance in each decade. For instance, a child in Group 3
might be able to count up and down fluently up to the range 20 to 30 but not up to the
range 30 to 40, whereas a child in Group 6 might be able to count up and down fluently
up to the range 50 to 60 but not up to the range 60 to 70. Then for each group one could
present a number of highly facilitative items in a grid that corresponds with the respective
counting level (e.g., a child in Group 3 could be presented with 27 green blocks in a 5 · 6
grid). According to this alternative account, one could expect that a child who belongs to
Group 3 will use the subtraction strategy on an item consisting of only two empty squares
in a 5 · 6 grid but perhaps not on an item with the same number of empty squares in a
10 · 10 grid.

To conclude, the current findings suggest that discovery and generalization of the sub-
traction strategy were influenced by the prior history of use of the addition/counting up
and the subtraction/counting down strategies, not just by the relative speeds and accu-
racies that these strategies yielded in the experimental situation. The more extensive, and
probably more successful, history of solving problems via adding and counting forward
seems to have predisposed the second graders in this study to subtract or count back-
ward only when those approaches offered overwhelming advantages. From that base,
children cautiously expanded their use of the subtraction strategy but almost never to
the degree that would have yielded optimal performance in the experimental situation.
The general lesson is that understanding strategy discovery and choice requires not only
consideration of the strategies’ relative advantages on the task presented in the labora-
tory but also consideration of likely prior experience with the strategies outside of the
laboratory.
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Appendix A

Overview of the stimuli presented in the different sessions of the non-facilitative problems
Session
Trial
 Test 1
 Practice 1
 Practice 2
 Test 2
 Practice 3
 Practice 4
 Test 3
 Transfer
Nonfacilitative problems group
1
 8
 20
 32
 8
 17
 29
 8
 39

2
 22
 19
 50
 22
 49
 26
 22
 46

3
 53
 25
 42
 53
 26
 2
 53
 41

4
 16
 31
 39
 16
 43
 48
 16
 36

5
 65
 86
 97
 65
 83
 99
 65
 44

6
 81
 13
 2
 81
 34
 46
 81
 49

7
 36
 35
 14
 36
 10
 28
 36

8
 32
 40
 28
 32
 12
 16
 32

9
 49
 15
 6
 49
 46
 30
 49

10
 4
 1
 29
 4
 5
 19
 4

11
 77
 11
 36
 77
 30
 9
 77

12
 95
 27
 37
 95
 38
 18
 95

13
 86
 48
 7
 86
 33
 20
 86

14
 97
 3
 47
 97
 45
 11
 97

15
 44
 93
 85
 44
 96
 81
 44

16
 58
 24
 16
 58
 8
 17
 58

17
 13
 41
 9
 13
 41
 49
 13

18
 74
 18
 21
 74
 6
 36
 74

19
 29
 44
 23
 29
 1
 40
 29

20
 70
 4
 22
 70
 3
 47
 70
Facilitative problems group
1
 8
 88
 93
 8
 93
 87
 8
 39

2
 22
 80
 95
 22
 94
 94
 22
 46

3
 53
 93
 96
 53
 91
 84
 53
 41

4
 16
 87
 86
 16
 85
 83
 16
 36

5
 65
 4
 23
 65
 28
 26
 65
 44

6
 81
 94
 99
 81
 83
 82
 81
 49

7
 36
 96
 92
 36
 82
 97
 36

8
 32
 97
 82
 32
 87
 93
 32

9
 49
 89
 97
 49
 80
 80
 49

10
 4
 90
 84
 4
 81
 85
 4

11
 77
 92
 85
 77
 98
 81
 77

12
 93
 85
 89
 93
 99
 89
 93

13
 86
 86
 81
 86
 95
 86
 86

14
 95
 95
 91
 95
 97
 92
 95

15
 44
 43
 41
 44
 9
 36
 44

16
 58
 82
 94
 58
 86
 96
 58

17
 13
 84
 87
 13
 84
 90
 13



K. Luwel et al. / Journal of Experimental Child Psychology 99 (2008) 210–232 231
Appendix A (continued)
Session
Trial
 Test 1
 Practice 1
 Practice 2
 Test 2
 Practice 3
 Practice 4
 Test 3
 Transfer
18
 74
 81
 83
 74
 88
 88
 74

19
 29
 91
 88
 29
 90
 95
 29

20
 70
 99
 98
 70
 89
 91
 70
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