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ABSTRACT

This study examined children's problem solving
strategies by testing the verbal and mathematical abilities of 52
second-grade and 51 fourth-grade students. After being identified as
either reflective or impulsive, based on Kagan's Matching Familiar
Figures Test, the children were given grade—appropriate mathematical
and verbal reasoning problems to solve. The children then identified
three types of strategies that they had used to solve the prcblems:
(1) external aids, such as pencil and paper; (2) internal reasoning,
such as visualizing the problem; and (3) retrieval, the immediate
retrieval of an answer without any apparent effort. Results indicated
that fourth-graders used a significantly greater proportion of
external aids than did second-graders, and that reflective children
generally adopted strategies that afforded them high confidence in
accuracy, ones using external aids or internal reasoning. Reflective
children also demonstrated more accuracy than impulsive children in
solving both the math and verbal problems. Boys in both grades were
more likely than girls to use internal reasoning on verbal problems,
while girls were more likely than boys to use external aids on math
problems. Overall, children preferred strategies requiring the most
effort, suggesting that they are conservative in their strategy
choices. (Contains 23 references.) (MDM)
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Reflectivity and Strategy Choice 1

Abgtract
One hundred and three children from the second and fourth grades
were identified as reflective or impulsive using Kagan's Matching
Familiar Figures Test. They described the strategies they used
when solving mathematics and verbal problems that varied in
difficulty. The three strategies were 1) use of external aids,
2) intermal heuristics, & 3) retrieval. Strategy types varied in
average strategy execution time. As expected, cognitive tempo
was significantly related to strategy choice. Reflective
children generally adopted strategies that afforded them high
confidenc? in accuracy, ones using "external aids" (e.g., paper &
pencil), or ones involving some type of "internal heuristic"

(e.g.,covertly counting in head). Interestingly, the

. relationship between confidence, accuracy, and execution time

revealed that reflective children were more accurate and
confident when using strategies requiring the least effort (e.g.,
*retrieval strategies™). In general, however, children preferred
the more effortful strategies. This suggests that childrern were
conservative when choosing retrieval strategies, a finding
previocusly established by Siegler (1988). 1In addition,
significant age and sex differences were observed. Results
suggest that strategy choice is an imp.rtant factor in the self-
regulation of problem solving behavior. Children generally
gelect strategles that they are confident will bring them

success. Individual and group differences in strategy choice
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Reflectivity and Strategy Choice 2

reflect differences in ability to succegsfully estimate problem

difficulty and mobilize the appropriate amount of effort to

engure accuracy.
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Reflectivity and Strategy Choice 3

Reflectivity and Strategy Choice ih two Problem Solving Domains

'Selecting'én appropriate problem solving strategy requires
an accurate assessment of one's present abilities and relevant
knowledge for a given task (Glenbery, Sanocki, Epstein, & Morris,
1987). While efficient problem solvers use self-reflective
behaviors to regulate their problem solving efforts (Levine,
1988; Siegler, 1988), there is considerable individual and
developmental variation in the ability to do so.

Developmentally, the growth of reflective thought is
generally studied in the realm of metacognition (Flavell, 1979).
Previous research has documented general increases in
reflectivity and metacognitive awareness with age ( Flavell,
1879; Kagan & Kogan, 1970). For example, while 7-year-olds begin
to engage in performance anzlysis due to newly developing
attentional skills, it is not until the age of 10 years that
cognitive evaluation begins to emerge (Brown et al., 1983).
Further investigation suggests that even in later years there may
be considerable variation in people's ability to monitor their
own comprehension and regulate effort accordingly. For example,
investigations of comprehension calibration indicate that adul;s
have surprisingly poor insight into their own capabilities,
particularly when working problems in an unfamiliar domain
(Kexen, 1988).

A great deal of research on reflectivity, within an
individual difference tradition, has focused on differences in
cognitive tempo (Kagan, Roseman, Day, Albert, & Phillips, 1964).

Standard measures of cognitive tempo employ analysis of a




Reflectivity and Strategy Choice 4
subject's response characteristics in regard to both response
latency and accuracy on tasks that iuvolve uncertainty (Block %
Block, 1874). Theorists concerned with cognitive tempo have
often alluded to the "standards* or decision criteria that ’n
underlie a pattern of fast-inaccurate responding (impulsive
style) as opposed to a slower and usually more accurate pattern '
of responding (reflective style) (Dickman & Meyer, 1988). In
this paper we explore how differences in reflectivity are related
to strategy choice on two academic tasks.

The notion that reflectivity might be related to strategy
choice is an interesting one, however, it has received little
direct research attention. A notable exception is found in a
study by Siegler (1988) in which the children were cutegorized
based on their preference for using either more or less effortful
strategies. Children identified as "perfectionists" had high
task ability, yet relied heavily on time consuming effortful
strategies. Siegler hypothesized that these children adopted a
very cuutious approach and were willing to devote extra time to
"feel more confident about their answers." Siegler identified a
second group of children who, unlike the perfectionists, were
*not so good students® and as such were much less concerned with
feeling confident about the answers they reached. Accordingly,
these Ftudents preferred the least effortful strategies and
responded quickly. This response style was associated with less
accurate responding than was the perfectionistic style. 1In his
conclusion, Siegler suggested that differences in cognitive tempo
may underlie differences in children's preference for more or

less effortful strategies.




Reflectivity and Strategy Choice §
The primary focus of this paper is to explore how such
underlying differences in decision criteria associated with a
reflective approach to problem solving might influence strategy
choice on academic problem solving tasks in two domains.

Three major hypotheses, with respect to the effect of
reflectivity on strategy choice, are explored in this paper.
First, we hypothesize that a reflective approach to problem
solving predisposes one to engage in constructive processing
{Baker, 1985) and comprehension monitoring (Markman, 1979) which
generally lead to selection of strategies that more closely
conform to task demands than is afforded by an impulsive
approach.

Secondly, a reflective approach to problem solving involves

a higher standard for task completion and strategy monitoring

- than does an impulsive approach, as was evidenced by the

differences between Siegler'é "perfectionists" and "not so good

students”. We therefore, suggest that reflective children adopt
a different default threshold for info-mation processing effort

than do impulsive children.

Thirdly, a reflect!ve approach allows one to more accurately
assess one's performance (Maki, Foley, Kajer, Thompson & Willert,
1950). We therefore expect reflective children to be more
capable of \monitoring how their skills conform to task demands.
In this final respect v explore solution confidence as a
moderator of strategy choice.

Solution confidence is a post-response self-agsessment of
one's performance. Previous research has explored the role of

self-assessments in effort regulation (Bandura & Cexrvone, 1983;




Reflectivity and Strategy Choice 6
Nelson-Le Gall, Kratzer, Jones, & DeCooke, 1990). For example,
Nzlson-Le Gall, Kratzer, Jones & DeCooke (1990) examined how
children's ability to assess their own performance motivates use
of achievement related help-seeking strategies. These ';
researchers found that the major differences in children's uge of
help-seeking strategies were due to differences in their ability-
to use internally based cues for performance evaluation; that is
the ability to know when they did not know the solution to a
problem and needed to do sométhing éﬁout it. In the present
study, we similarly hypothesize that differences in the
relationship of golution confidence to strateqy choice reflect
differences in the type of strategic monitoring and regqulation
different children typically engage in during problem solving.

We hypothesize that the relationship between solution
confidence ar strategy choice will be different for reflective
children and impulsive children. We expect reflective children
to be more efficient at selecting strategiea that fit their
expectations of success.

To explore our hypotheses we pretested 2nd and 4th graders
(N =103) on the Matching Familiar Figures Test. Each child was
then presented with a series of mathematics and verbal problems
that varied in complexity. The children were asked to solve each
problem, rate their confidence in the accuracy of their solution,
and fi;ally describe the strategies they used when solving the
problems. Our analyses focused on the possibility that
differences in cognitive tempo (Kagan, 1964), underlie
differences in children's metacognitive ability to choose

appropriate strategies for efficient problem solving We

oy




Reflectivity and Strategy Choice 7
specifically compared the strategy choices of reflective and
impulsive children on a series of mathematical and verbal
problems of varying complexity.

We expected reflective children to spend more time solving
problems than impulsive children. In addition, we expected the
stratecy choices of reflective children to be more directly
related to problem complexity, with effortful strategies chosen
for the more difficult problems. Finally, we expected the
strategy choices of reflective children to be more directly
related to their perceived solution confidence than the strategy
choices of impulsive children.

In addition, we expected developmental trends in the
efficiency of strategy choice selection. We expected our 4th
graders to be better equipped than 2nd graders to make strategy
choices that reflect accurate estimations of problem complexity.

?inally, we expected significant sex differences in strategy
choice. 1In this respect,.three major findings have emerged from
a large body of research on sex differences in achievement,
particularly in mathematics. First, fairly uniform patterns of
results suggest that boys have better math skills than girls
(Fennema & Carpenter, 1981; Maccoby & Jacklin, 1974). Secondly,
even when they are objectively absent, sex differences are none-
the-less perceived by parents and even the girls themselves
(Phillips, 1984). Finally, differences in encouragement and
feedback from parents and teachers have proven tc be important
moderatccs of young girls' achievement related behaviors and
beliefs, when assessed by global measures of task and curriculum

pursuits (Dweck, Davidson, Nelson, Enna, 1978;). However, little
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ig known about how differences in strategy choices between boys
and girls mediate sex differences in academic achievement. We

expect any differences in strategy choices between the two groups

»~
v

adequacy of their performance and use these estimates to regulate

will reflect differences in how boys ard girls estimate the

their problem-solving behavior.
Method

Subjects

Thirty-one male (M age = 7.6 years} and 21 female (M age =
7.4 yrs) 2nd graders and 16 male (M age = 9.4 yrs) and 35 female
4th graders (M age = 9.7 years) participated in this study. The
participants were ethnically diverse (24% Anglo, 35% African-
American, 33% Hispanic, & 4% Other).
Matexials

Three testing notebooks were prepared; one contained
Kagan's Matching Familiar Figures Test (MF?T; Kagan, 1964) and
the others contained either a 12-item block of mathematics
problems or a 12-item block of verbal problems.

ug;hgggﬁiggl_;gﬁggg;ng_tgﬂk. Grade appropriate mathematics
problems were presented visually on 3x5 note cards secured in
small 3-ringed binders. Each problem had five answer choices
(A-E) from which to choose printed directly under the problem.
For all problems, answer choice E was always, "I can't find the
right énswér.' This designated the appropriate choice for
impossible problems. Each child received four easy problems,
four difficult problems, and four impossible problems. ‘Problem
difficulty was systematically varied. For 2nd graders, easy

problgms involved 1-digit numbers being either added or

Y




Reflectivity and Strategy Choice 9
subtracted, and difficult problems involved 2-digit numbers to
which a 1-digit number was either added or subtracted; impossible
problems varied-in difficulty, but, the gcorrect answer was not
offered as a possible choice. For example, 8+3 and 26-4 were
easy and difficult 2nd grade math problems, respectively (see
Appendix A). For 4th graders, easy problems were two 2-digit
numbers being either added or subtracted, and difficult problems
consisted of addition or subtraction of 2-digit numbers in which
carrying or borrowing was necessary; impossible problems were
either easy or difficult but correct answers were not offered as
a possible choices. For example, 36-22 and 47+19 were easy and
difficult 4th grade math problems, respectively (see Appendix
A).

v agon . Grade-appropriate scrambled nouns
were presented visually on 3x5 note cards secured in siall
3-r.nged binders. The nouns were selected from a 1ist of noung
rough.y equivalent in standard use (Battig & Montigue, 1969).
Presentation of each scrambled noun was proceeded by a taxonomic
clue (e.g., "Fruit®). Bach scrambled noun had five answer
choices (A-E) to choose from printed directly underneath. For
all problems, answer choice E wes always, "I can't find the right
answer." This designated the appropriate choice for impossible
problems. ‘Each child received four easy problems, four difficult
problems and four impossible problems. Two geparate sets of
scrambled nouns were created; one for 4th graders and one for 2nd
graders. Problem difficulty was rystemati~ally varied. For 2nd
graders, an easy problem consisted of four letters, a difficulty

problem had five letters, and imposgible problems were either
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easy or difficult but had no appropriate answer choice (sSee

Appendix A for specifics about mathematical and verbal problems) .

Procedure and Measures ' *

Yepting. Each child was tested individually during one 40-
min&te session. After children weve given the MFFT, they were .
presented with a first block of 12 problems followed immediately
by & second block of 12 problems. The order of the reasoning
tasks was counterbalanced across subjects. All subjects received
the twelve problems within each reasoning task in the same order.
Before presentation of the first problem, the experimentex
described the appropriateness of choice *Eg» (which was always: "I
can't find the right answer here®) and demonstrated a sumple
problem. Children were told to take as long as they needed to
solve each of the 12 problems correctly. After each problem had
been solved, subjects were asked to answer two questions: 1) "Do
You think you got the problem right?" and 2) "When solving the
problem, what did you do?" The entire session was tape recorded
for later transcription.

Cognitive Tempo. Children were identified ag relatively
reflective or impulsive based on their performance on the MFFT
(Ragan, 1964). Standard scoring on the MFFT invariably results
in loss of subjects because of the necessity to categorize
childrqn fér all combinations of errors and latencies (Block &
Block, 1974). We combined error and latency scores into a single
index, reflective extent, using a rationale described by Salkind
& Wright (1977). Each child's reflective exﬁent score reflected

a combinat.ion of median latency on 12 MFFT problems and median

'Q ES
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Reflectivity and Strategy Choice 11
number of errors across 12 trials (i.e., reflective extent =
log10(Mlatency) + r * loglO(Merrors)). To standardize reflective
extent scores, the Pearson corrselation coefficient between mean
latercy and mean errors for each combination of grade and sex was
used as a scalar. A median split on the composite reflective
extent score was used to identify 50% of children at each age and
sex as relatively more reflective than their peers and 50% as
relatively less reflective than their peers. A similar heuristic
has been usefully demonstrated for combining latency and error
scores on skill acquisition tasks (Anderson, 1987).

Strategies on problem golving tagks. Children were asked to
describe the strategies they used when solving the problems
(Siegler 1988). Three types of strategies were identified:

(a) External Aids - child used an external aid to solve the
problem. Examples include writing problem out on paper, counting
on fingers, systematically eliminating answer choices, and using
touch points (a technique requiring the use of pencil and paper) .

(b) Internal Heuristics - child solved problem by using
gome form of mental heuristic. Examples are counting up or back
covertly, counting by twos, and visualizing groups of numbers. A
child's answer might be, "I pictured seven apples in my head and
then I took two apples away and got five apples.*®

(c) Retrieval - involved the immediate retrieval of an
answer with;uu any appareat effort. A child's answer might
be, "I just knew six take away two was four. I memorized it."

Bach problem was coded for predominant strategy type.
Ninety-four percent of the problems were uniquely identified as

strategy types 1, 2 or 3. Six percent of the strategies were

IEES
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Reflectivity and Strategy Choice 12
initially coded as mixed because they involved a combination of
internal heuristics and external aids. These were later recoded
as external aids. Accordingly, the total frequency of three

T
A

strategy types across subjects and problems was recorded. In
addition, each subjects' relative frequency for each strategy
type was recorded.

Strateqy Bxecution Time, The amount of time spent on each
problem was also coded from the audio tapes. Timing began when
subjects were first read the problem and ended when subjects
verbally answered or pointed to an answer choice. To avoid
inflation due to outliers, each subjects median strategy
execution time for each level of problem difficulty was recorded
and used as an index of strategy execution time.

Interrater reliability was assessed by re-coding 25% of the
original data by independent raters. Blind raters agreed upon
96% of the clasgification of strategy types and 98% of the
recorded strategy execution times (within 1/2 second).

Accuracy and Confidence Meagureg. In addition to strategy,
the experimenter recorded each subject's accuracy and solution
confidence on each of the 12 problems. Each student's overall
accuracy was recorded as the frequency of correct answers from
the total of 12 scores on each reasoning task. For purpcgees of
analys%? of variance on proportions, each students overall
accuracy was computed from the accuracy om 12 math problems and
accuracy on 12 verbal problems divided by a total of 24 total
problems,

Children rated their solution confidence on a 3-point

confidence scale. Subjects rated confidence as (3) "very sure,"

(B2
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Reflectivity and Strategy Choice 13
(2) *maybe" or (1) *unsure." The frequency for each level of
soiution confidence was recorded across all problems and strategy
types. The proportion of "very sure" responses was used as the
dependent wvariable of confidence.

Data Structure and Plan for Analyses. The data was coded,

transcribed and structured so as to preserve the conditional
relationships of strategy choice, accuracy, and solution
confidence on a problem by problem basis. Accordingly, the total
data consisted of 24 observations( 12 mathematics problems and 12
verbal problems) for each of 103 subjects. The proportion of use
for each strategy type, proportion of correct responses, mean
strategy execution time and prcportion of responses rated as
*very sure” (high) confidence was computed for each subject. The
mean values were first analyzed using a general linear models of
the form: 2(Grade) X 2(Sex) X 2(Cognitive Tempo) X 2(Reasoning
task) X 3 (Problem complexity) mixed factor analysis of variance.
The between factors were grade, sex and cognitive tempo. The
within-subjects factors were problem difficulty, and reasoning
task. The dependent measures were mean proportion correct, mean
proportion "very sure® confidence level, mean strategy execution
time §nd mean proportion use of each of three strategy types.
Separate models including a strategy type Qithin-subjects factor
were employed when the distribution of strategy use allowed for
parametric analysis. A series of non-parametric analyses on the
frequencies of accurate responses, and "very sure" confidence
responses was used when the unequal distribution of strategy type
use made it impossible for inclusion of a within-subjects

strategy type factor in the general model (Daniel, 1978). First,
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the occurrences of accurate responses, and 'very sure® confidence
ratings were cross tabulated ag a function of strategy used on a

problem by problem basis. Next, a series of Chi square analyses

were performed on a series of the cross tabulated frequency ™

tables with confidence and accuracy as dependent measures as a
function of all between and within factors presented in the
general model (SAS Institute Inc., 1988). Significant results
were reported in the form of Kruskal-Wallis one way analysis of
variance test (an approximation of ANOVA based on Chi square
distribution}. For each non-parametric analysis, the significant
effects were followed up by planned comparisons to confirm mean

differences.




Reflectivity and Strategy Choice 15

Regultg
rformance Hath ical and “'erbal Reasoning Tasks
Frequenciles of girateqy use. Summaries of averaged data by

between subjects factors and within subjects factors are
presented in Table 1 and Table 2 respectively.

Table 1 displays between subjects factors, mean percentage
of use, mean percentage of correct responses, mean strateqgy
execution time and mean percentage of ‘'very sure' confidence
ratings as a function of gender, cognitive tempo, _rade, agd

reasoning task.

Table 1 about here
Table 2 presents within-subjects factors, mean percentage of
use, mean percentage of correct responses, mean strategy
execution time and mean percentage of ‘very sure' confidence

ratings as a function of strategy type, problem difficulty and

reasoning task.

Tables 2 about here
As shown in Table 1, children either employed external
aids or internmal heuristics on the vast majority of verbal and
mathematical reasoning tasks of all difficulty types X2(4) =
16.71, p < .002, Surprisingly, there were no significant main

effects of cognitive tempo on strategy choice. There was however
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a significant effect of grade on Strategy use. Fourth graders
used a significantly greater proportion of external aids on both
mathematical and verbal tasks than did second graders (F(1,93) pa
6.8, p <.01). In addition, there were significant effects of ';\
task and problem difficulty on strategy choice. children were
less likely tb> use internal heuristics on verbal problems (M = "
29%) than on mathematical problems (M = 52%). A significant
effect of problem difficulty on strategy use revealed that
children used a greater percentage of external aids as problems
became more difficult (F (2,186) = 19.76, p <.001).

In addition, there was a significant task X problem
difficulty interaction on strategy use, (F(2, 186) = 23.77,
R.01). Bonferroni post hoc comparisons (p < .05) revealed that
children used a significantly greater percentage of external aids
on verbal impossible problems (M = 70%) than on impossible
mathematics problems (M = 46%). Interestingly, there was not a
single instance of use of retrieval strategies on impossible
problems. In addition, a significant grade X task interacticn on
strategy use rev:.aled that 4th graders were much more likely to
employ external aids than 2nd graders, especially on mathematical
problems, (F(2, 186) = 5.34, p < .01). There was also a
significant sex X grade interaction on strategy choice (F (2,186)
= 6.53 p <.01). Bonferroni Post hoc tests (p <.05) revealed that
4th grade 5oys used a greater percentage of external aids (M =
74%) than did 2nd graders (M=45%) and 4th grade girls (M = 65%).
There was also a significant grade X problem difficulty
interaction on strategy choice (E (2, 186)=5.56, p < .01).

Bonferroni post hoc (p < .05) revealed that there was a

bmea
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Reflectivity and Strategy Choice 17
significant Sex X task interaction on strategy choice, (F(2, 186)
= 3.05, p < .05). Bonferroni procedures for multiple comparisons
(p < .05) showed that boys were more likely to use internal
heuristics on verbal problems while girls were more likely to use
external aids on mathematical problems (Table 2).

Accuragy. The subjects were in general very accurate,
averaging 90% correct across all levels of difficulty on both
verbal and mathematical reasoning tasks. There were no
significant differences in proportion correct as a function cf
gender or grade. However, there was a significant main effect of
cognitive tempo on percent accurate responses. Reflective
children were accurate on a significantly greater proportion of
both math and verbal problems than impulsive children (F (1,93)=
6.30 p <.01).

In addition there were significant effects of the within
subjects factors of reasoning task, strategy choice, and problem
difficulty on proportion correct. The children wére
significantly more accurate oﬁ verbal problems (M = 96%) than on
mathematical problems (M = 84%), (F(1,93) = 15.81, p < .001).
There was also a significant task X gender interaction (F (1,93)
= 4.74, p <.03). Bonferroni (p < .05) comparisons revealed that
girls were more accurate on verbal problems while boys were more
accurate on mathematical problems.

A Kruskal-Wallis Anova revealed a significant effect of
strategy choice on accuracy (F (2, 186) = 21.2, p < .001). DPost
hoc Bonferroni tests (p < .05) revealed that children were
significantly more accurate when they employed retrieval

strategies (M = 95%) than when they employed either external aids
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(M = 87%) or internal heuristics (M = 89%). A significant effect
of éroblem difficulty revealed that children were indeed more
accurate on easier problems (F (2,186) = 7.57, p <.001). °
However, a significant grade X problem difficulty interaction *\
revealed that 4th graders were especially influenced by problem
difficulty (F (2, 186) = 4.15 pe<.01). A significant task X
problem difficulty interaction revealed that the differences in
difficulty level were much more salient on the mathematics task
(F(2,186) = 10.73 p<.001). There was also a significant
cognitive tempo X reasoning task interaction (E(2, 186) = 2.97, p
< .05). Bonferroni tests (p < .05) revealed that Reflective
children were more accurate (M = 96%) than relatively impulsive
children (M = 88%) on verbal problems. Bonferroni tests (p < .05)
revealed that. the differences in Proportion correct were greater
on verbal problems than on mathematical problems between
reflective children and impulsive children. There was also a
significant Task X problem difficulty X grade interaction (F
(2,186) = 3.92, p <.02).

Finally, a significant interaction of cognitive tempo X
strategy choice that was confirmed by snalysis of simple effects
on strategy choice revealed that impulsive children were actually
more accurate than reflective children when they employed
retrieval strategies (F (1,93) ~ 7.13, p <.01),

s;;g;égz_g;ggg;igg_zggg_. As expected, median strategy
execution time was influenced by grade, cognitive tempo,
reasoning task, strategy choice, and problem difficulty. A
significant Qrade effect revealed that 4th graders spend a

significantly longer time working on problems than did 2nd
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Reflectivity and Strategy Choice 19
graders (F{(1,93) = 6.08, p <.01).

A significant effect of task domain revealed that children
spent a longer time attempting to solve mathematical problems (M
= 15.6 sec) than they did on verbal problems (M = 10 sec), (F(1,
93) = 58.88, p < ,001). There was also a significant task X
grade interéction (F (1,93) = 20.99). Bonferroni post hoc
comparisons confirmed that fourth graders spent more time
attempting to solve problems than did 2nd graders, but this
difference was only significant on mathematical problems (p <
.05). A significant effect of strategy choice revealed th?t
children tcok longer to solve problems when they used extermal
aids and internal heuristics than when they used retrieval
strategies (F(2, 186) = 28.8, p < .001).

There was a significant effect of cognitive tempo on
strategy execution time. Reflective children spent more time
solving problems of all types than impulsive children did,
(F(1,93) = 3.93, p < .05).

A significant problem difficulty effect revealed that
children spend more time on the most difficult problems (F (2,
186)=26.07 p <.01). A significant cognitive tempo X problem
difficulty interaction revealed that reflective children,
increased the time they devoted to difficult problems. Impulsive
children showed no such increase in problem golving effort (F(2,
186) = 13.44, p < .01). A Kruskal-Wallis test revealed a
significant Sex X Strategy choice interaction on strategy
execution time (F(2, 186) = 3.96, p < 02.). Bonferroni (p <.05)
showed a sex differences in gtrategy execution time only on

mathematics problems. However, there was a significant gex X

oo
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Reflectivity and Strateqgy Choice 20
reasoning task interaction (F(2, 186) = 19.6, p < .001),
Bonferroni (p <.05) tests of interaction revealed that females
spent more time than males solving math problems. A significaﬁf
effect of problem difficulty revealed that children responded t&\
increases in preblem difficulty by increasing the amount of time
they used to reach a problem's solution. This generally meant
using a higher percentage of internal heuristics and extefnal
aids. A significant reasoning task X problem difficulty X gender
interaction was found (F(2,186)~=3.66, R <.02). Bonferroni Post
hoc tests (p <.05) revealed that girls spend more time on
impossible math problems than boys.

Confidence, As seen in table 2, significant main effects of
grade, sex, cognitive tempo, and strategy choice were observed on
solution confidence. A significant effect of grade revealed that
second graders reported a confidence level of "very sure® on a
greater percentage of problems across all strategies than did 4th
graders. In addition, a significant grade X reasoning task
interaction revealed that 2nd graders were particularly more
confident on mathematical problems than were 4th graders
(F(1,93)=9.95, p «.02). Bonferroni post hoc (p <.05) revealed
second graders reported "very sure® on an average of 71% of
matheﬁatical problems, compared to "“very sure" reports on only
59% of math problems by 4th graders. There was algo a significant
effect Bf gex on solution confidence (F(1,93) = 9.24 p g .03).
Girls reported a confidence level of "very sure" on significantly
fewer problems (M = 60%) than did boys (M = 77%).

A significant sex X task interaction revealed that girls

reported a significantly lower proportion of 'very sure' than




Reflectivity and Strategy Choice 21
boys on math only (E {(1,93) = 7.27, p < .005). Consistent with
the accuracy data, a significant effect of strategy choice
revealed that children reported a greater percentage of solutions
as "very sure" when they used retrieval and internal heuristics
than when they used external aids (F(2,186) = 15.55, p < .02).

Finally, a significant cognitive tempo X strategy choice
interaction revealed that, reflective children reported a
significantly greater proportion of ‘'very sure' confidence level
but only when they used retrieval strategies (F(1,93) = 3.05, p
< .05). »

The relationship of strategy execution time and solution
confidence was explored further in a regression analysis.
Cognitive tempo groups were dummy coded so that they could be
included in a general regression equation. Two separate
equations one for mathematical and one for the verbal reasoning
task were analyzed. In each equation, the median strategy
execution time was regressed on confidence, cognitive tempo group
and an interaction term. A significant proportion of the variance
in median strategy execution time was accounted for by confidence
ratings, cognitive tempo, and the interaction ( R’-.1o, p <.001;
R*x.05, p <.001; for the mathematical and verbal task
respectively). Parameter estimates for the interaction terms in
each model were significantly greater than 0 (p's < .05). To
explore the nature of the interaction effect more specifically,
separate regression equations were created for each cognitive
tempo group.

Figure 1 shows the solutions of separate regression
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equations when strategy execution time is regressed on confidence

ratings by two cognitive tempo groups.

place figure 1 about here -

As shown in Figure 1, a simple effects comparison of the
slopes of these separate equations reveals significant
differences in how strategy execution time varies as a function
of confidence in solution (z = 3.65, p < .001, and 2z = 2.01, p <
.02, for mathematics and verbal problems, respectively). While
all children rated their confidence as lower on problems that
took a lot of time to work, the reflective children were
especially likely to - 'dge their solutions correct if they had
spent a great deal of v.me solving the problem.

DISCUSSION

Confidence in sclution accuracy appears to be ini¥luenced by
strategy choice in problem soclving situations. Children were
generally very accurate on both verbal and mathematical reasoning
tasks, although accuracy rates were scmewhat higher the verbal
problems. Children were generally succesaful solving both wverbal
and mathematical problems, however, son2 individual and group
differences were identified., These differcaces appear to be due
to individual beliefs about perceived solution accuracy.

When children used retrieval strategies and internal
heuristics they tended to be more accurate than when external
aids were necessary; this was especially true for reflective
children on the verbal reasoning task. These findings suggest

that children do not waste time and effort when they are able to

0
T
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immediately produce answers that are perceived as being highly
accurate..

This conclusion is supported by examination of che
relationship between strategy choice and confidence ratings.
Children reported themselves as being "very sure" of their
answers when they used retrieval strategies and internal
heuristics but not so when they needed external aids. Again,
sone group differences in reported confidence were identified.
Giris tended to be less confident than boys. Second graders were
more confident than 4th graders across tasks, but especial{y 80
on mathematical reasoning tasks. Reflective children were most
ccnfident when retrieval strategies were employed.

The importance of solution confidence was again reflected in
measures of execution time. Confidence was inversely related to
execution time; that is, the longer children took to solve
problems the less likely they were to believe that their answers
were correct. The mathematics problems, on which children were
generally less accurate, were given more time than were verbal
problems. Fourth graders, who were generally less confident than
their 2nd grade counterparts, also spent significantly more time
working math problems, Females, who were less confident than
males, also spent more time on mathematical problems.

The different levels of confidence on mathematics and verbal
problems makes intuitive sense. All groups were highly accurate
on verbal problems, however, all groups appeared to have more
difficulty with mathematics problems, as measuzed by overall
accuracy. This suggests that when problems were perceived as

difficult, strateqgy choice differences became more apparent.,
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In cenclusion, patterns of strategy choice, confidence, and
accuracy suggest that children were reserving retrieval
heuristics for those problems on which they were especially
confident, This is consistent with the strategy choice model $x
proposed by Siegler (1988). This appeared especially true for
the most reflective children, '

In the present study reflective children seemed to more
effectively monitor internal signals of uncertainty and regulate
their effort based on perceptions of uncertainty in their
solution confidence. We suspect that this enhanced regulation
led the reflective children to select strategies that were most
appropriate for the particular problems they encountered. In
this way, reflective children were able to achieve success on
difficult problems by increasing effort and to be confident on
easier problems while using less effort. Similarly, the older
children were able to adjust their effort to task demands more
efficiently than were younger children were. Perhaps most
interesting were the significant gex effects. ¢ 3 used
significantly more external aids than boys, perhaps because they
were not as confident in their mathematicsg ability. This is
especially interesting because strategy choice directly reflects
differences in confidence standards usged by boys and girls.
Girls in general were never as confident asg boys, even when they

were equally accurate on the mathematics problems.
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In sum, this study considers reflectivity in its broadest
sense, namely, the tendency to engage in metacognitive activity
designed to increase efficiency of problem solving.
Examining one's initial approach to a problem may provide
valuable insight into how individuals estimate their own
abilities and attempt to regulate effort for successful problem

solving.

ol
-
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Appendix A
Example of a Second Grade Math Problem

Pick The Best Answer (DIFFICULT PROBLEM)
34

+ 7

a) 5 b) 43 c) 41 d) 31 e) I can't find the right answer
Pick The Best Answer (IMPOSSIBLE PROBLEM)

7
-2
a) 4 b) 7 ¢) 2 d) 6 e) I can't find the right answer
Example of a Fourth Grade Math Problem
Pick The Best Answer (DIFFICULT PROBLEM)
187

+ 45

a) 45 b) 323 c¢) 187 d) 231 e) I can't find the right answer
Pick The Best Answer (IMPOSSIBLE PROBLEM)

123

- 12
a) 12 b) 112 c¢) 110 d) 123 e) I can't find the right answer
Exam nd G v b :

A TOY

Pick The Best Answer (IMPOSSIBLE)

OLDLO

a) Doll b) Train c) Ball d) Kite e) I can't find the right answer
Exampl £a ve

AN INSECT
Pick The Best Answer (EASY PROBLEM)

_ PSIERD
a) Roach b) Rabbit c) Spider d) fuppy e) I can'‘t find the right

-
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List of Tables
Table 1 shows data averaged across between subjects factoré.
The table shows the mean percentage of use, mean percentage
correct responses, mean strategy execution time and mean
percentage of 'very sure' confidence ratings as a function of

gender, cognitive tempo,grade, and reasoning tasks.

Table 2 shows data averaged across within-subjects factors.
The table shows the mean percentage of use, mean percentage
correct responses, mean strategy execution time and mean
percentage of ‘'very sure' confidence ratings as a function of

strategy type, problem difficulty and reasoning task.

Figure 1: Regression of Time on Confidence Ratings for Reflective

and Impulsive Children
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Table 2.

Mathematical Reasoning Tasks

Eagy ifficul Impossible  Total
External Strategies
Percent Use 39 (38.9) 48 (42.8) 46 (38.7) 44 (40.1)

Percent Accuracy 96 (16.7) 79 (34.2] 84 (27.3) 86 (26.1)
M time 16 (11.6) 22 (13.5) 21 (10.4) 20 (11.8)
%t Hi Confidence 57 (26.0) 60 (28.4) 43 (25.3) 53 (26.6)
Internal Heuristics

Percent Use 54 (37.9) 50 (41.8) 51 (37.0) 52 (38.9)

Percent Accuracy 88 (27.2) 80 (32.4) 80 (28.9) 83 (29.5)

M time 9 (5.1) 11 ({8.5) 11 (4.7) 10 (6.1)

% Hi Confidence 61 (23.2) 63 (23.8) 48 (26.4) 57 (24.5)
Retrieval Strategles

Percent Use 7 (15.6) 2 (9.2) 00 (00) 5 (12.4)

Percent Accuracy 88 (33.2) 80 (44.7) 00 (00) 84 (39.0)

M time (in seconds) 5 (3.3) 6 (5.3) 00 (00) 6 (4.3)

Rated Conifidence 38 {12.7) 40 (14.1) 00 (00) 39 (13.4)
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Table 2. cont.

1 Verbal Reasoning Taskg
|

Easy Difficult  Imposgible Total
External Strategles
Percent Use 60 (32.4) 65 (35.6) 70 (30.2) 65 (32.7)

Percent Accuracy 94 (20.9) 95 (19.6) 88 (21.5) 92 (20.7)

M time 9 (5.0) 12 (11.1) 10 (5.3) 10 (7.1)

¥ Hi Confidence 60 (23.0) 60 (25.4) 58 (26.6) 59 (25.0) ‘.
Internal Heuristics

Percent Use 32 (30.4) 30 (34.5) 26 (29.1) 29 (31.4)

Percent Accuracy 94 (20.4) 98 (9.4) 95 (16.6) 96 (15.5)

M time 6 (4.2) 7 (4.0) 7 (5.9) 7 (4.7)

% Hi Confidence 45 (19.6) 50 (23.0) 35 (20.3) 43 (21.0)
Retrieval Strategles

Percent. Use 8 (17.1) 5 (13.7) 00 {00) 7 (15.4)

Percent Accuracy 98 (11.2) 100 (o) 00 (00) 99 (5.6)
M time 3 (2.7) 2 (1.4) 00 (00) 3 (2.1)
t Hi Confidence 38 (11.7) 40 (13.6) 00 {00) 39 (12.7)
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