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Abstract

Wa examined the relations between the score of the divergent thinking in mathematical
{Mathematical Creative Problem Solving Ability Testi MCPSAT: Lee etc. 2003) and
non—-mathematical situations (Torrance Test of Creative Thinking Figural A: TTCT: adapted
for Korea by Kim, 1999). Subjects in this study were 213 eighth grade students(lZ29 males
and 84 females). In the analvsis of data, frequencies, percentiles, t-test and correlation
analysiz  were used. The results of the study are summarized as  follows: FPirst,
mathematically gifted students zhowed =ztatiztically significantly higher zcores on the zcore
of the divergent thinking in mathematical and non—-mathematical zituations than regular
students. Second, female showed statistically significantly higher scores on the score of the
divergent thinking in mathematical and non-mathematical situations than males. Third, there
was statistically significant relationship between the score of the divergent thinking in
mathematical and non—mathematical situations for middle students was r= .41 (p< .05) and
regular students was r= .27 (p< .05). A test of statistical significance was conducted to test
hvpothesis. Fourth, the correlation between the score of the divergent thinking in
mathematical and non-mathematical situations for mathematically gifted students was r =
11, There was no statistically significant relationship between the zcore of the divergent
thinking in mathematical and non-mathematical situations for mathematically gifted students.
These results reveal little correlation between the scores of the divergent thinking in
mathematical and non-mathematical situations in both mathematically gifted students. Also
tut for the group of gtudents of relatively mathematically gifted students it was found that
the correlations between divergent thinking in mathematical and non—-mathematical situations
Wwas near Zero. Thiz suggestz that diversent thinking ability in mathematical situations may
be a specific ability and not just a combination of divergent thinking ability in
non—mathematical situations. But the limitations of thiz study az following: The sample size
in thiz study was too few to generalize that there was a relation between the divergent
thinking of mathematically gifted students in mathematical situation and non-mathematical
situation.
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I. INTRODUCTION

The divergent thinking theory of creativity has a great deal of intuitive
appeal, especially the suggestion that creativity will be enhanced by
considering, in the process of looking for new ideas or designing a solution io
a problem, all of the following: (a) many, as opposed to only a few, ideas; (b)
a wide range of ideas; and (c) unusual (as well as more typical) ideas.

Divergent thinking tests are the most commonly used procedures for
assessing creative potential. Although several kinds of divergent thinking tests
are available (Bachelor & Michae, 1991, Runco, 1991), they all share a common
characteristic. More specifically, people are asked to generate multiple
alternative answers 1o a series of ill-defined, open-ended problems
(Fredericksen, 1984).

Anastasi{1982), in a discussion of divergent-thinking tests of creativity,
concluded that evidence of relation Dbetween the Torrance Tests and
everyday-life criteria of creative achievement is meager. Anastasi also noted
that a major factor analytic study of the performance of 800 fifth-grade
students provided no support for a single-factor interpretation. The factors
identified in this study were highly task specific.

Runco(1986, 1990) suggested the need to consider the domain-specificity of
creativity when analyzing the ability of divergent-thinking measures to predict
creative performance. It is possible, under this these skills is relevant only to
one of many specific performance domains (such as Gardner, 1983,
"intelligences,” as Runco, 1990, suggested) or to even more narrowly defined
tasks within those domains.

NCTM(2000) Standards suggests that, in order to prepare for the 2lst
century, today’s students should equivalent themselves with the ability to use
mathematical knowledge for problem solving, the ability to communicate
mathematically, and the ability to reason mathematically and a mathematical
propensity. It also states that students need to be provided with challenging
problems that can stimulate them to develop divergent and sound mathematical

thinking and produce creative thinking. It adds that guiding students to solve



a single problem using multiple methods and strategies helps them develop and
extend their mathematical thinking. Creative thinking ability and expressive
ability in the field of mathematics can be measured using ‘open-ended” or
‘open-response’ problems and questions that require more than one answer.
Yoshihiko(1997) think that openness like “open-ended approach” and “from
problem to problem” is one aspect of fostering creativity. Because, “open-ended
approach” means end products are open, and “from problem io problem” means
ways to develop are open. It is important thaf students can combine different
ways of thinking in one problem. We can often see "creativity” in mathematics
appear by combining seeming different aspects.

Torrance and Horng(1974) correlated scores on the Kirton
Adaption-Innovation Inventory (KAIL Kirton, 1976, 1987a) with scores on a
selection of tests from the Torrance Tests of Creative Thinking Battery
(TTCT; Torrance, 1974). Significant correlations were found between the total
KAI score and Fluency (r= .36, p< .04), Flexibility (r= .34, p< .05), and
Originality (r= .43, p< .01). However, the sample size interpretation, that
divergent-thinking skills are important in creative performance, but that each
of in this study was small, (N=33), and a more robust result has been
reported by Isaksen and Puccio (1988).

Thus, we need to find out if this result from the study on the relationship
between said kind of divergent thinking in mathematical and non-mathematical
situations is related with mathematical creativity.

The purpose of this study is to find out how the divergent thinking in
non-mathematical situations of seven grade is related with the divergent
thinking in mathematical situations as well as what kind of relations are there

among sub-components factors.

I.1. A Study Purpose and Objectives

The purpose of this study was to determine what kind of differences in
relationship between divergent thinking in mathematical and non-mathematical

situations in middle school students. The specific objectives for this study



were!

To investigate whether group differences exists in divergent thinking
between Mathematical and Non-Mathematical Situations.

To investigate whether gender differences exists in divergent thinking
between Mathematical and Non-Mathematical Situations.

To investigate what relationship exits between performance on measures of

divergent thinking in Mathematical and Non-Mathematical Situations.

I .2. Definition of Terms

The following terms will be used throughout this study: The divergent
thinking theory of creativity has a great deal of intuitive appeal, especially the
suggestion that creativity will be enhanced by considering, in the process of
locking for new ideas or designing a solution to a problem, all of the
following: (a) many, as opposed to only a few, ideas; (b) a wide range of

ideas; and {(c) unusual (as well as more typical) ideas.

IoI. METHOD

II.1. Design

This study consists of two substudies a characteristic of the divergent
thinking in mathematical and non-mathematical situations and a correlation
study. The correlation study was conducted to investigate whether a
statistically  significant  relationship  exists  between  performance on
Mathematical Creative Problem Scolving Ability Test (MCPSAT: Lee et al,
2003) and on Torrance Test of Creative Thinking Figural A (TTCT; adapted
for Korea by Kim, 1999) which are required for middle scheels. Therefore, for
the correlation study, the two variables were the scores of the divergent

thinking in mathematical situations and the scores of the divergent thinking in



non-mathematical situations within each group.

II.2. Participants

The participants for this study were 213 Korean middle school students.
The participants were 195 of Daejeon Byeondong middle school (122 males and
73 females) and 18 of the Gifted Education Center of Hanbat National
University in Daejeon (7 males and 11 females) each as the object. The were
195 of regular students and 18 of mathematically gifted students each as
object.

I .3. Instrumentation

The figural TTCT-Form A was administered as the test for divergent
thinking in non-mathematical situations. A fest booklet, which included detailed
instructions and three l0-minute exercises were provided to each participant.
The three exercises were picture construction, picture complete, and parallel
lines. All tests included an incomplete or abstract sketch, which the participant
was asked to complete and label (Torrance, 1992).

The Korean standard of TTCT was made by Kim, Y and verified of its
reliability and adequacy as it is standardized into Korean version taking
children from preschool grade to 12th grade. The TTCT exercises are used to
generate five indices of creativity: Fluency, Originality, Abstractness of Titles,
Elaboration, and Resistance to Premature Closure. In addition, a checklist of
Creative Strengths was also generated from the answers, which provided 13
criterion-referenced measures. The TTCT Creativity Index was calculated and
standardized on the basis of these indices, and this index serves well as an
overall indicator of creative potential (Kim, 1998).

According to Chase (1985) and Davis (1989), many studies have found the
TTCT to be reliable! Typical test-retest reliahility of the TTCT is around .70,
and inter-rater reliabilities are mostly above .90.

The MCPSAT was administered as the test for divergent thinking in



mathematical situations. The MCPSAT are asked to generate multiple
alternative answers to a series of ill-defined, open-ended problem. A test
booklet, which included detailed instructions and five 10-minute exercises were
provided to each participant. The fives exercises were selected as the
open-ended problems for this study. Problem 1 is a sixteen-dot problem, a
transformed version of the nine-dot problem that was used by Haylock (1978)
and Kim, et al. (1997). Problem 2 is a regular hexagon problem, a transformed
version of the quadrangle problem that was used by Kim et al.(1997).
Problems 3 to b are the water-flask, marble and classifying several solid
figure problems that were used by Becker & Shimada (1997). The MCPSAT
exercises are used to generate third indices of creativity: Fluency, Flexibility,
and Originality. According to Lee, Hwang, & Seo, studies have found the
MCPSAT to be reliable! Typical test-retest reliability of the MCPSAT is
aroind 80. In order to evaliate item-internal consistency reliability and
discrimination, Cronbach a. was calculated using SPSS 10.0K (Lee & Hwang,
2003; Lee, Hwang & Seo, 2003). Internal validity and difficulty were calculated
using BIGSTEPS (Livacre & Wright, 2003) based on Rasch’s l-parameter

item-response model.

<Table 1> Analysis of Quality of Test Instruments (MCPSAT)

Ttem 1 | oz | 3 4 | 5 | Tom
Reliahility Chrombach a @ (.80
Internal | Infit 1.05 110 85 0 1.08 1.00
Validity | Outfit | 1.01 102 3 50 105 %
Difficulties - 22 —41 23 40 -.01 0.00
Discrimination 73 73 87 51 56 1.00

O .4. Procedure

The research object gof tested of TTCT and MCPSAT. It was performed
and evaluated by the operator at the end of first semester. A test booklet and
pencils were provided to each participant. The TTCT and MCPSAT were



administered following the instructions in the manual.

II.5. Data analysis

In the analysis of data, the frequency and percentage per type to find out
the divergent thinking in mathematical and non-mathematical situations of
seven grade, average, standard dewviation, t-test. Data was processed through

SPSS/PC 10.0K static program for Windows.

IMI. Review of related Literature

We see the preceded studies on the relationship between divergent thinking
in mathematical and non-mathematical situations, firstly, divergent thinking in
mathematical situations are not related to  divergent thinking in
non-mathematical situations(Balka, 1974; Dirkes, 1974; Dunn, 1976). Secondly,
divergent thinking in mathematical situations are highly related to divergent
thinking in non-mathematical situations(Evans, 1964; Haylock, 1973, Lee &
Hwang, 2003).

Balka(1974) undertook a factor analysis of the scores of 6-8th grade on a
variety of tests, including Lorge-Thorndike Intelligence Test, Iowa Tests of
Basic Skills, Minnesota Tests of Creative Thinking (MTCT) and Creative
Ability in Mathematics Test (CAMT). The multiple correlation coefficient was
computed to be r=0.20, with the coefficient of multiple determination being R°
= 0.04. There is a positive relationship between creative ahility in mathematics
as measiured by the CAMT and general creative ability as measured by the
MTCT (Minnesota Tests of Creative Thinking). As might be expected, from
the nature of the test items on the two tests, correlations between convergent
items on the CAMT and factors on the MTCT were very low, ranging from
0.00 to 0.12. He conclusion is that mathematical creativity is not related to

general creativity. He conclusion is that creativity is not depended o range.



Dirkes(1974), using the Torrance (1966) figural and verbal tests of creative
thinking as pre-and post-tests, investigated the effects of a training program
for children which emphasis divergent thinking in mathematics. She conclusion
is that mathematical creativity is not related to general creativity. Dunn(1976)
undertook a factor analysis of the scores of 12-13 vear old pupils on a variety
of tests, including six mathematics divergent production tests, some general
divergent thinking tests, IQ and mathematics attainment. The mean correlation
between the six mathematics divergent production tests was low (0.26) and
they certainly did not group together as an identifiable factor.

Evans(1964) reported significant positive correlations between mathematical
creativity scores and IQ, arithmetic achievement, mathematics grades,
mathematics attainment and general creativity. The correlations bhetween
mathematical creativity and other mathematics scores is not entirely surprising,
since it is to be expected and generally found to he the case that the number
and range of responses a pupil can make in an open-ended mathematical
situation will be related to the level of mastery of mathematical skills and
knowledge. Haylock(1978) reported highly significant correlations between two
general creativity tests and highly significant correlations hetween two
mathematical divergent productions tests used with 14-15 vears olds. But for
the group of students of relatively high mathematics attainment it was found
that the correlations between general and mathematical creativity was near
zero. This suggests that creativity in mathematics may be a specific ability
and not just a combination of general creative ability and mathematics
attainment. Lee & Hwang(2003) reported highly significant correlations between
general creativity tests (TTCT, adapted for Korea by Kim, 1999) and highly
significant correlations between mathematical divergent productions tests

(MCPSAT, Kim. et al, 1997) used with 10 years olds.



IV. Result

IV.1. Comparative study

Table 2 provides the means and standard deviations for scores on the
divergent thinking in mathematical and non-mathematical situations of the

regular students and gifted students.

The aim of the present study is an attempt to examine the differences
between gifted and regular students in the divergent thinking in mathematical

and non-mathematical situations among a Korean sample.

<Table 2> Means and Standard Deviations of the Scores on the divergent

thinking in mathematical and non-mathematical situations

Roguiar Studente inwl45) Gifred Sudenie {nsld) Srudenis inw?l3
- daie Fpmaie Total dale Fanale Totad R H Femule Tazal
omgmonets | . . . . . . .
inwl22) i3 inv]45) HEE | inwll) inul 8l invgd) w213l
| 50 E 50 k| 1l 4 %1 4 50 i 50 E 50 | 50 k| 4]

1 [30051] 902 |32 82| 8. 45 31,37 8.8 |37, 57| 3. 82 |37, 36( 3. 50 [37. 44 3.52 [30.89] 8. 95 |33 42 8.12 |31.8% )3 70

o

2430|833 (27.56( 7. 49 (25 52(8.15 |44 14| 5.82 [30.36] .95 |41, 22| 5. 65 |25 37| 8,35 |29.11) 8. 22 |26.85| 9.

- 3171336082 150|604 )1 4943172780 | 114|880 ) 1535 9% [1.58 6. 70|1.53 (624 |1 a0

4330|272 | 2.92 268 (310|271 1214|626 [ 491 (2,39 | 7.72 | 000 [ 3.78 |3.09 | 318|272 (3.5 |32

5383281 | 499295 (4242931843336 [14.36(5.64 (10 94|56 19459 (437 [6.21 [ 165 |5.23 |1 54

5|67 G4[18. 77 (74,81 (18, 12|70, 32 (18 80121 7|15 27103 912 72| 110 8[15. 04|70 57 [22 25|78, 52|20 4 [73. 75|21 72

7o[10. G4 70 |14, 22| 6,70 (10 12 6,93 |25, 71| 6,40 [26. 15[ 4. 83 [26. 00| 5. 31 [16.19[ 7. 32 |15 72| 7.67 [16.03] 7 4

MOPSAL B |10014) 383 | 9.47 3,67 [9.89 377 |14. 292,63 |13.82( 2. 36 [14. 00| 2. 40 |10 36] 3.85 |10.04] 3.81 |10.24]3 85

U283 (334362 |4.680 312303929 620|784 |4 488,285 11318385 (414|483 (3061 28

10 (28,61 [12.85)27. 30|13, 18|28 12|12 83|49, 29|11, 15|47 54| 5.22 [48. 28] .73 |29. 73|13, 39|20 50|14 44|28.8213. 78

Note. 1-Fluency; 2-Originality; 3-Elaboration; 4-Abstractness of Titles; 5-Resistance to
Premature  Closure:;  6-Creativity  Index:  7-Fluency;  8-Flexibility;  9-Originality:
1}-Mathematical creativity Index; MCPSAT-score on the divergent thinking in mathematical
gituations; TTCT-gcore on the divergent thinking in non—mathematical situations.

The result of t-test (see Table 3) showed a significant difference on

divergent thinking scores on two the mathematical and non-mathematical



situations, both favoring gifted. And the result of t-test (see Table 2} showed
a significant difference on the divergent thinking scores on each component of
the mathematical and non-mathematical situations. The result of t-test (see
Table 3) showed a significant difference on the total creativity scores on one
tests (divergent thinking in non-mathematical situations: TTCT) favoring
fernales. Statistically significant difference was found on the component of
Fluency (t=-2.09, p= .04), Originality (t=-2.98, p= .00), Elaboration (t=3.46, p=
.00) and Resistance to Premature Closure (t=-259, p=.01). No statistically
significant difference was found on the component of Abstractness of Titles
(t=1.30, p= .20). On the other hand, each component of the MCPSAT showed
slight hut not significant differences between males and females except io
originality. No statistically significant difference was found on the component
of Fluency (t= 37, p= .71), Flexibility (t= .09, p= 93) and Mathematical
Creativity Index (t=-5b, p= b59). Statistically significant difference was found
on the component of Originality (t=-2.21, p= .03).

<Table 3> Differences of Divergent Thinking in Mathematical and
Non-Mathematical Situations of children with performance for Group and Gender

Group Gender
Components | Gifted students Regular Males Fermales
students t P t p
M sD M 5D M sD % sD
1 | 3744 352 |31.37| 3.52 | -5.81 [ .00+ | 3089 895 [ 3342 812 | -2.09 |.04*
2 4122 565 [2552) 816 | -7.98 | Q0%+ | 2537 935 | 2911 | 822 | -2.98 | 01+
TTOT 3 830 | 1.54 | 6.04 | 1.44 | -6.90 | 00** | 595 1.58 | 6.70 | 1.53 | -3.46 |.00**
4 | 772 1 551 | 315 | 271 | -348 | 00* | 378 359 | 318 | 272 | 1.30 |20
5 (1594 519 | 424 | 2.93 |-14.99| 00** | 459 | 437 | 6.21 | 4.66 | -2.59 |.01*
6 [110.83] 16.04 | 70,32 | 1880 | -8.84 | Q0% | 7057 | 22.25| 78,62 [ 20.04 | -2.68 |.01%#*
T 2600 531 [1511) 6.93 | -0.12 | 0% | 1619 7.32 | 1579 767 | 37 |71
8 | 1400 240 | 989 | 3.77 | -8.66 | .00** [ 1050 4.08 [ 10.45] 4.43 09 193
MCPSAT
9 | 828 | 513 | 312 | 3.93 | -6.91 | 00** | 312 | 389 | 4.67 | 571 | -2.21 |.03*
110 4828 | 973 |2812| 1284 | -8.05 | 00" | 2081 |13.53]30.93 [16.01| -55 |59

Note. MCPSAT=score on the Divergent Thinking in Mathematical Situations;
TTCT=score on the Divergent Thinking in Non-Mathematical Situations. *p <
b+ p < 0L



V.2, Correlation Study

The Pearson product-moment correlation coefficient r was computed between
Divergent Thinking in Mathematical and Non-Mathematical Situations. The
correlation  between  the divergent thinking in  mathematical and
non-mathematical situations for middle students was r= 41 (p< .05). There
was statistically significant relationship between the score of the divergent
thinking in mathematical and non-mathematical situations for middle students.
A fest of statistical significance was conducted to test the hypothesis. The
divergent thinking in mathematical situations was also significantly correlated
with the divergent thinking in non-mathematical situations for middle
students{r = .16 to r= .44).

The correlation between the divergent thinking in mathematical and
non-mathematical situations for regular students was r= .27 (p<.05). There
was statistically significant relationship between the score of the divergent
thinking in mathematical and non-mathematical situations for middle students.
A test of statistical significance was conducted to test the hypothesis. The
divergent thinking in mathematical situations was also significantly correlated
with the divergent thinking in non-mathematical situations for regular students
(r= 17 to r= .26).

The correlation between the divergent thinking in mathematical and
non-mathematical situations for gified students was r= .11. These results
reveal little correlation between the scores of the divergent thinking in
mathematical and non-mathematical situations in both gifted students. There
was no stafistically significant relationship between the score of the divergent

thinking in mathematical and non-mathematical situations for gifted students.



<Table 4> Correlation hetween the divergent thinking in mathematical and

non-mathematical situations for gifted and regular students

Regular Students

Components General Creativity Mathematical Creativity

1 2 3 4 5 & 7 g 2 |10
Ok L gkx [ 03 08| 93wk | 1Tk | 0%k [ D3k ] D3k
(Be (5| (1) [(19%%) ] (86%) | (227 (257 [(2T**) [(.56**)
Tl I B IS D UL O Gl 00 il IO
(72 [(29™) [(46™*) | (96%) |(31™)|( 32" | (36" (.3 7%)

I e e e A e B
General ' ' (6% [ ook | (82 [ (330|310 (.37 [(.38%)

Creativity | , [ 5o [ qpee | ggoe | . [ 24 [ 25| 0 [ o8 |02 | 07
g R (479 | (459 (2099 (169 |(18%9) |2 1%

e | 23 | 23 | 1 | 24
ok ko _

Gifted o e R i (609 | (43| (3599|362 (449

Students o ok " " ek | gk | Dguek | 3T

6 | a2 [ae | de | ee | g || R0 S50 | e i

o | a3 | oge

[ 92| [ 48%) [[.94%)

7] -40 -23 09 -.34 14 -23

g e | o7 | os | mas | e | omor |gme | o |35 O
Mathematical [56**)(.95%)
Creativi .
A g | o || a1 | e | 23 | | o | as |- (f;)

10| -28 25 23 -02 23 11 TP ek | 63

Note. MCPSAT-TDhvergent Thinking in Mathematical Situations: TTCT-Divergent Thinking
in Non-Mathematical Situations; #p < .05 #+ p < 01; ( ) - Correlation hetween the
divergent thinking in mathematical and non-mathematical situations for total middle
students.

V. CONCLUSIONS AND DISCUSSION

The findings of this study indicated statistically significant differences
between gifted students and regular students on the scores of divergent
thinking tests. Owverall, the findings suggest that gifted students are more
divergent thinking ability than regular students as measured by the divergent
thinking in mathematical and non-mathematical situations. The gifted students
appear to be better at the &l component of the divergent thinking in
mathematical and non-mathematical situations. And the findings suggest that
females are more divergent thinking ability than males as measured by the

non-mathematical situations. The Females appear to be better at Fluency,



Originality, Elahoration and Resistance to Premature Closure. However, there
was a lack of difference in other creativity areas, such as Abstractness of
Titles. On the other hand, each component of the mathematical situations
showed slight but not significant differences between males and females except
to originality.

The Pearson product-moment correlation coefficient r was computed between
divergent thinking in mathematical and non-mathematical sitnations. The
correlation  between  the divergent thinking in  mathematical and
non-mathematical situations for middle students was r= 41 (p< .05 and
regular students was r= .27 (p< .05). There was statistically significant
relationship between the score of the divergent thinking in mathematical and
non-mathematical situations for regular students and middles students contain
to gifted students. This support to divergent thinking in mathematical
situations is highly related to divergent thinking in nen-mathematical situations
(Evans, 1964; Haylock, 1978 Lee & Hwang, 2003). On the other hand, there
was no statistically significant relationship between the score of the divergent
thinking in mathematical and non-mathematical situations for gifted students.
This result indicates that very small sample of the gifted students are
associated with the performance on the divergent thinking in mathematical and
non-mathematical situations. Alsc but for the group of students of relatively
mathematical gifted students it was found that the correlations bhetween
divergent thinking in situations mathematical and non-mathematical situations
was near zero. This suggests that divergent thinking ability in mathematical
situations may bhe a specific ability and not just a combination of divergent
thinking ahility in non-mathematical situations. But the limitations of this
study as following: The sample size in this study was oo few fo generalize
that there was a relation hetween the divergent thinking of mathematically

gifted students in mathematical situation and non-mathematical situation.
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