Journal of the Korea Society of Mathematical Education Series D: REBBHNTRESE MIUED:
Research in Mathematical Education < BB R
Vol. 14, No. 1, March 2010, 79-98 M4 H13 201048 38,79-98

Research of the Relationships between Self-control,
Thinking Quality and Mathematical Academic
Achievement for Senior School Students'”

Yu, Wenhua
School of Mathematics Science, Shandong Normal University, Jinan 250014, China;
Email: sdnuywh@126.com

Yu, Ping"
School of Education Science, Nanjing Normal University, Nanjing, Jiangsu 21000, China;
Email: yupingl@njnu.edu.cn

(Received December 15, 2009. Accepted February 10, 2010)

To analyze the relationships between self-control, thinking quality and mathematical
academic achievement, 197 senior school students were asked to complete question-
naires called “self-control ability on mathematics for middle school students” and
“thinking quality for senior school students.” The results were as follows:

(1) There was strongly positive relevance between self-control ability, thinking quality
and mathematical academic achievement.

(2} A model was presented in which self-control ability had a direct impact on
mathematical academic achievement, meanwhile had indirectly influenced mathematical
academic achievement by thinking quality which acted as the intermediate variable.
Thinking quality had a direct impact on mathematical academic achievement, too.
(3)There’s no significant difference between the two groups of boys and girls on the
structural weights.
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[. INTRODUCTION

Self-control as an ingredient of meta-cognition refers to the process that to meet the
pre-concerted goal, one plan, supervise, check-up, evaluate, feedback, control and adjust
the practical activity itself. In recent years, psychologists made many studies about the
relationship between self-control and learning, including the structure of self-control,
relationship between self-control and thinking quality, self-control in reading and
comprehension, memory activity and writing. What was concerned in this study was the
relationship between self-control, thinking quality and achievements. As we know, self-
control and thinking quality were important factors of achievements, but what was the
relationship among the three things like, especially in the subject of mathematics?

LITERATURE REVIEW

Yu (2004) found that self-control ability of mathematics had a significant effect on
mathematics achievements. Psychological literature of Soviet Russia relatively early
reflected the study of thinking quality. In west psychology group, Guilford (1967)
regarded the thinking quality as: sensibility to problem, fluency (including three factors
named as associative fluency, idea fluency and language fluency), flexibility, originality,
elaboration and ability of redefine. On this basis, psychologists of Europe and America
made more and more deeply studies on thinking quality, mainly performed on the
following three aspects: Firstly, the importance of thinking quality was emphasized,
especially the velocity, difficuity, profundity and density of thinking; Secondly,
experiment researches were further deepened; Thirdly, experiments on cultivating were
coming to be emphasized. Zhu (1984) regarded thinking quality, especially its profundity,
originality and criticality as an important aspect of thinking development, and represented
the age character and expression of these thinking development. Furthermore, Zhu (1993)
elaborated the essential of thinking quality, the significance of creativity of thinking
quality, the factors meaningful to thinking quality development, and the difference on
thinking quality development between individuals and between age-stages. Lin (1999)
thought that the difference of thinking ability was embodied by the difference of thinking
quality, and the ingredients and manifestations included five aspects of profundity,
flexibility, originality, criticality and agility. Dong (1990) found that there existed
significant or exceptionally significant relationship between meta-cognition and thinking
quality in a study with Chinese language reading in elementary school. As was found in
the following studies, the essential of this relationship was causational relation, which



Research of the Relationships between Self-control 81

means that change of meta-cognition brought about change of thinking quality. That was
to say, difference of meta-cognition was the fundamental cause of difference of thinking
quality among students. ‘

Above all, there have been many valuable researches about self-control, thinking
quality, achievements and combination of two variables above. However, there are rare
studies combining these three variables together to probing their relationships;
Furthermore, with regard to the subject of mathematics which particularly needs self-
control and thinking quality in solving problems, there lacks substantive studies.

RESEARCH HYPOTHESES AND CONSTRUCTION OF THE MODEL

In this study, we hypothesized that self-control was the important factor inducing
difference of achievements and effect of self-control making on achievements partly by
means of thinking quality. Senior school students were regarded as participants for the
relatively stability of their self-control and thinking quality. Relying on subject of
mathematics and utilizing Structural Equation Modeling, relationship among three
variables were explored and validated.

The variables are shown in Table 1, where the Self-control was defined as exogenous
latent variable and & was used as the symbol. Other latent variables were defined as
endogenous variables using T as the symbol. Plan, adjust, test, manage, and evaluate
were defined as exogenous manifest variables and x was used as the symbol. Other
manifest variables used y as the symbol.

Table 1. Latent variables and Manifest variables

Latent variable Manifest variable
Plan (x;)
Adjust (x;)
Self-control (&) Test (x3)
Manage (x,)

Evaluate ( x;)
Profundity (y;)
Flexibility (y,)
Thinking Quality (7,) Originality (v3)

Criticality (y,)
Agility (ys)
Achievement 1(yg)
Achievement 2(y;)

Achievements (1, )
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Thus, we developed the following hypotheses and conceptual framework.

H1: Self-control had a positive effect on achievements.
H2: Thinking quality had a positive effect on achievements.
H3: Self-control had a positive effect on thinking quality.

The framework is shown in Figure 1.
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Figure 1. Model of Self-control, Thinking Quality and Mathematics Achievements

METHODOLOGY

Participants

The participants were 212 students came from 4 Senior Grade classes of three schools
in Jinan, Shandong province. 114 of them were female and the others were male students.
Their performance was at the average level of all the students in Grade Three.

Questionnaire Design

Questionnaire 1

With the method of confirmatory factor analysis, Zhang (2003) founded a second-
order-factor model with five first-order factors which was the best-fit to the mathematical
self-control ability of middle school students. This model had high construct validity. The
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“Questionnaire of Mathematical Self-Control Ability for Middle School Students” he
drew up was composed of 47 items divided into five dimensions: plan, adjust, test,
manage and evaluate. All the items were measured with a 5-point Likert rating scales,
ranging from 1 (completely disagree) to 5 (completely agree). This questionnaire had a
total homogeneity reliability of 0.8871, and five factor homogeneity reliability of 0.6646,
0.7405, 0.7853, 0.7800, and 0.6814.

Considering participants’ response to the items of this questionnaire apt to take on
relatively strong central-tendency error, this study adopted even-level of 6-point Likert
rating scales. Items numbered 10,20,24,27,38,41,42,43,44,45,46 were reverse items,
respectively valued A~F with score of 1~5. While the others were opposite, respectively
valued A~F with score of 5~1. The more scores one attained from this questionnaire, the
higher self-control ability he (she) had.

That questionnaire was utilized in this study to collect and analyze mathematical self-
control of participants. In actual testing, to reduce students’ psychological carry-over
effect, we renamed it as “mathematical study questionnaire”. In this study, internal
consistency o coefficient and test-retest reliability of 10-day-interval were both more than
0.7, which meant this questionnaire had good reliability.

Questionnaire 2

In this study, we adopted “Questionnaire of Thinking Quality for the Senior Grade
Three Student” drawn up by ourselves. In actual testing, to reduce students’ psychological
carry-over effect, we renamed it as “mathematical study test”.

Considering the validity of questionnaire, the process of drawing up the questionnaire
was as follows:

(1) Literature retrieval, theory research and questionnaire preliminary drawn up

In the process of drawing up the questionnaire, we consulted many mature theoretic
opinions, which provided the questionnaire with theoretical validity. According to the
study of Lin (1999), mathematics thinking quality was divided into five ingredients:
profundity, flexibility, originality, criticality and agility. Regarding with measurement of
these five mathematical thinking quality ingredients, we drew on the idea of measuring
reading thinking quality in the study of Dong (1990). On that basis, six items on each
ingredient were formed through filtering and induction according to the measurement

purpose.
(2) Specialist interview and questionnaire revision

Discusses with some specialists in mathematical psychology and one specialist teacher
in senior school about the validity of the questionnaire were made several times. Four
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items on each ingredient were formed finally through comparison, filtering and
modification one by one. Scoring details were made through discuss with several
graduates. In the process of prediction, we asked for the opinions of the teachers and
participants and made seriousrevision on the contents and instructionsof the
questionnaire. So the questionnaire had relatively high expert validity.

(3) Prediction and re-revision

Two classes of Senior Grade Three in Zibo (Shandong province) were chosen to be
predicted. In the prediction, the items were out of order and arranged randomly. The total
time was determined to 2 hours through estimating and discussing, which served as the
reference standard of formal testing. Seeking the opinions of the teachers and participants,
with which we revised the representation, instructions and scoring details of the items.
Through statistical analysis of pre-test results and opinions of specialists, the
questionnaire was revised again. So, this questionnaire had validity in tool structure and
testing form.

(4) Meta-analysis: expert validity analysis

According to the study of Zhu (1991) about expert validity, all the 20 items were out
of order and arranged randomly, and 6 research staffs unrelated to this study were asked
to categorize the items to 5 dimensions. Among 6 research staffs, 3 were randomly
selected to not be told about concrete definition or explanation of each dimension, while
the others were told in advance. On that basis, the items having much divergence with up-
front design were reconsidered and reorganized.

Then, “Questionnaire of Thinking Quality of the Senior Grade Three Student” was
finally determined, which was composed of 5 ingredients: profundity, flexibility,
originality, criticality and agility. 4 items on each ingredient were made.

We had a testing with formal participants by the revised questionnaire. In the testing,
for each class, an experimenter trained in advance and the class tutor both showed up to
hand out and reclaim questionnaires. 212 questionnaires were let out and 208 were
reclaimed. The rate of reclaiming was 98.11%. Among these 208 questionnaires, 11 were
invalid questionnaires and 197 were valid. The rate of valid reclaiming was 94.7%.

Confirmatory factor analysis was done with the questionnaire utilizing the
software Amos7.0 (Bentler, 1995; Hou, 2004; Joreskog. & Sorbom, 1993). Analysis of
reliability indicated that internal consistency « coefficient of mathematics thinking
quality questionnaire was 0.88, and test-retest reliability of 10-day-internal was 0.84. For
validity, confirmatory factor analysis showed that the value of GFI was up to 0.82, which
meant closeness of fit of the model was acceptable, which was to say that the data didn’t
exclude the model. So, the questionnaire had good construct validity.
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Questionnaire 3

Mathematics achievement at the end of the Second Semester in academic year 2008—
2009 (named achievement 1) and that on the beginning of the First Semester in academic
year 2009-2010 (named achievement 2) were chosen, and the average score of them was
regarded as the mathematics achievement of each participant.

DATA ANALYSIS AND RESULTS

Data Analysis

All the data were analyzed with the software SPSS17.0 and Amos7.0, and the main
statistics methods were correlation analysis and structural equation modeling.

Analysis of Correlation between Self-control, Thinking Quality and Mathematics
Achievements

The results were as Table 2.

Self-control Thinking quality Achievements
Self-control 0.81" 0.54°
Thinking quality 0.76
Achievements

Note: ~p<0.01, ‘p<0.05

As indicated in table 2, self-control, thinking quality and mathematics achievements
all had significantly positive correlation with each other.

Model of Self-control and Thinking Quality affecting Mathematics Achievements

To further explore a model of seif-control and thinking quality affecting mathematics
achievements, we utilized structural equation modeling to explore the relationship
between the factors. Then we got the model of self-control and thinking quality affecting
mathematics achievements as shown in figure 2.
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Figure 2. Structure Model of Self-control, Thinking Quality and Mathematics
Achievements (standardized estimates)

As was shown in figure 2, among the path coefficients of the model of self-control and
thinking quality affecting mathematics achievements, self-control affected mathematics
achievements directly, and the value of direct-effect was 0.68. Self-control also affected
mathematics achievements indirectly through thinking quality and the value of indirect-
effect was 0.33. So the gross effect of Self-control affecting Mathematics Achievements
was 1.01. The ratio of mesmeric effect of thinking quality to mathematics achievements
to direct-effect of self-control affecting mathematics achievements was 1: 2.06.
Thinking quality affected mathematics achievements directly with the direct-effect of
0.32.

Model Fit

Model of self-control and thinking quality affecting mathematics achievements had fit
indicators as shown in table 3.

Table 3. Fit Indicators of the Model of Self-control, Thinking Quality and
Mathematics Achievements

e df  y¥df GFI AGFI IFL TLI  CFl RMSEA
Model 1721 51 337 082 .89 91 87 96 038
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As was shown in table 3, the indicators GFI, CFI and AGFI were all close to or
bigger than 0.90 and indicator RMSEA was smaller than 0.05, which indicated that the
closeness of fit was acceptable. That was to say data didn’t exclude the model.

Difference between Groups on Models of Relationship between Self-control, Thinking
Quality and Mathematics Achievements

Data was divided into two groups namely female group and male group, and the two
corresponding models of self-control and thinking quality affecting mathematics
achievements were tested to be different or not. The result was that p =0.43>0.05,
showing there was not significant difference between groups.

CONCLUSION AND DISCUSSION

Conclusion

(1) Self-control, thinking quality and mathematics achievements all had significantly
positive correlation with each other.

(2) In the model of self-control and thinking quality affecting mathematics
achievements, self-control affected mathematics achievements directly and
indirectly through thinking quality. Thinking quality affected mathematics
achievements directly.

(3) There was no significant difference between female group and male group.

Self-control Affecting Thinking Quality

We found in this study that self-control affected thinking quality significantly, which
was in accordance with what had been found by Dong (1990). To interpret it, Dong
(1990) considered that self-control and thinking quality were two aspects of the same
thing. The former was the intrinsic organized form of thinking structure and it was the
deep-level structure of thinking. The latter was the extrinsic representation form of
thinking structure and it was the surface-layer structure of thinking.

To analysis from the angle of concrete thinking activity, it was not difficult to find that
thing. For example, in the representation process of flexibility, it had to include the
ingredient of adjust and manage. Just like what Zheng & Liang (1998) had inferred, these
qualities of thinking had direct relationship with the development level of self-control. In
particular, self consciousness of intrinsic thinking (including cognitive structure) and the
ability of self evaluate and self adjust should be regarded as the important qualifications
of the qualities of thinking. So, in this sense, we could say that cultivating and practice of
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self-control was the crux of improving thinking quality.

Thinking Quality as the Medium

Self-control affected mathematics achievements indirectly through thinking quality,
which hinted us that improving students’ self-control through effective ways such as
active guiding and practice could optimize students’ mathematical thinking quality to a
certain extent. The direct effect of self-control on mathematics achievements was bigger
than the indirect effect through thinking quality, which told us that self-control was still
important to mathematics achievements.
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APPENDIX 1

QUESTIONNAIRE 1: QUESTIONNAIRE OF MATHEMATICAL SELF-
CONTROL ABILITY FOR MIDDLE SCHOOL STUDENTS
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APPENDIX 2

QUESTIONNAIRE 2: QUESTIONNAIRE OF THINKING QUALITY FOR THE
SENIOR GRADE THREE STUDENT

5. MR B X FERL:
%&‘3 I)I?,&

REMRZEN, THE-LHFNE TEETHEOREY, FLERGE
By, EERYPINENAE, HEMRESDEREN. KRERAIMEHEZ
A, MFRFEIIES. £EER, TLEF, B EMILTH. WEIRREE.
—. B
1. BEH ) MEXEZ[01] WEH e L8R :

2. R EA={5log,(a+3)}, B={a,b}, BANB={2},MAUB=
AMNTIHIE, IRH14EEN=1%01,3,2,6,5,1514,  , | 122,

ZLGEPREM S R H U T &
LA T AN LBOOTERRE—R¥E, HBEXUTOTESHA, /G IAS0TT EEE,
BRIGHOTEELNA . E I ATERXRLLFRBERR ? ES D IERWS D 7

2. EFEAgm-2x+1=0EAINTFLR, A RBHEAMTER.

17 e P

4. Et%ul+smx=_l, | f:osx HE S
cosx 2 sinx—1

CEEIIME : (—. 1. 20 T. 1. 2. ) miEME T (—. 3. —. 3. 4, 5. )
gEE . (. 6. 7. 8. 9. ) #tFME: (=, ) #meitE: (U, )
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5 BHV-x*-4x2 ~:—x+11—amﬁ$%{x |-4<x<-2}, KRLPaAE.
6Ea=HiA, sin(a-%) =§-, KcosatI{H.
7. ?ﬂfﬁi(x—g}(x%)%-l:x.

x

82 Hisinxcosx = -é E—Z— <a<Z, Mising - cosxtotZEF

|

9.7 32 -
V2-43-2

)
Sl&
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= FIM TR SR N RIS R R ?

WL HIERSARIEH, MREIR, HESESUBERE.

LS (x)= +j‘c2, Xiﬂif(%):—f(x)

1+(%J 14 _—f( )

SXERESE

X

97

2 |
2E%u¥1maé£x2-y7=1, EEB(L) AT ELL FEUL RS FBS O EIEBRT S,

B WLERHER T (x,,),(x,,0,) AR, W
S 2s() B2 (2)
(D)- ()8 (x +x,)(x —x,)- (yl+y2)(y1 ¥,)70(3)

EE':’:"SJ:*T{A\—Q‘&FX]+XZ 2 N+ = 2, {—hl(3)’ay2 y1_2
X, — X,

ENELLMNMER2, FIUELRLN ARy -1=2(x-1), By =2x-1.
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335 3sin’a + 2sin® B = 2sina, Wsin*a + sin® PRYBRAESC FH 2
3 p
B2 : Hsin’fB = sina —Esinza%
.2 .2 . 1 .2 1 . 2 1
sin*a + sin® B = sina — — sin*a = ——(sina 1) +—
2 2 2
MM . > . PA = 1
" |sina| <1.. Bsina =18, sin*a +sin’ FRGRAH >

Lsinag =10, sin*a + sin’ BERF & /IME- —3—

4. 8 H12x? +6x+10 + x> —6x+10 =10

8 ¢ ER AR (x+3) +14,(x-3) +1=10

H1= 2,18 (x+3) + 32 +(x-3) 5 =10(*)
RIBMEREN, LHERTE(-30),(30) 2a = 108984,
Bla=5,c=3Mp*=a’-c*=25-9=16

2 2

W) A2+ =1
)\J( )I 225 6

92 = 1R L, ?%x=i-i—\/l—5_.

M. FTEMEERAERE SHARER ! (REAJUEEFRTRE)
LERER2-1>m(x - 1) WHHR -2<m IR AmGRIL, FAIBRIETEH.
2. KENa? +b? ,Na +4b* Naa® + b H UM = AT ER,

3. BHHEx' -10x* -2(a-11)x* +2(5a+6)x +2a+a’ =0.
AADTABNERRN, WREAIAE—RTF, BLAXEFZIR?




