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The study of Gifted and General Fourth Graders’

Number Sense Performance

'Der-Ching Yang  ?Zu-Ming Zhang,
Department of Education, Graduate Institute of Mathematics and
Science Education
National Chiayi University
dcyang@mail.ncyu.edu.tw
Abstract
This study investigated the number sense performance and problem-solving
methods used by both gifted and general students. A mixed-method design was used,
and 48 gifted students and 95 general students in fourth grade from 2 elementary
schools in Southern Taiwan were examined. Nine students in each group were
interviewed. The results showed that the gifted students performed significantly
higher than did the general students on the whole test and in each component of
number sense. In addition, the gifted students could use more methods than the
general students could when solving the number sense-related problems. The
implications based on the findings are discussed.

Keywords: number sense, general student, gifted student

Introduction

Many number sense-related studies have been conducted worldwide (Mclntosh,
Reys, Reys, Bana, & Farrel, 1997; Verschaffel et al., 2007; Yang & Li, 2013).
However, no research has investigated mathematically gifted students’ number sense
performance. The gifted students in this study were defined as students who passed
two test levels instituted by the Ministry of Education in Taiwan (2001). The first
level is the Group Intelligence Test, with a passing score of above 93%, and the
second level is the Wechsler Intelligence Scale for Children, with a passing score of
above 97%. Gifted students are generally perceived as having high-level capability in
learning mathematics. Their mathematical abilities typically distinguish them from
others. For example, they may have exceptional reasoning ability or flexible thinking
ability (House, 1987). However, no study has examined the variations in number
sense between gifted and general students. Whether the number sense of gifted
students is superior to that of general students should be determined. Thus, the two
research questions are as follows:



1. Does number sense performance vary between gifted and general students?
2. Do the number sense methods used by gifted and general students when
solving number sense-related problems vary?
Background

No study examined the variations in number sense between gifted students and
general students. Sands (2012) reported that gifted students demonstrated the ability
to integrate thinking processes and internalize operational procedures; they could
easily learn new information and discover patterns. In addition, after a third-grade
gifted student was taught division with one-digit divisors, she could determine how to
perform division with two- or three-digit divisors by using the same method.
Currently, studies on variations in number sense performance and use of strategies for
solving number sense-related questions are lacking. Hence, this lack of research
encouraged us to conduct this study.

Method

Sample

Fourth graders from two elementary schools (A and B) in Southern Taiwan were
examined. School A had 28 gifted students and 320 general students in fifth grade;
School B had 20 gifted students and 200 general students in fourth grade. All 48
gifted students from both schools and three classes with 95 general students from
School A were examined.
Instrument

Number Sense Web-Based Two-Tier Test System

A number sense test system designed by Yang & Li (2010) for fourth graders was
adopted in this study. This test included four components, with eight questions for
each component, resulting in 32 total questions, as shown in Table 1.
Table 1
The components of number sense testing system

Number sense components Number of questions

F1: Understanding the basic meaning of numbers and 8
operations

F2: Being able to decompose and compose numbers 8

F3: Being able to judge the reasonableness of computational 8
results

F4: Recognizing the relative number size 8

Total 32

Data Analysis
Table 2 reports the scoring criteria of the two-tier test. The scores were
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calculated based on the students’ answer and reason choices.
Table 2
The scoring criteria of the number sense testing system

Answer Correct Wrong
choices Answer Answer
4 0
Reason Number Traditional ~ Misconception  Guessing 0
choices Sense Operation Answer
4 2 1 0
Total 8 6 5 4 0

SPSS statistical software was used to perform the t test to determine the variation
in number sense performance between the gifted students and the general students. In
addition, an ANOVA was used to detect any variation between the gifted students and
the general students in the use of the four components of number sense.

Results

Variation in Number Sense Performance Between Gifted and General Students

Table 3 reports the number sense performance of the gifted and general students.
The t test results show statistically significant differences in the number sense
performance of the gifted and general students for each number sense component (F1:
t=9.5,p<.000; F2: t=9.51, p<.000; F3: t = 8.3, p <.000; and F4: t = 8.96, p
<.000) and total score (t = 11.65, p <.000). This indicates that the gifted students
significantly outperformed the general students in each number sense component and
overall number sense performance. Moreover, the results also reached a high effect
size (4 = .44). This indicates that the gifted students significantly outperformed the
general students in number sense.
Table 3
The statistical analysis of number sense between gifted students and general students

Gifted students General students
Variables (n = 48) (n = 95) t p n?
M SD M SD
F1 45.48 10.57 25.29 14.43 9.50 .000" 0.34
F2 48.46 13.67 24.08 14.87 9.51 .000" 0.39
F3 43.77 10.36 26.46 14.15 8.30 .000" 0.29
F4 46.38 10.38 27.95 13.74 8.96 .000" 0.32
Total 184.08 3401 103.79 4717 11.65 000 044




uote. The total score was 256; each dimension score was 64.
p<.01.

Variations in Number Sense Performance for Each Component for Both Groups
To further examine the variations in number sense performance for each
component for both groups, a one-factor repeated measures analysis of variance was
used. Before proceeding with the statistical analysis, we ensured that these data did
not violate the sphericity assumption. The Mauchly values were W = .847 (;* = 7.613,
p > .05) for the gifted students and W = .969 (> = 2.90, p > .05) for the general
students. The results show that the data did not violate the sphericity assumption.
Therefore, the one-factor repeated measures analysis of variance could be performed.
Tables 4 and 5 report the results of the one-factor repeated measures analysis of
variance for both groups. Table 4 shows that the ANOVA value of the 48 gifted
students did not reach the significance level [F(3, 141) = 2.444, p > .05]. Therefore,
no significant variation was found among the four number sense components for the
gifted students. Table 5 shows that the ANOVA value of the general students reached
the significance level [F(3, 282) = 2.962, p < .05], indicating a significant variation
among the four number sense components for the general students. The results of post
hoc tests showed a significant variation between F4 (M = 27.95; recognizing the
relative number size) and F2 (M = 24.08; ability to decompose and compose numbers).
This implies that the general students performed higher on F4 than on F2.
Table 4
ANOVA analysis of components of number sense for the gifted students

Source of variation SS df MS Fvalue P value
Between (A) 548.292 3 182.764 2.444 .067
Within  (error)
Between (B) 13589.917 47 289.147
Residual (A*B) 10543.708 141 74.778
Total 24681.917 191

Table 5

ANOVA analysis of components of number sense for the general students
Source of variation SS df MS Fvalue P value
Between (A) 775.516 3 258.505 2.962 .033*
Within  (error)
Between (B) 52292.447 94 556.303
Residual (A*B) 24608.984 282 87.266
Total 77676.95 379 902.074

Note. Post-hoc: F3 (Recognizing the relative number size) > F2 (Being able to
decompose and compose numbers).
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*<.05
Conclusion

This study investigated whether gifted students outperform general students
regarding number sense. Although limited by a small sample size, our study provides
crucial findings. The major conclusion of this study is that the gifted students
significantly outperformed the general students in each number sense component and
on the whole number sense test. This confirms the findings of previous studies that
students’ mathematics achievement is highly related to their number sense
performance (Jordan et al., 2010; Yang, Li, & Lin, 2008). In addition, the findings
also show that the gifted students had more balanced performance on each number
sense component than that of the general students. The general students’ performance
in “recognizing the relative number size” was significantly higher than that in “being
able to decompose and compose numbers.” This finding is consistent with the earlier
study of Yang et al. (2008), and is probably due to Taiwanese textbooks including
more activities related to “recognizing the relative number size” than “being able to
decompose and compose numbers” (Yang et al., 2008). To change this, teachers
should design and integrate activities related to being able to decompose and compose
numbers into their mathematics instruction.
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