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Chapter

Number Sense Performance of
Gifted and General Fourth Graders
in Taiwan
Der-Ching Yang and Tsu-Ming Chang

Abstract

The study was designed to enable researchers the opportunities to investigate the
number sense performance and methods used by both the gifted and general students. A
mixed-method design was used, and 48 gifted students and 95 general students in fourth
grade from two elementary schools in Southern Taiwan were selected. The sample was
chosen using a convenience sampling method. Nine students in each group were ran-
domly selected and interviewed. The results showed that the gifted students performed
significantly higher than the general students on the whole test and in each component
of number sense. The contributions of this study based on the findings are discussed.

Keywords: fourth graders, general student, gifted student, number sense, elementary
school

1. Introduction

Number sense plays an important role in the elementary and middle-grade math-
ematics curricula [1–5]. Many of number sense-related studies have been conducted
worldwide [6–11]. In addition, there are many studies which focus on examining the
gifted students’ performance on mathematics [12–14]. However, few researchers have
investigated the gifted students’ number sense performance. Moreover, there are not
studies dedicated exclusively to the variations on the topic of number sense between
the gifted and general students. Whether the number sense of the gifted students is
superior to that of general students should be determined. Results show that number
sense is a good predictor for further mathematics achievement [15]. In addition, data
also show that the gifted children can apply multiple methods to solve problems
flexibly [13, 14]. Children who have good number sense should develop and apply
flexible and efficient methods to solve problems [4, 16]. Therefore, the number sense
performance and methods used to solve number sense related questions for the gifted
students should be examined. The more understanding the thinking and performance
of number sense methods used by the gifted students, the more we can design a better
approach to help them develop number sense. The kinds of differences should be
examined to pursue better mathematics education for the gifted students in the
future. Thus, the two research questions are as follows:
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1.Is there any significant difference on number sense performance between the
gifted and general students?

2.What kinds of differences on number sense-based methods used by the gifted
and general students when solving number sense-related problems?

2. Background

2.1 Meaning and components of number sense

Number sense refers to an individual understanding of numbers, operations, the
relations between numbers and operations, and the ability to solve real-world prob-
lems that involve numbers [1, 17].

Based on previous studies [1, 7, 9, 16, 17], the current study’s definition of number
sense comprises four components.

C1. Understanding the basic meaning of numbers and operations
This implies an ability to fully understand the meaning of the base-10 number

system (e.g., integer, fraction, and decimal), place value, patterns of numbers, multi-
ple methods of representation, and the four basic operations [9]. For example, stu-
dents should realize that infinite decimals and fractions are found between 0.41 and
0.42 for middle-grade students [18].

C2. Composing and decomposing numbers
Decomposing numbers means to decompose numbers to facilitate the computa-

tion, such as 18 = 2 + 16, 18 = 15 + 3; composing numbers means to add numbers to
become a number, such 19 + 1 = 20, 37 + 3 = 40 [9]. For example, when encountering a
question such as 96 + 76 =? Students can first decompose 76 into 72 and 4, then add 4
to 96, which equals to 100, and finally, add 72. The result is 172.

C3. Ability to judge the reasonableness of a computational result
After obtaining an answer, students can use the information given by a question to

determine the reasonableness of a computational result [9]. For example, when stu-
dents were asked to answer: “How many digits is the sum of 2 three-digit numbers?”
They should know that a small three-digit number plus another small three-digit
number could be a three-digit number and a large three-digit number plus another
large three-digit number could become a four-digit number.

C4. Recognizing relative number size
Students can determine relative number size or determine which number is closer

to the target number. For example, “Arrange the following rational numbers in order
from the lowest to the highest: 12, 0.65,

5
4.” Students should know that 0.65 is greater

than 1
2, and

5
4 is greater than 1. Therefore, the order is 5

4 > 0.65 > 1
2 [18].

2.2 Gifted students’ characteristics and related studies

In this study, gifted students were defined as students who passed two levels test
instituted by the Ministry of Education in Taiwan [MEiT] [19]. The first level is the
Intelligence Quotient Test, with a passing score of ranking above 93%, and the second
level is the Wechsler Intelligence Scale (fourth edition) for Children, with a passing
score of ranking above 97%. The IQ test was designed by educators in Taiwan and
includes three subtests (e.g., language, mathematics, and graphics) [19]. The IQ test
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was used to assess students’ intelligence. In this test, student’s IQ score ranked over
93% is considered to have a high IQ. The Wechsler Intelligence Scale (fourth edition)
was designed by Wechsler [20] to measure a child’s intellectual ability. The test
includes five primary index scores: the Verbal Comprehension Index (VCI), Visual
Spatial Index (VSI), Fluid Reasoning Index (FRI), Working Memory Index (WMI),
and Processing Speed Index (PSI). In this study, a student whose score ranked above
93% on the IQ test and ranked above 97% on the Wechsler Intelligence Scale (fourth
edition) was defined as a gifted student.

Clark [21] discussed the characteristics of a gifted student from four perspectives,
including cognitive, affective, physical, and intuitive perspectives. From a cognitive
perspective, a gifted student has excellent memory and comprehension abilities, being
capable of fast and flexible thinking, producing different ideas and problem-solving
strategies, and so on (Clark). From an affective perspective, a gifted student has a
strong motivation to explore new knowledge (Clark). From a physical perspective, a
gifted student can absorb a lot of new information at a same time (Clark). From an
intuitive perspective, a gifted student has a higher degree of creativity than peers
(Clark). Davis and Rimm [22] indicated that gifted students possess many different
characteristics, such as excellent analysis, reasoning, and problem-solving ability,
ability to use abstract, complex, and high-level logical thinking abilities, and
producing effective strategies to solve questions, having good meta-cognitive
abilities, and so on. Earlier studies in Taiwan also showed that Taiwanese gifted
students are better in abstract thinking, logical reasoning, fast and flexible thinking,
using multiple and effective strategies, having good meta-cognitive abilities, and so on
[23, 24].

Based on the above studies, the characteristics of gifted students include excellent
abilities on concentration, comprehension, and creativity; flexible thinking, good
abstract and logical reasoning ability, and insights; strong learning motivation; having
the ability to self-reflection and meta-cognition, and so on. In fact, the gifted students
in mathematics also have some characteristics that gifted students have [14, 25–29].
Number sense is a foundational content area in mathematics education [5, 9, 16, 30].
However, there is no research that focuses on the examination of the relationship
between gifted students and number sense. This motivated the conduct of this study.

2.3 Number sense and gifted students-related studies

Earlier studies showed that there are several common methods used by genera
gifted students when solving questions [13, 14, 28, 31]. These methods included (1)
composing and decomposing, (2) finding patterns, (3) connecting to prior experience,
(4) graphic representation, (5) eliminating possibilities, (6) making and testing con-
jectures, (7) intuition, and (8) logical reasoning. Some of the methods are similar to
the number sense strategies.

Some methods are not specific to number sense. For example, flexibly using
pictorial representations, which consists of drawing figures, is typically considered a
problem-solving strategy [32]. “Making and testing conjectures” means that students
make guesses by observing patterns, test these guesses, and then evaluate the result
[33]. Regarding logical reasoning, Greeno [34] asserted that number sense is a set of
capabilities for constructing and reasoning with a mental model. Students can esti-
mate the area of a given region by using benchmarks and reasoning, which is an
example of logical reasoning. “Intuition” is a type of number sense [28]. According to
the previous discussion, the variations in performance and strategies between the
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gifted and general students in solving number sense questions are not definitive.
Therefore, this study is relevant.

Study related to the gifted students on variations in number sense and use of
strategies for solving number sense-related questions is lacking. Examining the dif-
ference and recognizing the characteristics between the gifted and general students
would contribute to the future studies. Hence, this lack of research encouraged us to
conduct this study.

3. Methods

A mixed-method approach was used in the current study. For quantitative analy-
sis, the number sense data on the students in this study were collected using a number
sense web-based two-tier test system. A statistical analysis was used to evaluate the
performance of the gifted students and general students. For qualitative analysis, data
were collected through semi-structured interviews.

3.1 Sample

Fourth graders from two public elementary schools (A and B) in Southern Taiwan
were selected. Student numbers in each school are over 1,000. School A had 28 gifted
students and 320 general students in fourth 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 and B (two classes from school A
and one class from school B) were randomly selected to join this study. The families
from schools have a wide range of socioeconomic backgrounds. All of the participants
were voluntary to join the test and under the agreement of parents and the school
administration.

According to the results of the number sense web-based two-tier test, the students
in each group were classified into three categories: high-level (top 20%), middle-level
(middle 50–60%), and low-level (bottom 20%). Three students at each level of both
the gifted and general student groups were randomly selected and interviewed to
examine their methods of thinking about number sense problems. Therefore, the
sample for the interviews consisted of nine gifted students, coded as low (GL1–3),
middle (GM1–3), and high (GH1–3) level students, and nine general students, coded
as low (NGL1–3), middle (NGM1–3), and high (NGH1–3).

3.2 Instrument

A Number Sense Web-Based Two-Tier Test System for fourth graders designed by
Lin [35, 36] was adopted in this study. The online test system consisted of a two-phase
evaluation. The first-tier test (answer-tier) in the two-tier test assesses children’s
responses to number sense-related questions, and the second-tier test (reason-tier)
examines children’s reasons for their related choice made in the first-tier test [16, 37].
One example is shown in Figure 1.

This test included four components, with eight questions for each component,
resulting in 32 total questions. The test was divided into two subtests. Each subtest
included 16 items. The items in the web-based two-tier test were written in Chinese
and translated into English for writing this manuscript. Each question in the test was
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reviewed by mathematics educators and experienced elementary school teachers.
They all agreed that the tests are appropriate for the sample students.

To deeply explore students’ thinking, a semi-structured interview was used to
collect data [38]. Three questions were derived from each of the four components, and
a total of 12 questions from the test were selected and used in the interviews to
examine the gifted and general students’methods when solving number sense-related
problems.

Figure 1.
One example for the two-tier number sense test.
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3.3 Procedure

The web-based two-tier test was conducted via an online setting in which students
were asked to complete 16 items on computers individually for each subtest. The test
included two subtests with 32 items in total. Due to the test included answer-tier and
reason-tier, the answer-tier limited 40 seconds and reason-tier limited 60 seconds for
students to answer the questions [36, 39]. Hence, participants required about
35 minutes each subtest to complete the test. During the test, students were required
to follow the testing rules and procedures: (1) the papers and pencils were not allowed
for students to use; (2) log on to the web-based system; (3) key in the individual data;
(4) review the rules for the on-line test; (5) practice one item presented on the
computer; and (6) begin the formal test.

Each participant was given a booklet during the interview. Each page of the booklet
included one item and ample space for allowing students to record their thinking and
methods. Each interview took about 40 minutes. Before the interview, the following
directions were read aloud to each interviewee: 1. You are encouraged to estimate or
mentally compute and do not necessarily to use written computation to find an exact
answer on each item; 2. You can write an answer to the question and then briefly explain
how you arrived at the answer; and 3. You are welcome to use different approaches to
solve questions; the time on each item for you to answer was 3 minutes, so you should
not turn to the next page without permission. The interviewer controlled the time to
ensure that all interviewees would have an opportunity to answer each question.

3.4 Data collection and analysis

Data were collected through online tests and interviews. Based on the results of the
online test, computer software was used to assemble statistical data; in the interview
segment, video- and audio-recorded information of the interviews was transcribed
into written records.

3.4.1 Quantitative data analysis

The scoring criteria of the two-tier test was calculated based on the students’
answer and reason choices. In the first tier, if the students chose the correct answer, 4
points were given. In the second tier, if the students selected the number sense-based
method, 4 points were given because the purpose of this study was to examine
students’ performance on the use of number sense-based method. If the students
selected the rule-based method, 2 points were given. Therefore, the highest score was
8 points, and the lowest score was 4 points. If the students chose the wrong answer in
the first tier, then 0 points were given in the first and second tiers.

Two independent groups (the gifted and general students) were used in this study;
therefore, 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 general students in the use of four components of number sense.

3.4.2 Qualitative data analysis

The students’ responses were examined and sorted carefully. In an effort to iden-
tify the different methods used by the interviewees, each response (whether correct
or incorrect) was sorted according to one of the following categories [17, 38]:
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1.Number sense-based method: The students who used meaningful approaches to
solve questions were coded as number sense-based method. For example:

Question 4: “Which answer is equal to 2 � 42 + 2 � 58? (1) 2 � 100 (2) 4 � 100
(3) 2 � 44 � 58 (4) 86 � 58”.

GH1: Because 42 and 58 are all multiplied by 2; therefore, 2 � 42 + 2 � 58 equals
2 � (42 + 58). The answer is 2 � 100.

GH1 knew that “2 � 42 + 2 � 58 equals 2 � (42 + 58).” This was coded as “being
able to decompose and compose numbers.”

2.Rule-based method: The students who used this strategy applied the rules of
standard written algorithms to solve problems.

3.Misconception: The students used an incorrect method to solve problems.

4.Other methods: students’ responses, except the above methods, were classified.

Two researchers independently reviewed the transcripts and categorized the stu-
dents’ responses for each correct and incorrect answer. These initial reviews produced
agreement in over 92% of the categorization of student responses. The remaining
responses were reexamined and discussed by the coders until agreement was reached.

3.5 Reliability and validity

The Cronbach’s α coefficient of reliability was 0.828, and the construct reliability
indices derived from structural equation modeling analysis for the two-tier test was
0.875. In addition, the difficulty indices of the test items were .26–.67, and the dis-
crimination power was .48–.80.

Regarding the content validity, the options (both answer options and response
options) in the NS came from earlier number sense studies (e.g., [36]). Especially, the
options, including number sense-based method, misconceptions, and so on, used in
the reason selections of the test were collected from interviewing over 100 fourth
graders from earlier studies (e.g., [39]). Therefore, these options represented stu-
dents’ most frequent responses. In addition, the web-based test was reviewed by
several experienced teachers, researchers, and mathematics educators who are experts
in number sense to check whether those questions in the test were appropriate and
relevant to the fourth graders. They all agreed that all the 32 questions in the test
including wording, content, and the reasons for were appropriate for fourth graders.

4. Results

4.1 Variation in number sense performance between the gifted and general
students

In Table 1, the number sense performance of the gifted and general students is
reported. The t test results show statistically significant differences in the number
sense performance of the gifted and general students for each number sense compo-
nent (F1: t = 9.5, p < .000; F2: t = 9.51, p < .000; F3: t = 8.3, p < .000; and F4: t = 8.96,
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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 (η2 = .44). It indicates that the gifted students significantly outperformed the
general students in number sense.

4.2 Variations in number sense performance for each component for both groups

To further examine the variations in number sense performance for each compo-
nent 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 (χ2 = 7.613,
p > .05) for the gifted students and W = .969 (χ2 = 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.

In Tables 2 and 3, the results of the one-factor repeated measures analysis of
variance for both groups are shared. In Table 2, the results of ANOVA show that a
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. In Table 3, 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 stu-
dents. 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.

4.3 Similarities and differences in methods used by students of both groups

In Table 4, the interview results regarding the methods used by the students of
both groups are shown. To explain the three types of methods used by the students,
their responses are reported as follows. The interview Question A10 (F4, recognizing
the relative number size) asked: “A box had 24 moon cakes. John bought 0.4 of a box,
and Mary bought 1

2 of a box. Who bought more moon cakes?: (a) John; (b) Mary; (c)
John bought as many moon cakes as Mary; (d) Cannot be compared.”

Variables Gifted students (n = 48) General students (n = 95) t P η
2

M SD M SD

C1 45.48 10.57 25.29 14.43 9.50 .000** 0.34

C2 48.46 13.67 24.08 14.87 9.51 .000** 0.39

C3 43.77 10.36 26.46 14.15 8.30 .000** 0.29

C4 46.38 10.38 27.95 13.74 8.96 .000** 0.32

Total 184.09 34.01 103.78 47.17 11.65 .000** 0.44

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

Table 1.
The statistical analysis of number sense between the gifted students and general students.
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4.3.1 Number sense-based method

The following student response is an example of using a number sense (NS)-based
method.

GH3: I think Mary bought more moon cakes than John, because Mary bought half
of the box. But what John bought, 0.4 of a box, is less than half. Therefore, Mary
bought more moon cakes.

Source of variation SS df MS F value 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

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

Table 2.
ANOVA analysis of components of number sense for the gifted students.

Source of variation SS df MS F value 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).
*< .05.

Table 3.
ANOVA analysis of components of number sense for the general students.

Number sense Misconception Written method

Gifted General Gifted General Gifted General

C1 25 (93%) 12 (44%) 2 (7%) 15 (56%) 0 (0%) 0 (0%)

C2 23 (85%) 7 (26%) 0 (0%) 16 (61%) 4 (15%) 3 (11%)

C3 25 (93%) 12 (44%) 2 (7%) 10 (37%) 0 (0%) 6 (22%)

C4 18 (67%) 9 (30%) 2 (7%) 9 (33%) 7 (26%) 9 (33%)

Total 91 (84%) 40 (37%) 6 (6%) 50 (46%) 10 (10%) 18 (17%)

Note. The number of people taken the interview was 108 times (9 people � 12 questions) for each group.

Table 4.
The frequencies of number sense methods used by students of both groups.
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GH3 responded that “0.4 is less than half.” This indicated that GH3 could apply 1
2 as

a benchmark and knew that 0.4 is less than 1
2. Therefore, the response of GH3 was

coded as a NS-based method.

4.3.2 Rule-based method

The following student response is an example of using a rule-based method.
GM1: Mary bought more moon cakes, because 1

2 ¼ 0:5, and compared with 0.4, 0.5
is greater. That is why Mary bought more moon cakes.

R: Can you explain it another way?
GM1: It can be solved by comparing 24 � 0.4 = 9.6 and 24 � 0.5 = 12. Therefore,

12 > 9.6.
As seen in the previous exchange, GM1 had two ways to solve the problem. One

was converting 1
2 to 0.5 and then comparing it with 0.4. The other was converting 1

2 to
0.5 and then multiplying it by 24. GM1 also multiplied 0.4 by 24. Both solutions were
based on written computation. Therefore, GM1’s responses were coded as a rule-based
method.

4.3.3 Misconception

The following student response is an example of a misconception.
NGL2: John bought more moon cakes because 24 � 0.4 = 96, and Mary bought 1

2 of
them, which is less.

R: Can you do it another way?
NGL2: 0.4 is greater, and 1

2 is less.
R: How do you determine that 0.4 is greater, and 1

2 is less?
NGL2: By multiplying the two numbers (meaning 24 � 0.4). I do not know how to

explain it.
The previous explanation shows that NGL2 had a misconception when solving this

problem. This was coded as a misconception.
The data showed the gifted students used number sense methods more frequently

(84%) than did the general students (37%). By contrast, the general students had
more misconceptions (46%) than did the gifted students (6%). The λ2 test
(λ2cri = 5.991, df = 2, p = .000) showed significant variation between the methods used
by the gifted and general students. The results of the Marascuilo post hoc test showed
significant variation in the use of the NS-based method between the gifted and general
students. Moreover, a significant variation was found in the number of misconcep-
tions between the gifted and the general students. However, no significant variation
was found in the use of written methods between the gifted and the general students.

5. Discussion and conclusion

The quantitative results show that the gifted students significantly outperformed
the general students in number sense and had a high effect size. Previous studies have
shown a positive relationship between number sense and mathematics achievement
[15, 39]. Earlier studies also agreed that students who have good number sense should
be able to develop and apply flexible and efficient strategies (including mental com-
putation and estimation) to handle numerical problems [9, 17, 38, 39]. In addition,
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several studies reported that the gifted students have the ability to use various
methods efficiently and flexibly when solving problems [13, 25, 27, 29]. Therefore, the
result that the gifted students significantly outperformed the general students in
number sense is reasonable. In addition, the data also show no significant difference
between each number sense component for the gifted students. This is probably due
to the facts that the gifted students can develop more flexible and efficient methods to
solve problems. Therefore, they have more balanced development on each number
sense component. However, a significant difference was found between each number
sense component for the general students.

The general students’ performance on F4 (recognizing the relative number size)
was significantly higher than that on F2 (being able to decompose and compose
numbers). This is probably because Taiwanese mathematics textbooks typically
have several “recognizing the relative number size”-related problems, and
Taiwanese students have limited exposure to problems in mathematics that
require them to compose and decompose numbers. Therefore, these Taiwanese
students performed well on “recognizing the relative number size”-related problems
due to they have ample opportunities to solve these kinds of problems. This result is
consistent with the findings of a previous study [38, 39]. In addition, decomposing
and composing numbers to solve problems need more flexible thinking; therefore, it
is reasonable to believe that general students not performed well on this number
sense component. Moreover, the teachers of the gifted students also provided
several challenging problems to deepen their mathematical learning and thinking.
However, these problems are not necessarily related to decomposing and composing
numbers.

The interview results showed that the gifted students outperformed the general
students in using the number sense-based method. It is reasonable to believe that
gifted students can flexibly apply number sense-based methods, including the use of
benchmark, estimation, and so on to solve problems. This supports Sands’ finding
[40] that showed that the gifted students tend to develop multiple methods to solve
problems which relate to flexibility in thinking. Therefore, the result that the gifted
students outperformed the general students in using the number sense-based method
is reasonable. Moreover, the general students obviously had more misconceptions
regarding number sense than the gifted students did. This result is probably due to
insufficient basic mathematics knowledge exist among the general students. In fact,
there is still the lingering question of curricula, learning opportunities, etc. This will
lead more studies in the future.

This study was conducted to examine whether the gifted students outperform
general students on number sense. Additionally, variations in the use of number sense
methods between the gifted and general students when solving number sense-related
problems were examined. Although limited by a small sample size, this study provides
three major contributions to mathematics education:

1.The findings added a new knowledge about the gifted students’ performance on
the topic of number sense and the difference on number sense between the gifted
and general students. That is the gifted students significantly outperformed the
general students in each number sense component and on the whole number
sense test.

2.The interview results also added a new knowledge about the methods used by the
gifted students when responded to number sense-related questions. The gifted
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students are significantly higher in applying number sense-based method to
solve problems than the general students.

3.The findings showed that the gifted students performed equally well on each
number sense component. This is special and different from the earlier studies
that students in Taiwan did not perform equally well on each number sense
components [39]. Earlier studies showed that general students performed poor
on judging the reasonableness of a computational result (Authors).

We do hope the findings in this study may contribute the future teaching and
research relating to number sense and the gifted students.

5.1 Limitations

Due to the sample size and the representativeness of the sample, generalizability of
the results is a serious concern. More students with additional grade levels should be
invited to participate in this kind of study. These factors should be considered by
future researchers. In addition, two important issues not investigated in this study
relate to the gifted students and number sense. Do the gifted students naturally have
good number sense? How the number sense is developed by the gifted students?

Author details

Der-Ching Yang1* and Tsu-Ming Chang2

1 Department of Education, National Chiayi University, Taiwan, ROC

2 Tainan Municipal Yanshuei Elementary School, Taiwan, ROC

*Address all correspondence to: dcyang@mail.ncyu.edu.tw

©2023TheAuthor(s). Licensee IntechOpen. This chapter is distributed under the terms of
theCreative CommonsAttribution License (http://creativecommons.org/licenses/by/3.0),
which permits unrestricted use, distribution, and reproduction in anymedium, provided
the originalwork is properly cited.

12

Education - Annual Volume 2023



References

[1] Yang DC, Sianturi I. Sixth grade
students’ performance, misconception,
and confidence on a three-tier number
sense test. International Journal of
Science and Mathematics Education.
2021;19(2):355-375

[2]Devlin K. Number Sense: the most
important mathematical concept in 21st
Century K-12 education. 2017,
January 01. HUFFPOST. Available from:
https://www.huffingtonpost.com/
entry/number-sense-the-most-importa
nt-mathematical-concept_us_58695887e
4b068764965c2e0

[3]National Council of Teachers of
Mathematics [NCTM]. Principles and
Standards for School Mathematics.
Reston, VA: NCTM; 2000

[4] Sengul S, Gulbagci H. An
investigation of 5th grade Turkish
students’ performance in number sense
on the topic of decimal numbers.
Procedia-Social and Behavioral Sciences.
2012;46:2289-2293. DOI: 10.1016/j.
sbspro.2012.05.472

[5] Verschaffel L, Greer B, De Corte E.
Whole number concepts and operations.
In: Lester FK, editor. Second Handbook
of Research on Mathematics Teaching
and Learning. Charlotte, NC:
Information Age; 2007. pp. 557-628

[6]Almeida R, Bruno A, Perdomo-Díaz J.
Strategies of number sense in pre-service
secondary mathematics teachers.
International Journal of Science and
Mathematics Education. 2016;14:
959-978. DOI: 10.1007/s10763-014-
9601-6

[7] Yang DC. Investigating the
differences between confidence ratings
in the answer and reason tiers in fourth

graders via online four-tier test. Studies
in Educational Evaluation. 2022;72. DOI:
10.1016/j.stueduc.2022.101127

[8] Can D, Yetkin Özdemir İE. An
examination of fourth-grade elementary
school students’ number sense in
context-based and non-context-based
problems. International Journal of
Science and Mathematics Education.
2020;18:1333-1354. DOI: 10.1007/
s10763-019-10022-3

[9]McIntosh A, Reys BJ, Reys RE, Bana J,
Farrel B. Number Sense in School
Mathematics: Student Performance in
Four Countries. Perth, Australia: Edith
Cowan University; 1997

[10] Park J, Brannon EM. Improving
arithmetic performance with number
sense training: An investigation of
underlying mechanism. Cognition. 2014;
133(1):188-200. DOI: 10.1016/j.
cognition.2014.06.011

[11] Reynvoet B, Ribner AD, Elliott L,
Steenkiste MV, Sasanguie D,
Libertus ME. Making sense of the
relation between number sense and
math. Journal of Numerical Cognition.
2021;7(3):308-327. DOI: 10.5964/jnc.6

[12] Artut PD, Er E. Investigation of
number sense strategies used by 5th
grade gifted students in Turkey. In:
Twelfth Congress of the European
Society for Research in Mathematics
Education (CERME12). Bozen-Bolzano,
Italy; 2022 hal-03748416v2

[13]Diezmann CM, English LD.
Developing young children’s multi-digit
number sense. Roeper Review. 2001;24(1):
11-13. DOI: 10.1080/02783190109554118

[14] Rotigel JV, Fello S. Mathematically
gifted students: How can we meet their

13

Number Sense Performance of Gifted and General Fourth Graders in Taiwan
DOI: http://dx.doi.org/10.5772/intechopen.111752



needs? Gifted Child Today. 2004;27(4):
46-45

[15] Jordan NC, Glutting J, Ramineni C.
The importance of number sense to
mathematics achievement in first and
third grades. Learning and Individual
Differences. 2010;20(2):82-88

[16] Yang DC, Li MN. Assessment of
animated self-directed learning activities
modules for children’s number sense
development. Journal of Educational
Technology and Society. 2013;
16(3):44-58

[17]Markovits Z, Sowder JT. Developing
number sense: An intervention study in
grade 7. Journal for Research in
Mathematics Education. 1994;25(1):
4-29. DOI: 10.2307/749290

[18] Lesh R, Behr M, Post T.
Representation and translation among
representation in mathematics learning
and problem solving. In: Janvier C,
Lawrence E, editor. Problems in the
Teaching and Learning of Mathematics.
London, New Jersey: Lawrence
Erlbaum; 1987. pp. 33-40

[19]Ministry of Education in Taiwan
[MEiT]. The Law of Special Education.
Taipei, Taiwan: Author; 2009

[20]Wechsler D. The Wechsler
Intelligence Scale for Children. 4th ed.
London, UK: Pearson; 2004

[21] Clark B. Growing up Gifted. 5th ed.
Upper Saddle River, NJ: Prentice-Hall;
1997

[22]Davis GA, Rimm SB. Education of
the Gifted and Talented. 5th ed. Boston,
MA: Allyn and Bacon; 2004

[23] Chang HJ, Kuo CC.
Overexcitabilities of gifted and talented
students and its related researches in

Taiwan. Asia-Pacific Journal of Gifted
and Talented Education. 2009;1(1):41-74

[24]Wu KS. The Conception of Gifted
Education. Taipei, Taiwan: Psychology
Publishing; 2007

[25] Diezmann CM, Faragher R,
Lowrie T, Bicknell B, Putt I. Catering for
exceptional students in mathematics. In:
Perry B, Anthony G, Diezmann C,
editors. Research in Mathematics
Education in Australia 2000–2003. Qld:
Post Pressed, Flaxton; 2004. pp. 175-195

[26] Juter K, Sriraman B. Does high
achieving in mathematics gifted and/or
creative in mathematics? In: Sriraman B,
Lee KH, editors. The Elements of
Creativity and Giftedness in
Mathematics. Rotterdam, The
Netherlands: Sense; 2011. pp. 45-65

[27] Lee KH. Mathematically gifted
students' geometrical reasoning and
informal proof. In: Chick HL, Vincent JL,
editors. Proceedings of 29th Conference
of the International Group for the
Psychology of Mathematics Education.
Vol. 3. Melbourne, Australia: PME; 2005.
pp. 241-248

[28] Schneider M, Grabner RH, Paetsch J.
Mental number line, number line
estimation, and mathematical
achievement: Their interrelations in
grades 5 and 6. Journal of Educational
Psychology. 2009;101(2):359-372.
DOI: 10.1037/a0013840

[29] Sriraman B. Mathematical
giftedness, problem solving, and the
ability to formulate generalizations: The
problem-solving experiences of four
gifted students. Journal of Secondary
Gifted Education. 2003;14(3):151-165.
DOI: 10.4219/jsge-2003-425

[30]Dyson NI, Jordan NC, Glutting J.
Number sense intervention for low-

14

Education - Annual Volume 2023



income kindergartners at risk for
mathematics difficulties. Journal of
Learning Disabilities. 2013;46(2):
166-181. DOI: 10.1177/
0022219411410233

[31] Reys RE, Reys BJ, NohdaN, Emori H.
Mental computation performance and
strategy use of Japanese students in grades
2, 4, 6, and 8. Journal for Research in
Mathematics Education. 1995;26(4):
304-326. DOI: 10.2307/749477

[32] Polya G. How to Solve it. Princeton,
NJ: Princeton University Press; 1945

[33] Schoenfeld A. Learning to think
mathematically: Problem solving,
metacognition, and sense-making in
mathematics. In: Grouws D, editor.
Handbook for Research on Mathematics
Teaching and Learning. New York, NY:
MacMillan; 1992. pp. 334-370

[34]Greeno JG. Number sense as situated
knowing in a conceptual domain. Journal
for Research in Mathematics Education.
1991;22(3):170-218. DOI: 10.2307/
749074

[35] Lin YC, Yang DC, Li MN.
Diagnosing students’ misconceptions in
number sense via a web-based two-tier
test. Eurasia Journal of Mathematics,
Science & Technology Education. 2016;
12(1):41-55

[36]Yang DC. The design and application
of web-based two-tier test for number
sense. Paper Presented at the 8th Annual
Hawaii International Conference on
Education. Hawaii, USA. Jan 7-10, 2010

[37]Harwell MR. Research design:
Qualitative, quantitative, and mixed
methods. In: Conrad C, Serlin RC, editors.
The Sage Handbook for Research in
Education: Pursuing Ideas as the Keystone
of Exemplary Inquiry. Thousand Oaks,
CA: Sage; 2011. pp. 147-165

[38] Yang DC. Number sense strategies
used by sixth grade students in
Taiwan. Educational Studies. 2005;31(3):
317-334

[39] Yang DC, Li MN, Lin CI. A study of
the performance of 5th graders in
number sense and its relationship to
achievement in mathematics.
International Journal of Science and
Mathematics Education. 2008;6(4):
789-807

[40] Sands M. Nurturing mathematical
minds: Differentiation strategies and
curriculum that promote growth.
Teaching for High Potential. 2012;1:6-8

15

Number Sense Performance of Gifted and General Fourth Graders in Taiwan
DOI: http://dx.doi.org/10.5772/intechopen.111752


