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To examine the relative performance in number sense among low-SES students, new
immigrant students, and typical learners in grades 4 through 6, data were collected through
a number sense web-based, two-tier test. A total of 628 fourth graders, 535 fifth graders,
and 524 sixth graders in Taiwan participated in this study. Results showed that there were
statistically significant differences in number sense performance among new immigrant
children, low-SES students, and typical learners in the fourth, fifth, and sixth grades. The
subsequent post hoc comparisons indicated that there was a statistically significant
difference between typical learners and new immigrant children in fourth and fifth grades.
Moreover, there were statistically significant differences between typical learners and low-
SES students in fifth and sixth grades. The Chi-squared test results also showed that there
were significant differences in the uses of solution methods between the fourth, fifth, and
sixth graders. Implications of this study and suggestions for the future studies are
discussed.

Keywords: Grades 4-6, low-SES students, new immigrant children, number sense, typical
learners.

INTRODUCTION

Equity in access to mathematics resources for all
students has been internationally considered as an
important issue in mathematics education (Atweh, Vale,
& Walshaw, 2012; Ministry of Education in Taiwan
[MET], 2010; Nasir & Cobb, 2007; National Council of
Teachers of Mathematics [NCTM], 2000; National
Research Council [NRC], 2004; Oakes, Joseph, & Muir,
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2004) over the past 10 years. For example, NCTM’s
Principles and Standards for School Mathematics (2000)
states, “Excellence in mathematics education requires
equity—high expectations and strong support for all
students” (p. 11). This underscores the importance of
research on equity in mathematics education. Especially
students from low social economic status (low-SES)
need more help in mathematics learning (Chen, Yang,
Yao, & Lai, 2008; Yao & Yang, 2010).

Furthermore, helping children develop number
sense has been emphasized internationally in many
studies and reports (Berch, 2005; Dunphy, 2007,
NCTM, 2000; Jordan, Raminent, & Watkin, 2010; Sood
& Jitendra, 2007; Verschaffel, Greer, & De Corte, 2007;
Yang & Li, 2013; Yang & Wu, 2010). For example, the
Number and Operations Standard in Principles and
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State of the literature

e Number sense plays an important role in

elementaty school mathematics education.

e Currently, there is no study focusing on the
examination of differences on the number sense
performance among Low-SES students, New
immigrant children and Typical learners.

e Number sense is an important indicator of future
mathematics learning and achievement for
students

Contribution of this paper to the Iliterature

e Be able to understand the differences on number
sense performance among new immigrant
children, low-SES students, and typical learners for
fourth, fifth, and sixth graders.

e The findings show the need to improve the low-
SES students’ number sense in grade four, five,
and six.

e New immigrant children perform better than
typical learners and low-SES students in grade six
and perform better than low-SES students in grade
five.

Standards for School Mathematics (NCTM, 2000)
emphasizes that “central to this standard is the
development of number sense” (p. 32). This further
indicates the importance of number sense. Eatlier
studies showed that SES is a key factor to success in
school. Moreover, studies showed that high- and
middle-SES  children generally outperform children
from low-SES families on mathematics performance
(Kern, 2012; Morgan, Farkas, Hillemeier, & Maczuga,
2009; Starkey, Klein, & Wakeley, 2004) due to the fact
that low-SES students are lacking of learning
opportunities and low motivation. New immigrant
children also perform poor than typical learners in
Taiwan because they are lacking of learning
opportunities (Chen et al., 2008). In addition, the study
of Yang, Li, and Lin. (2008) showed that there was a
significant correlation between students’ achievements
in mathematics and number sense. The findings of
previous studies (Jordan, Kaplan, Locuniak, &
Ramineni, 2007; Jordan et al., 2010; Dyson, Jordan, &
Glutting, 2013; Wright, Stanger, Cowper, & Dyson,
19906) suggest that number sense development of eatlier
grades is an important predictor for their later
mathematics learning. Previous studies also indicated
that poor mathematics outcomes for low-SES children
are mediated by weak number sense (Jordan et al., 2009;
Jordan & Glutting, 2010). Children from high- and
middle-SES tend to develop number sense better in
preschool years than low-SES children (Griffin, Case, &
Siegler, 1994). Therefore, the number sense
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development at earlier grades may affect low-SES
students, new immigrant children, or typical learners in
their future mathematics learning. In this study, we first
define the new immigrant children as their mothers
being immigrants such as from Vietnam, Indonesia,
Thailand, Philippines, or Mainland China while their
father are Taiwanese (Hsin, 2010; MET, 2010). Next,
Low-SES students in this study refer to children from
low-income families, chtableildren from single-parent
families, and those who have grandparents as guardians
(MET, 2010) excluding new-immigrant children who are
also belonging to low-SES. Students who do not belong
to the new immigrant children and the low-SES
students are defined as typical learners.

Currently, about 7% of children in grades 1-9 in
Taiwan are new immigrant children (MET, 2010). The
percentage of new immigrant children has continued to
increase in the past few years. In addition, there are
many low-SES students in grades 1-9. Although there
are more and more disadvantaged children in Taiwan, at
the same time, the findings of PISA (Organization for
Economic Co-operation and Development [OECD],
2009) showed that 15-year-old students in Taiwan
received the highest scores on their mathematics
assessment. From this contradictory comparison, we
can notice that we have high achievement students but
low achievement students exist mostly. Providing equal
opportunity to learn and develop is necessary for all
students. Therefore, examining the differences on
number sense performance among new immigrant
children, low-SES students (including students from low
income  families, single-parent  families, and
grandparents as guardians) and typical learners can be of
great help to teachers as well as to educational
administrators. Accordingly, the research questions for
this study are as follows:

1. Are there significant differences in number sense
performance among low-SES students, new immigrant
children, and typical learners?

2. Do low-SES students, new immigrant children,
and typical learners use different solution methods to
solve number sense problems?

BACKGROUND

New Immigrant Children and Disadvantaged
Children in Taiwan

Because of their lower economic status, men
residing in rural areas or fishing villages have found it
difficult to marry a Taiwanese wife (Mo & Lai, 2004;
Yao, 2009). A family composed of a new immigrant
mother  (from  Vietnam, Indonesia, Thailand,
Philippines, or Mainland China) and a Taiwanese father
is called a new immigrant family (Hsin, 2010). In
Taiwan, the children from these families are called new
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immigrant children (Peng, 2007). Currently, about 7%
of children in grades 1-9 in Taiwan are new immigrant
children (MET, 2010), and this number has continued
to grow.

Low-SES students in this study include children
from low-income families, children from single-parent
families, and those who have grandparents as guardians.
The percentage of divorce has increased from 6.5% to
11.1%, and the number of low-income families also
increased greatly from 2005 to 2009 in Taiwan (Ministry
of Interior in Taiwan, 2010). As a result, the number of
low-SES students has increased substantially in the past
five years.

New Immigrant Children and Low-SES
students’ Related Studies

Several studies (Chang, 2005; Doctoroff, 2001)
show that new immigrant children often encounter
difficulties in adapting to a new environment, which
affects their school achievement; other studies (Gee,
2004; Hsiao, 2009; Kilbride & Ali, 2010; Mendoza,
2002; Seah, Atweh, Clarkson, & Ellerton, 2008) indicate
there are language barriers that limit their learning
opportunities. Also, these students often lack positive
attitudes due to language and cultural barriers and low
socioeconomic status (MET, 2010; Sreeharsha, 2010).
These situations show that these new immigrant
children are the newly disadvantaged group in Taiwan
(Mo & Lai, 2004; Tan & Wu, 2009). New immigrant
children are often at a considerably disadvantaged
compared to their peers at school (Bohlmark, 2009;
Crosnoe, 2005; Kao & Rutherford, 2007; Schnepf,
2007). However, the study of Chen (2010) indicates that
there is no significant difference on learning
achievement between native-born parents and foreign-
born mother with native-born father. In addition, it is
unclear how new immigrant children perform more
poorly than their peers at schools in Taiwan.
Researchers have not reached agreement as to the
degree of learning disadvantages these children face.
Learning more about the issues that new immigrant
children face will help school representatives provide
the needed services that can enhance their learning
(Birman, Weinstein, Chan, & Beehler, 2007; Miller,
2009; Wang, Young, & Smith, 2009).

Several earlier studies (Arnold & Doctoroff, 2003)
found that children with socioeconomic disadvantages
experienced a high degree of failure in their academic
achievement. Arnold and Doctoroff found that poor
mathematics trajectories in low-SES children began very
early and, therefore, this phenomenon should receive
specific attention early so that sufficient resources may
be found to help reduce this SES-related gap. Indeed,
SES is a powerful predictor of children’s academic
performance (Pogrow, 2009). Several studies have
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shown that children from poor families have more
difficulty in learning mathematics compared with their
school peers (Chen et al,, 2008; Yao & Yang, 2010).
Most teachers in Taiwan agree that these low-SES
students need more attention and academic assistance;
however, research has not focused on this issue in the
field of mathematics education (Chen et al., 2008;
Cramer, Post, & delMas, 2002; Empson, 2003; NCTM,
2000). If mathematics educators want to help all
students attain a high level of mathematics achievement,
we need to pay more attention to low-SES students in
mathematics classrooms (Deschenes, Cuban, & Tyack,
2001; NCTM, 2000; NRC, 2001; Rodriguez, 2005).

Number Sense

Number sense can be defined as a person’s
understanding of number, operations, and the
relationship between number and operations, and the
ability to apply flexible and efficient methods to solve
situated problems that include numbers (Berch, 2005;
Carboni, 2008; Jordan, Kaplan, Olah, & Locuniak, 2006;
Kaminski, 2002; NCTM, 2000). Based on number sense
related studies (Mclntosh, Reys, & Reys, 1992; Reys &
Yang, 1998; Yang & Wu, 2010), this study defined
number sense components as (a) understanding the
meanings of numbers, operations, and their
relationships; (b) recognizing the relative magnitude of
numbers; (c) being able to compose and decompose
numbers flexibly; (d) recognizing the relative effect of
operations on numbers; and (¢) judging the
reasonableness of a computational result via different
methods.

The Role of Number Sense in Mathematics
Learning

Many researchers have observed a highly significant
positive correlation between number sense and
mathematics achievement (Halberda, Mazzocco, &
Feigenson, 2008; Jordan et al, 2010; Schneider,
Grabner, & Paetsch, 2009; Yang et al., 2008). Number
sense, most strongly related to the ability to solve
applied mathematics problems in various contexts
(Jordan, Glutting, & Ramineni, 2010), may have relevant
implications for children with mathematical disabilities
(Berch, 2005; Jordan et al., 2007). Having good number
sense can improve higher-order thinking (Geary, Bow-
Thomas, & Yao, 1992), but unstable number sense can
lead to fatigued calculation or mathematical learning
difficulties (Gersten, Jordan, & Flojo, 2005; Mazzocco
& Thompson, 2005). Therefore, number sense is the
foundation for learning formal mathematics concepts
and skills in elementary schools (Jordan et al., 2007). At
the same time, developing good number sense helps
children to appreciate and enjoy numerical concepts and
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to demonstrate more confidence in themselves
(Carboni, 2008). Number sense is an important
indicator of future mathematics learning and

achievement for students (Jordan et al., 2007).
METHOD
Participants

A total of 628 fourth graders, 535 fifth graders, and
524 sixth graders in 23 classes, 22 classes, and 21 classes,
respectively, from 15 elementary schools in Taiwan
participated in this study. They were selected from a
broad range of family backgrounds, including various
parental occupations, incomes, and educational levels.
The distributions of fourth, fifth, and sixth graders for
the three different groups are presented in Table 1.

Instruments

Web-based two-tier tests for fourth, fifth, and sixth
graders” number sense were used to collect data (Yang,
2010). Web-based two-tier test implies that the first-tier
test examines students’ responses to number sense-
related questions, and the second-tier test investigates
students’ reasons for their related choice made in the
first-tier test. The two-tier tests for fourth, fifth, and
sixth graders respectively include 32, 40, and 50 items.
The results of previous tests show that their Cronbach
o’s are .828, .800, and .877. The difficulty indices of the
test items for fourth grade are between .26~.67, for fifth

grade  between.25~.72, and for sixth grade
between.26~.79. The discrimination powers are
between .48~.80, .26~.77, and .22~.77 for the three

grades, respectively. The above empirical evidence
shows that the instruments have good reliability.

The test’s validity covers the content validity,
specialist validity, and construct validity. To ensure the
designed items were representative and not beyond the
curriculum scope usually taught to fourth, fifth, and
sixth graders in Taiwan, nine elementary school teachers
and two mathematics educators were invited to review
test items of rating the degree to which the item taps are
objective (Aiken, 1985). Questionnaire survey method
was used to collect data from 11 experts used a four
point Likert scale to judge the appropriateness of each
item in this study. The results indicated that content
validity coefficient for each item ranged from .80 to .95;
meanwhile, homogeneity reliability coefficient ranged
from .67 to 1. A high coefficient value with significant
level indicated that the whole scale or each item had
high content wvalidity and homogeneity reliability.
Additionally, Construct validity appeared to be good for
the factor loadings ranging between .62~ .83, and the
construct reliability indices derived from SEM analysis
(structural equation modeling) are .875, .801, and .897,
respectively, for fourth, fifth, and sixth grade tests.
Therefore, the scales used in this study were
representative and appropriate in terms of the item
content for fourth, fifth, and sixth graders.

Table 1. Descriptive Statistics for the Three Different Groups of Students in Fourth, Fifth, and Sixth Grades

Number of students Male Female
Fourth graders
Low-SES students 94 46 48
New immigrant children 69 35 34
Typical learners 465 250 215
Fifth graders
Low-SES students 66 29 37
New immigrant children 50 27 23
Typical learners 419 213 206
Sixth graders
Low-SES students 94 51 43
New immigrant children 40 20 20
Typical learners 390 206 184
Table 2. Scoring Scheme for the Number Sense Test
Answer Correct Wrong
First-tier test scores 4 points 0 Point
Reason NS- Rule-Based Misconceptions  Guess 0 Point
Based
Second-tier test scores 4 points 2 points 1 point 0 points 0 Point
Two-tier test scores 8 points 6 points 5 points 4 points 0 Point
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Procedure

Due to the time constraint of a 40-minute class
period and the limited attention span of children, the
test questions for each grade were equally divided into
two parts (40 minutes per  section). The following
procedure was used to administer the two-tier test for
number sense:

1. Log on to the on-line testing system.

2. Key in personal information.

3. Display testing rules.

4. Display one practice item for the students.

5. Administer the formal Web-based two-tier test
items (see Appendix I).

Scoring and Analyzing

The scoring method was the same for each grade.
Because the test used multiple-choice items, the
students were required to provide a correct answer and
a reason for the given answer. The scoring scheme for
the test is detailed in Table 2.

We believe that the application of number sense is
of equal importance to providing the correct answer
because appropriate use of number sense is a good
indicator of effective thinking. Therefore, students with
the appropriate application of number sense and the
correct answer receive an identical score of 8 points. A
student’s response pattern including correct answer and
the corresponding rule-based reason receive 6 points. If
a misconception-based reason follows a correct answer,
5 points are given. Under the correct answer, students
with a guess-based reason response pattern are given 4
points. However, if the answer is wrong, respondents
receive 0 points, no matter which type of reason is
given.

Normality and Sample Independence between

Low-SES and New Immigrant Children

There are three assumptions in ANOVA analysis:
normality, independence, and constant variance. In the
first place, the one-way ANOVA, tolerating violations
to its normality assumption rather well, is considered a
robust test against the normality assumption (Khan &
Rayner, 2003). Simultaneously, ANOVA is relative
immune to violations in the normality assumption when
the sample sizes are large. For moderately large samples
and the one-way ANOVA test adopted in the study, it is
relatively robust to moderate violations of the normality
assumption. Besides, the study applied the Durbin—
Watson  statistic to detect the presence of
autocorrelation between three background variables.
The results shows Durbin-Watson equals to 1.8, 1.7,
and 1.8 for fourth, fifth, and sixth grade. Based on the
Durbin-Watson statistic ranges in value from 0 to 4, a
value near 2 indicates non-autocorrelation, a value
toward 0 indicates positive autocorrelation, and a value
toward 4 indicates negative autocorrelation (Durbin &
Watson, 1971). This test verifies the relationship
between background variables is separated from each
other. Finally, the test for the assumption of
homogeneity of variance will be shown in the chapter of
result in the study.

RESULTS

The Difference of Students’ Number Sense
Performance among Three Groups

Table 3 reported the descriptive statistics on number
sense performance for three groups of students by
student type. For fourth-grade students, the mean
number sense scores were from the highest to the
lowest: typical learners, low-SES students, and new
immigrant children. The mean scores from the highest

Table 3. Descriptive Statistics of Number Sense Performance for Different Groups in 4 to 6 Grades

4th-graders

Different groups

Low-SES students

New immigrant children

Typical learners
5th-graders

Different groups

Low-SES students

New immigrant children

Typical learners
6h-graders

Different groups

Low-SES students

New immigrant children

Typical learners

Mean scotes Standard Deviation Variance
98.66 41.32 1706.96
89.49 30.84 951.31
107.49 44.75 2002.96
Mean scotes Standard Deviation Variance
102.59 48.19 2322.28
107.32 42.08 1770.43
126.73 54.32 2950.35
Mean scotes Standard Deviation Variance
145.98 61.32 3759.57
167.03 49.05 2405.77
164.70 64.01 4097.47

© 2015 iSER, Ewrasia |. Math. Sci. Tech. Ed., 11(3), 455-468
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Table 4. Welch’s Robust Tests of Equality of Means for Fourth, Fifth, and Sixth Graders

Statistics df2 Sig
4t-graders 9.387 2 153.630 .000
5th-graders 9.701 2 100.587 .000
Oth-graders 3.726 2 98.014 .028

a. Asymptotically F distributed.

Table 5. Games-Howell’s Post Hoc Compatisons by Different Group of Students in 4, 5t and 6% Grades

4th-graders

Different groups Mean Difference Std. Error Sig.
G1 G2 9.167 5.652 239
G3 -8.826 4.740 154
G2 Gl 9.167 5.652 239
G3 -17.993* 4.254 .000
G3 Gl 8.826 4.740 154
G2 17.993* 4.254 .000
5th-graders
Different groups Mean Difference Std. Error Sig.
Gl G2 -4.729 8.402 .840
G3 -24.137* 6.498 001
G2 G1 4.729 8.402 840
G3 -19.408* 6.515 011
G3 G1 24.137* 6.498 001
G2 19.408™ 6.515 011
6th-graders
Different groups Mean Difference Std. Error Sig
Gl G2 -21.046 10.007 .095
G3 -18.719* 7.106 025
G2 G1 21.046 10.007 .095
G3 2.328 8.405 959
G3 G1 18.719* 7.106 025
G2 -2.328 8.405 959

Note. G1 represents low-SES students, G2 represents new immigrant children, and G3 represents typical learners

to the lowest for fifth graders were typical learners, new
immigrant children and low-SES students. However, as
to sixth graders, the highest mean score was new
immigrant children. Interestingly, the typical learners at
cach grade had the largest standard deviation, while the
new immigrant children had the smallest standard
deviation.

To examine the differences on number sense
performance among the three groups of students in
fourth, fifth, and sixth grade, a one-way ANOVA was
performed (« = .05). Levene test of homogeneity
showed the assumption of homogeneity of variance
among the three groups was violated (F=6.51, p=.02,
for fourth grade; F=3.46, p=.03, for fifth grade; F=3.13,
p=.04, for sixth grade). Therefore, Welch-ANOVA was
conducted. Table 4 summarized the results of Welch-
ANOVA on number sense performance for fourth
graders to sixth graders.

Data analysis showed that there were statistically
significant differences among low-SES students, new
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immigrant children, and typical learners on number
sense performance (F= 9.387, p = .000 for fourth
graders; F= 9.701, p = .000 for fifth graders; F=3.720,
p = .028 for sixth graders). To examine which
subgroups  were different on number sense
performance, Games-Howell post hoc comparison was
done and summarized in Table 5.

Data analysis revealed a statistically significant
difference between typical learners and new immigrant
children in fourth grade (mean difference = 17.993, p =
.000, o« = .05). For fifth graders, the results of Games-
Howell showed that there were statistically significant
differences between typical learners and low-SES
students (mean difference = 24.137, p = .001, a = .05)
and typical learners and new immigrant children (mean
difference = 19.408, p = .011, « = .05). For sixth
graders, the results of post hoc comparison indicated
that there was a statistically significant difference on
number sense performance between typical learners and
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low-SES students (mean difference = 18.719, p = .025,
o =.05).

In summary, in fourth grade typical learners had the
highest mean score, with low-SES students having the
second highest mean score and new immigrant children
having the lowest mean score. For fifth graders, typical
learners, new immigrant children, and low-SES students
scored the highest to the lowest mean score,
respectively. However, for sixth graders, new immigrant
children, typical learners, low-SES students scored the
highest to the lowest means score, respectively. These
scores indicated that as new immigrant children entered
higher grade levels, their number sense performance
was improved in comparison to other student
subgroups. Moreover, the results of post hoc
comparisons showed that there was a statistically
significant difference between typical learners and new
immigrant children in fourth grade. There was a
statistically ~ significant difference between typical
learners and new immigrant children and between
typical learners and low-SES students in fifth grade.
Finally, a statistically significant difference on number
sense performance existed between typical learners and
low-SES students in sixth grade.

Differences in the Methods Used by Students
among Three Groups

Table 6 summarized the percentages of solution
methods used by students across the three groups of
fourth, fifth, and sixth graders when responding to
number-sense problems. Data showed that a high

percentage of students had misconceptions in each
grade. Moreover, fifth and sixth graders seemed to have
more serious misconceptions than fourth graders. It is
important to reflect on this issue: Why did this sample
of students have a large number of misconceptions after
having taken an elementary school mathematics course?
Data also showed that typical learners had the highest
percentage of number sense-based methods and new
immigrant children had the lowest percentage for fourth
graders. In fifth grade, typical learners were still the
highest percentage group in applying number sense-
based methods. However, low-SES students had the
lowest percentage in using number sense-based
methods. Surprisingly, new immigrant children in sixth
grade more frequently used number sense-based
methods than typical learners and low-SES students.

To examine the significant differences of solution
methods used by students among the three groups, the
test of homogeneity of percentages was used to analyze
the causalities of groups and methods. Table 7 reported
they2-test results of methods used by different types of
students in fourth, fifth, and sixth grade (« = .05). Data
showed that there were significant differences in the
uses of solution methods for different types of students
in fourth, fifth and sixth grade (¥2=86.713, p=.000 for
fourth grade; ¥2=163.225, p=.000 for fifth grade; y2
=52.804, p=.000 for sixth grade). In other words, the
strategies used by the students of different backgrounds
were significantly different. To examine which groups
had significant differences in methods in fourth, fifth,
and sixth grade, the posteriori comparisons were used.

Results of Chi-squared test showed that the

Table 6. The Percentages of Methods Used by the Three Groups of Students for 4 to 6 Graders

4th-oraders

Different groups Number sense Rule-based Misconception Guess
Low-SES students 23.97% 16.69% 38.30% 21.04%
New immigrant children 19.02% 18.07% 44.52% 18.39%
Typical learners 26.74% 17.56% 38.05% 17.65%
Average 25.48% 17.49% 38.78% 18.24%
5th-graders
Different groups Number sense Rule-based Misconception Guess
Low-SES students 15.83% 11.44% 46.06% 26.67%
New immigrant children 17.20% 12.85% 48.30% 21.65%
Typical learners 22.12% 14.28% 45.37% 18.23%
Average 20.89% 13.79% 45.73% 19.59%
6h-graders
Different groups Number sense Rule-based Misconception Guess
Low-SES students 20.17% 11.43% 48.09% 20.31%
New immigrant children 24.50% 11.85% 46.60% 17.05%
Typical learners 24.44% 11.92% 46.30% 17.34%
Average 23.68% 11.83% 46.64% 17.85%

© 2015 iSER, Ewrasia |. Math. Sci. Tech. Ed., 11(3), 455-468
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Table 7. Summary of Chi-Square Tests for Homogeneity by Different Groups of Students in 4 to 6 Graders

Pearson Chi-Square df Asymp. Sig.
4th-graders 86.713 6 .000
5th-graders 163.225 6 .000
Oth-graders 52.804 6 .000

Table 8. Marascuilo Procedute for Determining Pairwise Difference on Methods Used by Different Types of

Students in 4 to 6 Grades

Grade Method Contrasts Abs Dif SE of Dif CR
4th-graders
Number sense  G3>G2 .077 .009 .032
G1>G2 .049 011 .041
Misconception  G2>G3 065 011 .040
G2>Gl1 .062 .014 .049
Guess G1>G3 .034 .008 .029
5th-graders
Number sense  G3>G2 .049 .009 .032
G3>G1 .063 .008 .028
Rule-based G3>G1 .028 .007 .024
Guess G1>G2 .050 .013 .045
G1>G3 .084 .009 .032
6th-graders
Number sense  G2>Gl1 .043 011 .040
G3>Gl1 .043 .007 .023
Guess G1>G3 .030 .006 .023

Note.: G1 represents low-SES students , G2 represents new immigrant children, G3 represents typical learners , Abs Dif
represents Absolute difference between different groups, SE of Dif represents Standard Error of Difference, CR represents

Critical Ratio, Abs Dif > CR indicates reject Ho: No difference.

percentages of solution methods across different groups
of students were different in fourth, fifth, and sixth
grade. To identify which pairs of the percentages of
solution methods used by the groups differed, the
Marascuilo procedure for the post hoc comparison was
used. Marascuilo contrasts were calculated for each pair
of cells after a significant chi-square result. Table 8
reports the results of Marascuilo procedure for
determining pairwise differences on the use of methods
for fourth, fifth, and sixth graders.

For fourth-grade students, the percentages of
number sense-based methods used by the typical
learners (G3) and the low-SES students (G1) were
significantly higher than the new immigrant children
(G2). There were no significant differences among the
three groups in applying the rule-based method. The
percentages of the new immigrant children (G2) having
misconception were significantly the highest among the
three groups. At the same time, the low-SES students
(G1) adopted significantly more guessing than the
typical learners (G3).

For fifth-grade students, the percentages of number
sense-based methods used by the typical learners (G3)
were significantly higher than the other two groups.
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Then, the typical learners (G3) adopted more the rule-
based methods than the low-SES students (G1).
Moreover, there is no significant difference among the
three groups in applying misconception. Finally, the
percentages of the low-SES students (G1) adopting
guessing were significantly the highest of the three
groups.

For sixth-grade students, the percentages of number
sense-based methods used by the typical learners (G3)
and the new immigrant children (G2) were significantly
higher than the low-SES students (G1). There were no
significant differences among the three groups in
applying the rule-based method and misconception.
About guessing, the percentages of the low-SES
students (G1) were significantly higher than the typical
learners (G3).

DISCUSSION

This study examined the difference in number sense
performance among typical learners, new immigrant
children, and low-SES students from grades 4 to 6 in
Taiwan through a web-based two-tier test for number
sense. It provides an opportunity not only to better
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understand students’ number sense performance but
also to explore students’ thinking about number sense.
Results showed that typical learners performed the best
on the number sense two-tier test among the three
groups when they were in the fourth and fifth grades.
However, new immigrant children performed best on
the number sense two-tier test among the three groups
when they were in the sixth grade. This suggested that
new immigrant children gradually became adept in
number sense applications when they entered a higher
grade level. In addition, data also showed that there
were significant differences in the uses of solution
methods for different types of learners in fourth, fifth
and sixth grade via chi-square tests for homogeneity of
proportions. In fourth grade, new immigrant children
had significantly the lowest percentage of number sense-
based methods used as compared to the other two
groups. In fifth grade, both low-SES students and new
immigrant children had significantly lower percentages
in the use of number sense-based methods. In sixth
grade, low-SES students adopted significantly lower
number sense-based methods than the other two
groups. It seemed new immigrant children slowly
enhanced number sense-based methods from grade four
to six. For misconception, the percentages of new
immigrant children adopting misconception were
significantly the lowest at grade four. However, there
was no significant difference among the three groups in
producing misconception at grade five and six. Overall,
the new immigrant children presented a step-by-step
growth in number sense. These findings were different
from the earlier studies that indicated new immigrant
children often encountered difficulties in adapting to a
new environment, which affected their mental
development (Chang, 2005; Doctoroff, 2001). In
addition, this result also differed from eatlier studies
suggested that new immigrant children were often at a
considerable disadvantage compared to their peers at
school (Bohlmark, 2009; Crosnoe, 2005, Kao &
Rutherford, 2007; Schnepf, 2007). Meanwhile, the study
of Yao (2009) and Chen et al. (2008) showed that not all
new immigrant children at earlier grade performed poor
on mathematics achievement. Their studies revealed
that some of new immigrant children performed well
and some of them performed poor on mathematics.
There are two possible reasons to explain why new
immigrants may be able to improve their number sense
performance while the low SES group students cannot.
Firstly, due to the differences of culture and language,
new immigrated students could temporarily fall behind
in learning (Gee, 2004; Hsiao, 2009; Kilbride & Alj,
2010). Growing and changing with time, new immigrant
children’s learning performance improved because they
accustomed to the present environment; therefore, it
seemed the long-term economically disadvantaged
situation was the key factor to have a bearing on
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learning effect instead of adaptable issue for language
and culture. Secondly, the background of these foreign-
born mothers does not affect their children’s long-term
learning outcomes. This confirms the eatlier study of
Chen (2010) that children’s learning effects are not
affected by their parents’ background (native-born
parents vs foreign-born mother and native-born father).
In fact, most of these foreign-born mothers learn
Chinese after they married Taiwanese. After they have
learned Chinese for several years, they are able to
communicate with their children (Chen, 2010).
Gradually, they can help their children in learning
(Chen, 2010). However, native-born mothers in low-
SES families always try hard to earn a living so they
barely pay attention to children’s learning. Therefore,
new immigrant children could make a great progress on
number sense than low-SES children do.

Furthermore, results also showed that low-SES
students continued to have poor performance on
number sense compared to typical learners and the new
immigrant children. This is similar to several eatlier
studies (Arnold & Doctoroff, 2003) that indicated that
low-SES students had a high degree of failure in their
academic achievement. It is reasonable to believe that
children from poor families have more difficulties in
learning mathematics compared with their school peers
(Chen et al.,, 2008; Yao & Yang, 2010). This suggests
that we should pay more attention to low-SES students’
learning in mathematics classrooms (Deschenes et al.,
2001; NCTM, 2000; NRC, 2001; Rodriguez, 2005). To
achieve equity in mathematics learning for all students,
we should provide more opportunities for low-SES
students to learn number sense.

CONCLUSION

The findings indicated that there were statistically
significant differences on number sense performance
among new immigrant children, low-SES students, and
typical learners for fourth, fifth, and sixth graders. The
results of post hoc comparisons further showed that
there was a statistically significant difference between
typical learners and new immigrant children in the
fourth grade. A statistically significant difference existed
for typical learners and new immigrant children, and for
typical learners and low-SES students in the fifth grade.
Moreover, there were statistically significant differences
between typical learners and low-SES students in the
sixth grade. It was worth noting that the mean score of
the new immigrant children was originally the lowest in
the fourth grade. However, the low-SES students turned
out to have the lowest mean scores when they moved to
the sixth grade. It is reasonable to believe that new
immigrant children may perform better after they have
longer access to mathematics learning. Furthermore, the
results showed that typical learners applied number
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sense more often than other two groups of students in
fourth, fifth, and sixth grade. However, there were no
significant differences found among the three groups of
learners in using the rule-based method for fourth and
sixth graders. Only for fifth graders, typical learners
used the rule-based method more often than the other
two groups. As to misconception, the new immigrant
children’s percentage of misconception was the highest
at grade four. It turned out to be no difference when
comparing the percentages of misconception among the
three groups at grade five and six. In addition, low-SES
students used guessing most often among the three
groups of students from grade four to six.

This study suggested that new immigrant children
were not always in a disadvantaged situation compared
to their peers at school. In addition, it implied that the
number sense performance for low-SES students in
grade four and fifth in Taiwan continued to be the
poorest. This may seriously affect their mathematics
learning and achievement in the future. Several studies
showed a positive correlation between number sense
and mathematics achievement (Halberda et al., 2008;
Jordan, et al., 2007; Schneider et al., 2009; Yang et al.,
2008). As the Jordan et al. (2007) study stated that
number sense was the foundation for learning formal
mathematics concepts and skills in the elementary
schools, it is urgent to improve low-SES students’
number sense. The findings of PISA (OECD, 2009)
showed that young students in Taiwan received the
highest scores on the mathematics test; however, there
were high percentages of these students who were low
achievers. If we want to change this situation, we should
put more emphasis on teaching and learning number
sense for low-SES students in the elementary schools in
Taiwan.

Implications and future research

In this study, we focus on comparing the differences
on number sense performance among low-SES
students, new immigrant children, and typical learners in
grade four, five, and six. However, it must be noted that
the generalization of findings should be careful due to
the sample size. Within the constraints of this limitation,
we discuss the implications of our findings from three
perspectives.

First, findings from this study add to the emerging
body of literature on new immigrant -children’s
performance on number sense. New immigrant children
perform better than typical learners and low-SES
students in grade six and perform better than low-SES
students in grade five. This is different from previous
studies that new immigrant children are often at a
considerable disadvantage compared to their peers at
school (Bohlmatk, 2009; Crosnoe, 2005; Kao &
Rutherford, 2007; Schnepf, 2007). It also supports the
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finding of Yao (2009) and Chen et al. (2008) that not all
new immigrant children perform poor on mathematics
than their peers at school.

Second, the reported findings show the need to
improve the low-SES students’ number sense in grade
four, five, and six. This finding is consistent with the
study of PISA (OECD, 2009) that there are high
percentages of students in Taiwan belonging to low
achievers. For low-SES students, it seems some existing
factors are harder to overcome than new immigrant
children. To improve this situation, providing more
learning opportunities and effective learning program
for low-SES students is necessary.

Third, the findings of the current study indicate that
research studies focusing on low-SES students’ number
sense learning are needed. The teacher development
centers at every university in Taiwan should offer some
designed for training in-service teachers
knowing how to help their children develop number
sense effectively.

Finally, it is a worldwide issue that economically
disadvantaged situation would be a factor to influence
students’ learning. This study found out that low-SES
students remain their low learning performance mainly
because of their family background which cannot
provide assistance for children’s learning. Therefore, if
we want to improve the problem, the schools should
offer more learning supportts, such as remedial teaching,
a subsidiary course, as well as strengthening teachers’
professional knowledge.

Further research is needed to examine questions
such as: (a) How can we provide more learning
opportunities to improve low-SES students’ number
sense? (b) What kind of teaching method is more
effective to promote low-SES students’ number sense?
(c) What kinds of instructional materials are appropriate
and effective to improve low-SES students’ number
sense?
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Appendix: One item for the web-based two-tier test showed as following Step 1 & Step 2

Step 1: Student chooses an answer.

Question 23 / total questions of the test is 28
The Taiwan 101 skyscraper has 101 floors. Which of the following has a height that is

Question approximately the height of the skyscraper?
O  2.4km-high Mountain
A 90m-high sacred tree
Answer:

O

O  A450m-high Waterfall

O | The total height of 101 people stacking together
Subrait

Step 2: According to the answer, the student is required to choose a reason for the selection.

My reason is
A 101-story building 1s very tall, so 2.4 km will most likely be close to the
height of the building.

O The unit of km 1s the most appropriate for a tall building of 100 floors.
[®) I'm guessing.
Subrait

My reason is
@) A 101- story building is approximately the same height as a sacred tree.

9} All of the other heights provided are impossible because they are too large.
@) I'm guessing.
Subrait
My reason is

450m i1s the middle value of all the heights provided, which makes it more
probable.

One floor 1s approximately 4m in height, so a 101-floored building will
o make a height of about 450m.

[®) I'm guessing.
Subrait

My reason is
() The height of one floor 1s approximately the height of a person.

The height of the skyscraper is about the height of 101 people stacked

O

together.

@) I'm guessing.
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