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Introduction: According the 2011 Taiwanese Government Statistics, the lower secondary 
school enrollment number of the new-immigrant-children is about 200,000. As known, 
most of the new immigrants are from the Southeast Asian countries, such as Vietnam, 
China, Indonesia, Thailand, the Philippines and Cambodia. In order to satisfy the in-
creasing needs and demands on education of the children of new immigrant (CNI, hence-
forth), Taiwanese government not only develops, but also puts the after-school learning 
assistance policy into practice from 2006. Therefore, the main purpose of this study is to 
explore the mathematics achievement of the CNI after the implementation of the after-
school learning assistance policy (AsLA policy, henceforth). 
Purposes: Firstly, to compare the mathematics achievement of the CNI by countries. 
Secondly, to compare the mathematics performance among the CNI, the children from 
high-risk family (CHRF, henceforth) and the children of general families.  
Samples: The 2,452 samples, selected from two junior high schools located in central 
Taiwan, include 157 CNI, 522 CHRF.  
Methods: The main method used in this study is interval fuzzy number (IFN, henceforth) 
in order to compare the mathematics achievement of the children after the implementa-
tion of the AsLA policy from different type of families.  
Results: To reach the two purposes of this study .We can find the effectiveness of math-
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ematics performance from three group’s children of new immigrants, high-risk, general 
family. Therefore, the results provide one of the ways to review the new immigrant’s ed-
ucation policy of after-school learning assistance in Taiwan.   
 
Keywords:  new-immigrant-children, mathematics achievement, education policy, inter-
val fuzzy number, nonparametric statistics 
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1. INTRODUCTION 
 
According to statistics of Taiwan, the number of new-immigrant-children enrolled in 

the national education system has increased to nearly 200,000 in 2011. Most of these stu-
dents come from Vietnam, China, Indonesia, Thailand, the Philippines, and Cambodia. 
Their successful education is highly relevant to Taiwan’s future competitive strength. The 
education process must consider equal opportunities in education, as well as social justice. 
In John Rawls’ A Theory of Justice (1972), he highlights that justice must be the first vir-
tue of a social system regardless of how efficient a social system may be. Anything be-
lieved to violate justice must be corrected or abolished. This theory, in which justice is 
equivalent to fairness, proposes two principles that can satisfy the values of fairness. The 
first is the principle of equality, and the second is the principle of difference. These two 
principles symbolize the egalitarian concept of justice. 

Education policy for children of new immigrants is considered as education for the 
underprivileged minorities in Taiwan. The goal of such an educational policy is to design 
educational programs for children with adverse financial, cultural, and learning condi-
tions that compensate for the lack of a stimulating financial and cultural environment dur-
ing their early child years. This can reduce the mathematics learning difficulties they may 
experience and enhance their mathematics learning abilities. In the sociological study of 
educational policy conducted by Weng (2008), he emphasizes the importance of countries 
providing support to underprivileged groups and protecting social fairness and justice to 
promote social mobility. Wang (1982) proposes that equal opportunity in education 
should be a vital principle and the highest ideal of the education system. Equal opportu-
nity involves three concepts. First, “equality” means equality in opportunity, not equality 
in results. Second, equal opportunity in education includes providing substantial assis-
tance and opportunity to compensate for deficiency to facilitate the full development of 
individual talent. Third, equal opportunity in education should not only reflect equal en-
rolment opportunities, but also encompass equal educational content and environments. 
Lin (2007) highlighted that providing education to underprivileged minorities from ad-
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verse financial and social backgrounds or unfavourable living environments not only 
stimulates personal growth, but also facilitates favourable career development in the fu-
ture. 

To support the growing number of new-immigrant-students, the Taiwanese govern-
ment has worked intensively to establish educational policy that provides after-school 
learning assistance to new immigrants in the past few years. Immigrant students’ mathe-
matics performance since the implementation of these policies in 2006 is the primary fo-
cus of this study. This research has two objectives: 
  

(1)  To compare the mathematics performances of children of new immigrants according 
to country; and  

(2)  To compare the mathematics performances of new immigrant students, students 
from high-risk families, and all students enrolled at the specific school.  

The results of this study provide the following innovations and contributions. First, 
examining the results of previous studies, we compare the mathematics performances of 
new immigrants, high-risk families, and all students; thus, the research sample is ex-
tremely unique. Second, we use fuzzy statistical analysis as the statistical method to bet-
ter reflect the students’ mathematics performance; thus, our research method is also inno-
vative. 

 
 

2.  LITERATURE REVIEW 
 

The literature review is divided into the following five sections:  
 

(1)  Studies on the mathematics achievements of new immigrant children in Taiwan;  

(2)  Studies on the mathematics achievements of Taiwanese children from high-risk 
families;  

(3)  Studies on the relationship between socioeconomic status and mathematics achieve-
ments;  

(4)  Studies on immigrant children’s education based on families in Taiwan and other 
countries; and  

(5)  Studies on the application of fuzzy statistics and interval fuzzy numbers.  

2.1. Studies on the mathematics achievements of new immigrant children 

For this study, we defined “new immigrants” as people from the following Asian 
countries who have immigrated to Taiwan: Vietnam, China, Indonesia, Thailand, the 
Philippines, and Cambodia. They are currently the six main countries of origin for immi-
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grants to Taiwan (according to data from the Ministry of the Interior, 2012). Below we 
list the discrepancies of various research results concerning the learning performance of 
children of new immigrants. Ho, Chen & Lian (2011) stated that the differences in 
mathematics performance for children from new immigrant families and children from 
Taiwanese families at grades 5 and 6 were not significant. Hsieh (2008) compared the 
TASA mathematics achievements of students from differing ethnic backgrounds. The re-
sults showed that of sixth graders, no significant differences existed between the various 
ethnic groups. However, for fourth graders, the achievement which local children per-
formed was better on average compared to that of new immigrant children. 

Wang & Tsai (2008) stated that the mathematics achievements of children from for-
eign-spouse families differed significantly from those of students from Taiwanese fami-
lies. After controlling the influences of socioeconomic status, the performance of students 
from Southeast Asia was still inferior to that of Taiwanese students in seven major sub-
jects. However, regarding students from China, their performance was only inferior to 
that of Taiwanese students in four subjects, that is, Natural Science and Life Technology, 
Social Studies, Health and Physical Education, and Arts and Humanities. Lai (2006) 
found that the learning achievements of new immigrant children were inferior of major 
subjects, and that the learning achievements of primary students depended heavily on 
school’s location, the mother’s nationality, and the family’s socioeconomic background. 

Chung & Wang (2004) examined the language abilities of children from foreign-
spouse family and found that the standard deviation of language scores was extremely 
high. This indicates that the extent of their language development is unbalance. Further-
more, a small percentage of children from these families also exhibit slow language de-
velopment. Chen & Chen (2004) found that “self-motived and a confident learning atti-
tude,” “family’s capital support,” and “preschool and afterschool support programs” were 
key factors that contribute to the successful learning of new immigrant children. Huang 
&Yang (2011) contend that remedial education can improve student’s interest and confi-
dence in mathematics learning and reduce the negative impacts of social and cultural vul-
nerability. For new immigrant children and children from family of lower socioeconomic 
status, their learning interest and confidence, as well as mathematics achievements, are 
not inferior to those of their counterparts. 

2.2. Studies on the mathematics achievements of children from high-risk 
families 

For this study, the “high-risk family” is defined as Taiwanese aboriginals, low-income 
family, single-parent family, foster family, and family that grandparents are the key carers 
of the children. These families represent five of the family types that exhibit high-risk 
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characteristics. Concerning the learning performances of children from high-risk families, 
the results of these studies also had discrepancies, as described below. Chen and Cheng 
(2008) found that students with specific and objective forms of cultural assets achieved 
superior mathematics performances. In the study conducted by Deng (2007), high-risk 
parents who communicated with their children and made them aware of the family’s 
situation enhanced their children’s learning motivation. Regard to Taiwanese aboriginals, 
Su (2009) examined various research documentaries and attempted to identify the factors 
that contribute to poor mathematics performance for aboriginals. He found that factors 
such as culture, society, and financial resources were insufficient to fully explain their 
poor mathematics performances. However, to simply classify aboriginals as less intelli-
gent than non-aboriginals and assume that their inferior mathematics performance is the 
result of lower intelligence would be inappropriate. 

Tang & Yeh (2011a) argued that an adverse socioeconomic background was no longer 
a significant influence for aboriginal high school students, and that support from teachers 
and parents would improve students’ overall mathematics involvement in school. Tang & 
Yeh (2011b) also suggested that parents’ educational and socioeconomic backgrounds 
were not necessarily significant contributors to the mathematics success of aboriginal 
university students. They believed that the level of challenge the students perceived was 
the decisive factor, determining whether or not they could make the adjustments required 
for mathematics success. Chang (2006) believes that allowing the voices of the various 
ethnic groups to be presented in the curricula is one of the necessary means of ethnic co-
existence. Hong (2011) proposed the Night Angel Illumination Program for high-risk and 
aboriginal students to increase their mathematics achievements and learning performance. 

Regarding children from single-parent family, He (2009) examined junior high school 
students from single-parent family and obtained the following results: First, significant 
differences were observed in the mathematics achievements between male and female 
students; that is, the performance of female students was superior to that of male students. 
Second, for junior high school students from single-parent family, the various causes of 
parental separation, new stepfather/stepmother, and the time of parental separation did not 
contribute to the significant differences in student’s mathematics performance. Third, for 
junior high school students from single-parent family, varying styles of family discipline 
contributed to significant differences in student’s mathematics achievements; students 
whose parents adopted a democratic disciplinary approach performed better than those 
whose parents adopted an indulgent approach. Fourth, the mathematics achievements of 
junior high school students from single-parent family differed significantly according to 
differences in socioeconomic status. Students from family with a high socioeconomic 
status achieved superior mathematics performance compared to their counterpart. 

Chou (2008) found that the mathematics achievements of junior high school students 
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from single-parent family were below average. However, female students still performed 
better than male students did. Students from single-parent family who had a high socio-
economic status performed better than those with a low socioeconomic status. Conduct-
ing a case study, Lin (2007) examined the effect that educational counselling had on pri-
mary school children from single-parent family, and observed improvements in the 
mathematics assessment results for students who participated in the EPA educational 
counselling (the Hand-in-Hand project). Regarding foster family, Yang (2010) set the 
“socioeconomic status” and “educational expectation” of foster family as dependent vari-
ables to examine their effects on foster children’s mathematics performance, and the re-
sults showed a minimal correlation. Concerning family where the grandparents are the 
primary carers of the children, Hu (2005) found that grandparent-care had an adverse ef-
fect on children’s mathematics achievements. However, for these families, the closer the 
grandparent-grandchild relationship, the better the students’ mathematics performance 
will occur. In a case study, Lin (2007) examined the effect that educational counselling 
had on primary school children from families where the grandparents is the primary car-
ers, and observed improvements in the mathematics assessment results of students who 
received EPA educational counselling (the Hand-in-Hand project). 

2.3. Studies on the relationship between socioeconomic status and mathemat-
ics achievements 

Research results regarding the relationship between socioeconomic statuses and learn-
ing achievements also differ significantly, as shown below. Sun & Cai (2007) collected 
26 studies on the relationship between family socioeconomic status and mathematics 
achievements, and obtained the following results after conducting a meta-analysis: First, 
a minimal correlation existed between socioeconomic status and mathematics achieve-
ments. Second, student’s study grade was a critical variable that determined the level of 
influence socioeconomic status had on mathematics achievements, where the level of in-
fluence decreased as the study grade increased. Third, the influence that socioeconomic 
status had on students’ mathematics achievements differed significantly for different sub-
jects, where the average correlation coefficient was significantly higher for single sub-
jects compared to the overall grade. Regarding the differences between subjects, students’ 
mathematics achievements in mathematics had the highest correlation with family socio-
economic status. 

Zhang (2006) found that a positive correlation existed between parent’s socioeco-
nomic status and student’s mathematics achievement. Lee & Yu (2005) examined Aca-
demia Sinica’s Taiwan Education Panel Survey (TEPS) for 2001, and found that parent’s 
socioeconomic status had a direct influence on student’s educational achievements. Gong, 
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Lin & Zhang (2009) stated that by employing the mediating effects of mathematics learn-
ing motivation, parent’s socioeconomic status could indirectly affect student’s mathemat-
ics achievements in mathematics. Furthermore, parent’s socioeconomic status and stu-
dent’s mathematics learning motivation could be used to predict student’s mathematics 
achievements in mathematics. Zhang (2011) used the Organisation for Economic Co-
operation and Development (OECD) and Northern Europe’s Programme for Internal Stu-
dent Assessment (PISA) research concept to investigate the socioeconomic status factors 
that affect student’s mathematics performance, and found that the socioeconomic status of 
fathers played a key role, especially the father’s profession. 

Chi & Lin (2009) found that socioeconomic status was a crucial factor that influenced 
Taiwanese student’s performance for PISA subjects. Zhang (2011) focused on the role of 
cultural communication within family and found that if parents invested more time and 
effort in their children’s learning, the cultural communication between parents and chil-
dren could improve the learning of students who were underperforming in reading. Addi-
tionally, parents should provide children with a wealth of reading materials because the 
amount of books possessed and used as family education resources had a significant in-
fluence on students’ learning performance. 

2.4. Investigation of education for children of immigrants commonly adopted 
in Taiwan and other countries 

In this section, we discuss the actions that have been adopted by the government re-
garding the education of children of immigrants. Guo (2012) examined the values and 
implications of the American No Child Left Behind Act along with the current conditions 
and practices of the Adequate Yearly Progress system. She proposed the following strate-
gies to outline Taiwan’s obligations to the educational performances of primary and junior 
high school students:  
 

(1)  To value the student’s development of basic subject proficiency;  

(2)  To establish more flexible and realistic standards for learning performance;  

(3)  To ensure that educational responsibilities are diversified;  

(4)  To increase the professional competency of educational personnel;  

(5)  To conduct education reforms that emphasize effective learning to ensure that every 
child has the opportunity to improve; and  

(6) To pay close attention to the development of reading abilities. 

Yan (2009) explained after the Australian government’s establishes multicultural poli-
cies for new immigrants and see the immigrant management as a “customer service” issue, 
that to increase customer satisfaction and to enhance the service provided by government 
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sectors to new immigrants was emphasized. 
Qiu & He (2008) examined 340 educational institutions for new immigrants and found 

that they possessed the following characteristics:  
 

(1) To pay more attention to literacy education, life adjustment education, and family 
education, but less to vocational training;  

(2) To increase the grant related projects annually;  

(3) To promote wide range an educational activities; the top three activities are adult 
literacy classes, parenting education activities, and adult life adjustment classes;  

(4) The main human resource to educational activities are primary school teachers and 
administrators; but new immigrant volunteers or retired teachers are rarely employed; 

(5) The information on the subject of new immigrants, online information, and the new 
immigrant helpline all required improvement; and 

(6) The new immigrants experienced obstacles, such as low participation rates for activi-
ties or classes, a shortage of exclusive classes or resource materials, and a shortage 
of learning venues and hardware facilities. 

2.5. Studies on the application of fuzzy statistics and interval fuzzy numbers 

Since Zadeh (1965) developed fuzzy theory, it has been used to explain a number of 
real-life phenomena. Because thoughts are primarily products of a person’s subjective 
understanding of the surrounding natural and social phenomena, human knowledge pos-
sesses the features of fuzziness because of differences in subjective awareness, time, en-
vironment, and perspective. The fuzzy theory is developed based on how the human 
thought process applies fuzzy measurements and classification principles to the environ-
ment. This theory provided a more concrete understanding on the process of diverse and 
complex phenomena that are both ambiguous and uncertain. Human thoughts can be di-
vided into two categories: The first is formal thinking, and the other is fuzzy thinking. 
Formal thinking is logical and sequential, whereas fuzzy thinking is all-in-one and syn-
thesized (Xie & Wu, 2010). 

The investigation of the application of fuzzy statistics and interval fuzzy numbers in 
this section was divided into three parts. The first part is the development of fuzzy statis-
tical theory. Fuzzy theory introduced by Zadeh (1965) can explain a number of phenom-
ena, and since its establishment it has been widely developed and implemented. Recent 
studies have also developed numerous statistical analysis methods and concepts for fuzzy 
theory (Fan, 2010; Hsu, Tsai & Chiang, 2009; Ravi, Shankar, Sireesha, Rao & Vani, 2010; 
Sun & Wu, 2007;  Wang & Chen, 2010; Wu & Lin, 2002). The second part involves the 
examining of the interval fuzzy number method to expand the applicability of the theory 
(Chu & Lin, 2009; Hung, Vladik, Wu & Gang, 2011; Lin & Chen, 2004; Sengupta & Pal, 
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2000; Yager, Detyniecki & Bouchon-Meunier, 2001). The third part includes research 
documents on the sorting of fuzzy numbers. These research results introduce several 
methods, and propose a new model for comparing students’ interval fussy scores. With 
sorting after defuzzification, the issue of poor discrimination is resolved (Dubois, Fargier 
& Fortin, 2005; Harloff, 2011; Lee & Lee-Kwang, 2001; Lin, Yi & Wu, 2006; Liu, Wu & 
Liu, 2008; Nguyen & Wu, 2006; Suleman & Suleman, 2012; Wu & Lin, 2002). 

 
 

3. RESEARCH METHODS 
 
For this study, we purposively select two junior high schools in central Taiwan as the 

samples in 2011, and conduct an analysis of their midterm examinations. For the analysis, 
the schools afford 2,452 students, of whom 157 are new immigrant children, and 522 are 
children from high-risk families. The research procedures are explained as follows: To 
use interval fuzzy numbers to compare the mathematics performance of new immigrant 
children in Taiwan, the first step was to collect the students’ grades for the subjects of 
mathematics. These grades are converted into T-scores to define the interval fuzzy score 
(a, b), which then serve as the basis for Definition 3.1. The second midterm examination 
results for both the first and second semesters of 2011 are used to define the interval 
fuzzy scores (a, b), where a ≤ b. The second step is to identify the fuzzy means for the 
subjects of mathematics, which are subsequently used as the basis for Definition 3.2. The 
third step is to convert the interval fuzzy scores into defuzzified values, which then be-
came the basis for Definition 3.3. The fourth step is to conduct a nonparametric analysis 
and comparison using the defuzzified values. 

For the quantitative statistical analysis section of this research, we use nonparametric 
analysis and MINITAB16.0 statistical software. The reasons we used this analysis 
method are because it is designed for new immigrant children and children from high-risk 
families, who comprise the research sample for this study. The size of the sample is rela-
tively small and the Kolmogorov-Smirnov test shows non-normal distributions. Therefore, 
the use of nonparametric analysis is more appropriate to the actual situation (Xie & Wu, 
2010; Hung, Vladik, Wu & Gang, 2011; Nguyen & Wu, 2006). For this study, we use four 
definitions for fuzzy statistical quantitative analysis, that is, Definitions 3.1, 3.2 and 3.3. 
These definitions are described below. 

3.1. Fuzzy statistical definitions 

Definition 3.1. Interval fuzzy scores: In this study, interval number (a, b) is treated as 
student performance interval fuzzy scores, where a and b represent two different test 
scores for the same student, and ba  . (Lai & Wu, 2012)  
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For example, if a student received 88 and 78 (out of 100) for the two recent mathemat-
ics examinations, his/her mathematics performance interval fuzzy score would be repre-
sented as (78, 88). This means that the student’s mathematics performance is between 78 
and 88. The use of fuzzy scores (78, 88) can better reflect the true performance capabili-
ties of student compares to the traditional approach where the average of the two numbers 
(i.e., (78 + 88)/2 = 83) is employed. This is because human capabilities have highs and 
lows instead of being exact; thus, the use of exact values, although simpler, is not realistic. 
 

Definition 3.2. Fuzzy sample means for continuous models: For the fuzzy sample means 
for continuous models (where the samples are continuous and evenly distributed), U is set 
as the domain, and L as the k number of linguistic variables in U, where L = {L1, L2, Lk}. 
Xi is a fuzzy sample in U and the fuzzy sample mean is 

]
1

,
1

[
11



n

i
i

n

i
i b

n
a

n
xF

. 
(Nguyen & Wu, 2006) 

Definition 3.3. Interval fuzzy number defuzzification: By defuzzifying the interval fuzzy 
numbers, X = (a, b) can be converted into an interval fuzzy number where  

2
= c

ba 
 

is the center of the interval, and l = |b – a| is the absolute range of the interval. The 
defuzzified interval fuzzy number is  

fx = c + 1 － 
ln(1 )X

X


.  

 

If ba  , then the interval will approach to 
2

ba 
. (Nguyen & Wu, 2006) 

 
 

4. RESULTS AND DISCUSSION  
 
First, regarding the analysis of mathematics performance for new immigrant children, 

we use the research samples of these two junior high schools in central Taiwan and con-
duct an analysis of their midterm examinations. For this analysis, the schools provide 
2,452 students, of whom 157 are new immigrant children, and 522 are children from 
high-risk families. Thus, the research targets were 2,452 students (coded TT), including 
157 new immigrant children (coded TN) from the six main immigrant countries of Viet-
nam (coded Vi), China (coded Ch), Indonesia (coded In), Thailand (coded Th), the Phil-
ippines (coded Ph), and Cambodia (coded Ca). 
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The calculation process for students’ mathematics grades is as follows:  
 

(1)  To record the students’ results for the second midterm examination for the first and 
second semesters of 2011;  

(2)  To convert the marks from the two examinations into T-scores;  

(3)  To use Definition 3.1, we record these marks as interval fuzzy scores (a, b), where 
ܽ  ൑  ܾ;  

(4)  To calculate the fuzzy sample means by using Definition 3.2 and listed them in Ta-
ble 4.1, where MI denotes the mathematics interval scores. 

(5)  To defuzzify the interval fuzzy scores by using the defuzzification conversion 
method described in Definition 3.3, and then list the MD in Table 4.1; and 

(6)  We organize the defuzzification scores from highest to lowest and order after sorting 
in table (ORDER, henceforth).  

However, because the 2,452 students from the two junior high schools (coded TT) are 
used as the population for the various groups, the MI scores in Table 4.1 are (50, 50), and 
all have a defuzzified score of 50. The results of this study can serve as the norm- refer-
enced average score for various sample and population comparisons. 

Table 4.1.  Analysis on the mathematics performance of new immigrant children 
listed by country (all midterm results were converted into T-scores) 

 TT TN Vi Ch In Th Ph Ca 

First 
grade 

810 60 22 13 9 4 6 6 

Second 
grade 

811 56 19 10 10 8 6 3 

Third 
grade 

832 41 16 7 6 4 6 2 

Total 2452 157 57 30 25 16 18 11 

MI (50,50) (47,51) (45,52) (48,50) (46,51) (48,51) (49,51) (46,50) 

MD 50 49.5976 49.2029 49.4507 49.1416 50.0379 50.4507 48.5976 

Order 3 4 6 5 7 2 1 8 
 

Regarding the analysis on mathematics performance for children from high-risk fami-
lies, the study samples comprise 2,452 students from two junior high schools (coded TT), 
of whom 522 are children from high-risk families (code TH). They consist of the five ma-
jor groups of aboriginals (Aa), low-income families (Bb), single-parent families (Cc), 
families where the grandparents are the primary carers of the children (Dd), and foster 
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families (Ff). 
The calculation of the students’ mathematics marks is shown as followings: 

  

(1)  To record the students’ results of the second midterm examination of the first and 
second semesters of 2011; 

(2)  To convert their grades for the two examinations into T-scores;  

(3)  Using Definition 3.1, to record the marks as interval fuzzy scores (a, b), where 
a  ൑  b; 

(4)  To calculate the fuzzy sample means using Definition 3.2 and to list them in Table 
4.2, where MI denotes the mathematics interval scores;  

(5)  To defuzzify the interval fuzzy scores by using the defuzzification conversion 
method explained in Definition 3.3, and list the MD in Table 4.2; 

(6)  To organize the defuzzification scores from highest to lowest, ordered after sorting 
in table (ORDER, henceforth).  

However, because the 2,452 students from the two junior high schools (coded TT) are 
used as the population for the various groups, the MI scores in Table 4.2 are the overall 
scores (50, 50), and all have a defuzzified score of 50. This is used as the average score 
for the norm-referenced test conducted in this study to compare the various types of sam-
ples with the population.  

Table 4.2.  Analysis on the mathematics performance for children from high-risk 
families listed by groups (all midterm results were converted into T-
scores) 

 TT TH Aa Bb Cc Dd Ff 

First 
grade 

810 185 15 22 101 29 18 

Second 
grade 

811 149 21 17 93 7 11 

Third 
grade 

832 188 18 21 114 20 15 

Total 2452 522 54 60 308 56 44 
MI (50,50) (46,50) (46,49) (48,51) (45,49) (47,53) (48,52) 
MD 50 48.5976 48.0379 49.4507 48.1416 51.1416 50.5976 

Order 3 5 7 4 6 1 2 
 

Because the research samples used in this study are specified targets, that is, new im-
migrant children and children from high-risk families, and the sample number is small, 
we apply nonparametric analysis, which is more appropriate for the actual situation (Xie 
& Wu , 2010; Hung, Vladik, Wu & Gang, 2011; Nguyen & Wu, 2006). To determine 
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whether significant differences in learning achievements exist between the various groups 
of students, we use the fuzzy Wilcoxon rank sum test. “※”denotes those that achieve the 
0.05 level of significance; the analysis results are recorded in Table 4.3. 

Table 4.3.  Results of the fuzzy Wilcoxon rank sum test 

 TT Vi Ch In Th Ph Ca TN Aa Bb Cc Dd Ff TH 

TT  ※ ※   ※ ※ ※ ※ ※ ※ ※  ※ 

Vi               

Ch  ※             

In  ※             
Th  ※      ※      ※ 
Ph     ※          

Ca     ※          
TN               
Aa     ※          
Bb  ※             
Cc     ※     ※     
Dd    ※ ※     ※   ※  
Ff  ※ ※   ※ ※ ※ ※ ※ ※   ※ 
TH               

 
 

5. CONCLUSION AND RECOMMENDATIONS  
 
The results of analysis have three parties about comparison on the mathematics 

achievement of new-immigrant-children from the main immigrant countries, comparison 
on the mathematics achievement of new immigrant children, children from high-risk 
families, and all students enrolled at the school, counselling strategy suggestion. 

5.1. Comparison on the mathematics achievement of new-immigrant-children 
from the main immigrant countries 

The results of analysis have six parties about the mathematics achievement of new-
immigrant-children from the main immigrant countries. The mathematics scores, in de-
scending order, are the Philippines, Thailand, all students in the school, China, Vietnam, 
Indonesia, and Cambodia.  

5.2. Comparison on the mathematics achievement of new immigrant children, 
children from high-risk families, and all students enrolled at the school 

The results of analysis have six parties about the mathematics achievement of new 
immigrant children, children from high-risk families, and all students enrolled at the 
school. The mathematics scores, in descending order, are all students in the school, new 
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immigrant children, and children from high-risk families. But the differences in mathe-
matics performance are not significant between new immigrant children and children and 
high-risk families.  

5.3. Counselling strategy suggestion 

There are three counselling strategy suggestions for new-immigrant-children in Tai-
wan’s government. 
 

(1) They are the important strategies that long-term achievement monitoring and quality 
control, and attaching great significance to the learning process and results: In both 
the U.S. and Australia, regular and long-term learning achievement tests and track-
ing are conducted. For student’s learning process, we recommend schools to use 
supportive mechanisms to stimulate student’s learning motivation and to increase 
their mathematics achievements. Schools should also organize a wide variety of 
mathematics competitions to provide students with successful learning experiences. 
We also recommend that schools to organize parental education activities for parents 
of middle to low socioeconomic status to help improve their children’s mathematics 
achievements. 

(2) Increase the probability of success in learning: to develop initiatives and a confi-
dent learning attitude among students, and to provide family capital support and pre-
school and afterschool support programs to incorporate the perspectives of various 
groups in school curricula. In addition, it is also necessary to provide materials to 
children increases their probability of successful learning. 

(3) Support from teachers and parents can improve student’s learning outcomes: 
Teachers can help students to develop the motivation of succession while parents fo-
cus on family-oriented cultural communication. Although families may be unable to 
upgrade the cultural resources they possess, by acting in a more engaging manner 
and investing in their children’s learning and cultural communication, they can im-
prove students’ overall learning. 

 
 

REFERENCES  
 

Chang, Y. Z. (2006). Learning, Culture and Aboriginal Knowledge. Educational Journal of 

Changhua University of Education 9, 171–187. 

Chen, C. D. & Cheng, S. Y. (2008). A Study on the Relations between Cultural Capital and Aca-

demic Achievement: A Case Study of Sixth Graders in the Yulin County Elementary Schools. 

Educational Journal of Hsinchu University of Education 25(1), 79–98. 

Chen, Y. L. & Chen, S. M. (2004). The Study of High Academic Achievement Students of New 

Immigrant Children. Journal of School Administrators 76, 89–109. 



The Study of Taiwan’s New Immigrant Children’s Mathematics Achievement  43

Chi, H. Y. & Lin, H. S (2009). A Review of the Impact of Grade 1-9 Integrated Coordinated Cur-

riculum and Performance Differences between High School and Vocational School Students 

Based on the PISA Test. Educational Policy Forum.12(1), 1–39. 

Chou, C. Y. (2008). A Study on the Relations among Academic Achievements, Career Maturity 

and Life Adjustment of the Junior High School Students from Single-parent.Graduate Institute 

of Technical and vocational education. Unpublished master's thesis. Douliu, Yunlin, Taiwan: 

National Yunlin University of Science and Technology.  

Chu, T.  C. & Lin, Y. C. (2009). An interval arithmetic based fuzzy TOPSIS mode. Expert Sys-

tems with Applications 36, 10870–10876. 

Chung, F. C. & Wang, K. C. (2004). An Investigation of Language, Mental Ability, and Learning 

Behavior Development for Children of Foreign Bride Families. Journal of Education 23. 

Deng, K. S. (2007). The Study of Family Social Captial on at-risk Family Children’s Learning Ad-

justment. Unpublished master's thesis.Taipei City. Graduate Institute of Education, Mingchuan 

University.  

Dubois, D.; Fargier, H. & Fortin, J. (2005). The empirical variance of a set of fuzzy intervals. In: 

Proc. of the2005IEEE Int. Conf. on Fuzzy Systems, Reno, Nevada, May 22–25, 2005. (pp. 885–

890).  Washington, USA: IEEE Press. Available from: 

http://www.irit.fr/~Didier.Dubois/Papers0804/DFargFortin_FUZZ-IEEE05.pdf 

Fan, Z. P. (2010). An Approach to Solve Group-Decision-Making Problems with Ordinal Interval 

Numbers. IEEE Trans. Syst., Man, Cybern. B 40(5), 1413–1423. 

Gong, T. Y.; Lin, S. C. & Zhang, T. W. (2009). The social status of parents and the motivation to 

learn mathematics mathematics academic achievement — junior basic aptitude test, the field of 

mathematics. Educational Journal of Changhua University of Education 15, 121–142. 

Guo, C. H. (2012). The Accountability System of US No Child Left Behind Act and Its Implica-

tions. Journal of School Administrators 77, 64–88. 

Harloff, J. (2011). Extracting cover sets from free fuzzy sorting data. Qual. Quant. 45, 1445–1457.   

DOI: 10.1007/s11135-011-9497-y. 

He, Y. T. (2009). A study of the correlation between self-concept and academic Achievement on 

junior high school students rasied by single parent. Unpublished master’s thesis. Jiaoxi, Yilan, 

Taiwan: Graduate Institute of Futures Studies, Fo Guang University. 

Ho, W. S.; Chen, C. H. & Lian, T. C. (2011). A study of the Correlation among Self-concept, Aca-

demic Achievement and Life Adjustment of Foreign Spouses’ Children. Tajen Journal 38, 49–

67. 

Hong, C. I. (2011). The luminous angel lighting plan for aboriginal high-risk group of academic 

study, the effectiveness of behavior and related issues. Journal of Aboriginal Research in Tai-

wan 9, 37–70. 

Hsieh, J. C. (2008). Study of the Analysis of Immigrant Children in Taiwan Assessment of Student 

Achievement. Unpublished doctor’s thesis. Taipei, Taiwan: Graduate Institute of Education, Na-



LAI, Wen-Tsung; CHENG, Lung-Wei & LU, Chiu-Chu 44

tional Chengchi University. 

Hsu, T. H., Tsai, T. N. & Chiang, P. L. (2009). Selection of the Optimum Promotion Mix by Inte-

grating. A Fuzzy Linguistic Decision Model with Genetic Algorithms. Information Sciences, 

179(1–2), 41–52. 

Hu, Y. F. (2005). The Study of the relationship between Academic Achievements, Social relation-

ship and Self- Concept of the Students in Higher Graders at Elementary Schools from Grand-

parent Family. Unpublished master’s thesis. Chiayi, Taiwan: Graduate Institute of Education, 

National Chiayi University.  

Huang, Y.C. & Yang, D. C. (2011).The research on mathematic learning interest and confidence 

of the disadvantaged students at the early stage of primary schools in Taiwan. Journal of 

Chiayi University Education Research 26, 113–145.  

Hung, N.; Vladik, K.; Wu, B. & Gang, X. (2011). Computing Statistics under Interval and Fuzzy 

Uncertainty. Studies in Computational Intelligence.  Heidelberg, Germany: Springer-Verlag. 

Lai, T. Y. (2006). A Study on the Academic Performance and Related Learning Guidance Offered 

for Elementary and Junior High School Students Who’s Parents Were New Immigrants to 

Taiwan. Journal of Disabled Education 1, 12–24. 

Lai, E. & Wu, B. (2012). What Difference does it make? A New Approach to Comparing Student 

Achievement using Fuzzy Data. A paper presented at the 2012 International Symposium on In-

novative Management, Information & Production, IMIP 2012. October 8–10, 2012; Ho Chi 

Minh City, Vietnam.  

Lee, D. R. & Yu, M. N. (2005). The Verification of a Structural Equation Model on SES, Siblings, 

Household Education Resources and Educational Achievement: Using the Empirical Data of 

the 2001 TEPS. Taiwan Journal of Sociology of Education 5(2), 1–48. 

Lee, J. & Lee-Kwang, H. (2001). Comparison of fuzzy values on a continuous domain. Fuzzy 

Sets Syst. 118(3), 419–428.   Zbl 0971.03057 

Lin, C. C. & Chen, A. P. (2004). Fuzzy discriminate analysis with outlier detection by genetic al-

gorithm. Computers & Operations Research 31(6), 877–888. 

Liu, H.; Wu, B. & Liu, M. (2008). Investors’ preference order of fuzzy numbers. Comput. Math. 

Appl. 55(11), 2623–2630.   Zbl 1142.91540 

Lin, W. F. (2007). A Case Study of grand parenting and single-parent family children learning 

guidance in Elementary School. Unpublished master’s thesis. Chiayi, Taiwan: Graduate Insti-

tute of Educational administration and Policy Development, National Chiayi University.  

Lin, Y.; Yi, M. & Wu, B. (2006). Fuzzy classification analysis of rules usage on probability rea-

soning test with multiple raw rule score. Educational Technologies 2, 54–59. 

Ministry of the Interior (2012). 100 years of the Republic of China Statistical analysis of the chil-

dren of new immigrants in Taiwan. Taipei, Taiwan: Ministry of the Interior. 

Nguyen, H. & Wu, B. (2006). Fundamentals of Statistics with Fuzzy Data. Heidelberg, Germany: 

Springer-Verlag.  



The Study of Taiwan’s New Immigrant Children’s Mathematics Achievement  45

Qiu, I. L. & He, Q. R. (2008). Survey of the Status, Characteristics and Difficulties Surrounding 

the Implementation of Education for New Immigrants by New Immigrant Education Institutes 

in Taiwan. Educational Journal of Taitung University 19(2), 61–93. 

Ravi, N.; Shankar, V.; Sireesha, K.; Rao, S. & Vani, N. (2010). Fuzzy Critical Path Method based 

on metric distance ranking of fuzzy numbers. International Journal of Mathematical Analysis 

4(20), 995–1006. 

Rawls, J. (1972). The theory of justice. Cambridge, MA: Harvard University. 

Sengupta, A. & Pal, T. K. (2000). On comparing interval numbers. Eur. J. Oper. Res. 127(1), 28–

43.   Zbl 0991.90080 

Su, C. L. (2009). The Academic Achievement Problems of Aboriginal Students in Taiwan: A Lit-

erature Review. Humanities and Social Sciences Journal of Tzuchi University 8, 1–26. 

Sun, C. M. & Wu, B. (2007). New statistical approaches for fuzzy data. International Journal of 

Uncertainty, Fuzziness and Knowledge-based Systems 15(2), 89–106. 

Suleman, A. & Suleman, F. (2012). Ranking by competence using a fuzzy approach. Qual. Quant. 

46, 323–339.  DOI: 10.1007/s11135-010-9357-1. 

Sun, Y. I. & Cai, M. S. (2007). The Relationship of Socioeconomic Status and Academic 

Achievement—a Meta Analysis. Journal of Compulsory Education 19,199–221. 

Tang, K. T. & Yeh, C. R. (2011a). Research on High-Achieving boriginal Students’Academic Per-

formance in High Schools. Journal of Chiayi University Education Research 27, 141–188.  

_____ (2011b). High academic achievements of Aboriginal students learning a behavioral study. 

Journal of Aboriginal Research in Taiwan 9, 1–36. 

Wang, C.S. & Tsai, C.C. (2008).A Study of Learning Adaptation and Academic Achievements of 

Taiwan's Elementary School Students: Mothers with Southeast Asian, Mainland-Chinese and 

Taiwanese Nationality. Educational Policy Forum 11(2), 75–105. 

Wang, T. C. & Chen, Y. H. (2010). Incomplete Fuzzy Linguistic Preference Relations under Un-

certain Environments. Information Fusion 11(2), 201–207. 

Wang, Y. P. (1982). Low-income students in behavior problem, learning attitude and academic 

achievement research. Journal of Education Research 24, 253–259. 

Weng, F. Y. (2008). Advanced Seminar on Sociology of Educational Polick. Taipei, Taiwan: Wu-

Nan Publishing House. 

Wu, B. L. & Lin, Y. H. (2002). The introduction of fuzzy mode and its applications. Information 

of Statistics with Measurement 47, 23–27.  

Xie, M. C. & Wu, B. (2010). Modern educational and psychological statistics. New Taipei, Tai-

wan: Airiti Press Book. 

Yager, R. R.; Detyniecki, M. & Bouchon-Meunier, B. (2001). A context-dependent method for 

ordering fuzzy numbers using probabilities. Inf. Sci. 138(1–4), 237–255.   Zbl 0996.03511 

Yan, P. L. (2009). A Study on the Policy Plan of the Care and Service for the Immigrants and 

Their Children in Australia. Journal of Educational Theory and Practice 19, 95–138. 



LAI, Wen-Tsung; CHENG, Lung-Wei & LU, Chiu-Chu 46

Yang, J. F. (2010). Learning achievement of children in foster care — in Yunlin County Family 

Support Center. Unpublished master’s thesis. Taipei, Taiwan: .National Changhua University 

of Education. 

Zadeh, L. A. (1965). Fuzzy Sets. Inf. Control 8, 338–353.   Zbl 0139.24606 

Zhang, F. C. (2006). Explore the Relations among the Socioeconomic Status, Cultural Capital, 

Education Aspiration, and Academic Achievement by Structural Equation Modeling. Journal 

of Test 53(2), 261–295. 

Zhang, G. L. (2011). Exploring the Influential Factors of Social-economic Status on Students’ 

Literacy Performances: A Perspective from OECD and Nodic Pisa. Journal of Secondary Edu-

cation 62(1), 110–121. 

 


