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Abstract 

 

Previous studies have found that learning mathematics in English, where English is a 

non-native language for students is challenging. Most of the studies have been 

conducted in countries where English was either a native or second language. Few 

studies have been conducted in countries where English is a foreign language. More 

specifically, investigations on aspects of code-switching practice, obstacles and 

attitudes in learning mathematics in English are still limited. This study attempts to 

provide evidence on learning mathematics in English as a foreign language by 

focusing on these three main aspects. The current study was conducted in Indonesian 

International Standard Schools (ISS), where mathematics is learned in English.  

 

A mixed-methods approach was adopted in this study by employing an explanatory 

research design, sequentially performing surveys, classroom observations and 

interviews. The survey was distributed to 214 grade-seven students to ask about 

mathematical term challenges and attitudes towards learning mathematics in English. 

The classroom observations and interviews with 34 students were conducted in order 

to compare and contrast survey findings, explore code switching practices, identify 

the source of challenges for students and discover the resultant impact on attitudes. 

 

This study reveals several novel findings. Firstly, code switching by students exists 

in the ISS context in order to maintain the communication in both informal and 

formal academic conversations. This practice is influenced by cognitive, affective 

and social factors. While previous literature found that code-switching is a common 

feature in learning mathematics in a second language, the findings of the current 

study found that code switching also exists when students learn mathematics in a 

foreign language. Secondly, three main sources of difficulty were identified for 

students when learning mathematics in English: the characteristics of mathematical 

terms, the complexity of mathematical concepts, and the status of English as a 

foreign language. Limited English competencies appear to be the main source of 

difficulty in mastering concepts and mathematical terms. Finally, students in ISS 

schools in Indonesia have positive attitudes towards learning mathematics in English. 

These positive attitudes are mostly influenced by code-switching and their beliefs in 

the value of English.  

 

In conclusion, the current study identified (i) the importance of code-switching 

practices in learning mathematics in a foreign language, (ii) the potential sources of 

obstacles and (iii) the significant contribution of students’ attitudes have on 

overcoming these obstacles. An important practical implication is that code 

switching by students is to be encouraged when learning mathematics in a foreign 

language. Such practice increases students communication in the classroom and 

facilitates their understanding of mathematical concepts and terms. This practice also 

influences their attitudes because it can diminish their anxiety in learning 

mathematics in English. In terms of future research, the relationship between code 

switching and students’ attitudes needs to be investigated across Indonesia as well as 

in other non-English speaking countries. Studies with larger sample sizes across 

different countries would also enable corroboration and generalization of findings.  
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Chapter 1 : Introduction 

 

1.1 Thesis structure 

This thesis comprises seven chapters. This first chapter provides an introduction to 

this present study and explains its context. The next chapter, chapter two, begins by 

identifying the common research topics in the field of teaching and learning 

mathematics in non-native language. It goes on to present and discuss the results of a 

systematic search as part of a systematic literature review.  

 

Chapter three describes the research approach employed to answer the research 

questions. It explains the research methodology in detail, including the sampling 

methods, the nature of participants, the description of each research instrument and 

the approaches and procedures employed for collecting the data. The data analysis of 

each research question will be presented in different chapters. Chapter four presents 

the data analysis of the first research question about the code-switching practised by 

the students in mathematics class. Chapter five and six present the data analysis of 

the second and third research questions respectively. The last chapter, chapter seven, 

discusses the findings and draws conclusions from this study. It also offers some 

limitations and implications for further research, policy makers and mathematics 

teachers.  

 

As mentioned at the beginning of this section, the next sections provide a brief 

introduction to this study, and also its rationale, research questions, purposes and 

significance. They are then followed by a discussion of the context of this study 

involving the education system in Indonesia, the ISS programme as well as the role 

of English in Indonesia.  
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1.2 Introduction to the present study 

This study investigates the process of learning mathematics through English in 

Indonesia where English is a foreign language. In regular schools, mathematics is 

taught in Indonesian. This study was conducted in the International Standard School 

(ISS) where mathematics is taught in English. In 2003, the Indonesian government 

started to implement a new programme called the International Standard School 

(ISS). The detail of this programme is discussed later in section 1.7. 

 

The implementation of the ISS faced many problems. However, there was limited 

research that examined the implementation of the ISS. Previous research was mostly 

focused on the technical and managerial issues of the ISS implementation in relation 

to government regulations (Suyanti, 2009; Surahman, 2010; Balitbang, 2010; 

Wuradji & Muhyadi, 2011; Sufi & Maryani, 2012; Muziatun, 2014). The other 

studies evaluate the financial issues (Andrianto, 2010; Haryati, 2012) and the 

teachers’ competencies development (Marsigit, Hartono, Sahid, Wijaya, 2010). 

 

Lack of study that focused on the process of teaching and learning mathematics in 

the ISS was one of the reasons behind conducting this study. Therefore, the initial 

aim of this study was to examine the implementation of the ISS programme by 

exploring the process of learning mathematics in English from the student’s point of 

view so that the findings of this study would be beneficial with regard to improving 

the implementation of the ISS. However, soon after the data collection of this present 

study was completed, the implementation of the ISS programme was stopped in 2013 

by the government as a follow up of the Constitutional Court verdict. One of the 
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main reasons for this cessation was that the ISS programme was not in accordance 

with the Indonesian fundamental constitution 1945 (Undang-Undang Dasar 1945).  

Due to the cessation of the ISS, the original aims of this study have now become 

more general that is to explore the process of learning mathematics through English 

in Indonesia where English is a foreign language. Therefore, the discussion of the 

findings has been adjusted to a broader context than the ISS that is learning 

mathematics in English for Indonesian students. Although the ISS programme was 

suspended by the Constitutional Court, many schools, especially the private schools 

in Indonesia, still voluntarily teach mathematics in English, since they may obtain 

competitive advantages (such as being perceived as elite schools, easily getting 

higher performance pupils and setting higher fees). Given these facts, this present 

study is still relevant and the findings of this study could be beneficial for these 

schools.  

 

1.3 Rationale of this study 

Learning mathematics is similar to learning a foreign language, since mathematics 

has its own language (Lee, 2006). Therefore, when English is a foreign language for 

students, learning mathematics could be equated to learning a foreign language in a 

foreign language. This is far from being a simple task because the students need to 

deal with the complexity of English and the mathematical language at the same time.  

 

English is a foreign language in Indonesia and is rarely used in daily conversations. It 

is learned as a school subject for two hours a week in primary 5 and 6, and for three 

to four hours a week in the secondary level. According to the government report, 



4 

 

some students in the elementary and secondary level experienced difficulties while 

learning English, especially in terms of its structure and grammar (Annual Report 

from the Indonesian Ministry of Education, 2010). Moreover, the research conducted 

in several Indonesian provincial universities shows that students feel frustrated when 

they learn English in junior high schools (Lamb, 2004). It seems that some 

Indonesian students are facing some problems in learning English at school. 

 

Regarding mathematics as a school subject, most Indonesian students assume that 

mathematics is the most difficult subject in the curriculum (Abdurrahman, 2003). 

Students also have difficulties in mastering concepts in mathematics, as can be seen 

from the average results of the national examinations which are always below that of 

other subjects (Annual reports from Indonesian Ministry of Education, 2010). 

According to the latest Trends in International Mathematics and Science Studies 

(TIMMS 2011) and the Programme for International Student Assessment (PISA 

2012) reports, mathematical competency of Indonesian students was ranked 38
th

 out 

of 42 countries and 64
th

 out of 65 countries, respectively. Indonesia has remained in 

the bottom rank for these two tests from 2003 until now, which implies that the 

mathematics proficiency of Indonesian students is very low compared to other 

countries.  

 

Given the fact that the Indonesian students have relatively low mathematical and 

English competencies, learning mathematics in English would be very challenging 

for them. However, to the best knowledge of the researcher, no previous studies have 

been conducted within this field in Indonesia. Therefore, this study attempts to 



5 

 

explore the process of learning mathematics through English where English is a 

foreign language in Indonesia.     

     

There are a number of research studies on teaching and learning mathematics 

through the medium of English as a non-native language. For example, Adler (2001), 

Setati and Adler (2000), Moschkovich (2005) and Schafer (2010) looked at the use 

of the first language and additional language known as language switching or code-

switching when students learn mathematics; Novotna, Moraova and Hofmannova 

(2003) focused on teachers’ and students’ English proficiency; Gee (1999) looked at 

students’ learning process; Setati (2002) looked at the classroom interaction from  

teachers’ perspective; and Hofmannova and Novotna (2003) studied students’ 

attitude when learning mathematics in English. These studies were conducted in the 

countries where English is a second language. Very limited studies have been 

conducted in the countries where English is a foreign language, such as Indonesia.   

 

Considering the lack of prior studies on learning mathematics in English as a foreign 

language and the absence of research within this topic in Indonesian context, this 

present study attempts to fill this gap. In particular, this study investigates the code-

switching practiced by students and the obstacles and attitudes of the students when 

they learn mathematics in English. The literature review reveals that these issues are 

the focus of most studies in the field of learning mathematics in non-native 

languages, however there are some gaps from the previous studies that this study 

seeks to address (as discussed in chapter 2). 
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1.4 Research questions 

As discussed previously, this study explores the processes of learning mathematics in 

the ISS with a particular focus on code-switching practices, mathematical vocabulary 

challenges and attitudes. This study sought to answer three main research questions 

that emerged from gaps in the literature review in chapter two. The three main 

research questions are:  

1. Does code-switching exist in mathematics class in the ISS? 

a. What languages are students using? 

b. When do they switch the languages? 

c. Why do they switch the languages? 

2. What is the nature of the difficulties related to English mathematical terms faced 

by students when learning mathematics in English? 

3. What attitudes are developed by students towards mathematics learned in English 

as a foreign language? 

Based on the research questions above, this study aims to: 1) investigate the 

existence of code-switching and describe its practices in the Indonesian context; 2) 

explore the obstacles Indonesian students experience when learning mathematics in 

English; and 3) examine the students’ attitude towards learning mathematics in 

English. 

 

1.5 Purpose and significance of the research 

As mentioned earlier, despite the cessation of the ISS programme, many schools, 

especially private ones, still use English as a medium of instruction in mathematics 

class. Therefore, the findings of this study have the potential to inform mathematics 
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teachers in some parts of Indonesia who still conduct mathematics lessons in English 

or are bilingual. In the international context, the findings of this study could 

enlighten mathematics teachers who teach mathematics in English where English is a 

non-native language for both teachers and students, for example, in some Asian 

countries (such as Philippines, Malaysia, Brunei, Pakistan and Nepal), some African 

countries (such as Nigeria, Kenya and Zimbabwe) and some European countries 

(such as the Czech Republic, Italy and Spain). This study, particularly, provides 

findings regarding the challenges students faced when learning mathematics in 

English when English is a non-native language. If mathematics teachers recognise 

the characteristics of the challenges, they may be able to formulate a teaching 

strategy to minimize these challenges and make teaching and learning mathematics 

in English more effective. In addition, this study will contribute to the better 

understanding of the process of learning mathematics in a non-native language, in 

this case English. In particular, since East-Asian cultures and languages share many 

common features, the results of this study will provide insight into other Asian 

students who learn mathematics in English, such as in Malaysia, Brunei, Singapore 

and the Philippines.   

 

The findings of this study will also hopefully help the Indonesian government, 

particularly the stakeholders in the Ministry of Education who are trying to formulate 

a new policy as a substitute for the ISS programme while looking for research 

evidence on the ISS programme. As mentioned previously, the cessation of the ISS 

lacked research evidence and was based on subjective objections from some parties 

(particularly non-government organizations) who were against the ISS programme. 

This study attempts to provide information related to the implementation of the ISS 
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programme, particularly in mathematics class by considering students’ and teachers’ 

voices. The findings of this study could provide support or contra evidences from an 

academic research study on the cessation of this programme. These findings could 

also provide insight into the ISS implementation from the student’s point of view that 

could be used to help formulate new programmes or policies.   

 

In order to provide an explanation of the context of this study, the next sections 

discuss the education system in Indonesia, the ISS programme as well as the role of 

English in Indonesia.  

1.6 Education system in Indonesia 

The recent reform of education in Indonesia has been quite substantial. The changes 

made to the education system and the curriculum from national-centred to local-

centred, and the changes of teaching orientation from teacher-centred to student-

centred are examples of the reformation (Indonesian Ministry of Education, 2003). 

The Indonesian government also established the International Standard School (ISS) 

programme in 2003 whose main aim was to prepare pupils so they could compete 

internationally (National Education Act no 20, 2003 article 50). The national 

curriculum keeps changing. In the last decade, it was changed three times in 2004, 

2007 and 2013.  

 

School education in Indonesia follows the 6-3-3 pattern: the first six years in the 

elementary school (SD) and three years in the junior high school (SMP) are 

compulsory, while the last three years of the senior high school (SMA) are optional. 

An outline of the education system in Indonesia is presented in Table 1.1 below. 
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Table 1.1: Overview of Indonesian Education System 

Age 

Ministry of Education Ministry of Religious Affair 

National Curriculum National Curriculum 

Plus 

National Curriculum for 

Madrasah 

4.5 – 6 Taman Kanak-

kanak 

(Kindergarten) 

- Raudhatul Athfal (RA) 

(Islamic Kindergarten) 

7- 12 Sekolah Dasar (SD) 

(Elementary 

School) 

SD/MI SBI/RSBI 

(ISS Elementary 

School) 

Madrasah Ibtidaiyah (MI) 

(Islamic Elementary 

School) or Pesantren  

(Islamic boarding school) 

13-15 Sekolah Menengah 

Pertama (SMP) 

(Junior High 

School) 

SMP/MTs SBI/RSBI 

(ISS Junior High 

School) 

Madrasah Tsanawiyah 

(MTs) 

(Islamic Junior High 

School) or Pesantren  

(Islamic boarding school) 

16 – 18 Sekolah Menengah 

Tingkat Atas 

(SMA) (Senior 

High School) 

Vocational School 

SMA/MA SBI/RSBI  

(ISS Senior High 

School) 

Or  

SMK SBI/RSBI  

(ISS Vocational 

School)  

Madrasah Aliyah (MA) 

(Islamic Senior High 

School) or Pesantren  

(Islamic boarding school) 

 

 

          Universities 

Age Ministry of Education 

19-22/23 S1 (Undergraduate) 

22- S2 (Master) and S3 (Doctorate) 
 

The majority of children attend public schools under the control of the Ministry of 

Education. Private schools are common in some areas, especially in Java (home of 

around 60% of the Indonesian population) and some other big cities in the other 

islands. The quality of the two types of school is often similar and they both follow 

the national curriculum. Another type of schools is the Islamic school that is called 

Madrasah and Pesantren (Islamic boarding school). Islamic schools follow a distinct 

curriculum which comes under the Ministry of Religious Affairs.  
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Any type of school that can add international value, denoted by the government as X-

value, could be classed as an ISS. In Indonesian, an ISS was known as and called 

Sekolah Berstandar Internasional (SBI). Meanwhile, schools which were on the 

move to the ISS were called Rintisan Sekolah Berstandar Internasional (RSBI). The 

characteristics of ISS are discussed further in the next section. 

 

Final year students in each school level (primary or secondary) have to take a 

national examination (Ujian Akhir Nasional/UAN) which is the same for all types of 

schools. Students’ performance in the UAN can be used in determining whether they 

can continue to the next level of education or not. The ISS students also had to take a 

final examination in English in order to graduate.  

 

At the tertiary level, Indonesia has state universities and private universities. These 

two types of universities come under the Ministry of Education. Most of the 

universities offer undergraduate (Bachelor (S1)) and postgraduate (Master (S2)) and 

Doctorate (S3) programmes. The students have to pass an entry test in order to 

continue to university.  

 

1.7 International Standard School (ISS)  

This section discusses the International Standard School (ISS) programme including 

the characteristics of the ISS, the students’ and teachers’ recruitment procedures. The 

aim of this section is to provide a detailed setting of this study.  

 

The ISS programme was one of the policy initiatives taken by the Indonesian 

government to improve the quality of education. The key feature of the school was 

the use of English language as a medium of instruction in classroom activities for 
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mathematics, science and information technology subjects (Regulation of the 

Indonesian Ministry of Education no 78, 2009, article 5). The rationale of this 

programme was to support the creation of an educated population that lives 

peacefully and democratically and could also compete openly in an increasingly 

globalised world (Regulation of the Indonesian Ministry of Education no 78, 2009). 

In relation to the global era, the main aims of this programme were to introduce 

English as an international language, to provide language skills, and to equip 

students with information technology skills so that they are able to communicate 

with people from other countries, and have better job opportunities (Regulation of 

the Indonesian Ministry of Education no 78, 2009 article 2).  

 

The ISS follows what was called the Curriculum National Plus. Basically, the 

curriculum was the same as the Indonesian national curriculum offered by the 

Ministry of Education for regular schools (non-ISS). The curriculum was called 

“Plus” because the ISS should add international value that was referred to as X-

value. The definition of international value (X-value) in the curriculum was quite 

open and hence there were several different interpretations of it. For example, some 

schools interpreted international value as adding some aspects from foreign curricula 

that were internationally accepted, such as the Cambridge curriculum or other 

curricula of the Organisation for Economic Co-operation and Development (OECD) 

members. The most common interpretation of X-value was using English as a 

medium of instruction within the classroom.  

 

The ISS programme was officially terminated in the middle of 2013 before the 

academic year 2013/2014 was started. This was based on the recommendation of the 
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Constitutional Court of the Republic of Indonesia (Verdict Number 5/PUU-X/2012). 

The verdict was based mainly on the objections submitted by some non-

governmental organizations (NGOs), which appointed themselves as representatives 

of students, parents and a number of teachers. They claimed that the ISS programme 

was not in accordance with the fundamental constitution 1945 (Undang-Undang 

Dasar 1945) which stipulates that every Indonesian should have the same access to 

education. They argued that the ISS programme did not provide every child with the 

same opportunity as only children who were good at English could access it, and, 

hence, it creates discrimination among students. Furthermore, they asserted that the 

use of English as a medium of instruction in the ISS programme could decline 

nationalistic idealism, impair skills in Indonesian and local languages and add to the 

burden of learning (MK, 2012). However, many private schools, particularly in big 

cities, still implement some of the ISS programme, such as teaching mathematics and 

science in English. 

 

1.7.1 The characteristics of ISS 

The characteristics discussed in this part are based on the latest regulations set by the 

Indonesian Ministry of Education, such as regulation number 78 (2009). There were 

several requirements for regular schools to become ISS schools, including the 

requirements for head teachers, the composition of teachers, school management and 

facilities.  

 

The requirements for becoming a head teacher in the ISS were that they should be 

resident in Indonesia and had to: 1) hold a Master’s degree or higher from an 

accredited university; 2) be fluent in English with the TOEFL score being more than 
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or equal to 7.5; 3) have an international network, good managerial skills and clear 

vision to improve the school programmes.   

 

There were three different standards regarding the composition of the teachers in the 

ISS for elementary and secondary schools. For the elementary level, at least 10% of 

the teachers should hold a Master’s or doctorate degree, 20% and 30% for junior 

high schools and senior high schools, respectively. Teacher recruitment will be 

discussed in detail in the next section. 

 

All facilities of teaching and learning in the ISS, including classrooms, laboratories, 

and libraries, had to be equipped with computers, projectors and internet connection. 

Schools that ran the ISS programme had to provide rooms to support students’ 

activities in art, culture and sport. They also had to have a clinic for emergency first 

aid. 

 

In particular, ISS schools had to: 

1.  Hold ISO 9001 version 2000 upward and ISO 14000. 

The ISS should be highly managed; this means that the management of the ISS 

should be based on international standards. In this case, the ISS should hold ISO 

9001 and ISO 14000. The ISO 9001 is an international standard for quality 

management, so the ISS should be well structured and organised. Meanwhile, ISO 

14000 is an international standard for environmental management. This means 

that the ISS had to minimize harmful effects on the environment caused by their 

activities and continually improve their environmental concerns or awareness. 
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2. Consist of multi-cultural or multi-ethnic students. 

This means that schools should give every chid the same entrance opportunity. 

They had to have an anti-racism policy and respect all ethnicities as Indonesia has 

more than 300 ethnic groups. 

3.  Have a sister school. 

The schools should interact with other schools in Indonesia or other countries to 

share experiences with and get feedback from them in order to improve the 

quality of each school. In addition, it was recommended that they have sister 

schools in other countries in order to broaden their network. 

4.  Support international programmes such as: anti drug, smoking and bullying  

programmes  

This was a way to become actively involved in international programmes to give 

students the opportunity to take part in international activities so that they feel part 

of whole world society. Hence, the ISS school was not only a place to learn 

academic aspects but also social aspects.   

5.  Have no gender differences.  

This means that all policies, programmes, facilities and activities in ISS should 

give equal opportunities for all students, boys and girls. 

6.  Actively involved in international competition for students 

As one of the aims of the ISS system was preparing pupils so that they could 

compete internationally in an increasingly globalised era, ISS schools were 

encouraged to become involved in international competitions to provide students 

with the experience in competing at the international level.  
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1.7.2 Student recruitment 

The ISS had high standards in recruiting students. To enter the ISS, students had to: 

1. Have the average score of the national examination minimum 7.5. 

2. Have an intelligence score above the average level, based on the result of 

intelligence test and potential academic test.      

3. Pass the ISS entrance test. The entrance test consisted of mathematics, 

science and English tests. Each multiple-choice test was aimed at measuring 

students’ competence in each field. (Regulation of Indonesian Ministry of 

Education, no 78, 2009, article 16) 

The decision on whether students were accepted or not was based on their rank. The 

rank was based on the composition of 40% from the students’ score in the national 

examination and 60% from an entrance test score that came from 25% of 

mathematics score, 20% of science score and 15% of English score. The intelligence 

score was only a pre-requirement to apply to the ISS but it did not contribute to the 

rank. The composition is shown in Table 1.2.  

Table 1.2: Composition for students rank 

40% for 

national 

Examination 

result 

60% for ISS entrance test 

25%  

for maths score 

20%  

for science score 

15%  

for English score 

 

1.7.3 Teacher recruitment  

The characteristics of teachers in the ISS were: 

1. They could use computers and other information technologies to enhance the 

teaching and learning processes;  

2. They could conduct the teaching and learning in English for mathematics, 

science, and information technology; 
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3. They were certified for their specific competence (for vocational-schools’ 

teachers); 

4. They had a TOEFL score equal to or more than 7.5.  

The English-proficiency requirement above was negotiable because, in reality, 

teachers who had TOEFL score below 7.5 could teach in the ISS. Suyanti (2009) 

confirmed this condition. She found that some teachers at junior high school ISS in 

Yogyakarta did not have sufficient English proficiency, particularly in writing and 

speaking. Hence, they experienced difficulties in teaching school subjects in English.  

 

1.8 Languages in Indonesia  

1.8.1 Diversity of languages in Indonesia 

Indonesia is an archipelago nation located in South East Asia, comprising about 

17,000 islands of which 8,000 are inhabited. It is the home of over 252 million 

people, making it the world's fourth most populous country. There are around 300 

distinct native ethnic groups. 

 

In relation to the languages spoken in Indonesia, there are approximately 800 local 

languages which are spoken daily at home and within the local community. Bahasa 

Indonesia (Indonesian) is the national and official language, which is commonly 

used at school, at work and in formal or official settings. Most Indonesian people, 

aside from speaking Bahasa Indonesia, are fluent in their local languages. However, 

there is a trend that some young Indonesians cannot speak their local language 

(Sofiah, 2011). 
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The majority of the population in Indonesia is multilingual from childhood. They 

speak their local languages and the national language in everyday life. Therefore, a 

student who attends the ISS can be assumed to be a multilingual student as the 

language of instruction in these schools is English.   

 

My study was conducted in one of the Indonesian provinces called Yogyakarta that is 

located on Java Island. Most of the participants in this study are Javanese and they 

speak Javanese, but some of them do not, particularly those from other parts of 

Indonesia. 

 

1.8.2 English within the Indonesian context 

In every country, English has its own status either as first, second or foreign 

language. A first language is also known as a mother tongue which refers to the 

language that derived from the mother or parents of the children and used in daily 

communication within the society where they live (Puchihetti, 2013). English is a 

first language in English speaking countries where English is spoken widely for 

everyday communication both at home and school (Kachru, 1992). Regarding the 

terms second and foreign language, some scholars use these two terms 

interchangeably because there is no clear distinction between these two terms 

(Broughton, et al., 2003). However, there are some basic differences between these 

two terms. According to Michieka (2011, p.208), English as a foreign language 

means that English is mainly acquired in the classroom and not much of it is 

available in the learner’s immediate environment; it is not the language of instruction 

or interpersonal communication nor is it the language of administrative or legal 

systems. This implies that English is usually taught as a school subject with little or 
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even no opportunity to use it in daily life communication (Broughton, et al., 2003; 

Ringbom, 1979, 2007). Meanwhile, English as a second language is when the 

language is spoken in the immediate environment of the learner and the learner has 

good opportunities to use the language in natural communication situations 

(Ringbom, 1979). It is widely used within the community (Stern, 1983) in 

commercial, administrative and educational settings (Broughton, et al., 2003). 

 

English is a foreign language in Indonesia (Kachru, 1992; Simatupang, 1999; 

Crystal, 2003; Lauder, 2008). This fact is well explained by Kachru’s model (Figure 

1.1).  

 

 

 

 

 

 

 

 

Figure 1.1 Kachru’s three-circle model of world Englishness.  

Sources: (Kachru, 1992: 356) 
 

Karchu’s model has three circles: inner, outer and expanding circle. The inner circle 

refers to the countries that originally speak English: the UK, US, Canada, Ireland, 

Australia and New Zealand. The outer circle refers to the countries where English is 

the official second language. Many countries in this circle are Commonwealth 

countries of the countries in the inner circle. Meanwhile, the expanding circle 

consists of the countries which consider English as an important language yet have 

The “Expanding Circle” 

China, Egypt, Indonesia, 

Israel, Japan, Korea, Nepal, 

Saudi Arabia, Taiwan, Russia, 

Zimbabwe, etc 

 

The “Outer Circle” 

Bangladesh, Ghana, India, 

Kenya, Malaysia, Nigeria, 

Pakistan, Philippines, 

Singapore, Sri Lanka, 

Tanzania, Zambia 
 

The “Inner Circle” 

USA, UK, Canada, 

Australia, New 

Zealand 
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not given it any official status. Indonesia is positioned in the expanding circle. For 

the countries in this circle, English is considered as a foreign language.  

 

In Indonesia, English is not widely used as a medium of communication, nor does it 

have any official domain (Simatupang, 1999). However, it has special status among 

other foreign languages and became the most important foreign language to be taught 

as a compulsory subject in school (Simatupang, 1999; Lauder, 2008). Most 

Indonesian people perceive English skills to be important or even essential. It is a 

requirement for many types of employment, as well as being a symbol of modernity 

and intelligence (Gunarwan, 1998). 

 

English has a number of functions in Indonesia as summarised by Lauder (2008, p.12): 

1. As a means of international communication in practically all fields or walks of 

life; 

2. As a medium through which scientific knowledge and new technologies can be 

accessed and implemented with a view to succeeding in the global marketplace; 

3. As a source of vocabulary for the development and modernization of Indonesia; 

4. As a way to get to know native speakers of English, their language, culture and 

literature or as a means of expanding one’s intellectual horizons. 

The first three functions appear to be in line with the main reasons for the 

government to establish the ISS programme (Regulation of the Indonesian Ministry 

of Education no 78, 2009 article 2).  
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1.9 Chapter summary 

This chapter provides the structure of this thesis and introduces this study briefly. It 

also explains the rationale, research questions, purposes and significance of this 

study. As this study was conducted in an International Standard School (ISS) in 

Indonesia, this chapter presents the context of this study in detail including the ISS 

programme, the education system and the role of English in Indonesia. The next 

chapter reviews relevant studies in order to establish the study’s theoretical 

framework, identify the gaps of the previous studies and define the keys terms used 

in this study.  
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Chapter 2 : Literature Review 

 

2.1 Introduction 

This chapter  reviews and highlights the literature and research studies on 

mathematics learned in non-native languages, particularly English. The aim of this 

chapter is to provide a thorough review of the literature pertinent to the issues related 

to learning mathematics in English as an additional language for both students and 

teachers. This review of literature has been conducted in a traditional narrative way. 

However, the researcher has employed a systematic approach in searching the 

relevant literature that includes determining the key words, combining the key words, 

selecting databases and identifying the appropriate literature by applying inclusion 

and exclusion criteria.  

 

The rest of this chapter discusses the processes of searching the literature and then 

examines the relevant literature obtained from the systematic search. The searching 

and reviewing processes were conducted in sequential manner (Figure 2.1). The first 

step was reviewing literature pertinent to the research themes in the context of 

learning mathematics in English as a non-native language. The second step was 

discussing literature on three issues that are the focus of this current study, namely: 

code-switching practice, the nature of difficulties faced by students and the students’ 

attitudes towards learning mathematics in English. Each step is discussed in the next 

consecutive sections. This chapter concludes with a summary of the main ideas from 

the literature review. 

 



22 

 

 
Figure 2.1 Process of reviewing literature 

 

2.2 Systematic literature review on the major research themes on 

learning mathematics in English  

This section describes the processes of searching literature that relates to the topic of 

this study; that is learning mathematics in English as an additional language (either a 

second language or a foreign language). The aim of this section is to map out the 

major research themes within the topic of learning mathematics in English as a non-

native language and to identify the themes that are appropriate within the context of 

this study. 

 

The key words derived from the general topic of this study that is ‘Learning 

mathematics in English’ are learning, mathematics and English. As English is a 

foreign language in Indonesia, the key words also include foreign language. Some 

scholars use different terms to call a foreign language such as second language, 

additional language, non-native language or non-vernacular. The key words also 

contain the word teaching or teach because some scholars often include these words 

when discussing the process of learning mathematics in the classroom. The list of 

complete key words that were used to search literature is summarised in table 2.1.  
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Table 2.1 Key words for searching literature on learning mathematics in English 

Key words 1 Key words 2 Key words 3 

Learning 

Learn 

Teaching 

Teach 

Mathematics 

Math* 

English 

additional language 

second language 

foreign language 

non-native language 

non-vernacular 

non-mother tongue 
 

The keywords listed above were used in combination to find the relevant papers. In 

addition, the Boolean operators were employed during the search. The literature 

searches were conducted using CrossSearch in five electronic databases provided by 

the University of Dundee; namely: British Education Index, Australian Education 

Index, ERIC, Scopus and Applied Social Science Index and Abstracts. In addition, 

Google Scholar was also employed to generate more results that may not be provided 

by the aforementioned five databases. However, Google Scholar often provides 

abundant results that might not be exactly related to the topic of this study. 

Therefore, the researcher decided to focus on the first 300 results to make the search 

more manageable. Another reason is that, based on the researcher’s own experiences, 

the results obtained from Google Scholar tend to not relate to the key words after the 

first 100 results. Therefore, by considering the first 300 results, it would be fair 

enough to say that there is little possibility of getting more relevant references after 

that. 

 

In order to identify the issues that are relevant to the ISS setting, the review covered 

the countries in which the study is conducted (whether in English speaking or non-

English speaking countries), the participants, topics of study and the role of English 

in that country (whether English is a first, second or foreign language).  
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Results 

There were 6956 results obtained from across the five databases and 300 results from 

Google Scholar. However, there were only 971 studies related to the topics of 

teaching and learning mathematics in a non-native language. After reviewing the title 

and the abstracts, it can be concluded that most studies on the topic of learning 

mathematics in English as an additional language were conducted in English-

speaking countries such as the UK, the US, Australia and New Zealand (see Figure 

2.2). There are a number of studies in this topic that were conducted in the countries 

where English is an official language or second language: for example, South Africa, 

Nigeria, Malawi, Botswana, Singapore, Hong Kong, Malaysia, India and Pakistan). 

There are very few studies carried out in the countries where English is a foreign 

language such as Czech Republic, Finland, Switzerland, France, Brunei, China, 

Japan and Nepal. Regarding the role differences of English whether as a second 

language, official language or foreign language, has been discussed in section 1.8.2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2 Distribution of research studies based on countries  

 

The studies conducted in English speaking countries were mostly focused on the 

issues of how to cope, teach and improve communication skills and mathematical 
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skills of the English Language Learner (ELL) in a mathematics class (for example 

Abedi & Lord, 2001; Torres-Velasquez & Lobo, 2004; Lager, 2006; Lopez, 2010). 

ELL is a term that is used mainly in the US to describe students whose native 

language is not English (Kersaint, Thompson & Petkova, 2009). ELL’s ability in 

English lies anywhere on “a continuum from knowing only a few words to being 

able to use everyday English, although they still need to acquire more English so that 

they can succeed academically at school” (Kersaint, Thompson & Petkova, 2009, 

p.3). Regarding speaking ability, ELL students range from those who cannot speak 

English at all to those who speak with some limitations (Goldenberg, 2008).  

 

The other common research topics in English speaking countries are: teachers’ 

attitudes towards ELL (such as Youngs & Youngs, 2001; Garcia-Nevarez, Stafford 

& Arias, 2005; Reeves, 2006; Pettit, 2011); teachers’ problems when working with 

ELL (such as Herman & Abedi, 2004; Gandara, Maxwell-Jolly & Driscoll, 2005); 

ELL issues when solving mathematical problems and when understanding 

mathematical concepts (such as Beal, Adams & Cohen, 2010). There are many more 

issues such as standardised assessment for ELL (Abedi, Lord & Plummer, 1997; 

Abedi, 2002; Hofstetter, 2003); ELL’s achievement (Gross, 1993; Kim & Hocevar, 

1998), teachers’ attitudes towards ELL (Pettit, 2011; Mcleman, 2012) and linguistic 

concerns such as language proficiency and reading skills in mathematics class (Wang 

& Goldschmidt, 1999; Barwell, 2003). 

 

While studies conducted in native English speaking countries covered various 

themes (such as teaching methods, learning content and linguistics issues), most 

studies in non-native English speaking countries more likely focused on linguistics 



26 

 

issues and policy evaluation. The common topics of studies conducted in non-

English speaking countries are: language differences between students’ first language 

and English (Kazima, 2008; Jan & Rodrigues, 2012), code-switching or mixed 

language (Adler, 1998; Setati, 1998; Moschkovich, 2005; Jegede, 2011), teachers’ or 

pre-service teachers’ attitudes towards teaching mathematics in English as a second 

language (Vizconde, 2006, Fadhili, et al., 2009), and students’ attitudes towards 

English as a medium of instruction in classroom (Shameem, 2004; Sua, 2007). There 

are several other topics such as evaluating government policies about mathematics 

taught in English (Setati, 2002; Bournot-Trites & Reeder, 2001), the language of 

mathematics textbooks (Chimombo, Kamanga & Lora, 1990), students’ achievement 

(Whang, 1996; Moschkovich, 2002) and issues related to mathematical word 

problems in English (Bernardo, 1996; Bautista, Mitchelmore & Mulligan, 2009). 

 

However, only a few research studies have been done in the area of learning 

mathematics in English as a foreign language. Some studies within this area focused 

on the issue of language used in the classroom and textbooks, while some others 

focused on teachers’ or pre-service teachers’ attitudes towards teaching mathematics 

in foreign languages (Hofmannova, Novotna & Hadj-Moussova, 2003), approach to 

learning mathematics in a foreign language (Novotna, Moraova & Hofmannova, 

2003) and the issues they faced when teaching mathematics in English. Only one 

study has examined the attitude of students towards learning mathematics in English 

(Hofmannova & Novotna, 2003).  

 

There are various themes in the previous studies of learning mathematics in a non-

native language, either conducted in English speaking countries or non-English 
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speaking countries. To sum up, the top five issues investigated in the previous studies 

are: 

1. The challenges experienced by students  

Mathematical terms (Poon, 1978; Jones, 1982; Setati, 2002), language 

complexity (Abedi & Lord, 2001; Gutierrez, 2002; Schleppegrell, 2007), 

mathematics word problems and language (Cocking & Chipman, 1988; Lager, 

2006; Riordain & O’Donoghue, 2011) 

2. Code-switching practices (Adler, 1998; Setati, 1998; Setati & Adler, 2000; Walt 

& Mabule, 2001; Setati, Adler, Reed, Bapoo, 2002; Moschkovich, 2005; 

Clarkson, 2007; Barwell, Barto and Setati, 2007; Webb & Webb, 2008; 

Wildsmith-Cromarty & Gordon, 2009)  

3. Non-native English speaking students learning mathematics in English speaking 

countries (Barwell, 2003&2005; Lamprianou & Boyle, 2004; Neville-Barton & 

Barton, 2003, 2005; Barton, Chan, King & Neville-Barton, 2005; Lopez, 2010)   

4. Content Language Integrated Learning/CLIL (Crandall, 1987&1992; Met, 1991; 

Coyle, 2007; Coyle, Hood & Marsh, 2010; Dalton-Puffer, 2011). See below for 

more detail. 

5. Psychological aspects such as attitudes, anxiety and self-confidence 

(Hofmannova & Novotna, 2003; Vizconde, 2006;  Rivera & Waxman, 2011; 

Rosa, 2011) 

 

Considering the issues listed above, issue number three is not appropriate within the 

context of this current study because it is conducted in an International Standard 

School (ISS) setting in Indonesia where English is a foreign language. Furthermore, 

CLIL is also not a proper issue for the context of this study. In a CLIL project, 

English is integrated into the school subjects; therefore students learn English 

language in the context of other school subjects such as mathematics, science and art. 
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In the ISS context, English is the language of instruction for mathematics and science 

and it still remains as a school subject. Therefore, CLIL and ISS have different aims 

regarding the use of English in the mathematics class which are English being only 

the medium of instruction in ISS, while in CLIL, English is used not only the 

medium of instruction but also as the content of the learning.   

 

In summary, among the top five research issues related to learning mathematics in 

English, only three issues are appropriate for this study: the challenges faced by 

students, code-switching practices and students’ attitudes towards them. Considering 

the limited number of studies on learning mathematics in English where both 

students and teachers have English as a foreign language and the absence of studies 

in the Indonesian context, this study tries to investigate these three relevant issues – 

code-switching practice, the challenges faced by students, and students’ attitudes. In 

order to examine gaps of previous studies in more detail, the next sections review 

literatures on the three issues under separate headings.  

 

The role of the teachers is important in the processes of teaching and learning in the 

classroom. However, this review focused more on students’ literature than on 

teachers’ focused literature because the main aim of this study is to explores the 

processes of learning mathematics through English in the ISS from the students point 

of view. Emphasise is given to exploring the voice of students experience. Although 

this review focused on students, it also discussed briefly the literature on teachers’ 

code switching, obstacles they experienced and attitude towards teaching 

mathematics in the classroom in order to give an overview of these issues from the 

teachers’ point of view. As a consequence of focusing on students literature, there are 
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some issues that could not covered by this study. For example, the obstacles 

experienced by students that might be caused by teacher’s limitations such as limited 

English competencies and limited mathematical knowledge. As a result, this study 

does not to seek students’ obstacles, attitudes and code switching processes from the 

teachers’ perspective. 

 

2.3 Code-switching 

The first issue investigated in this present study is code-switching practice in the ISS 

context where mathematics was taught in English – a foreign language for both 

students and teachers. The aims of this section are to identify previous studies on 

code switching that are relevant to the context of this study and to identify gaps from 

the previous studies. Firstly, this section discusses the definition of code switching 

used in this study by considering the definitions used in the previous studies. This is 

then followed by a discussion on the process of searching literature and a review of 

the relevant studies to identify any gaps. This section concludes with the issues 

raised from these gaps that are intended to be addressed in this study.   

The relationship between language and mathematics learning has attracted the 

attention of many researchers during the last 30 years (Pimm, 1987; Durkin & Shire, 

1995; Ellerton et al., 2000), in particular as a result of the increase in immigration 

from one country to another which has facilitated human interaction and learning in 

multilingual and multicultural settings (Clarkson, 1991; Adler, 1998; Setati & Adler, 

2000; Gorgorio & Planas, 2001; Barwell, 2003; Neville-Barton & Barton, 2005; 

Kazima, 2006). Code switching is one of the common themes of studies in 

multilingual and multicultural settings (Heugh, 1997; Setati, 1998; Jwan & Ogechi, 
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2004). This current study also investigates the issue of code switching with the 

specific context of Indonesian students learning mathematics through English.  

 

2.3.1 Definition of code switching 

There are various definitions of code switching. The differences are merely on the 

scope of switching. Some scholars define code switching as switches within 

sentences while others describe it as switches within one conversation episode or 

within a single speaker. Switches from one single word from another language also 

can be considered as code switching (Sanchez, 1994). Baker (1993) defines code 

switching as 

Code switching is when an individual (more or less deliberately) 

alternates between two or more languages….Code-switches have 

purposes….are important social and power aspects of switching between 

languages, as there are between dialects and registers (p. 76-77). 

In the linguistics field, some scholars use various terms related to using more than 

one language such as “code switching” and “code mixing”. Zentella (1981) defines 

code mixing as switching words or phrases from one language system to another 

while code switching refers to switching completely from one language to another. 

Similarly, Farrugia (2009) argues that code switching is about employing two or 

more languages in a single conversation or utterance while code mixing occurs when 

switch between the languages is only for one or few words.  

 

Similar trends were found when reviewing the nine relevant studies in section 2.3.2; 

the researchers define code switching variously. Most researchers simply define code 

switching as the use of two or more language (Vorster, 2008; Kee, Sam, Meng & 

Eng, 2009; Lim & Presmeg, 2011). Meanwhile, Neo and Heng (2012) propose code 
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switching as the use of more than one language within a turn or utterance in 

interaction among bi-/multi-linguals, both in-group and out-group encounters 

(p.639). Looking at the scope of switching languages, Setati (1998, 2009) suggests 

that code switching is the use of more than one language in a single discourse that 

can involve a word, a phrase, a sentence or several sentences.     

 

Considering the context of conversation, Moschkovich (2005) distinguishes between 

“code switching” and “language switching”. Code switching refers to using two 

languages in general conversation while language switching is limited to using two 

languages when doing arithmetic computations.  

 

Using a sociolinguistics approach, Bose and Choudhury (2010) differentiate between 

code switching and code mixing based on the structure of the language used. 

Code mixing: each sentence is spoken in one language (primary 

language) with words (subject, object, adjective, verbs/auxiliary verbs) 

substituted by words from a second language…without disturbing the 

original sentence structure which is in the primary language.…Code 

switching: when primary language is switched to secondary language… 

as a consequence of which, the sentences may retain as combination [of 

the two languages] but the structure of the sentences changes and their 

role interchange (p. 95). 

From the definition above, code mixing is switching from one or more words 

without changing the original sentence structure. An example of code mixing in 

Indonesian and English is square – artinya pangkat (square means exponent of two). 

In this example, the sentence structure of code mixing remains the same as the 

English version, square is a subject. Meanwhile, code switching could be switching a 

whole sentence with changing the sentence structure. For example, five metres – 

siapa dapat segitu? Lubna? you dapat five metres kah? (who has got five metres? 
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Lubna? did you get five metres?). In this case, the structure of the question in the 

code-switching version is different from the English one. 

 

After reviewing the definition of code switching, some researchers use code 

switching to refer to switches with one speaker, others to switches within one 

conversational episode and others to within sentence switches. There are also some 

term differences related to the switches, some use code switching, others use code 

mixing and others refer to it as language switching. These discrepancies illustrate the 

complexity of code switching as a linguistic phenomenon and theoretical notion that 

is worth exploring further. 

 

In relation to the terms differences, many researchers in mathematics education agree 

to use the term code switching which also covers what is called code mixing and 

language switching (for example Setati, 1998; Adler, 2001 and Moschkovich, 2002, 

2005). Moschovich (2005) explains that the distinctions of the term may not be 

relevant to the issues in mathematics classrooms as the concerns are more on “how 

language is used in teaching and learning than finding the different patterns of 

language practices” (p. 130). Considering Moschkovich’s explanation, this current 

study uses the term code switching from now onwards. Code switching used in this 

study refers to the use of more than one language including switches between 

word(s), sentence(s) and within conversational episodes during mathematics teaching 

and learning. 

 

2.3.2 Literature review on code-switching 

This section contains a systematics review of relevant studies on code-switching. The 

relevant studies were found in five main databases provided by the University of 
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Dundee: British Education Index, Australian Education Index, SCOPUS, ERIC, and 

ASSIA. Papers from Google Scholar were also included in this review. Keywords for 

searching the relevant studies were identified from papers and bibliographic searches 

and ERIC’s thesaurus of search terms. Table 2.2 shows the list of key words that 

were used in combination to search the papers. Boolean operators included ‘and’ and 

‘or’. 

Table 2.2 Key words for searching publications on code switching 

Key word 

Code switching 

Code mixing 

Language switching 

Shift language 

Mathematics Teaching 

Learning  

 

English 

Non-native language 

Additional language 

Second language 

Foreign language 
 

2.3.2.1 Systematic review process including exclusion criteria 

1. Include all results from the keyword search 

2. Remove double results  from the five databases and from Google Scholar 

3. Screen the titles and abstracts based on inclusion criteria (see below) 

Apply the following codes for abstracts that are excluded: 

a. Not related to teaching and learning mathematics at all 

b. Teaching and learning mathematics through native language 

c. Teaching other subject in English as second/foreign language 

d. Papers not written in English 

e. Code switching in other subject than mathematics 

f. Teaching mathematics in second or foreign language but not about code 

switching 

4. Retrieve full text for the included abstract 

5. Screen full paper and apply the inclusion and exclusion criteria 
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Exclusion code switching:  

a. Studies on mathematics through the language other than English 

b. Studies in mathematics through English for ELL in native English countries 

c. Studies in non-K12 

d. Studies which focus on code switching by teachers 

 

2.3.2.2 Inclusion criteria 

Studies included for further review are: 

1. Studies written in the English language. 

2. Studies involving participants who are primary and secondary school students. 

Papers involving participants from both primary and secondary schools were also 

included in this review. This criterion was used because the participants of this 

study are students in grade 7 (the first grade of secondary level) who are in a 

transition from primary to secondary hence code switching in primary level might 

still be relevant or be an influence on their code switching in secondary level. 

3. Studies conducted in non-English speaking countries. 

Studies conducted in native English countries were excluded because they had 

different settings or contexts from the current study that is conducted in Indonesia, 

a non-native English speaking country. In native English speaking countries, 

teachers and peers of the English language learners (ELL) were English speakers 

and generally they do not share the same first language. Meanwhile, this current 

study was conducted in the schools where both teachers and students are non-

native English speakers and they shared the same first language. To some extent, 

these learning environment differences might affect code-switching practices in 

the classroom.  
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4. Studies on the topic of mathematics learned in English in which English is an 

additional language – either second or foreign language. 

This study focuses on code switching when learning mathematics in English, 

where English is not the student’s first language. However, the review also 

included studies on code switching when learning mathematics in a non-native 

language other than English, to see the trend of code switching practices in this 

context. 

Due to limited number of studies within this topic, the researcher decided to include 

all studies without limitation in the time published. There were 103 publications 

obtained from five databases. The searching processes were also conducted in 

Google Scholar, resulting in 2450 citations being identified however the researcher 

only took the first 300. After applying the inclusion and exclusion criteria to the 

abstract, only 33 papers were relevant and the full text of these papers were retrieved. 

After examining the extended abstract and full text, only nine papers met the 

inclusion criteria and were appropriate for further review.   

 

2.3.2.3 Discussion of relevant literature 

This section reviews studies on code switching in the context of learning 

mathematics through the English language in non-native English speaking countries. 

First, it summarises the methodological issues of selected studies which met 

inclusion criteria which involve the countries in which the studies were conducted, 

the researchers, the participants, research instruments and the methods employed. 

This was followed by reviewing all relevant literature in order to recognize any gaps 

in the relevant studies. 
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As mentioned in the previous section, nine relevant papers met the inclusion criteria 

and were appropriate for further review. Table 2.3 summarises the review of relevant 

papers including information about the researchers, the countries in which the studies 

were conducted, the participants, research instruments and the methods employed 

and the main findings. The studies are presented in chronological order to make 

comparison between the results of the earlier studies and those of the recent studies 

easier. 
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Table 2.3 Summary review studies on code-switching 

No 
Researcher

(s) 
Location Participants Methods 

Findings 

When code-switching Why code-switching 

1 Setati  

(1998) 

 

South 

Africa 

33 students Grade 5 

(11-15 years) where 

English as 2
nd

 

language and 1 

teacher 

Observation  and 

interview with the 

teacher when and why 

switch the languages 

Paraphrase what has been said, 

explain new concepts, get 

clarity of a problems, 

regulation and translate some 

maths terms 

To ensure students’ 

understanding, re-gain 

students’ attention, 

reformulate questions  

2 Setati, 

Adler, Reed 

& Bapoo  

(2002) 

 

South 

Africa 

25 teachers and 

students grade 1-12 

primary and 

secondary. 

Teachers: interview, 

self-report, survey, 

observation. Learners: 

observation, written 

work 

Learners: working on maths 

tasks, ask questions. 

Teachers: reformulate 

concept/idea and instruction 

Maintain the lessons 

going smoothly 

3 Serra  

(2007) 

 

Switzerland  German-speaking 

pupils in 3 Swiss 

primary schools, 

grades 1 to 6 learn 

maths in Italian or 

Romansh (L2) 

Oral narrative test. 

 

Code-switching is often 

inserted in parenthetical 

flagging forms such as ‘yes’, 

‘oh yes’, ‘that’s it’ and 

‘exactly’ 

- 

4 Vorster  

(2008) 

 

South 

Africa 

2 teachers and 89 

students grade 8 in 2 

schools (interview: 9 

students) 

Intervention using 2 

languages, semi-

structured interview and 

observation.  

Teachers prefer to use English 

but students prefer Setswana 

for certain mathematics terms 

To help explain the 

maths terms 

5 Kee, Sam, 

Meng & 

Eng (2009) 

 

Malaysia 978 students (ages 

11) in 6 National 

schools (NS) and 6 

Chinese schools 

(CS) primary school 

Questionnaire: open-

ended questions about 

language preferences 

and language usage. 

NS pupils: English in doing 

maths task and either Malay or 

Malay-English in teaching, 

questioning and discussing. CS 

pupils: mostly Mandarin  

cognitive, affective and 

psycho-social factors 
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No 
Researcher

(s) 
Location Participants Methods 

Findings 

When code-switching Why code-switching 

6 Setati  

(2009) 

 

South 

Africa 

Papers studies and 

documents studies 

Review of theoretical 

and empirical research 

Learners CS: interact with 

friends 

Teacher CS: students limited 

on the language 

Effective 

communication, enable 

interaction learner-

teacher  

7 Bose & 

Choudhury 

(2010)  

 

India 21 (12boys+9 girls) 

grade 6 students of 

(ages 10-11) in 

English medium 

school. 

Observe and recorded 

maths lessons. 

Establishing classroom 

discussion, building a rapport 

with teacher, ensures 

continuity in conversations. 

More confident and 

avoid getting stuck 

8 Lim & 

Presmeg 

(2011) 

 

Malaysia 6 maths teachers, 

6 students. Focus on 

code switching by 

primary school 

teacher 

 

Interviewed and 

observation 

(1) reformulation, 

(2) content of activity, (3) 

translation and (4) terminology 

to ensure students 

understand the 

instructions and the 

lessons. 

9 Neo, Heng 

(2012) 

 

Malaysia 16 classroom in 

grade 2 and 5 

primary schools. 

Observation  video and 

audio recorded and 

interview 

Types of schools, school  

location, levels and types of 

classes influence code-

switching practices 

- 
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The Researchers 

Of the nine papers reviewed (Table 2.3), Setati was the only researcher who was 

identified as having more than one paper either written individually (1998, 2009) or 

a group (2002). Meanwhile, the other eight researchers had one paper within this 

topic and during the literature search time. This would seem to imply that there is a 

lack of researchers who paid attention to students’ code-switching practices. More 

researchers, particularly doing studies in the countries other than those named in 

Table 2.3, might add or bring another insight to code-switching practices such as 

different language backgrounds might have different patterns in the ways of 

switiching language. 

       

Countries 

Among the nine studies reviewed, four studies were conducted in South Africa, three 

in Malaysia, one in India and one in Switzerland. This implies that the existing code-

switching studies were conducted in only a few non-English speaking countries. 

More studies conducted in other non-English speaking countries with different 

demographic and linguistics background would be beneficial to obtain a better 

understanding of code-switching practices. This study attempts to investigate code-

switching practices in Indonesia, a non-English speaking country, which has 

different linguistic backgrounds. This issue will be discussed further in section 

2.3.2.4. 

 

Participants 

Sample size 

One study was a literature review study, it reviewed theoretical and empirical studies 

on code switching. Hence, there were eight empirical studies involving students 

and/or teachers. In relation to the number of participants, five studies have fewer 
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than 100 participants and only one study involved a greater number of participants, 

that is 978 students. Meanwhile, the remaining two studies did not mention exactly 

the number of participants involved. There is no convention on the number of 

participants however further quantitative study involving a larger scale might be 

useful to corroborate the code-switching practices reported in the previous research 

and would add confidence to generalise the findings. Unlike quantitative study, 

qualitative study provides better insight by examining small numbers of participants. 

For the purpose of this study, a quantitative approach involving a larger sample 

enables the researcher to get the evidence of the existence of code-swithcing and to 

find the common pattern of code-switching practiced by students. Meanwhile, a 

qualitative approach employing a small number of participants enables the researcher 

to uncover detailed information related to code switching practices such as the 

reasons behind code switching.  

 

School level and grade  

Six out of nine studies were conducted at the primary school. One study was 

conducted in secondary school and another study involved both primary and 

secondary school. Regarding the grade, most studies involved students in grade 5 or 

6 of primary school. Two studies involved students from all grades in primary and 

one study focussed on grade 8 of secondary school. One study in primary school 

level did not clearly state the grade of the participants. In short, there are limited 

code-switching studies conducted in secondary schools and these would be valuable 

to understand code switching practised by secondary students in non-English 

speaking countries. This study tries to fill this gap by investigating code-switching 

practices in secondary schools in Indonesia as discussed further in section 2.3.2.4.   
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Research instruments 

Among nine of the studies reviewed, four studies used observations and interviews 

as the methods to gather data. One study used classroom observation alone while 

another study employed a combination of teachers’ self-reports, interview, survey, 

classroom observation and learners’ written works. Two quantitative studies 

employed either oral narrative test or questionnaire. Meanwhile, one study was a 

review of theoretical and empirical research.  

 

In relation to research methods, six out of nine studies employed qualitative 

approaches and two studies used quantitative ones. Only one study used mixed 

methods. The discussion and critique on methodology and findings of each relevant 

study will be discussed in the next section and summarised in section 2.3.2.5. 

 

Findings of the previous studies 

Prior research studies have consistently documented the existence of code switching 

in mathematics lessons in multilingual classroom. For example, Khisty (1995) and 

Moschkovich (1999) found code switching practices among immigrant students in 

mathematics classrooms in the United States. In non-native English countries, 

several studies also noticed the code switching practices by both teachers and 

students in mathematics classrooms when mathematics is taught in English (for 

example Adler, 1998; Setati, 1998 and Kee, et al., 2009).  

 

There are disagreements related to the importance of code-switching practices in the 

classroom; several scholars claimed that code-switching can be exploited as part of 

actual teaching methodology (Cook, 1991) which could enable teacher-student 

interactions such as to praise, to quote someone, to emphasize a point or to tell off a 
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misbehaving member of the class (Jacobson, 1983, cited in Cook, 1991; Baker, 

1993). In the field of mathematics education, code-switching as a learning resource 

has been the focus of previous studies in the United States (Khisty, 1995; 

Moschovich, 1999) and South Africa (Adler, 1998; Setati, 1998; 2002). These 

studies claim that code-switching practices are beneficial in learning mathematics in 

a second language because it helps students to master mathematical concepts while 

continuing to develop proficiency in the language of instruction. On the other hand, 

some studies found that code-switching relates to linguistic deficiency of teachers 

and/or students (Ramahobo & Primary, 1993; Akindele & Letsoela 2001). Setati 

(1998) challenges this claim, and argues that code switching is not merely caused by 

language competence limitation on handling content subjects in English, rather there 

could be other reasons such as social and political ones (for example, in the case of 

South Africa, code-switching could be used to promote African languages and to 

meet communicative demands in the classroom). Furthermore, Kazima (2006) 

reveals that teachers switched the languages because there were some words that 

were not provided in certain languages for certain expressions. 

    

Why and when students switch languages 

In addition to investigating the existence of code-switching, this present study seeks 

further explanation on why and when students switch languages. Baker (1993) 

believes that code switching happens with purposes such as to emphasize a point, to 

fill a word that is not yet known in target language, for ease and efficiency of 

expression, for repetition, to clarify, to quote someone, to express group identity and 

status or to be accepted by a group, to interject in a conversation and to exclude 

someone from an episode of conversation. In teaching and learning processes, 
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Moschkovich (2005, p.138) states that code switching occurs when students “forget 

certain English terms, explain a concept, justify an answer, describe mathematical 

situations, expand and provide additional information”. 

 

Studies in the context of learning mathematics through English in non-native English 

countries reveal that the reasons and purposes behind code switching are different. 

Observing several mathematics lessons and interviews with teacher, Setati (1998) 

investigates the types and purposes of code-switching by primary mathematics 

teachers in South Africa. Teachers’ code switching to regain students’ attention, 

clarify, enhance or reinforce lesson material, to communicate effectively and to 

reformulate the questions that have been asked in English. Although the main focus 

was the teacher, Setati pointed out that students’ code switching when they 

interacted with teachers such as asking questions and answering teacher’s questions 

either in a whole class or individual interaction with teacher. In her next paper, Setati 

(2009) reviewed previous empirical works on multilingual mathematics classrooms 

in South Africa.  She found that code switching in mathematics classrooms in South 

African primary schools occur for a variety of reasons such as to enable both 

student-student and student-teacher interaction and to refer to mathematical terms 

that are not available in local languages. However, these two studies did not 

specifically focus on code switching by students hence she did not provide more 

information about when or in what context students switch languages. 

 

Conducting a case study in two grade 8 classes, Vorster (2008) investigated the 

impact of code switching in learning geometry. The students were given notes, a 

glossary of mathematical terms and mathematical tests (all written in English and 
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Setswana). The results revealed that some students preferred to use English as they 

had some problems in understanding Setswana language because they had been 

trained in English for a long time. Some others who did not have good English 

proficiency favoured Setswana because it helped them to understand difficult 

mathematical terms or concepts. The interview discovered that some students 

switched languages from English to Setswana mostly when they struggled with 

difficult mathematical problems and when they forgot mathematical terms in 

English. The points to note here are: (1) this study was designed to investigate the 

impact of code switching practice rather than to find information on when code 

switching happens hence the instrument to gather data might not be sufficient to 

provide data on when students switch languages; (2) it provides information on when 

students switch languages from interviews with students. Considering that the focus 

of the study and the data relied on interviews with students, the questions in the 

interview might not aim to answer the questions of when students switch languages. 

Furthermore, data from interviews with students might not provide detailed 

information about code switching during mathematics lessons such as the contexts in 

which they switch languages and whether they switch languages within one sentence 

or during a period of conversation.   Therefore, it would be beneficial to have other 

data sources such as through classroom observations and interviews with teachers in 

order to get more information and to improve the validity of the data.     

 

Using several data collection methods (observations, interviews, teachers’ self-

reports, surveys, students’ written work, video tapes and narrative lessons) during a 

three year period, Setati, Adler, Reed and Bapoo (2002) investigated the language 

practices in mathematics, science and English classes in African primary and 
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secondary schools. In mathematics classes, this study found that students used 

English limited to short phrases, single words or recall of mathematical procedures. 

They switched languages when working on mathematical tasks and asking questions 

of the teachers. They divided students’ code switching into five categories: learner 

(1) uses English in all verbal interactions; (2) uses limited English in public domain 

(responding to teacher questions, typically short phrases or single words, procedures 

required) with less opportunity in individual/group interaction to use main 

language(s) for questions/exploratory talk; (3) uses English in public domain and 

good opportunity for exploratory talk in main language(s); (4) switches as needed in 

whole class interactions, use main language for exploratory talk; (5) switches as 

needed in whole class interactions but uses main language for exploratory talk and 

English for reporting work done in public domain. The study considered the extent 

to which students had the opportunity to use their first language in determining the 

types of code switching by students because the use of students’ first language 

during mathematics lessons was recommended in African context. Setati’s study 

provides information on when and how students switch languages. However, it is 

important to note at this point that the use of students’ first language was 

recommended in the African context while in the Indonesian context (ISS context) it 

was not. These differences might influence code switching practices in the 

classroom. Therefore, it is important to examine code switching practices where the 

use of the first language is restricted in the classroom such as in the Indonesian 

context.      

 

In the Malaysian context, Kee, Sam, Meng and Eng (2009) investigated the language 

preference of primary school students in multilingual mathematics classroom. Using 
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a questionnaire, they found that most students in national schools prefer to learn 

mathematics in English while their counterparts in Chinese schools prefer to learn 

mathematics in Mandarin. In regards to switching language, most students used their 

main language when asking the teacher questions and discussing with friends. From 

the open-ended questions, the study identified the three main reasons behind 

language choice: 1) cognitive dimension associated with the reasons of competency 

such as easy-to-understand mathematics in main language, easy-to-speak in main 

language and lack of competence in English; 2) affective reason related to feeling, 

emotion, desirability and intrinsic motivation such as liking to learn English or 

wanting to improve English skills; 3) psycho-social causes related to the importance 

of the language and the personal advantages such as wanting to be English teachers 

or wanting to pursue  study abroad. This also related to the cultural identity such as 

‘Malay is our language and the language we usually speak’. As the main aim is 

investigating students’ language preference, this study does not provide much 

information about why and when students switch languages. In addition, the data 

were collected only from questionnaires that might not be enough to give in-depth 

information on why and when students switch languages.   

 

Neo and Heng (2012) were interested to investigate the types of code switching and 

the relationship with grade, school location, type of school and type of class in a 

Malaysian context. Using C-unit analysis of observation and interview data from 

four primary schools (two national schools and two Chinese schools), they found 

similar types of code switching amongst those schools. Code switching form in 

national schools is English embedded into Malay (inserting one or more English 

words in Malay sentences) while code switching found in Chinese schools is English 
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embedded into Chinese (inserting one or more English words in Chinese sentences). 

Among four factors investigated, grade and type of class (good vs weak) influenced 

code switching practised by students while the other two (school location and type of 

school) did not. Similarly, Lim and Presmeg (2011) observed 12 mathematics 

lessons and six mathematics teachers in three Malaysian-Chinese primary schools; 

they found that the majority of code switching in advanced classes related to 

translating either a whole sentence or several words. Meanwhile, terminology 

switching was common code switching in the less advanced classes, for example 

switching mathematical terms from English to Chinese or vice versa. Teachers 

argued that code switching was used to ensure students’ understanding of the 

instructions and the mathematical concepts. Both studies focused on types of code 

switching and extrinsic factors (such as grade, type of school, school location) that 

influence this practice rather than on intrinsic factors from students (for example, 

their intention to switch language). Furthermore, Lim and Presmeg collected data of 

code-switching practices from the teachers’ points of view. It would be useful to hear 

students’ own voices as they might have different views about code-switching 

practice from that of their teachers.  

 

In an Indian context, Bose and Choudhury (2010) investigated how students use two 

languages through code mixing and code switching by analysing mathematics 

classroom discourse. They found that code mixing by students help them build 

rapport with teachers and ensures that their conversations are smooth. Meanwhile, 

code switching from English to the local language happened when they had 

conceptual difficulties such as in understanding complex problems and in 

mathematical discussions. This study provides sufficient information on how and 
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why students switch languages. However, there are some points that need to be noted 

here: (1) the number of participants is quite small, only 21 students. Furthermore, the 

students were chosen by class teachers based on their performance in mathematics, 

therefore, it is quite difficult to make a generalisation from the findings; (2) this 

study was conducted in a camp class where participants came for one and a half 

hours per week in two month periods. Therefore, the data were collected in a 

contrived classroom and as a result the data gathered might not truly reflect those 

collected from a real classroom. To investigate code-switching practice, it would be 

better to have data from a natural setting, in this case the class the participants are in, 

as it would have more accuracy in reflecting the real code-switching practices they 

engage in.   

 

The studies above were conducted in the context of code switching between the local 

languages and English. One study conducted by Serra (2007) revealed that code 

switching between German (first language) and Romansh (a second language) in 

three Swiss primary schools occured when students forget some words in Romansh 

and some mathematical terms. The students also inserted some parenthetical flagging 

such as ‘yes’, ‘oh yes’, ‘that’s it’ and ‘exactly’ (Serra, 2007, p.590). This study 

reported the existence of code-switching between German and Romansh, however, it 

did not provide detailed information on how, why and when students switch 

languages.   

 

From the studies reviewed above, there are several points to conclude related to why 

and when code switching occurs. It was found that teachers switch from English to 

the local language when discussing content activity, translation, reformulating 
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mathematical concepts, ideas and instruction (Setati, 1998; Setati, Adler, Reed & 

Bapoo, 2002), giving an illustration of word problems, establishing rules in 

classroom, introducing new/unfamiliar mathematical terms (Bose & Choudhury, 

2010), and explaining mathematical terms (Lim & Presmeg, 2011). Meanwhile, 

students switch languages between their first language and English when interacting 

with teachers (Setati, 1998), when discussing and solving mathematical problems 

(Setati et al., 2002; Kee et al., 2009); when they are faced with difficult 

mathematical problems and when they forget mathematical terms in English 

(Vorster, 2008) or when they forgot/do not know words or phrases in the middle of a 

conversation (Bose & Choudhury, 2010). One study on code switching from 

Romansh (second language) to Germany (first language) reported that primary 

school students in Switzerland used their first language when they forgot some 

words in Romansh and when referring to some mathematical terms. 

 

Previous research also reveals the purpose of code switching. In South African 

countries, primary school teachers switch languages for classroom management such 

as to get students’ attention, to enhance or reinforce lesson material, to communicate 

effectively and to reformulate the questions that have been asked in English (Setati, 

1998) and to enable both student-student and student-teacher interaction and to 

provide mathematical terms that are not available in the local language (Setati, 

2009). In Malaysia, teachers switch languages from English to Malay or Mandarin in 

order to ensure students’ understanding (Lim & Presmeg, 2011). Kee et al. (2009) 

suggested that students switch languages for three main reasons: cognitive reasons 

(such as easy to understand and to speak in first language and lack of competence in 

English); affective reasons (such as wanting to learn or to improve English 
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competence) and psycho-social reasons (such as wanting to pursue study abroad or 

to be English teachers). In addition, Neo and Heng (2012) argue that code switching 

by Malaysian students is also influenced by grade and ability of class. 

 

In relation to the contradiction about importance of code switching, Setati (2009) 

noticed that mathematics teachers experienced the dilemma of code switching, 

whether teachers should switch languages or not and whether they should allow 

students to switch language or not because they worry that this practice will deny 

access to English and will hinder students’ English skills. However, most studies 

reviewed implied that code switching is beneficial for teaching and learning 

mathematics through English where English is a second language because it 

facilitates teachers’ and students’ interactions during the process of teaching and 

learning mathematics in the classroom. 

 

2.3.2.4 Discussion of context and content gaps 

The research studies reviewed above examined code switching practices in the 

context of teaching and learning mathematics through English in the countries where 

English is a second language, meaning that English is used not only in classrooms  

as a school subject but also in daily conversations. There is no prior study about code 

switching practices conducted in the country where English is a foreign language. 

Considering the differences between English as a second language and English as a 

foreign language (see section 1.8.2) and the absence of studies about code switching 

in the country where English is a foreign language, my study attempts to fill this gap 

by examining code switching practices in Indonesia where English is a foreign 

language.  
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Code switching studies conducted in non-English speaking countries focused on 

teachers’ code switching (such as Ndayipfukamiye, 1994; Bunyi, 1997; Setati, 

2002). The literature search found nine studies related to students’ code switching. 

Amongst the nine studies, only five focused on students’ code switching. The 

remaining four studies involved students yet focussed largely on teachers’ code 

switching rather than that of on the students. Setati, Adler, Reed & Bapoo (2002) 

have shown that there is a different trend between code switching practised by 

teachers and by students. Given that few studies examine students’ code switching, 

my study aims to broaden our knowledge and understanding on students’ code 

switching. 

Moschovich (2005) and Setati (2009) suggested that research on code switching 

practices should focus not only on whether code switching exists or not but also on 

when, why and how it is used or not used. Amongst the nine studies reviewed, only 

two studies provide information on when, why and how students switch the 

language. As there are limited studies that cover these issues, my study intends to 

investigate the existence of code switching as well as examining why and when 

Indonesian students switch from English to Indonesian or vice versa.  

 

2.3.2.5 Discussion of methodology gaps 

In regards to the participants, most studies reviewed above examined code switching 

in the primary level of schools. Only two out of nine studies reviewed were 

conducted at secondary school level. Given the fact that very few studies were 

conducted at secondary level, this study intends to investigate code switching 

practised by secondary school students. 
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Regarding data collection method, interviews and observations are the most common 

approach used to gather code-switching data. Interviewing teachers and students and 

also observing teaching and learning processes in the classroom could provide 

comprehensive data in a natural setting (Setati, 1998). Among the nine reviewed 

studies, Setati (1998) provides detailed information on code-switching practices in 

the multilingual classroom setting. She observed teaching and learning mathematics 

in the classroom to get a general picture of code-switching practices in classrooms. 

She then interviewed teachers and students in order to get information about their 

reasons, perception, motivation and their purposes for switching languages. 

However, Setati’s (1998) analysis was focused on teachers’ code-switching and less 

on students’ code-switching.  

 

Using a quantitative approach, Kee et al. (2009) explored code-switching practices 

in Malaysia by involving 978 students who learned mathematics in English. An 

open-ended questionnaire was used to investigate language preference and reasons 

for using the first language (Malay/Mandarin) in mathematics class. This data 

collection method could gather data from a huge number of participants yet provided 

less in-depth data (Cohen et al., 2003). In relation to code-switching practices, this 

method would be suitable to examine the existence of code-switching practised by 

students but it might not be appropriate to investigate why and when students switch 

languages. Therefore, this present study uses a mixed-data collection approach by 

employing questionnaires, observations and interviews in order to collect 

comprehensive data about students code-switching practices in mathematics class. 

The detail of data collection approaches used in this present study is discussed in 

section 3.4.    
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2.3.3 Conclusion 

After reviewing various studies related to code switching practised by students in 

various countries, it can be concluded that code switching is a common practice as 

previous studies have consistently documented the existence of code-switching when 

students learn mathematics in the language other than their first language. Studies in 

the context of learning mathematics through English in non-English speaking 

countries found that students switch languages from English to their first language 

when interacting with teachers (Setati, 1998), when working with mathematical 

problems (Setati et al., 2002; Kee et al., 2009) and when English mathematical terms 

are forgotten (Vorster, 2008) or English words (Bose & Choudhury, 2010). In the 

Malaysian context, students switch languages affected by cognitive, affective and 

pscycho-social reasons (Kee, et al., 2009) and also by grade and type of class (Neo 

& Heng, 2012).  

 

The results of the studies above provide information about when and why students 

switch languages in mathematics class when it is taught in English where English is 

a second language for both teachers and students. Nevertheless, this information 

might not be enough to explain code switching when English is a foreign language 

due to the role differences between the second and foreign language (Ringbom, 

1979). There is no prior research that examines code-switching practices by students 

in mathematics classroom where the language of instruction is English (a foreign 

language for both teachers and students). In addition, Neo and Heng (2012) argue 

that the grade of the students influence the code switching practice . Given that code-

switching studies in secondary school are limited in number, there is a need to 

conduct a study at this level to provide more information about students’ code-

switching practices. For these reasons, one of the aims of this current study is  
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examining code switching by Indonesian secondary school students when they learn 

mathematics in English where English is a foreign language for them. Another aim is 

investigating English mathematical terms challenges as discussed in the section 

below. 

2.4 Mathematical terms challenges 

As discussed in section 2.2, alongside code-switching, language challenge is another 

common theme in the topic of learning mathematics in the non-native language that 

fits with the context of this present study. When students learn mathematics in a non-

native language, they have to learn at least two languages – language of instruction 

and mathematical language – at the same time (Lee, 2006). Morgan (2011) argues 

that the role of language as a medium of instruction within the classroom and the 

role of mathematical language in mathematics education are both crucial because 

most of the activities in teaching and learning mathematics involve both oral and 

written communication. Competence in these two languages would thus help 

students to construct their understanding of mathematical ideas and develop 

connections between their informal knowledge and the abstract symbols of 

mathematical concepts (Bresser, Melanese & Sphar, 2009).  

 

Previous studies have reported that students experienced a number of difficulties 

related to mathematical language (for example Pimm, 1987; Mestre, 1988; Rowland, 

2000; Abedi & Lord, 2001; Lager, 2006; Morgan, 2011). This study investigates the 

language challenges faced by students when learning mathematics in English, 

particularly focusing on English mathematical term challenges as suggested in 

previous studies (Durkin & Shire, 1995; Thompson & Rubenstein, 2000). 
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This section reviews relevant literature on the topic of mathematical term challenges. 

and aims to identify gaps in previous studies within this topic. It begins by 

discussing the nature of mathematical language to illustrate its complexity that could 

cause confusion for students (section 2.4.1). This is then followed by discussing the 

search process of literature including exclusion and inclusion criteria to determine 

relevant works (section 2.4.2). These are then reviewed in order to determine the 

types of challenges faced by students and to identify any gaps in the relevant studies 

(2.4.2.4). 

 

2.4.1 The nature of mathematical language 

Mathematical language is different from everyday language. It has its own rules in 

expressing ideas which are known as the ‘mathematics register’ (Pimm, 1987). The 

mathematics register is “a way of using symbols, specialist vocabulary, precision in 

expression, grammatical structures, formality and impersonality that results in ways 

of expressing mathematical ideas” (Lee, 2006, p.12) and also in arguing within a 

given situation (Pimm, 1987). Cuevas (1984) explains that:  

Just as linguists use the term language register to refer to the meanings 

that serve a particular function in the language, as well as the words and 

structures that convey those meanings, a mathematical register, therefore 

can be defined as the meanings belonging to the natural language used in 

mathematics. A mathematics register is more precise than the natural 

language register because the meanings of the terms are much narrower 

in scope (p. 136). 
 

Thus, the mathematics register comprises vocabulary, syntax, “semantic properties” 

and “discourse features” (Kersaint, Thompson & Petkova, 2009, p. 46). These 

attributes are the result of conventions that have been developed over many centuries 

and which regulate the language of mathematics.  
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Reviewing literature on the nature of mathematical language has revealed that there 

are four basic features of mathematical register; namely the use of specific 

vocabulary, complex syntax, metaphor and non-verbal forms of communication. The 

first feature of the mathematics register relates to the particular vocabulary that it 

employs. According to Shuard and Rothery (1984) there are three types of 

mathematical words. 

1. Technical words: words which have a meaning only in mathematical English, 

for example data, divisor, axis, square centimetres. 

2. Lexical words: words which have, amongst others, a similar meaning in 

mathematical English as in everyday English, for example remainder, origin, 

altogether. 

3. Everyday words: words which are used in both everyday English and 

mathematical English, even though they can have similar and different meanings 

in mathematical English from their meaning in everyday English; for example 

points, change, difference. 

Shuard and Rothery’s work has demonstrated that mathematical language is more 

complex than everyday English. Mathematics uses a technical vocabulary that 

overlaps with the vocabulary of everyday language. For example, Lee (2006) also 

divided mathematical vocabulary into three categories as follows.  

1. words that have the same meaning in everyday languages; these words usually 

introduce the mathematical context; 

2. words that are only particularly used in mathematical language as they have a 

meaning only in mathematical language, such as coefficient, parallelogram and 

hypotenuse; 

3. words that have different meanings in mathematical language and everyday 

language, such as odd, difference and integrate. (Lee, 2006, p.15) 
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Due to the specific vocabulary used in mathematical language, several studies found 

that students face some problems when learning mathematics. Unfamiliar vocabulary 

may cause difficulties for students simply because of its unfamiliarity, and it is often 

long and difficult to pronounce and spell (Morgan, 2011). Another difficulty related 

to the vocabulary of mathematics is that many words have multiple meanings. For 

example, the word ‘square’ can be interpreted as a geometric object or as an 

algebraic operation, for example 2x . There is evidence that students often fail to 

interpret these kinds of words as teachers intend them to do (Durkin & Shire, 1995; 

Thompson & Rubenstein, 2000). 

 

The second feature of the mathematics register is that it has a complex syntax which 

is widely employed in conventional mathematical language. Most mathematics texts 

are written in the conventional mathematical style, the characteristics of which are 

(1) “no extraneous” (non-redundant) words, (2) “timeless”, (3) “impersonal” and (4) 

“context-independent” (Lee, 2006, p.13). Lee uses Pythagoras’ theorem as an 

example. This theorem can be stated as “In a right [angled] triangle the square on the 

hypotenuse is equal to the sum of the squares on the two adjacent sides”. She then 

points out another way to state the theorem: “In a right-angled triangle, if you add 

together the squares of the length of the two shorter sides then the answer is equal to 

the square of the length of the hypotenuse”. The first statement can be considered as 

a conventional style as there are no-redundant words in it. The latter is considered as 

non-conventional style as it includes redundant words; it also introduces human 

activity and context dependence. The other characteristics of conventional 

mathematical style are “temporal, concise and impersonal” (Lee, 2006, p.14); so the 

mathematical register should follow the conventions of academic writing, make use 
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of the passive form and do without personal pronouns. Research on students’ reading 

of mathematical texts concludes that students find difficulties in coping with the 

complexity of mathematical language (Pimm, 1987; Laborde, 1990).  

 

The third feature of the mathematical register is the use of metaphor to convey 

meaning. Metaphor is ‘a basic feature of human communication that enables people 

to deal with novel experiences, whether describing something which they have never 

previously encountered, or seeking to comprehend a new idea’ (Nolder, 1995, 

p.106). Every level of mathematical discourse involves metaphor (Lee, 2006). An 

example of metaphor in mathematics is that a function illustrated as a machine, and 

an equation as a balance. Furthermore, Nolder (1995) argues that the use of 

metaphor in mathematics might be helpful as a starting point although it, at the same 

time, obscures the mathematical meaning of the expression. For example, when we 

associate equation as a balance, it helps students to undertand how equation works 

but it might not be beneficial to explain the concept of quadratic equation 

particularly those involving negative numbers. 

 

The last feature relates to non-verbal forms of written communication in 

mathematics. Written mathematical communication is characterized by using graphs 

or diagrams and symbols (Kersaint, Thompson, & Petkova, 2009; Lee, 2006). The 

graph or diagram is a representation of an abstract idea rather than just a picture of a 

concrete object. Thus graphs or diagrams need to be read and interpreted in 

particular ways. These forms of communication are very powerful for expressing 

mathematical ideas, but they can also be confusing for students who are not familiar 

with the conventional mathematical language (Morgan, 2011). The non-verbal forms 

of written communication also involve algebraic symbols. Reading mathematics text 
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that include algebraic symbols is sometimes different from reading ordinary text. 

Ordinary text can be read in order, from left to right; however in mathematical texts, 

some arrangements of symbols cannot be read in order as the components of the 

symbols are non-linear. For example, the symbol  2
9

5 4  can be read as the square of 

five-ninths plus four. Another issue related to algebraic symbols is the way to read 

such symbols. Some learners will find it difficult to cope with symbols if they do not 

know how to verbalize them (Morgan, 2011), for example,  ,  and  . 

 

To sum up, there are particular features of mathematical language that cause 

significant issues for students when learning mathematics. Students need to master 

vocabulary, grammar and syntax of mathematical language in order to be able to 

communicate mathematically and this can be difficult for those who are unfamiliar 

with those language features. Considering the feature differences between everyday 

language and mathematical language, Lee (2006) argued that learning mathematics 

is similar to learning a foreign language. In the context of the ISS system where 

mathematics is learned in English where English is a foreign language, learning 

mathematics could be equated as learning a foreign language in a foreign language. 

These are far from being simple tasks because the students need to deal with the 

complexity of the instructional language and the mathematical language at the same 

time in order to engage in the learning activities in the classroom. Furthermore, the 

most challenging is that English mathematical language has different characteristics 

from English everyday language (Pimm, 1987). This is a challenging process for 

students. In order to explore these challenges, the next sections review literature 

within the context of mathematical language challenges for non-native English 

speakers when learning mathematics is conducted in English.  
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2.4.2 Literature review on English mathematical terms challenges 

This section contains a systematic review of relevant studies on mathematical terms 

that are challenging for students. It firstly explains the process of searching relevant 

literature and is then followed by a review of each relevant study and a discussion of 

its limitations.  

 

The first step in finding relevant literature is determining key words. The key words 

used for searching literature on mathematical terms challenges are combinations of the 

words listed in Table 2.4. The search also employed Boolean operators ‘and’ and ‘or’. 

Table 2.4 Key words for searching studies on mathematical language issues  

Key words 

Math* language 

Math* terms 

Math* 

vocabulary* 

Obstacle* 

Problem* 

Issue* 

Difficult* 

Challenge* 

Math* Teaching 

Learning 

English 

Non-native 

language 

Additional 

language 

Second language 

Foreign language 
 

Combination of these key words yielded over 3000 results across the following 

databases: British Education Index, Australian Education Index, SCOPUS, ERIC, 

and ASSIA. In addition, there were more than 80000 results from Google Scholar 

but the researcher only considered the first 300 results.  

2.4.2.1 Systematic search process including exclusion criteria 

Relevant literature reviewed in this section was chosen in five steps as follow: 

1. Include all results from the keyword search. 

2. Remove double results  from the five databases and from Google Scholar. 

3. Screen the titles and abstracts based on inclusion criteria (see below). 
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The title and abstracts of these search results were then filtered by applying the 

first exclusion criteria as below and applying the following codes for abstracts 

that were excluded:   

a. The key words ‘difficult’, ‘problem’ or ‘issue’ refer to different meanings 

such as disability or dysfunctional, therefore, studies on disability or 

dysfunctional were excluded.   

b. Studies on difficulties or issues in learning mathematics in native language.  

c. Studies on the teaching and learning process in general. 

d. Studies on English as a medium of instruction of other school subjects such 

as science, chemistry and computing. 

4. Retrieve full text for the included abstract 

5. Screen full paper and apply the inclusion and exclusion criteria 

After applying the exclusion criteria above, 137 articles were relevant. However, 

after removing duplicates, reviewing the abstracts in a more detailed manner and 

reading the full papers and applying the exclusion criteria of the second step (as 

below), only six articles were identified for further review. The second step 

exclusion criteria are: 

a. Studies on technical problems such as lack of mathematics textbooks 

written in English, lack of mathematics teachers who are proficient in 

English. 

b. Studies not related to mathematical language challenges. 

c. Studies involving non K-12 students. 

d. Studies focusing on mathematical language challenges faced by native 

English speaking students.  

e. Studies focusing on difficulties or challenges faced by teachers. 

f. Studies conducted in native English countries. 
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2.4.2.2 Inclusion criteria 

Studies included for further review are: 

1. Studies written in English language 

2. Studies involving participants who are primary and secondary school students 

Papers involving participants from both primary and secondary schools were also 

included in this review. This criterion was used because the participants of this 

study are students grade 7 (the first grade of secondary level) who are in a 

transition from primary to secondary hence difficulties experienced by primary 

students might be experienced by secondary school students as well. 

3. Studies conducted in non-English speaking countries 

Studies conducted in native English countries were excluded because they had 

different settings or contexts from the current study that is conducted in 

Indonesia, a non-native English speaking country. In native English speaking 

countries, teachers and peers were both English speakers. Meanwhile, the context 

of this study is both teachers and students being non-native English speakers. 

Therefore, the obstacles might different between these two groups.  

4. Studies on the topic of mathematics learned in English in which English is an 

additional language – either second or foreign language 

Based upon inclusion criteria discussed above, since the number of relevant papers 

was too small, the researcher decided to include studies on two similar contexts: 1) 

language challenges faced by non-native English students who learn mathematics in 

native English countries; and 2) language challenges faced by students who learn 

mathematics in a non-native language other than English. The literature within these 

contexts may give an insight into the general issues faced by students while learning 

mathematics in a non-native language, despite the fact that these criteria did not 
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exactly match the context of the present study that explores the challenges of 

learning mathematics in English as a foreign language. After applying these 

additional criteria, nineteen papers were found to be relevant. This searching process 

continued until the end of the writing up process. At the time of writing the 

discussion chapter, two additional relevant papers were published. Therefore, there 

were twenty-one relevant studies in total that reviewed further. 

  

2.4.2.3 Discussion of relevant studies 

The review of relevant literature is divided into two parts. Firstly, it explores studies 

on mathematical terms challenges faced by non-English speakers who learn 

mathematics in English speaking countries. Secondly, it examines studies on English 

mathematical terms challenges conducted in non-English speaking countries. 

Conducting separate reviews of studies in English speaking countries and non-

English speaking countries enables us to see the types of difficulties faced by 

students in these two different contexts. 

 

As mentioned in the previous section, there are 21 relevant papers reviewed in this 

section. Table 2.5 summarises the review of the relevant papers. The studies are 

presented in a chronological order to make the comparison between the results of the 

earlier studies and those of the recent studies easier.  
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Table 2.5 Summary of Review Literature on Vocabulary Challenges 

No Researcher(s) Location Participants Methods Main Findings on Vocabulary Challenges 
1 Amir  

(1994) 

 

UK Asian and English 

students in high school in 

England 

Questionnaire No significant differences between English and 

Asian students in understanding probability 

terms 
2 Whang  

(1996)  

 

Korea Six English-Korean 

bilingual students of 

elementary and secondary 

school (English is second 

language) 

Qualitative: six case studies 

and semi-structured interview 

on maths word problems 

The difficulties including nonsense problems, 

problems written in passive voice, abbreviation 

format or reverse order of the event. 

3 Kiplinger, Haug 

& Abedi (2000)  

 

US 1198 fourth-grade students 

across Colorado (ELL, 

disability and non-ELL) 

 

Mathematics test modified 

from national assessment, 

English proficiency test using 

Language Assessment Scales 

Students had problems with complex sentences 

and mathematical vocabulary. Linguistic 

simplification or clarification of the vocabulary 

of mathematics word problems can benefit 

virtually all students. 
4 Thompson & 

Rubenstein 

(2000)  

US Previous studies on 

difficulties with 

mathematical register  

Documents analysis Propose 12 categories of potential vocabulary 

pitfalls 

5 Barwell  

(2001)  

 

UK Six EAL Year 5 students 

St Thomas Primary School 

Recorded students’ activities 

while they worked together 

on writing and solving word  

EAL students had problems in solving 

mathematics word problems such as 

interpreting the word ‘each’. 
6 Abedi & Lord 

(2001) 

 

US 1,174 8th grade students 

from 39 classes in 11 

schools in Los Angeles 

area (ELL and non-ELL) 

National Assessment of 

Educational Progress 

(NAEP)  

Students prefer mathematics items written in 

linguistically simple.  

7 Gorgorió & 

Planas (2001) 

Spain Immigrant students who 

learn mathematics in 

Catalan  

Observation, interview with 

teachers and observe students 

working with maths problems  

Non-Catalan students faced linguistics conflict 

such as understanding symbols & maths 

problems, communicate with peers &teachers 
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No Researcher(s) Location Participants Methods Main Findings on Vocabulary Challenges 
8 Rubenstein & 

Thompson 

(2002)   

US Previous studies on 

mathematical register 

difficulties  

Documents analysis There are 11 categories of mathematics 

vocabularies difficulties. 

9 Kazima 

(2006) 

 

Malawi 154 students first year 

secondary school (aged 

13-18 years)  

Questionnaire contains 

several English probability 

terms and phrases 

Malawian students often hold inappropriate 

understanding of several probability terms and 

phrases in English such as the terms likely, 

unlikely and equally likely. 

 
10 Lager  

(2006) 

 

US 221 students (grades 6 and 

8) in 20 low-performing 

classrooms in California  

Experimental research (ELL 

as experimental group and 

non-ELL as control group) 

ELLs have the additional challenge of 

acquiring these English language proficiencies 

while learning new mathematics content in 

English.  
11 Maree and 

Erasmus (2006)  

South 

Africa 

Grades 3, 4 or 5 in four 

English-medium primary 

schools  in the Molopo 

area  in Mafikeng 

Interview, diagnostic Test for 

maths, questionnaire of 

mathematics self-confidence-

attitude. 

Students who have better knowledge of the 

language of mathematics perform better than 

their counterparts. The interview showed that 

most students experienced difficulties in 

understanding technical language of 

mathematics. 
12 Shaftel, Belton 

-Kocher, 

Glasnapp & 

Poggio  

(2006) 

US Grade 4, 7 10 ELL and 

disability students 

Maths test items from the 

Kansas general mathematics 

assessment. 

In general, ambiguous words, colloquial or 

slang words, comparative words and words 

that have multiple meaning depending on 

context are challenging for students.  

13 Martiniello 

(2008) 

 

US Twenty-four fourth grade 

ELLs attending six inner-

city Massachusetts public 

schools  

 

Analyzed the linguistic 

complexity of MCAS math 

items and used think-aloud 

protocols. 

Some characteristics of maths words problems 

that hinder ELL students: syntax, vocabulary 

and layout of the text.   Some mathematical 

terms that challenging: likely, unlikely, certain, 

impossible, owe. 
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No Researcher(s) Location Participants Methods Main Findings on Vocabulary Challenges 
14 Pierce & 

Fontaine (2009) 

 

US Massachusetts 

Comprehensive 

Assessment System 

(MCAS) math test grade 3 

Listed technical words and 

sub-technical words  

Technical words (e.g. rectangle, add, addition, 

centimetre, fraction, odd number, subtract, 

parallel, perimeter, square unit) and sub-

technical words (e.g. mean, table, pattern, area, 

shade, order, key, belongs) often ambiguous 

for students. 

 
15 Martiniello 

(2009) 

 

US 68,839 fourth graders 

(3,179 ELLs, and 65,660 

non-ELLS) 

Using IRT methods to 

identify difficulties of ELL 

and non-ELL fourth graders 

Linguistics complexity (syntactic, lexical, text 

layout and cultural references) are sources of 

construct-irrelevant difficulty for ELLs in math 

word problems.  
16 Ríordáin  and 

O’Donoghue 

(2009) 

 

Ireland First-year students from 

all-English-medium 

education secondary 

school and university level 

in Ireland (learn maths in 

second language 

Mathematics word problem 

in Gaeilge and English 

Language proficiency tests in 

English and in Gaeilge 

Bilingual students with a high level of 

proficiency in both languages outperformed 

their monolingual peers and those dominant in 

one language. Ambiguous words contribute to 

some of difficulties students experienced (e.g. 

highest common factor, multiple, numerator 

and denominator) 
17 Kaplan, Fisher, 

& Rogness 

(2009) 

 

US 777 students of a 

university in the South-

eastern and Midwestern 

United State. (ELL and 

non-ELL) 

Questionnaire contains 

mathematical terms  

Most students misunderstood the terms, they 

defined the statistical meanings of these five 

terms inappropriately particularly the terms 

association and random.  

18 Orosco, 

Swanson, 

O'Connor & 

Lussier (2011)  

US Six second-grade Latino 

ELLs (English/Spanish) 

Southern California  

Modify mathematics 

assessment test 

ELL students had problems with complex 

word problems. 
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No Researcher(s) Location Participants Methods Main Findings on Vocabulary Challenges 
19 Ríordáin & 

O’Donoghue 

(2011) 

 

Ireland Students of primary to 

secondary level and 

secondary to third level 

transition  

Maths test (math word  

problem) 

 

Gaeilgeoirí had trouble ambiguous/borrowed 

words from everyday English were confusing 

such as highest common factor, multiple, 

multiply, numerator and denominator. 
20 *) Verzosa & 

Mulligan 

(2013)  

Philippine Grade 2 primary school 

students in urban area of 

Manila, (English as 

second language) 

Video recordings of pre-post-

intervention and interviews 

Students confused with some sub-technical 

words for example altogether and how many 

21 *) Planas  

(2014) 

 

Spain Latin American students 

ages 12-16 in 3 public 

secondary schools in 

Catalonia, Spain 

Analysing video of 

mathematics lessons in 

bilingual classrooms 

Students have a problem with maths terms that 

were sound odd (e.g: odd in odd number and 

even in even number) and using maths 

symbols/algebraic expression. 

    *) Additional paper 
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The Researchers  

From the 21 relevant studies, there were 34 names of researchers recognized. 

Twenty-eight researchers were identified as having conducted one study and six 

others have had more than one study within this area of research. The researchers 

who conducted more than one study are: 

1. Thompson and Rubenstein (2000, 2002) conducted two studies by analysing 

documents to set up a list of mathematical vocabulary that is challenging for 

students in the US. 

2. Abedi worked with different partners, Kiplinger and Haug (2000) and Lord 

(2001), and together they looked at the challenges faced by non-native English 

and disabled students in relation to language used in mathematics tests. 

3. Ríordáin and O’Donoghue carried out two studies that focus on difficulties 

faced by bilingual students in understanding mathematical word problems.  

4. Planas worked with Gorgorió in 2001 to investigate immigrant students learned 

mathematics in Catalan. In 2014, Planas continued her work by examining 

mathematical language challenges experienced by Latin American students in 

Catalan. 

There are few researchers, seven out of 34, who conducted research in non-English 

speaking countries. More researchers who conducted study in non-English speaking 

countries would add some insight into the growing body of knowledge on the issue 

of mathematical language challenges. My study aims to contribute to this by 

conducting a study in Indonesia, a non-English speaking country.       

 

Countries  

The systematic search found 21 studies, including additional papers, which 

investigated the language challenges experienced by students when learning 
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mathematics in a non-native language (Table 2.5). Among them, 15 studies were 

conducted in English speaking countries (11 in the US,  two in the UK and two in 

Ireland) and only six studies were conducted in non-English speaking countries (two 

in Spain, one in the Philippines, one in Malawi, one in South Africa and one in South 

Korea). This implies that studies on mathematical language challenges are limited 

and conducted in only a few countries. More studies, particularly from countries 

other than those in the study reviewed, would thus add to our understanding of the 

mathematical language challenges because each country has a different language and 

a different language background might bring different challenges. Therefore, this 

study attemps to fill this gap by conducting a study in Indonesia where no previous 

study has been conducted. 

  

Participants  

Sample size 

The number of participants in the relevant studies ranged from six (Whang, 1996; 

Orosco, Swanson, O'Connor & Lussier, 2011) to 68,839 (Martiniello, 2009). Eleven 

out of 21 studies had fewer than 200 participants. Four studies had more than 1000 

participants. Meanwhile, two studies did not involve participants as they conducted a 

documents analysis while four studies did not state the number of participants 

explicitly. Even although there is no agreement on the ideal number of participants, 

further studies with more participants would add confidence to generalise the 

findings in quantitative study. On the other hand, small numbers of participants can 

lead to clearer insights in the case of qualitative studies. In relation to this study, a 

large sample size can portray general obstacles faced by students when learning 

mathematics in English whilst interviews with a small number of participants can 



70 

 

reveal the stories behind the obstacles such as whether they hold such obstacles due 

to linguistics, mathematical concept issues or other factors.  

School level and grade 

The majority of studies on mathematical language challenges were conducted in 

elementary schools (nine studies). Five studies were carried out in secondary schools 

and four studies involved students from both elementary and secondary schools. One 

study employed both secondary and university students. Meanwhile, two studies 

were literature review studies. Regarding the school grades of participants, it ranged 

from grade 3 (Pierce & Fontaine, 2009) to university (Kaplan, Fisher & Rogness, 

2009). As there only a few studies  have been conducted in secondary schools, an 

investigation at  this level of schooling would be useful to obtain better 

understanding about mathematical language challenges experienced by these young 

students. This current study seeks to fill this gap by involving secondary school 

students as its participants. 

 

Ethnicity  

The studies reviewed in the present research involved non-native English speakers in 

English speaking countries and non-English speaking countries. Fifteen out of 

twenty-one studies were conducted in native English countries (nine in the US, two 

in the UK and two in Ireland) that involved non-English speakers from around the 

world such as Latino, Somali and Asian students. Meanwhile, studies conducted in 

non-native English countries involved Korean students (Whang, 1996), immigrant 

students in Spain (Gorgorió & Planas, 2001; Núria Planas, 2014), Malawian and 

South African students (Kazima, 2006; Maree & Erasmus, 2006) and Filipino 

(Verzosa & Mulligan, 2013). There are limited studies on mathematical language 

challenges involving Asian students but this current study involves them, particularly 
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Indonesian students. This could add to a growing body of knowledge on the 

mathematical language challenges faced by Asian students in particular and by non-

native English speaking students in general.  

Research instruments  

The majority of studies on the obstacles related to the language used in mathematical 

tests employed quantitative methods by using mathematical word problems or 

mathematical tests (such as Kiplinger, Haug & Abedi, 2000; Abedi & Lord, 2001; 

Shaftel, Belton-Kocher, Glasnapp & Poggio, 2006; Martiniello, 2008; Martiniello, 

2009; Ríordáin  & O’Donoghue, 2009; Ríordáin & O’Donoghue, 2011; Orosco, 

Swanson, O'Connor & Lussier, 2011). Two studies used qualitative methods by 

recording students’ activities while they were working together on writing and 

solving words (Barwell, 2001) or by observing and interviewing teachers and 

students (Gorgorió & Planas, 2001). Two other studies applied mixed methods by 

conducting a case study and interviews with teachers (Whang, 1996) or using 

mathematical tests and interviews with teachers and students (Maree & Erasmus, 

2006).  

 

Meanwhile, studies that were specifically devoted to mathematical vocabulary 

challenges employed one research method, the quantitative approach by using a 

questionnaire that contained problems related to mathematical terms (Kazima, 2006; 

Kaplan, Fisher & Rogness, 2009) or qualitative approach by analysing previous 

reports and documents (Thompson & Rubenstein, 2000, 2002).  None of the 

previous studies on mathematical vocabulary challenges combined two research 

methods and therefore studies employing such an approach might bring further 

insights into the issue of mathematical language challenges. Further discussion on 

this issue can be found in section 2.4.2.5 
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Non-native English students in English speaking countries: challenges related to 

English mathematical terms  
 

This section reviews studies on the obstacles related to the English mathematical 

terms experienced by non-native English speaking students when learning 

mathematics in English in English-speaking countries. This first reviews studies on 

the broader topic that is students’ obstacles related to mathematical language. 

Aiming to understand the English mathematical term obstacles students faced, the 

review then narrowed into studies on challenges related to English mathematical 

terms.   

 

Over the years, many research studies have been carried out in the field of teaching 

and learning mathematics for non-English speakers in English speaking countries.  

Research on the obstacles experienced by students mostly focussed on the linguistic 

features of mathematical language used in mathematical tests or mathematical 

problems. The literature suggested that the linguistic features of the language used in 

mathematics tests or mathematical word problems contribute to students’ difficulties. 

These features include syntax as well as semantic and lexical complexity (Whang, 

1996; Martiniello, 2008, 2009; Ríordáin and O’Donoghue, 2011).  

 

Whang (1996) investigated the type of difficulties bilingual students faced when 

solving addition and subtraction word problems. Six Korean bilingual students in 

primary and secondary schools, who speak English as a second language, were asked 

to solve mathematical word problems written in English and Korean. This study 

revealed that different types of bilinguals had distinct patterns of difficulties in 

solving mathematics word problems written in English and Korean. For example, 

students who are dominant in the Korean language found it difficult to deal with 

syntactical issues such as understanding problems written in the passive voice and in 
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the reverse order of events. This study also noticed that students in the transition 

stage faced more difficulties in solving mathematics word problems. In short, this 

study reported the linguistics features of mathematical word problems that caused 

difficulties for non-native English students.  However, the generalisability of the 

findings may be limited due to small number of participants from a wide range of 

education backgrounds (primary and secondary students). 

 

Working with disability students in addition to native and non-native English 

speaking students from fourth-grade across Colorado, Kiplinger, Haug and Abedi 

(2000) investigated the effect of test form and English proficiency on mathematics 

performance. They employed three different forms of mathematics tests, original 

English, simplified and glossary, which developed from a national standard 

mathematics test. This study suggested that linguistic simplification or clarification 

of the vocabulary of mathematics word problems can benefit virtually all students, 

particularly non-native English speakers and students with disability. Analysing the 

effect of modifying the language features of mathematics items from the National 

Assessment of Educational Progress (NAEP) into simpler language, Abedi and Lord 

(2001) also found similar results. Non-native English students benefited from the 

modified version because of the use of a common vocabulary, simple expressions 

and simple questions helped them understand the mathematics problems in an easier 

way. Although these two studies did not specifically look at the mathematics 

vocabulary that was challenging for non-native English students, their findings imply 

that mathematical words are harder to understand than common English vocabulary. 

As pointed out by Orosco, Swanson, O'Connor and Lussier (2011), presenting 

mathematical word problems in the language that is appropriate to student’s level of 

understanding helped the ELL students. They also noted that there is a need to 

familiarise and contextualise mathematics vocabulary when working with ELL 
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students. As these two studies did not specifically look at English format of 

mathematical terms, these studies could not provide enough data about the terms 

challenges faced by non-English speakers in non-English speaking countries. 

Moreover, the instruments to collect data were modified from standardised 

mathematics test instruments used in the US therefore the data might not represent 

the issues experienced by students from others countries. 

 

Interested in looking at the difficulties faced by non-native English speakers, 

particularly Spanish-speaking students who learn mathematics in English, 

Martiniello (2008) identified some characteristics of mathematics words problems 

that hinder students’ understanding. They relate to syntax, vocabulary and some 

expressions that are particularly used in certain cultures (colloquial or slang words). 

Working with native and non-native English speakers in her next study (Martiniello, 

2009), Martiniello found out that linguistic complexity is a source of construct-

irrelevant difficulty for non-native English speakers in mathematics word problems. 

She also noted down some English mathematical terms that challenge students such 

as words that have multiple meanings and are shared with everyday English; for 

example: likely, unlikely, certain, impossible, owe. Furthermore, working with 

Spanish-speaking students (grades 6 and 8) from urban schools in southern 

California, Lager (2006) found that ELLs faced more challenges when learning new 

mathematics content in English such as unfamiliar language, unfamiliar notation and 

challenges related to the features of mathematical register. In relation to the 

difficulties related to mathematical terms, the technical words of mathematics were 

found to be confusing for ELL, for example, the term pattern. In addition, the 

students were confused when interpreting the phrases ‘Figure number’ and ‘Number 

of blue squares’ because the terms figure, number and square have more than one 

meaning in mathematical language. These three studies identified several English 
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mathematical terms that are challenging for Spanish-speaking students who live in 

the US. These findings, therefore, were only applied to Spanish-speaking students 

and might not represent challenges experienced by non-English speakers from other 

countries with different linguistic background. Moreover, these studies were 

conducted in the US, which means a different context from my study hence the 

results might not applied to the research questions of my study. 

 

In the Irish context, Ríordáin and O’Donoghue (2011) investigated the key features 

of English mathematics language that pose problems for Gaelic speakers in the 

transition from Gaelic-medium to English-medium in Ireland.  Students in primary 

and secondary schools and those in were asked to solve mathematics word problems 

written in English and Gaelic. Comparing the responses on both versions of the test, 

they found that Gaelic speakers at the secondary level experience a disadvantage 

when assessed through the medium of English. In addition, Gaelic speakers who 

were in transition from primary to secondary school, had trouble with the syntax, 

semantics and English mathematics vocabulary. In relation to English mathematical 

terms, this study identified that ambiguous/borrowed words from everyday English 

contribute to some of the difficulties students experienced, such as highest common 

factor, multiple, multiply, numerator and denominator. These findings support 

Barwell’s (2001) findings that noticed some English mathematical terms that are 

shared with everyday English were challenging for non-native English speakers. 

While Ríordáin and O’Donoghue focused only on Gaelic speaking students, Barwell 

worked with immigrant students in the UK who came from several countries. 

Barwell recorded classroom activities that involved 150 year 5 students. These two 

studies were conducted in English speaking countries which have different contexts 

from this current study (non-native English speaking country). Regarding data 

collection, both studies employed a single data collection approach, mathematics test 
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(Ríordáin & O’Donoghue) and classroom-based recording (Barwell). Since every 

method of data collection has limitations, using multiple methods can thus 

counterbalance some of the limitations as well as triangulate the data that have been 

collected (Cohen, et al., 2007) and therefore it enhances the reliability and validity of 

findings.      

 

After reviewing studies on the linguistic features challenges, it can be summarised 

that non-native English speakers faced difficulties understanding mathematical word 

problems. The reasons for this are listed as follows:  

1. Syntax that includes the passive voice, reverse order events (Whang, 1996), long 

expressions and complex vocabulary; using common and simple vocabulary, 

simple expressions and questions (Kiplinger, Haug & Abedi, 2000; Abedi & 

Lord, 2001; Martiniello, 2008; Ríordáin & O’Donoghue, 2011). 

2. Semantics such as employing words/expressions used in particular cultures 

(slang or colloquial words) (Kiplinger, Haug & Abedi, 2000; Martiniello, 2008). 

Even although the studies on these topics did not particularly focus on mathematical 

terms, they found that non-native English speakers who learn mathematics in 

English speaking countries were confused with technical terms (Kiplinger, Haug & 

Abedi, 2000; Abedi & Lord, 2001), terms that have multiple meanings and are 

shared with everyday English (Barwell, 2001; Martiniello, 2008; Ríordáin & 

O’Donoghue, 2011).  

 

There are a number of studies about difficulties related to English mathematical 

terms for native English speakers. However, there is limited research that focused on 

the difficulties experienced by non-native English speakers. Reviewing the results of 

previous studies on difficulties related to English mathematical terms for English 

speakers (such as Kane, Byrne & Hater, 1974; Shuard & Rothery, 1984) and 
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combining their experiences with those of mathematics teachers, Thompson and 

Rubenstein (2000) developed a list of English mathematical terms that potentially 

caused problems for students. They proposed twelve categories which are listed as 

follows. 

Table 2.6 Categories of challenges of mathematical terms 

Category of Potential Pitfall Examples 

1. Some words are shared by 

mathematics and everyday English, 

but they have distinct meaning   

Prime, power, factor, function, domain, 

volume, leg, right, tree, combination, event, 

mode 

2. Some mathematics words are shared 

with English and have comparable 

meaning, but the mathematical 

meaning is more precise 

Divide, equivalent, even, difference, 

continuous, limit, amplitude, slope, similar, 

reflection, average, edge 

3. Some mathematical terms are found 

only in a mathematical context 

Quotient, denominator, integer, asymptote, 

permutation, parallelogram, isosceles 

4. Some words have more than one 

mathematical meaning 

Inverse, round, range, square, base, degree, 

median, vertex 

5. Modifiers may change mathematical 

meanings in important ways 

Value or absolute value, prime or relatively 

prime, root or square root 

6. Some mathematical phrases must be 

learned and understood in their 

entirety 

At most, at least, if-then, if-and-only-if, 

stem-and-leaf 

7. Some words shared with science have 

different technical meaning in the two 

disciplines 

Divide, density, solution, radical, variable, 

prism, experiment, cell, tree, degree, imagine 

8. Some mathematical terms sound like 

everyday English words 

Sum or some, sine or sign, pi or pie, plane or 

plain, graph or graft 

9. Some mathematical words are related, 

but students confuse their distinct 

meaning 

Factor and multiple, hundreds and 

hundredths, numerator and denominator, 

theorem and theory 

10. Technology may use language in 

special ways 

Linreg or LnReg, LOG (for base-ten 

logarithms  and not for any logarithm), EXP 

(for scientific notation and not for 

exponentiation) 

11. A single English word may translate 

into Spanish or another language in 

two different ways 

Round (redondear) as in ‘round off’ or round 

(Redondo) as in ‘circular’ 

12. Shorthand or abbreviation are often 

used in place of the complete word or 

phrase, even if students must 

pronounce the entire word when 

verbalizing the shorthand 

Inverse for inverse function, sin for sine, cos 

for cosine and tan for tangent 

Source: Thompson and Rubenstein (2000, p. 569) 
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Considering works of others (such as Earp & Tanner, 1980; MacGregor, 1990, 1993; 

Shuard & Rothery, 1984; Usiskin, 1996; Whitin & Whitin, 2000), Rubenstein and 

Thompson (2002) reduced the categories of potential pitfalls from 12 to 11 by 

deleting categories number 5, 6, 10 and 12 (see table 2.6 above) and adding three 

new categories (see table 2.7 below). 

Table 2.7 Additional categories of challenges mathematical terms 

New categories of potential 

pitfall 

Examples of mathematical terms 

English spelling and usage have 

many irregularities 

Four has a u, but forty does not. 

Fraction denominators such as sixth, fifth, 

fourth, and third are like ordinal numbers, but 

rather than second, the next fraction is half 

Some mathematical concepts are 

verbalised in more than one way 

Skip count by threes versus tell the multiples of 

3 

One-quarter versus one-fourth 

Students may adopt an informal 

term as if it is a mathematical 

term 

Diamond for rhombus 

Corner for vertex 

   Sources: Rubenstein & Thompson (2002, p. 108) 

Using mathematics test items from the Kansas General Mathematics Assessments, 

Shaftel, Belton-Kocher, Glasnapp & Poggio (2006) found that the characteristics of 

mathematics vocabulary had a consistent effect on the performance of ELL and 

disabled students grades 4, 7 and 10. Ambiguous or multiple-meaning words were 

challenging for grade 4 students. Meanwhile, comparison problems/comparative 

words were challenging for grade 7 and 10 students. In general, they found that 

words that are unclear, slang or that have multiple meanings depending on context 

are challenging for students.  

 

Pierce and Fontaine (2009) determined the mathematical terms that are often 

challenging for students into two groups: technical terms and sub-technical terms. 

Technical terms are the words that have a precise mathematical meaning such as 
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rectangle, add, addition, centimetre, fraction, odd number, subtract, parallel, 

perimeter and square unit. Meanwhile, sub-technical terms are the words that have 

both an everyday meaning and mathematical meaning such as mean, table, pattern, 

area, shade, order, key and belongs. 

 

In the statistics area, Amir (1994) studied Asian and English students in a high 

school in England. Using a questionnaire, the students were asked to interpret 

probability terms and phrases. His analysis revealed that there were no significant 

differences between English and Asian students in understanding probability terms. 

However, they all had problems with the probability terms. Kaplan, Fisher and 

Rogness (2009) found a similar trend when working with undergraduate students on 

including ELL and non-ELL in the South-eastern, and 2 in Midwestern United State. 

Students were asked to define or give a synonym and use in a sentence the following 

five statistical terms: association, average, confidence, random and spread. This 

study found that, in general, most students (ELL and non-ELL) misunderstood the 

terms and they defined the statistical meanings of these five terms inappropriately, 

particularly the terms association and random. However, these studies have only 

focused on a small number of English statistical terms that might not provide enough 

information for English mathematical terms in other topics such as algebra and 

geometry that might have different challenges compared with those in statistical 

terms. 

 

Studies on the topic of English mathematical challenges for non-native English 

students in English speaking countries revealed that non-native students had 

problems with mathematical terms with multiple meanings (Lager, 2006; Shaftel, 
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Belton-Kocher, Glasnapp & Poggio, 2006), a precise mathematical meaning (Lager, 

2006; Pierce & Fontaine, 2009), shared with everyday English words (Kaplan, 

Fisher & Rogness, 2009; Pierce & Fontaine, 2009), complex mathematical terms or 

phrases (Orosco et al., 2011) and comparison words (Shaftel et al., 2006). Looking 

across the results of the studies discussed in the previous section and this section, 

there are some consistent findings which demonstrate that non-native English 

students had problems with: 

1. Terms that have a precise meaning in mathematics (technical terms) 

(Kiplinger et al., 2000; Abedi & Lord, 2001; Lager, 2006; Pierce & Fontaine, 

2009). 

2. Terms that have multiple meanings (Lager, 2006; Shaftel et al., 2006).  

3. Terms that are shared with everyday English  (Barwell, 2001; Martiniello, 

2008; Kapla et al., 2009; Pierce & Fontaine, 2009; Ríordáin & O’Donoghue, 

2011).  

In addition, there are additional issues that challenge the non-native English students 

as found in the later studies such as comparison words (Shaftel et al., 2006) and 

complex mathematical terms or phrases (Orosco et al., 2011). 

 

It is important to note here that the studies discussed in this section were conducted 

in English speaking countries. Therefore, the difficulties related to English 

mathematical terms might be different from those encountered by students who learn 

mathematics in non-English speaking countries. The next section discusses studies 

on the English mathematical terms for non-English speakers who learn mathematics 

in non-English speaking countries. 
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Non-native English students in non-English speaking countries: challenges 

related to English mathematical terms 

 

This section reviews relevant studies that are conducted in non-English speaking 

countries. It aims to examine the obstacles related to the English mathematical terms 

experienced by non-native English students when learning mathematics in English in 

non-English speaking countries. There are limited empirical studies that have 

investigated the difficulties regarding English mathematical terms experienced by 

non-native English speakers in non-English speaking countries. For example, 

Kazima (2006) investigated the prior understanding of Malawian students with 

respect to some probability terms. Chichewa is the first language of these students 

while English is their second language and serves as the language of instruction in 

the classrooms. The sample included 154 students of the first year of secondary 

school (aged 13-16) in the Southern region of Malawi. A questionnaire containing 

several English probability terms was used to capture the students’ prior 

understanding. The findings of this study implied that the students had problems 

interpreting the meaning of probability terms and phrases investigated in this study 

because they were unfamiliar with these terms that are rarely used in daily 

conversation. Moreover, this study revealed that the linguistic differences between 

Chichewa and English could lead to misconceptions and misinterpretations in 

learning probability terms and phrases in English such as the terms likely, unlikely 

and equally likely.  This study, however, only focused on probability terms: certain, 

likely, unlikely and impossible.  

 

Another study conducted by Maree and Erasmus (2006) in South Africa included 

working with Grades 3, 4 or 5 in four English-medium primary schools in Mafikeng. 
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The researchers found that students who have better knowledge of the language of 

mathematics perform better than their counterparts. The interview revealed that most 

students with low achievement experienced difficulty in understanding the technical 

language of mathematics. However, the authors did not provide the example of the 

technical language of mathematics that challenged the students.  

 

In the Asian context, Verzosa and Mulligan (2013) found that the students in urban 

areas of Manila who learn mathematics in English as a second language faced 

linguistics difficulties (undeveloped decoding skills, lack of English language 

knowledge, or limited reading comprehension strategies), mathematical difficulties 

(poor understanding of mathematical concepts, limited theorems) while solving 

mathematics words problems. In relation to mathematical language, students were 

confused with some sub-technical words, for example altogether and how many. 

 

Due to the limited number of studies that investigate the challenges faced by non-

native English speakers in non-native English countries, this literature review also 

includes the studies devoted to mathematical terms challenges in Catalan (Spain). 

The aim was to discover general issues related to students’ understanding of 

mathematical terms in a non-native language. Gorgorio and Planas (2001) worked 

with immigrant students in Spain who learned mathematics through Catalan as their 

second language. Through the interview conducted with teachers and the observation 

of immigrant students when they worked with mathematics word problems, they 

found that non-Catalan students faced many linguistic conflicts such as 

misunderstanding of mathematics problems and symbols and the lack of 

communicative abilities with peers and teachers. They also identified some Catalan 



83 

 

mathematical terms that were challenging for immigrant students such as 

add/adding, and subtract/subtracting. In a recent study, Planas (2014) investigated 

how Latin American secondary school students aged 12-16 in Catalonia, Spain, use 

their two languages – Catalan and Spanish – in mathematics classes. By analysing a 

video of mathematics lessons in bilingual classrooms, they found that students have 

a problem with mathematical words and everyday words used to explain 

mathematical ideas. They were more familiar with the everyday meaning than the 

mathematical meaning. They also had problems when converting mathematical word 

problem into mathematics symbols/algebraic expressions (everyday to mathematics 

language) as they argued that some terms used in mathematics sounded odd for 

them. As this study did not focus on the challenges related to English mathematical 

terms, its findings could not provide sufficient information on what kind of 

mathematical terms are challenging for students.  

 

To summarise, very few studies have been conducted on the difficulties pertinent to 

English mathematical terms in non-native English countries. Kazima (2006) and 

Maree and Erasmus (2006) conducted studies in the context of learning mathematics 

through English in African countries where English is a second language. Kazima 

(2006) found that Malawian students had problems interpreting the meaning of 

probability terms and phrases such as likely, unlikely and equally likely. Meanwhile, 

Maree and Erasmus (2006) identified that Tsawa students experienced difficulties 

with some technical terms. A recent study conducted by Verzosa and Mulligan 

(2013) in the Philippines, where students learn mathematics in English as a second 

language, found that students experienced difficulties with mathematical terms that 

are similar to everyday words such as altogether and how many. The findings of 
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these three studies, however, do not provide enough information on the difficulties 

related to English mathematical terms for some reasons: 1) Kazima only looked at 

one topic in mathematics, that is probability, while Maree and Erasmus did not 

provide the list of technical terms that challenged the students; 2) Gorgorio and 

Planas (2001) found that mathematical terms in Catalan are challenging for 

immigrant students with Catalan as a second language. However, this study focused 

on identifying Catalan mathematical terms instead of English ones. Considering the 

lack of research on English mathematical terms that challenge non-native English 

students in non-English speaking countries, there is a need for further research 

within this topic to investigate this issue more deeply. A number of gaps have been 

identified during the literature review above. The next section summarises the gaps 

that will be addressed in my study. 

2.4.2.4 Discussion of context and content gaps countries 

Most of the research studies mentioned above were conducted in English-speaking 

countries, which imply that the teachers and some students were native English 

speakers. Hence, they had a different learning environment from those who learn 

mathematics with non-native English teachers and peers. This might influence the 

challenges they faced. From the review above, very few studies that were conducted 

in non-English speaking countries looked specifically at mathematical terms 

challenges.  

 

The role of English in non-native English countries should also be taken into 

account. There are some previous studies conducted in non-native English countries 

such as South Africa and the Philippines where English is a second language. None 
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of the prior studies on the challenges related to English mathematical terms were 

conducted in a country where English is a foreign language. The researcher believes 

this is a knowledge gap worth filling.     

 

To sum up, there are limited studies on mathematical term challenges conducted in 

non-English speaking countries and none of the prior studies in this topic is 

conducted in a country where English is a foreign language. Therefore, my study 

aims to address these gaps by conducting a study about English mathematical term 

challenges in Indonesia – a non-English speaking country where English is a foreign 

language. 

 

Issues covered in the prior studies  

As mentioned earlier, most studies focused on obstacles related to general linguistics 

features such as the complexity of syntax and the grammar of mathematical 

language. Very few studies looked exclusively at the challenges related to English 

mathematical terms, particularly for non-native English speakers when English is a 

foreign language. Previous studies on challenges related to English mathematical 

terms for non-native English speakers only focused on certain topics in mathematics 

such as probability terms (Kazima, 2006) and addition/subtraction terms (Verzosa & 

Mulligan, 2013). Examining various mathematical topics would be beneficial to 

provide more information about the challenges related to English mathematical terms 

in different topics. This study investigates English mathematical terms including 

algebra, geometry and statistics topics learned in grade 7 of ISS secondary schools in 

Indonesia.   
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2.4.2.5 Discussion of methodology gaps 

Previous studies that specifically examined obstacles on mathematical terms 

employed one research method, either quantitative or qualitative. Thompson and 

Rubenstein (2000, 2002) provided a comprehensive list of mathematical terms that 

have potential challenge for students. As the findings were based on analysing 

previous reports and documents, they did not provide empirical data on what kind of 

challenge students faced and which terms were the most and the least challenging for 

students. On the other hand, Kazima (2006) provided empirical data on students’ 

interpretation of English-probability terms using questionnaires. The data showed 

that students had problems with some English probability terms because many 

students had incorrect interpretations, however, Kazima did not explain why the 

students held these. This information could be obtained by interviewing students. 

Considering the absence of studies using mixed data collection approaches, my study 

has been designed to address this gap. By employing mixed methods, this study aims 

to provide an explanation about what kinds of English mathematical terms that are 

challenging for Indonesian students and why these terms challenging for them.   

 

Regarding the participants, most previous studies were conducted in elementary 

schools and few studies were carried out in secondary schools with very few in high 

schools. With regard to the number of participants, most studies involved fewer than 

200 participants. Some studies involved non-native English speakers who were 

resident in native English countries while limited studies involved non-native 

English speakers in non-native English speaking countries (such as Kazima, 2006 

and Verzosa & Mulligan, 2013). In terms of the ethnicity of the participants, only 

two studies involved Asian students. One study involved Korean and the other 

Filipino. To the best of the researcher’s knowledge, no study included Indonesian 
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students and/or teachers as participants. Considering the limited number of studies 

that involved non-native English speakers in secondary schools, particularly 

Indonesian students, research involving this group of participants would provide 

additional information to the already growing body of research on English 

mathematical language challenges for Asian students, particularly Indonesian.   

 

2.4.3 Conclusion 

Previous studies on the challenges related to mathematical terms have consistently 

demonstrated that some students do not understand many of the terms that are 

commonly used in mathematics classrooms (Kane, Byrne & Hater, 1974; Shuard & 

Rothery, 1984; Williams, 1995; Berenson & Vidakovic, 1996; Thompson & 

Rubenstein, 2000; Kazima, 2006) particularly the terms that have a shared meaning 

with everyday English (Pimm, 1987; Monaghan, 1991; Orton, 1992; Rangecroft, 

2002). In the context of learning mathematics in a non-native language, 

understanding mathematical language is more challenging for students 

(Schleppegrell, 2007).  

 

Many educators agree that a key component in understanding mathematics is 

learning the vocabulary (Vygotsky, 1962; Miller, 1993; Thompson & Rubenstein, 

2000; Monroe & Orme, 2002). Miller (1993) maintained:  

Without an understanding of the vocabulary that is used routinely in 

mathematics instruction, textbooks, and word problems, students are 

handicapped in their efforts to learn mathematics (p. 312).  

 

Understanding vocabulary is closely related to conceptual understanding. Lack of 

understanding of the vocabulary of mathematics is considered one reason why 

students cannot maximize achievement in mathematics or communicate about 

mathematics (Gay & White, 2002; Thompson & Rubenstein, 2000). Although 
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mathematics is described visually through symbols and numbers, the symbols have 

associated words and meaning. More importantly, mathematical problems are often 

expressed in words. Thus, without familiarising themselves with mathematical 

terms, students have a poor chance of successfully achieving mathematical 

proficiency.    

 

As noted earlier, students’ understanding of mathematical meanings, which are 

different from everyday meanings and which have specific meanings in 

mathematics, may lead to misconceptions and therefore impede their advanced 

mathematics learning. Teachers should be able to anticipate their students’ thinking, 

understanding, confusion and misconception (Ball, et al., 2008). If the teachers can 

anticipate misconceptions experienced by their students, it is speculated that 

students’ learning can be fostered (Ball, et al., 2008). Furthermore, research on 

learning mathematics in English as a non-native language suggests that being 

proficient in conversational English does not guarantee successful learning in 

mathematics (Ríordáin & O’Donoghue, 2011) because students need to be proficient 

in English mathematical language as well (Barton & Neville-Barton, 2003).  

 

Considering the importance of understanding mathematical vocabulary in learning 

mathematics and the findings of the previous studies on the complex challenges 

faced by non-native English, this study investigates the challenges pertinent to 

English mathematical terms for secondary school students in Indonesia where 

English is a foreign language. This study would expect to fill the gaps identified in 

sections 2.4.2.4 and 2.4.2.5. 



89 

 

2.5 Students’ attitudes towards learning mathematics in English 

The third issue investigated in this study is students’ attitudes towards mathematics 

learned in English. Attitudes towards mathematics intuitively play an important role 

in the processes of learning and it has been consistently studied. However, it is hard 

to refer to a cause-effect relationship between attitude towards mathematics and 

achievement since prior studies have not provided significant and consistent findings 

about this relationship.  

 

According to Ma and Kishor (1997), there is a positive interaction between attitude 

towards mathematics and mathematics achievement as echoed by Papanastasiou 

(2000), Nicolaidou and Philippou (2003), Bramlett and Herron (2009) and Mohd, 

Mahmood and Ismail (2011). On the other hand, there are some studies which 

suggest that attitude towards mathematics is not related to achievement in 

mathematics. For example, McLeod (1992) refers to data from the Second 

International Mathematics Study, which indicates that Japanese students had a 

greater dislike for mathematics than students in other countries, even though 

Japanese achievement was very high. Ma and Khisor (1997) explain that the 

inconsistent findings on the relationship between students’ attitude and their 

mathematics achievements might be related to the nature of participants. They 

claimed that young children may be unable to express their attitudes precisely and 

tend to have unstable attitudes. Furthermore, Ruffell, Mason, and Allen (1998) argue 

that students’ attitudes change as they grow up. Students’ attitudes towards 

mathematics and beliefs about its usefulness will decline as they move to middle and 

high school (Wilkins & Ma, 2003).  
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Despite the inconsistent findings on the relationship between attitude and learning 

outcome, prior studies show that attitude influences the process of teaching and 

learning mathematics (Neale, 1969; Ma & Kishor, 1997; Sua, 2007; Zan & Martino, 

2007). Regarding the language used in the classroom, attitude plays a crucial role in 

the teaching and learning process when the language of instruction is not the 

students’ first language (Foong, 1994; Baker, 1988; Kara, 2009; Fakeye, 2010). 

Considering the importance of attitude in teaching and learning mathematics and in 

teaching and learning through non-native language, it can be assumed that attitude 

would also be essential in learning mathematics in English where English is a 

foreign language. However, previous studies on this topic mostly focused on 

teachers’ attitude. Therefore, the present study tried to examine students’ attitudes. 

By examining students’ attitudes towards learning mathematics in English, this study 

offers another insight that is from the students’ side. In the context of the ISS 

programme, this study provides complimentary information to the existing 

information that merely focuses on the technical and managerial issues of the ISS 

implementation than the issues of teaching and learning mathematics in English (for 

example Suyanti, 2009; Soeryanto; 2010; Surahman, 2010). This may have more 

long-lasting effect than examining the students’ academic achievement and 

managerial issues. 

 

This section reviews relevant literature on students’ attitudes towards mathematics 

learned in English. The review is intended to attain breadth and depth of research 

related to students’ attitudes and to identify gaps in previous studies within this field. 

Before reviewing the literature, this section discusses the definition of attitude and 

the process of searching literature. This section concludes with the issues raised from 

the literature review that are intended to be addressed in this study.   
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2.5.1 Definition of attitude 

Over the decades, many studies have been conducted with a focus on attitude in the 

fields of psychology, mathematics and other subjects (for example Triandis, 1971; 

Aiken, 1970; Hyde, Fennema, Ryan, Frost & Hopp, 1990; Maio & Haddock, 2010). 

However, it is difficult to find a fixed definition of attitude. Zan and Martino (2007) 

argue that definition is dependent on the context of the research or the problem that 

the researcher is dealing with. The review of several research studies proposes many 

words related to or describing attitude. For example, in psychology, attitude is 

associated with beliefs, self-efficacy, self-concept, feeling, expectation, motivation, 

and emotion (Triandis, 1971). Whereas in mathematics education, attitude is 

associated with beliefs, enjoyment, anxiety and motivation in doing something 

(Hyde, Fennema, Ryan, Frost & Hopp, 1990; Tapia & Marsh, 2004).  

 

In general, attitude defines as mental sets which are a cluster of preconditions that 

determine the evaluation of a task, a situation, an institution or an object (Lewis, 

1981). Baron and Byrne (1997) explain in detail attitudes as being relatively lasting 

clusters of feelings, beliefs, and behaviour tendencies that are directed towards 

specific persons, ideas, objects or groups. Meanwhile, Triandis (1971) defines 

attitude as “an idea charged with emotion which predisposes a class of actions to a 

particular class of social situation” (p.2). This definition suggests that attitude has 

three components: (1) the cognitive component which relates to an idea which is 

generally used in thinking; (2) the affective component which relates to the emotion 

which charges the idea, for example, ‘feels good’ or ‘feels bad’ when thinking about 

something; and (3) the behavioural component which relates to the tendency to 

action. He explains further that the word ‘behave’ refers to what people would like to 

do and what people think to do. Triandis then proposes three key verbs to measure 
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attitudes – think, feel and behave. The conception of attitudes is illustrated in Figure 

2.3 below.  

 

 

 

 

 

 

 

Figure 2.3 A schematic conception of attitudes 

Sources: Attitude and Attitude Change (Rosenberg and Hovland (1960) in Triandis, 

1971) 

 

Maio and Haddock (2010) echo Triandis’s idea and consider the effect of prior 

experience to attitude. Maio and Haddock suggest three components: (1) cognitive 

that covers beliefs, thought and attributes; (2) affective that relates to feelings and 

emotions; and (3) behavioural information that refers to past events and experiences. 

 

Attitude towards mathematics 

As with attitude in general, there are various definitions of attitude towards 

mathematics. Martino and Zan (2001) differentiate two basic approaches in defining 

attitude towards mathematics; the first focusing mainly on the affective aspect and 

the second incorporating affective, cognitive and behavioural aspects. The first 

approach, considered as a simple definition, perceives of attitude as an emotional 

disposition towards mathematics that is more likely to be about liking or disliking 

mathematics. For example, Aiken (1970) defines attitude as “a learned predisposition 

or tendency on the part of an individual to respond positively or negatively to some 

object, situation, concept, or another person” (p.551). Hart (1989) also interprets 
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attitude towards mathematics from an emotional aspect. He explains that attitude 

towards mathematics is a tendency to respond in a favourable or unfavourable way 

to mathematics. This first approach focuses on the affective domain of attitude and 

omits the cognitive one, thus assuming that attitude differs from beliefs (Ma & 

Kishor, 1997).  

The second approach is based on a view that attitude includes emotional responses, 

beliefs and behaviour. This approach is similar to Triandis’s definition. Many 

scholars use this second approach in defining attitude towards mathematics. For 

example Neale (1969) defines students’ attitudes towards mathematics as being 

related to their beliefs which, in turn, depends on whether they are good or bad in 

mathematics, their liking or disliking of mathematics, their beliefs that mathematics 

is useful or useless and their tendency to participate in or avoid mathematical 

activities. Kay (1993) further categorized these attitudinal aspects into three domains 

of attitude towards mathematics that include cognitive (beliefs), affective (feeling) 

and behavioural domains (predisposition to act). Similarly, Ma and Kishor (1997) 

define attitude as a combination of (1) affective aspects that refer to a liking or 

disliking mathematics; (2) behaviour aspects that refer to engaging in or avoiding 

mathematical activities; and (3) cognitive aspects that refer to beliefs about 

mathematics such as believing about the good or bad and usefulness or uselessness 

of mathematics. Referring to this definition, Kadijevich (2008) argued that attitude 

should cover affective, emotional and behavioural reactions concerning liking or 

disliking of mathematics, the perception regarding the ease or difficulty of learning 

mathematics and the students’ beliefs concerning the contribution of mathematics to 

their educational performance and their career. Furthermore, Kadijevich (2008) 

provides examples of statements in the instrument measuring students’ attitude 
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towards mathematics. He suggests that students’ attitudes towards mathematics 

should comprise beliefs related to mathematics (an example of statement is 

“Mathematics helps me understand science lessons”), behaviour (example of 

statement is “I will apply for a job involving mathematics”) and attitudinal or 

emotional reactions (examples of statement are “I like solving mathematical 

problems”, “I feel upset when solving mathematical problems”).  

 

In the context of students’ attitudes towards learning mathematics in English, Sua 

(2007), referring to Triandis’s ideas, defines students’ attitudes towards learning 

mathematics in English as a combination of feeling and thought about learning 

mathematics in English, and a tendency to act in mathematics classes. Meanwhile, 

Hofmannova and Novotna (2003) did not explicitly define students’ attitudes 

towards mathematics; yet they associated it with what students feel, for example, 

whether the students enjoy or like learning mathematics. There are two different 

approaches used to define attitudes towards learning mathematics in English. 

Hofmannova and Novotna (2003) define students’ attitudes as affective or emotional 

responses while Sua (2007) includes the cognitive aspect (what students think) and 

the behavioural aspect (what students intended to do in mathematics classes).   

 

From the definitions of attitude towards mathematics in general and attitude towards 

learning mathematics in English, attitude is associated with response or reactions 

towards learning mathematics. Some scholars suggest that attitude is related to the 

emotional aspect (feeling) while some others believe that it should also take into 

account the cognitive (thought) and behavioural (predisposition to act) aspects. 

Students’ attitudes in this study refer to their reactions towards mathematics when it 

is taught in English. These responses include emotional (affective), cognitive, and 
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behavioural aspects. Eshun (2004) suggests that emotional dispositions have an 

impact on students' behaviour (as students are likely to achieve better in a subject 

that they enjoy, have confidence in or find useful) and may influence students’ 

willingness to learn and also the benefits one can derive from mathematics 

instruction. For these reasons, the researcher believes that students might have 

certain feelings, thoughts, and actions in response to the teaching and learning 

environment. Therefore, the attitudes in this study include what students’ feel, think 

and behave in response to teaching and learning mathematics in English. Feeling 

refers to emotional responses to mathematics and mathematics taught in English, for 

example liking and disliking the subject and of learning it in English, mathematics 

anxiety and self-confidence. Thinking is related to beliefs about the value of 

mathematics and mathematics taught in English, for example, usefulness or 

uselessness of the subject and what students think they would do when they learn 

mathematics in English. Behaving is related to the response to mathematical 

activities, for example, engaging in discussion with peers, or avoiding solving 

mathematical problems. The definition of attitudes towards learning mathematics in 

English is illustrated in Figure 2.4. 

 

 

 

 

Figure 2.4 Approach of defining attitudes towards learning mathematics in English 
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2.5.2 Literature review on students’ attitudes toward mathematics in English 

Similar to previous literature sections, this section discusses the process of searching 

relevant literature and the review of relevant studies. Finally, this section concludes 

with a list of gaps raised from the relevant studies. 

 

The key words for searching literature regarding the second research question are 

combinations of the words listed in Table 2.8. The key words search also employed 

Boolean operators ‘and’ and ‘or’. Combination of these key words yielded over 1658 

results across the databases: British Education Index, Australian Education Index, 

SCOPUS, ERIC, and ASSIA. In addition, there were more than 64,600 results from 

Google Scholar but the researcher only considered the first 300 results. 

Table 2.8 Key words for searching studies on mathematical language issues 

Key words 

Attitude* 

Feel* 

Like* 

Belief* 

Enjoy*  

Anxiety 

Motivation 

Mathematic* Teaching 

Learning 

English 

Non-native language 

Additional language  

Second language  

Foreign language 

 

2.5.2.1 Systematic search process 

The systematic review process went as follows: 

1. Include all results from the keyword search. 

2. Remove double results  from the five databases and from Google Scholar. 

After removing the same results, there were 981 articles found from five data 

bases and Google Scholar altogether. 

3. Screen the titles and abstracts based on inclusion and exclusion criteria. 

The titles and abstracts of these search results were then filtered by applying the 

inclusion and exclusion criteria (see below).  
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4. Retrieve full texts for the included abstracts. 

There were 11 studies that met the criteria. The full paper was then retrieved for 

further review.  

5. Screen the full papers and apply the inclusion and exclusion criteria.  

There were only three papers that meet the inclusion criteria and are relevant for 

the present study (see table 2.9). 

2.5.2.2 The inclusion criteria 

Studies reviewed here should fulfil the inclusion criteria as below. 

1. Studies written in English language. 

2. Studies investigating students’ attitudes towards mathematics when it is taught in 

English – a non-native language for them 

3. Studies involving participants who are primary and secondary school students    

Papers involving participants from both primary and secondary schools were also 

included in this review due to the nature of participants in the present study, who 

are Grade 7 students (the first grade of secondary level) in a transition from 

primary to secondary education. Therefore, studies that conducted in primary 

school might still relevant particularly when the participants were students in the 

final year of primary school.  

4. Studies conducted in non-native English countries where English is an additional 

language (either second or foreign language).  

The context of this study is mathematics taught or learned in English in a country 

where English is a foreign language. Therefore, studies that were conducted in 

English speaking countries might not be relevant to the context of this current 

study due to the differences in learning environments. Different learning 

environments would have an impact on students’ attitudes (Vandecandelaere, et 
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al., 2012). Furthermore, Pathan and Shiakh (2012) suggest that there is a 

significant difference in attitude between students who learn mathematics in 

English and those who learn it in a native language. 

The exclusion criteria 

Studies excluded from literature review are:  

a. Studies on attitude towards mathematics learned in native language. 

b. Studies on teachers’ attitudes. 

c. Studies on students’ attitudes towards school subjects other than mathematics  

d. Studies about attitudes of English Language Learners (ELL) towards 

mathematics conducted in English speaking countries. 

e. Studies conducted in non-K12. 

f. Studies written in non-English. 

 

2.5.2.3 Discussion of relevant literature 

Aiming to identify gaps, this section reviews prior studies that meet the inclusion 

criteria. This section begins with a brief summary of the methodological issues of the 

relevant studies which involve countries in which the studies were conducted 

(whether English speaking countries or non-English speaking countries), the 

researchers, the participants, research instruments and the research methods 

employed. This process is then followed by reviewing each relevant study in detail. 

 

As mentioned in the previous section, three relevant studies meet the inclusion 

criteria and are therefore appropriate for further review. Table 2.9 summarises the 

review of relevant papers. 
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Table 2.9 Summary of studies on students’ attitudes towards mathematics in English 

Researcher(s) Location Participants Methods Findings 

Hofmannova 

& Novotna  

(2003) 

 

The 

Czech 

Rep 

59 secondary 

students aged 

14-16. 

Observed and 

video-recorded 

mathematics 

lessons and 

questionnaire 

Students believe 

that maths taught in 

English beneficial 

and they enjoy it. 

Aziz  

(2005) 

 

Malaysia 279 secondary 

school 

students 

Questionnaire  Students perceived 

English as an 

important 

language, maths in 

English is difficult 

and demanding. 

Sua  

(2007) 

 

Malaysia 400 secondary 

school 

students 

(interviewed 

60 students 

and 20 maths 

and science 

teachers) 

Questionnaire 

and interview 

Students have more 

positive attitude 

towards maths than 

towards science. 

There is significant 

difference in attitude 

towards maths by 

gender (girls have 

more positive 

attitude than boys). 

Students with more 

positive attitude 

tend to be more 

achievement 

oriented. 
 

The Researchers 

From the studies reviewed, there were four researchers identified and none of them   

has conducted more than one study. This implies that only a few researchers paid 

attention to this issue. All researchers have conducted one study on this topic with 

different perspectives in defining students’ attitudes. Hence, more researchers 

investigating this issue might support findings of the previous studies and might bring 

an insight into the growing body of knowledge on the issue of attitudes towards 

mathematics learned in English.     
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Countries  

Among three relevant studies on the attitudes of students towards mathematics 

learned in English, two of them were conducted in Malaysia and one study 

conducted in Prague (The Czech Republic). It means that previous studies in this 

topic were only conducted in two countries. Therefore, there is a need to study in 

different countries in order to obtain a better understanding of this issue.  

 

Participants 

Sample size 

One study involved 95 students (Hofmannova & Novotna, 2003) while the two other 

studies employed more than 200 students. Aziz (2005) worked with 279 students and 

Sua (2007) with 400 students. As mentioned earlier, there are no fixed rules on the 

ideal number of participants. This current study employed a large number of 

participants in the quantitative phase to find students’ attitude in general and worked 

with a small number of participants in the qualitative phase in order obtain in depth 

data about students’ attitudes such as the reasons behind holding a certain attitude. 

 

School level 

The three studies were conducted at secondary level. Regarding the school grades of 

participants, it ranged from year one of lower secondary school to year one of upper 

secondary school with ages ranging from 13 to 16. However, only one study 

involved lower grade students of secondary school. As there are limited relevant 

studies, there is a need to conduct a study involving secondary school students, 

particularly lower grade students. My study attempts to address this issue by 

conducting research with grade 7 secondary school students. 
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Ethnicity 

Studies in the field of students’ attitudes towards learning mathematics in English 

involved Czech students (Hofmannova & Novotna, 2003) and Malay students, 

including Chinese and Indian students in Malaysia (Aziz, 2005; Sua, 2007). Only a 

few number of ethnic groups have been involved in previous studies; further study 

involving students from other ethnic groups with different linguistics background 

might bring further insight on the issue of attitude towards learning mathematics 

through a non-native language, in this case English. The previous studies employed 

Czech, Chinese and Indian students, and, to the best knowledge of the researcher, no 

previous studies involved Indonesian students. Therefore, this current study 

investigates Indonesian students.  

 

Research instruments 

Two out of three studies employed mixed methods in gathering data. Hofmannova 

and Novotna (2003) used observation and questionnaire while Sua (2007) used 

interview and questionnaire to measure students’ attitudes towards learning 

mathematics in English. Meanwhile, Aziz (2005) used quantitative method by using 

questionnaire to assess students’ perception towards learning mathematics in 

English. The methodology employed in the previous research is discussed further in 

the section below.  

 

Studies on attitude towards learning mathematics through English 

There are a number of studies in the context of attitudes of teachers or pre-service 

teachers towards teaching mathematics in English. For example, Vizconde (2006) 

examined the attitude of student teachers towards the use of English as the language 

of instruction in science and mathematics in the Philippines. Interviewing 19 pre-
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service teachers, he found that most pre-service teachers valued English as an 

important language for teaching business as well as transaction and communications 

with foreigners. Regarding the use of English as a language of instruction in 

mathematics classes, pre-service teachers tend to support the use of English in class 

because all materials used in class were written in English and some English 

mathematical terms were not available in Filipino. A similar study by Hofmannova, 

Novotna and Hadj-Moussova (2003) investigated the attitudes of pre-service 

teachers in the Czech Republic. However, the results contrast sharply with those of 

Vizconde (2006). Using a questionnaire that contained unfinished sentences, 

Hofmannova, Novotna and Hadj-Moussova (2003) found that pre-service teachers 

tend to have negative attitudes towards the use of English in mathematics classes 

because of reasons such as the fear of failure and the fear of being unable to teach in 

English. 

 

On the other hand, there are very few studies on students’ attitudes towards 

mathematics when it is taught in English in a country where English is a non-native 

language. The literature search identified three studies on this topic, namely: 

Hofmannova and Novotna (2003); Aziz (2005) and Sua (2007).  

 

Hofmannova and Novotna (2002), worked with 59 secondary school students in the 

Czech Republic, investigated the students’ attitudes towards mathematics taught in 

English. They created their own three-part attitude scale:  

(1) the first part aims to specify students’ attitudes towards mathematics or English 

in general by asking whether the students enjoy mathematics and English lessons; 

(2) the second part incorporates students’ attitudes towards mathematics and English 

together in one lesson by asking whether the students found this of benefit;  
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(3) the third part consists of a single multiple-choice question on the students’ views 

about mathematics taught in English in terms of whether or not it is boring, useful 

or useless and difficult or easy in addition to whether they like mathematics in 

English or Czech.   

 

The students’ attitudes in this study were measured from the affective domain 

(enjoyment) and cognitive domain (feeling like) by asking  students to answer three 

questions: whether they enjoy and like  learning mathematics in English and whether 

they perceive mathematics in English is useful. This study found that the number of 

students who enjoyed mathematics taught in English and believed that mathematics 

in English was beneficial for them is larger than those who thought vice versa. This 

finding suggests that the students tend to have positive attitudes towards 

mathematics learneded in English. Nevertheless, the three questions might not be 

enough to determine students’ attitudes because there are some other aspects of 

attitude, such as the behavioural aspect, which is one of the attitude domains that 

should have been considered (Ma & Kishor, 1997; Martino & Zan, 2001). 

Furthermore, it is important to note here that the researchers do not discuss the 

validity and reliability of their scale, wich are crucial in determining the validity of 

the research findings (Hair, Black, Babin, & Anderson, 2010). Hence, the findings in 

the study conducted by Hofmannova and Novotna are debatable.   

 

Identifying students’ perceptions on learning mathematics through English in 

Malaysia, Aziz (2005) used a questionnaire that was administered to 279 secondary 

school students.  He found that most students believe that English is an important 

subject and useful language to communicate in everyday life as well as to get jobs. 

However, they were of the view that it is difficult to learn mathematics in English. 
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As this study examined the students’ perceptions, it only provides information on 

students’ views about learning mathematics in English. It did not provide sufficient 

information on students’ attitudes towards mathematics in English.  

 

Sua (2007) examined the policy of science and mathematics taught through English 

in Malaysia by exploring students’ attitudes and their achievement orientations. 

Using an attitude questionnaire and semi-structured interview, he worked with 400 

secondary school students. The findings show that, generally, students have positive 

attitudes towards learning mathematics in English and that students with good 

English grades have better attitudes than students with average and poor English 

grades towards learning science and mathematics in English. Students who have 

positive attitudes believe that English is useful and important for their career. This 

study provides a general picture of students’ attitudes and an explanation about why 

they hold such attitudes. However, the instrument used to measure attitudes towards 

learning mathematics in English is adapted from Baker (1993) and Gardner (1985) 

which are merely used to assess attitudes towards language. The statements were 

more about the attitude of students towards the use of English in mathematics class 

rather than towards learning mathematics in English. This might lead to biased 

results since this study is intended to explore attitudes towards mathematics taught in 

English but it uses an instrument that is intended to measure attitudes towards 

language learning in general.  

 

2.5.2.4 Discussion of context and content gaps 

Countries 

Previous studies on students’ attitudes towards mathematics taught in English were 

conducted in Malaysia (two studies) and The Czech Republic (one study). Hence, 
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previous studies have provided information on the attitudes of Czech students and 

Malay students, including Malay-Chinese and Malay-Indian students. No study 

included Indonesian students as participants. In addition, regarding the role of 

English, it is a non-native language in these two countries. It is a second language in 

Malaysia and a foreign language in the Czech Republic. Given the dearth of studies 

on this topic and the absence of prior studies in the Indonesian context, as stated 

before, this study has tried to make a contribution by examining the Indonesian 

students’ attitudes when learning mathematics in English in a country where English 

is a foreign language for students.  

Issues covered in the prior studies 

As discussed previously, two out of three relevant studies focused on students’ 

attitudes: Hofmannova and Novotna (2003) and Sua (2007). Hofmannova and 

Novotna (2003) investigated students’ attitudes from the affective aspect that refers 

to students’ feelings. Considering the importance of cognitive and behavioural aspect 

of attitudes, this study might not provide whole picture of students’ attitudes. On the 

other hand, Sua (2007) measured students’ attitudes by taking into account affective, 

cognitive and behavioural aspects however his research focuses more on students’ 

attitudes towards the use of English rather than on students’ attitudes towards 

mathematics learned in English. Taking into account the importance of attitude in 

learning mathematics, this study investigates students’ attitudes focusing on attitude 

towards mathematics learned in English and covering the three attitudinal aspects 

(affective, cognitive and behavioural).  
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2.5.2.5 Discussion of methodology gaps 

Research approach and instruments 

Among the three identified relevant studies, two studies specifically looked at 

students’ attitudes when learning mathematics in English (Hofmannova & Novotna, 

2003; Sua, 2007). However, these two studies had different approaches in examining 

the attitudes of students. Hofmannova and Novotna (2003) assessed students’ 

attitudes towards learning mathematics in English from the affective aspect of 

attitude by asking one yes/no question as regards whether or not they like learning 

mathematics in English. If the students answered ‘yes’, then they were asked to list 

the benefits of learning mathematics in English. This instrument, however, might not 

provide enough information on students’ attitudes towards learning mathematics in 

English particularly information on cognitive and behavioural aspects of attitude. 

Sua (2007) measured students’ attitudes by taking into account affective, cognitive 

and behavioural aspects. However, his questionnaire focused more on students’ 

attitudes towards the use of English in mathematics class rather than attitude towards 

learning mathematics in English. Given this fact, there is a need to conduct a study 

that focuses on students’ attitudes towards learning mathematics in English by taking 

into account the three attitude aspects (affective, cognitive and behavioural). 

    

Participants’ school grades 

All relevant studies were conducted at secondary school level (aged 13-16) with the 

number of participants in the previous studies ranging from 95 to 400 students. 

Although there is no study conducted in elementary school, the present study is 

conducted at secondary school level instead of primary school level because the 

language of instruction in primary schools is the Indonesian language. Regarding the 

ethnic groups, this study involves Indonesian students that consist of Javanese, 

mixed Chinese-Javanese and some Sumatrans.  
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2.5.3 Conclusion 

Previous studies have identified the crucial role of students’ attitudes towards 

learning mathematics (Neale, 1969; Ma & Kishor, 1997; Sua, 2007; Zan & Martino, 

2007) particularly when the language of instruction is not the students’ first language 

(Foong, 1994; Baker, 1988; Kara, 2009; Fakeye, 2010). However, there are very few 

studies conducted in the context of learning mathematics in English. For example, 

Hofmannova and Novotna (2003) and Sua (2007) examine the attitudes of Czech 

students and Malaysian students respectively, when they learn mathematics in 

English. Both studies found that the students tend to have positive attitudes towards 

learning mathematics in English. Furthermore, Aziz (2005) reported that Malaysian 

students experienced difficulties when learning mathematics in English, however 

they have positive beliefs about mathematics learned in English due to the 

importance of English for their future careers. The results of these three studies 

imply that students are likely to have positive attitudes towards mathematics learned 

in English. However, this information might not be enough to provide an insight into 

students’ attitudes in general as these studies were conducted in only two countries – 

the Czech Republic and Malaysia – where English has a different role as a foreign 

language and a second language, respectively. Another issue relates to differences in 

the attitude scales used in these three studies. Hofmannova and Novotna (2003) 

focused on the affective aspect of attitude while Aziz (2005) looked at the students’ 

perceptions. Sua (2007) combined affective, cognitive and behavioural aspects in 

measuring students’ attitudes. However, he developed his attitude scale based on the 

ideas of attitudes towards learning English as a second/foreign language rather than 

attitudes towards learning mathematics.  
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Considering the issues above, my study tries to examine students’ attitudes towards 

learning mathematics through English in Indonesia, a country where English is a 

foreign language. The definition of students’ attitudes in this study are based on the 

ideas of some scholars in the field of mathematics education such as Neale (1969), 

Kay (1993), Ma and Kishor (1997) and Kadijevich (2008). The students’ attitudes 

include affective, cognitive and behavioural aspects that are associated with their 

feelings (emotional responses), thinking (beliefs), and behaving (predisposition to 

act) to respond to the teaching and learning of mathematics in English. Therefore, 

this study differs from the existing studies (Hofmannova & Novotna, 2003; Aziz, 

2005; Sua, 2007) in terms of the setting (Indonesian setting) and the approach in 

defining the students’ attitudes that have an impact on the instrument used to 

measure the attitudes. 

 

2.6 Chapter summary 

This present study focuses on three issues commonly investigated in the field of 

learning mathematics in non-native language: code-switching, learning obstacles and 

students’ attitudes. This chapter reviews the previous studies on these three issues. 

The review generates theoretical framework as well as pointing out empirical gaps in 

the previous studies that this present study attempts to address. Literature shows that 

code-switching and students’ attitudes have impact on the process of teaching and 

learning mathematics in English. Furthermore, understanding mathematical 

vocabulary is vital in learning mathematics therefore knowing students’ obstacles 

related to mathematical vocabulary would be beneficial for not only teachers but also 

students and researchers in the field of mathematics education. Lack of previous 

studies on these three issues in the Indonesian context, particularly in the ISS setting, 

is one of the reasons for conducting this study. The research methodology and 

methods for conducting this study discussed in the next chapter. 



109 

 

Chapter 3 : Research Methodology 
  

3.1 Introduction 

The purposes of this study are: to investigate code-switching practices, students’ 

attitudes towards learning mathematics in English and to identify any obstacles 

related to mathematical terms students face when learning mathematics in English. 

This chapter begins with a discussion regarding the operational definition of some 

key terms used in this study. It is then followed by a discussion of the philosophical 

assumption and research methodology, research instruments, participants, data 

collection and data analysis process. Finally, a brief summary is provided at the end 

of this chapter. 

3.2 Operational definitions  

This section is a reminder of the definitions of the three issues investigated in this 

study, namely code-switching, English mathematical terms and students’ attitudes 

towards learning mathematics in English. These definitions were developed from the 

studies reviewed in the previous chapter.  

a. Definition of code-switching 

There are various definitions of code-switching. As discussed in section 2.3.1, code-

switching in this study refers to the use of more than one language, including 

switches between word(s), sentence(s) or within a conversational episode during the 

process of teaching and learning mathematics in the classroom.  
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b. Definition of mathematical terms: 

Based on the ideas of Shuard and Rothery (1984), Lee (2006) and Kersaint, 

Thompson and Petkova (2009) as discussed in section 2.4.1, English mathematical 

terms in this study refer to specific English words that are used particularly in 

mathematics that cover technical words (only have meaning in a mathematical 

context), lexical words (that have similar meaning to everyday English) and 

everyday words (that are similar to everyday English, yet have a different meaning). 

c. Definition of attitude towards learning mathematics in English: 

As discussed in section 2.5.3, the definition of attitude in this study is based on 

Triandis’ ideas (1971) and those of Neale (1969). Triandis defines an attitude 

towards an object as what people think, feel and intend to behave towards it. In more 

specific and practical ways, Neale (1969) defines students’ attitudes towards 

mathematics as beliefs about, good or bad, in mathematics, liking or disliking 

mathematics, beliefs about the usefulness of mathematics and the tendency to engage 

in or avoid mathematical activities. Triandis and Neale believed that attitude is not 

only an affective domain related to the emotional responses to it, but also involves 

the cognitive (individual beliefs) and behaviour (what usually done and what they 

think they would like to do). In this study, students’ attitudes towards learning 

mathematics in English is defined as the students’ responses, including the affective 

dimension (emotional feelings), cognitive dimension (thought and beliefs), and 

behaviour dimension (action or tendency to act) towards learning mathematics in 

English. 
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3.3 Philosophical assumptions and research methodology 

Burrell and Morgan (1979) state that ‘all theories of organisation are based upon a 

philosophy of science and a theory of society’ (p.1). They argue that assumptions 

about social sciences and society underpin research paradigms, which are adopted in 

a study. Drawing upon this argument, this section reviews philosophical 

assumptions, which underpin research paradigms adopted in this  study. The 

adoption of research paradigms affects the whole research process, including 

underpinning research approaches, strategies, methods and data collection and 

analysis (Saunders et al., 2009). Once a research paradigm is embraced in a study, it 

will affect these aspects of the research.   

 

The work of Burrell and Morgan (1979) has helped the exploration of the research 

paradigm and design that has been used in this study. Burrell and Morgan classify 

research paradigms into four categories: ‘radical humanist’, ‘radical structuralist’, 

‘interpretive’ and ‘functionalist’ paradigms (Figure 3.1). As can been seen in Figure 

3.1, these four research paradigms are constructed by assumptions about the nature 

of social sciences on the horizontal axis and assumptions about society on the 

vertical axis. 

 The Sociology of Radical Change  

S
u

b
jectiv

e 

  

Radical  

Humanist 
 

Radical  

Structuralist 

O
b

jectiv
e 

 

 

Interpretive 
 

Functionalist 

 The Sociology of Regulation  
 

Figure 3.1 Burrell and Morgan’s (1979) Matrix for the Analysis of Social Theory 

Source: Burrell and Morgan (1979, p.22). 
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 On the horizontal axis, regarding analysing and understanding social events, social 

sciences is typically grouped into subjective and objective dimensions of inquiry. 

These subjective and objective dimensions of inquiry depend on four sub-

assumptions: ontology, epistemology, human nature and methodology (see Figure 

3.2).  

The Subjective–Objective Dimension 

 

The Subjectivist 

Approach to Social 

Science 

   The Objectivist Approach 

to Social Science 

     

Nominalism 
In the mind 

 
Ontology 

 Realism 
External 

     

Anti-Positivism 
Soft, subjective, must be 

experienced 

 

Epistemology 
 Positivism 

Hard, real, tangible 

     

Voluntarism 
People create their 

environments 

 
Human Nature 

 Determinism 
People are products of their 

environments 

     

Ideographic 
Analyze subjective accounts 

that one generates by ‘‘getting 

inside’’ situations of everyday 

life 

 

Methodology  

Nomothetic 
Use methods of natural 

science to test hypotheses in 

accord with scientific rigor 

 Figure 3.2 Burrell and Morgan’s (1979) Scheme for Analysing Assumptions about the 

Nature of Social Sciences 

Source:  O’Connor and Netting (2009, p.48) Table 2.1, adapted from Burrell and 

Morgan (1979, p.3) Figure 1.1. 
 

The ontological assumption is about the nature of reality which is either in the mind 

(nominalism) or in a hard, tangible structure (realism). The epistemological 

assumption is concerned with what constitutes acceptable knowledge.  Anti-

positivism epistemological assumptions deem acceptable knowledge which are soft, 

subjective and obtained through experience, while positivism epistemological 

assumptions regard it as hard, real and tangible. In regards to the assumptions about 

human nature, they are about the relationship between human beings and their 
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environment. Voluntarism considers that human beings create their environments, 

while determinism deems human beings to be products of their environments. 

 

According to Burrell and Morgan (1979), researchers’ views on assumptions about 

ontology, epistemology and human nature influence their methodological choices, be 

it either ideographic or nomothetic methodologies. Social scientists, who adopt the 

ideographic methodology, examine the subjective accounts by getting inside the 

situations of everyday life. On the other hand, for those who adopt nomothetic 

methodology, they tend to use methods of natural science to test hypothesies through 

the use of quantitative methods such as standardised research instruments.   

 

Based on the above descriptions about the nature of social sciences, the subjectivist 

approach of social sciences relies on a set of assumptions of nominalist ontology, 

anti-positivist epistemology, voluntarism of human nature and ideographic 

methodology. On the other side, the objective approach of social sciences is based on 

realist ontology, positivist epistemology, determinism of human nature and 

nomothetic methodology.  

 

On the vertical axis of Figure 3.1, based on the way society is structured, there are 

two assumptions about the nature of society: the sociology of regulation and the 

sociology of radical change. The sociology of regulation refers to a search for 

explanations of solidarity, integration, stability, order and cohesion in society. 

Meanwhile, the sociology of radical change refers to explanations of society which 

focus on change, division, conflict and hostility. 

 

Although each of the four research paradigms shares similarities and differences of 

features with their closest neighbour cells, four research paradigms in Figure 3.1 are 
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mutually exclusive (Burrell and Morgan, 1979). It means that once a researcher 

adopts a research paradigm, the research consistently applies the features of the 

adopted paradigm and cannot be mixed with other paradigms at the same time in a 

study. However, this argument has been criticised by other scholars (Chua, 1986). 

Chua argues that human beings shape and reshape society through their intentional 

action and, thus, a strict dichotomy that human beings are merely influenced by their 

environment or that they are totally autonomous may not always be relevant. 

Furthermore, Johnson and Onwuegbuzie (2004) treat research paradigms on the 

continuum from low to high, instead of mutual exclusiveness. Thus, while the 

framework of Burrell and Morgan is useful to differentiate four research paradigms, 

based on this proposition, there is an open debate and an opportunity to use a mixed 

paradigm, as adopted in this study. 

 

3.3.1 The choice of research methods 

This study aims to investigate the existence of code switching, to identify any 

obstacles related to mathematical terms and to investigate students’ attitudes towards 

learning mathematics in English. In conjunction with the above objectives, this 

present study adopts mixed paradigms of the interpretivist and functionalist due to 

the following reasons. Firstly, the researcher argues that reality is in the mind, rather 

than being concrete and affected by social process. Secondly, social sciences can be 

approached through a mixture of subjective and objective approaches, but cannot be 

examined independently from its context. Thirdly, this study views assumptions of 

human nature in the midst of voluntarism and determinism. As a result, this study 

adopts mixed methodologies and thereby mixed methods, employing qualitative and 

quantitative approaches.  
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The definition of mixed methods varies. The variety of the definitions are 

summarised in Table 3.1 (modified from Creswell & Clark, 2011, p. 3).  

Table 3.1 Definition of mixed methods 

Author(s) Focus of the 

Definition 

Definition of Mixed Methods 

Greene, 

Caracelli and 

Graham  

(1989) 

Methods  

Philosophy 

Mixed method designs…include at least one 

quantitative methods (designed to collect numbers) 

and one qualitative method (designed to collect 

words), where neither type of method is inherently 

linked to any particular inquiry paradigm (p. 256). 

Tashakori 

and Teddlie  

(1998, 2003) 

Methodology Mixed methods is a combination of quantitative and 

qualitative in the methodology of study (1998, p. 

ix). 

Mixed methods is a type of research design in 

which qualitative and quantitative approaches are 

used in type of questions, research methods, data 

collections and analysis procedures, and /or 

inferences (Tashakkori & Teddlie, 2003, p. 710). 

Johnson, 

Onwuegbuzie 

and Turner 

(2007) 

Qualitative and 

Quantitative 

Research 

Purpose 

Mixed methods research is the type of research in 

which a researcher or team of researchers combines 

elements of qualitative and quantitative viewpoints, 

data collection, analysis, inference techniques) for 

the purposes of breadth and depth of understanding 

and corroboration (p. 123). 

Creswell and 

Clark  

(2007; 2011) 

Methods  

Philosophy 

Mixed methods research is a research design with 

philosophical assumptions as well as methods of 

inquiry. As a methodology, it involves 

philosophical assumptions that guide the direction 

of the collection and analysis and the mixture of 

qualitative and quantitative approaches in many 

phases of them research process. As a method, it 

focuses on collecting, analysing and mixing both 

quantitative and qualitative data in a single study or 

series of studies. Its central premise is that the use 

of quantitative and qualitative approaches, in 

combination, provides a better understanding of 

research problems that either approach alone (2007, 

p. 5) 

From the table above, different scholars have different foci in defining mixed 

methods. Some scholars focus on philosophical assumption while the others focus on 

methodology and methods. A mixed-method is basically a combination of qualitative 

and quantitative methods within a single project or a series of studies.  
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Table 3.2 Comparison between qualitative and quantitative methods 

Characteristics Qualitative Methods Quantitative Methods 

Research goals 

Discovery and identification 

of new ideas, thoughts, 

feelings; preliminary insights 

on and understanding of ideas 

and objects 

Validation of facts, 

estimates, relationships, 

predictions 

Type of research 
Normally exploratory designs Descriptive and causal 

designs 

Type of questions 
Open-ended, semi structured, 

unstructured, deep probing 

Mostly structured 

Time of execution 
Relatively short time frames Usually significantly longer 

time frames 

Representativeness 

Small samples, limited to the 

sampled respondents 

Large samples, normally 

good representation of 

target populations 

Type of analyses 

Debriefing subjective, content, 

interpretive, semiotic analyses 

Statistical, descriptive, 

causal predictions and 

relationships 

Research skills 

Interpersonal communications, 

observations, interpretive 

skills 

Scientific, statistical 

procedure and translation 

skills; and some subjective 

interpretive skills 

Generalizability of 

results 

Very limited; only preliminary 

insights and understanding 

Usually very good; 

inferences about facts, 

estimates of relationships 

Credibility terms 

Quality, rigor, dependability, 

transferability, 

trustworthiness, credibility 

Validity and reliability 

Source: Hair et al. (2010, p.78). 

 

As presented in table 3.2 above, each method of research has its own characteristics 

and inherent limitations. Therefore, the use of mixed methods has several advantages 

as it can reduce the potential bias and sterility of a single-method approach 

(Tashakkori & Teddlie, 2003). Tashakkori and Teddlie argue that the use of different 

methods to investigate the same phenomenon, which results in the same conclusion, 

enhances the validity and reliability of findings. The mixed-methods approach 

allows for four types of triangulation: data sources triangulation; theories 

triangulation; research methods triangulation; and investigator’s triangulation. This 
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study uses only two of these types, namely data sources triangulation (students and 

teachers) and research methods triangulation (qualitative and quantitative methods). 

 

Another advantage of the mixed methods approach is that it can result in in-depth 

and rich findings as it allows for the use of several sources of data (Creswell & 

Clark, 2011). In relation to this study, mixed methods allow the researcher to 

investigate the research problems in breadth and depth. The present study aims to 

seek explanation of code-switching practised by students, the obstacles students 

faced, particularly those related to English mathematical terms and students’ 

attitudes towards learning mathematics in English. The quantitative data gathered 

from the questionnaire might not be enough to explain why students switch 

languages and why they experience certain difficulties with certain English 

mathematical terms. In addition, using a questionnaire might not be sufficient to 

capture the complexity of individual attitudes (Triandis, 1971). Therefore, more 

qualitative data, such as observations and interviews of individual learners, are 

needed to add a richness of data that would not be possible relying on a strictly 

quantitative approach. 

 

3.3.2 Research design 

According to Ulin et al. (1996), there are four ways to combine qualitative and 

quantitative methods. They are as follows. 

1. Qualitative measures to develop quantitative tools 

 

 

2. Qualitative methods to explain quantitative results 

 

 

 

 

Qualitative Quantitative 
RESULTS 

Quantitative 

Qualitative 

RESULTS 
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3. Quantitative methods to enlarge on qualitative study 

 

 

 

 

 

4. Quantitative and qualitative methods being equal and in parallel 

 

  

 

This study adopted the second type of combination, also known as explanatory 

sequential design (Creswell & Clark, 2011). This design has two phases: the 

researcher starts with the quantitative phase followed by the qualitative phase to 

explain the results of the quantitative phase (see Figure 3.3). In the end, “the 

researchers interprets to what extent and in what ways the qualitative results explain 

and add insight to the quantitative results and what overall is learned in response to 

the study’s purpose” (Creswell & Clark, 2011, p. 83). 

 

 

 

Figure 3.3 Explanatory sequential design of the study 

Source: Creswell and Clark (2011, p. 69) 

 

According to Creswell and Clark (2011), this design is appropriate to explain the 

phenomena and reasons behind the trends. This design allows the researchers to 

fulfil the aims of this study: to explain the phenomenon of code switching, the 

difficulties students face with respect to English mathematical terms and students’ 

attitudes towards learning mathematics in English. However, this design has 

drawbacks such as the fact that more time is needed to implement the two phases of 

data collection. As a result, it is quite difficult to secure the participants’ availability 

Quantitativ
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Qualitative RESULTS 

Quantitative Data 

Collection and 

Analysis 

Qualitative 

Data Collection 

and Analysis 

Interpretation Follow up with 

Qualitative Qualitative RESULTS 
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(Creswell & Clark, 2011). In order to overcome this challenge, the data collection 

processes were conducted after the mid-semester exam when the students came to 

school as usual yet there had been no teaching and learning in the classroom for 

about two weeks. The students were at a series of events such as sport and art 

competitions at school. During that time, the students tended to have more free time 

to be involved in this study. Although this study was voluntary, the researcher also 

asked help from some teachers to encourage the students to participate. 

 

Adapting the explanatory design as discussed above, the data collection processes in 

this study were conducted in four sequential stages (see figure 3.4).  

 

 

 

 

 

 

Figure 3.4 Phases of the Study 

 

Stage 1 was surveying students by using two questionnaires. The purposes of this 

phase were to identify their difficulties related to mathematics terms and their 

attitudes towards learning mathematics in English. The detail of the questionnaire 

and data collection processes are discussed in sections 3.4.1 and 3.6.1, respectively.  

 

Stage 2 consisted of observing the classrooms to obtain a general overview about 

teaching and learning processes within the classrooms and, at the same time, 

discover some students’ obstacles and some attitudinal aspects that might occur 

Stage 1 Stage 2 Stage 3 

 

Stage 4 

 

Two questionnaires:  

1. Maths-terms  

2. Attitude  

 

Class 

Observations 

Semi-structured 

Interviews 

Data 

Analysis 

4 Classes at 2 

Schools 

214 Grade 7 

Students at Three 

ISS Schools 

34 Students  

and 

6 Teachers 

Questionnaire:  

Statistical Tests 

and Descriptive 

Observation: 

Thematic 

Analysis  
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during teaching and learning. The observation schedules are discussed in detail in 

section 3.4.2. 

 

The next phase, stage 3, involved interviews with students and teachers (see section 

3.4.3 for detail). The main aim of this phase is to get in-depth data about the way 

students switched languages, their attitudes towards this learning process and the 

obstacles they faced. Data from this phase were also used to triangulate data from 

questionnaires and observations. The interviews were necessary because neither the 

questionnaires nor the observations alone would generate a clear picture of how 

students switched languages, their attitudes and the obstacles they faced. Both 

questionnaires and observations would provide a large volume of data but perhaps 

not capture the students’ voice therefore interviews could enable the researcher to 

cover this issue.  

 

The last stage, stage 4, involved analysing data collected in the three previous 

phases. Regarding attitude data collected from questionnaire, Likert-type survey 

responses were analysed using the SPSS. The total score from the questionnaire 

indicated the attitude level as the higher the scores were, the more positive the 

attitudes towards learning mathematics in English became. Meanwhile, data related 

to mathematical terms obstacles that were collected from the questionnaire were 

examined using a nominal scale and each correct and incorrect answer was tabulated. 

Qualitative data from observations and interviews were analysed using a thematic 

analysis approach with the NVivo software. The data analysis is discussed in detail 

in section 3.7.   
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3.4 Research instruments 

3.4.1 Questionnaires  

The questionnaire was chosen as an instrument to identify the students’ difficulties 

with mathematical terms and the students’ attitudes towards mathematics. As a data 

collection tool, the questionnaire has several advantages, such as efficiency of time 

use and has a relative high response rate compared to other research instruments 

such as interviews. It can also accommodate a large sample size with relatively low 

costs. Regarding data collection, questionnaires are likely to include formalised 

standard questions and predetermined response options, which means that all 

participants get the same questions in the same order. Therefore, the researcher has a 

more precise expectation of information. Moreover, data collected from 

questionnaires are useful to provide specific facts and estimates which can be used 

to: (1) make accurate predictions about the relationships among variables or 

concepts; (2) understand the relationships and differences; and (3) verify and 

validate the existing relationships (Hair et al., 2003).  

 

There are, however, some disadvantages regarding the use of questionnaires, which 

is related to the interpretation of the questions. Developing accurate survey 

instruments is not an easy task, designing questionnaires to include questions or 

statements is a key determinant of the success or failure of the research (Hair et al., 

2010). Different participants might have different interpretations of the questions 

and, unlike in interviews, there is no chance for the researcher to clarify this when 

analysing such data. Moreover, according to Hair et al. (2010), the survey method 

lacks in-depth detail of data structures. As a result, it cannot provide deep 

information and it might only be sufficient to describe rather than explain the 
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phenomenon under discussion (Munn & Drever, 1990; Hair et al., 2010). Another 

limitation is whether respondents respond to the questionniare truthfully.   

 

In this study, the disadvantages above could be minimised, for example by 

conducting pilots to overcome the issue of interpretation. Piloting with those who 

have similar characteristics to the participants would help check the clarity of the 

questions or statements in the questionnaire. Piloting can also examine how well a 

construct is measured before being included in a larger study. Success in collecting 

quantitative data is more a function of correctly designing and administering the 

questionnaire than of the communication and interpretive skills of an interviewer or 

observer (Hair et al., 2010). Therefore, piloting could inform clarity, reliability and 

validity of the questionnaire before being distributed to the participants. The 

questionnaire was not the only instrument used to gather the data in this study; 

therefore the issue of superficiality could be minimised by combining the methods of 

data collection. Regarding the issue of truthful responses, the researcher encouraged 

the participants to answer the questions honestly and, more importantly, ensured that 

their responses were kept confidential and would not affect their academic matters.  

 

The use of a questionnaire is also subject to a limitation related to the response rate 

(Nulty, 2008). One of the ways to increase the response rate employed by the 

researcher was to be directly involved in distributing the questionnaire so that the 

participants could get faster feedback if they needed additional information or further 

explanation about the study or the questionnaire. The researcher also actively built 

and kept good relationships with those who were directly related to the participants 

in this study, for example head teachers and teachers, in order to get good assistance 

and support from them during the data collection processes. 



123 

 

Another potential bias may arise from the questionnaire design. The questionnaire 

regarding students’ attitudes was originally designed in English; the translation into 

Indonesian might cause a bias. In order to alleviate this bias, a blind translation 

method was employed. The translation made by the researcher was compared to the 

translation from the Google Translate website and from one English lecturer in 

Indonesia. Furthermore, the translation was peer reviewed by three PhD students 

(two PhD students at the University of Dundee and one PhD student at Macquarie 

University in Australia).  

 

There are two types of questionnaire, online and paper-based, that are commonly 

used in academic research. Even though online questionnaires have many advantages 

such as low costs and being more convenient and flexible for the participants, for the 

purpose of this study, a paper-based questionnaire was chosen due to several 

considerations. The main reason was that the internet connection in Indonesia is very 

slow and its coverage is limited, particularly in rural areas. Another reason is related 

to the availability of computers or gadgets to access the questionnaire. There was a 

limited number of computers available at schools to complete the online 

questionnaire and not every participant, students in the context of this study, had 

gadgets connected to the internet. Therefore, a paper-based questionnaire was more 

suitable due to these conditions despite the fact that it was costly and time 

consuming when compared to the online equivalent.  

 

This study employed two questionnaires: one related to students’ attitudes towards 

learning mathematics in English and the other with students’ difficulties regarding 

mathematical terms. The purpose, design and content of each questionnaire are 

discussed in detail below.  
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3.4.1.1 The mathematical terms’ questionnaire 

Purpose of the questionnaire  

The questionnaire consists of a list of questions related to mathematical terms in 

English that students learn up to grade 7. These questions are developed to identify 

mathematical terms in English that students might find difficulties comprehending. 

Design and content of the questionnaire  

Since this study is, to the best knowledge of the researcher, the first that has 

attempted to study English mathematical terms in an Indonesian context, there was 

no previous literature to build a framework. Instead, the considerable literature from 

other countries was used as a framework for developing the questionnaire. The 

works of Thompson and Rubenstein (2000; 2002) and Rubenstein (2007) were 

chosen as a framework to identify English mathematical terms investigated in this 

study. Thompson and Rubenstein (2000; 2002) and Rubenstein (2007) proposed 

categories of the pitfalls related to English mathematical terms. The numbers of the 

categories of the pitfalls in the three works are different. For the purposes of this 

study, the researcher looked at the similar categories covered in the three works as a 

framework to select the English mathematical terms investigated in this study. 

Firstly, the researcher reviewed each category and examples of the English terms 

given in the three works. Secondly, the researcher determined the similarity and 

differences of the categories in the three works. There are eight similar categories of 

potential pitfall covered in these works. On the other hand, there are three categories 

of pitfalls that were included in Thompson and Rubenstein (2000 and 2002) but were 

not covered in the latest works (Rubenstein (2007). Table 3.3 below presents the 

categories of the potential pitfalls used in the three studies along with the one used in 

this current study. 
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Table 3.3 Categories of potential pitfalls in mathematical terms 

Categories of Potential Pitfalls 

Thompson & 

Rubenstein (2000) 

Thompson & 

Rubenstein (2002) 

Rubenstein (2007) This study 

Some words are 

shared by 

mathematics and 

everyday English, 

but they have 

distinct meaning 

Some words are 

shared by 

mathematics and 

everyday English but 

they have different 

meaning in the two 

contexts 

Some words are 

shared with 

everyday English, 

sometimes with 

distinct meanings, 

sometimes with 

more technical 

meanings in 

mathematics 

Some words are 

shared with 

everyday English, 

sometimes with 

distinct meanings, 

sometimes with 

more technical 

meanings in 

mathematics 
Some words are 

shared with science 

but have different 

technical meanings 

in the two 

disciplines 

Some words are 

shared with other 

disciplines but have 

different technical 

meanings in the two 

disciplines 

 

Some words are 

shared with science 

or other disciplines 

 

Some words are 

shared with 

science or other 

disciplines Some mathematics 

words are shared 

with English and 

have comparable 

meanings, but the 

mathematical 

meaning is more 

precise 

Some mathematical 

words are shared with 

English and have 

comparable 

meanings, but the 

mathematical 

meaning is more 

precise 

Some mathematical 

terms are found 

only in a 

mathematical 

context 

Some mathematical 

terms are found only 

in mathematical 

contexts 

Some words are 

found only in 

mathematics 

Some words are 

found only in 

mathematics 

Some words have 

more than one 

mathematical 

meaning 

Some words have 

more than one 

mathematical 

meaning 

Some words have 

multiple meanings 

in mathematics 

Some words have 

multiple 

meanings in 

mathematics 

Some mathematical 

terms sound like 

everyday English 

words 

Some mathematical 

terms are homonyms 

with everyday 

English words 

Some words sound 

like others 

(homonyms and 

near homonyms) 

Some words 

sound like others 

(homonyms and 

near homonyms) 

Some mathematical 

words are related, 

but students 

confuse their 

distinct meanings 

 

 

 

Some mathematical 

words are related, but 

students may confuse 

their distinct 

meanings 

 

 

 

Some words are 

learned in pairs 

that often confuse 

students 

 

 

 

Some words are 

related and 

learned in pairs 

that often confuse 

students 

Some mathematical 

phrases must be 

learned and 

understood in their 

entirety 

Modifiers may 

change 

mathematical 

meanings in 

important ways 

 Modifiers change 

meanings of words 

in critical ways 

Modifiers change 

meanings of 

words in critical 

ways 



126 

 

 English spelling and 

usage have many 

irregularities 

 

Some mathematical 

concepts are 

verbalized in more 

than one way 

Some mathematical 

concepts are 

verbalized in more 

than one way 

 Some 

mathematical 

concepts are 

verbalized in 

more than one 

way 

A single English 

word may translate 

into Spanish or 

another language in 

two different ways 

A single English 

word may translate 

into Spanish or 

another language in 

two different ways 

  

 Students may adopt 

an informal term as if 

it is a mathematical 

term 

  

Shorthand or 

abbreviations are 

often used in place 

of the complete 

word or phrase, 

even if students 

must pronounce the 

entire word when 

verbalizing the 

shorthand 

   

 

 

From Table 3.3 above, the similar categories of the pitfalls found in the three works 

are the mathematical terms that: 1) only found in mathematics, 2) have multiple 

meanings in mathematics, 3) are shared with everyday English, 4) are shared with 

science or other disciplines, 5) are homonyms, 6) are learned in pairs, 7) are 

modified from other mathematical terms, and 8) are verbalised in more than one 

way. These similar categories were then adapted to meet the context of this study. 

Meanwhile, there are three categories (shaded) that were not included in this study. 

These three categories of pitfalls derived from Thompson and Rubenstein (2000, 

2002) are excluded simply because they are not suitable to the context of this study. 

For example, the category “A single English word may translate into Spanish or 

another language in two different ways” and “Shorthand or abbreviations are often 
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used in place of the complete word or phrase, even if students must pronounce the 

entire word when verbalizing the shorthand” are excluded because the context of this 

study is Indonesia and shorthand or abbreviations are not familiar in the Indonesian 

context. Therefore, this study used eight categories of potential pitfalls, namely:  

a. English mathematical terms that are shared with everyday English words, 

sometimes with distinct meanings, sometimes with more technical meanings in 

mathematics 

b. English mathematical terms that are shared with science or other disciplines 

c. English mathematical terms that are found only in mathematics 

d. English mathematical terms that have multiple meanings in mathematics 

e. English mathematical terms that sound like others (homonyms and near 

homonyms) 

f. English mathematical terms that are related and learned in pairs that often 

confuse students 

g. Modifiers change meanings of words in critical ways 

h. Some mathematical concepts are verbalized in more than one way 

 

Based on the categories above, the researcher identified the English mathematical 

terms that will be investigated in this study. This began with the listed mathematical 

words commonly used in the grade 7 mathematics class that were believed to 

constitute some issues for students. The nomination of the words to be used in this 

study was done based on a review of literature that was adapted to suit the learning 

material in the grade 7 mathematics course. The nomination was also based on the 

researcher’s experiences when working with mathematics teachers in ISS. After 

reviewing the material taught in grade 7, which was followed with a discussion with 

two grade 7 mathematics teachers, a total of 41 mathematical terms are selected for 
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investigation in this study. The list of the mathematical terms are summarised in 

Table 3.4 below.  

 

The eight categories above are interrelated; some mathematical terms can be put in 

more than one category. For example, the term numerator and denominator can be 

classified  into two categories: English mathematical terms that are found only in 

mathematics and the terms that are related and learned in pairs. The term mean can 

also be put into two categories: English mathematical terms that are shared with 

everyday English and the terms that have multiple meanings in mathematics 

(algebraic meaning and statistical meaning). 

Table 3.4 Categories of potential pitfalls and English mathematical terms 

 Category of Challenge Code English mathematical terms 

English mathematical terms that are 

shared with everyday English, 

sometimes with distinct meanings, 

sometimes with more technical 

meanings in mathematics 

C1 prime, even, odd, difference, addition, 

subtraction, division, exponent, base, 

factor, proper and improper (fraction), 

slope, substitution, ratio, extreme, mean, 

greatest common divisor, least common 

multiple 

English mathematical terms that are 

shared with science or other disciplines 

C2 power, product 

English mathematical terms that are 

found only in mathematics 

C3 Integer, numerator, denominator, 

binomial, trinomial 

English mathematical terms that have 

multiple meanings in mathematics 

C4 Square, means 

English mathematical terms that are 

related and learned in pairs that often 

confuse students 

C5 Root, associative,  commutative, 

numerator-denominator, coefficient, 

variable 

English mathematical terms that sound 

like others (homonyms and near 

homonyms) 

C6 Sum and some, hundreds and hundredths 

Modifiers change meanings of words in 

critical ways 

C7 Factor & common factor, 

proper-fraction and improper-fraction, 

denominator & common denominator 

Some mathematical concepts are 

verbalized in more than one way 

C8 greatest common divisor or greatest 

common factor, identity element or 

neutral element, one-quarter or one-

fourth, gradient or slope 

≤: ‘less than or equal’ or ‘not greater than’ 

≥: ‘greater than or equal to’ or ‘not less 

than’ 
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Developing the English mathematical terms’ questionnaire 

The literature review shows that previous studies used a questionnaires that 

contained mathematical problems in order to assess students’ understanding of 

mathematical terms. Amir (1994) investigated high school students’ understanding 

of probability terms by asking them to interpret and provide examples of certain 

mathematical terms. Similarly, Kaplan, Fisher & Rogness (2009) explored the 

difficulties faced by undergraduate students that are related to statistical terms. The 

students were asked to define and give a synonym of the statistical terms and then 

use them in a sentence. Meanwhile, some other scholars employed mathematical 

problems to investigate students’ difficulties (for example Shaftel et al., 2006; 

Ríordáin & O’Donoghue, 2011). Combining these approaches, my study investigates 

students’ understanding of mathematical terms through solving mathematical 

problems; interpreting mathematical terms in the given sentences, finding synonyms 

for and definitions of mathematical terms and finding examples pertinent to the use 

of mathematical terms. As the participants were young students, they might have 

found it hard to define or provide synonyms and examples related to the use of the 

terms and, as a result, they might have been reluctant to participate. In order to 

investigate the students’ understanding of certain mathematical terms, the researcher 

assumed that the students providing definitions or examples was more suitable than 

being asked to define or give synonyms and examples of the use of the terms. 

Therefore, in this study, the researcher provided choices and the participants were 

asked to find synonyms for and definitions of mathematical terms and examples of 

the use of mathematical terms from the given choices.   
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Regarding the questionnaire design, the questionnaire related to the English 

mathematical terms was divided into two sections (Appendix A). The first section 

contains demographic information of the participants including gender, language 

used in daily life, how long they have been learning English and their experience 

regarding visiting or having been educated in other countries. 

 

The second section consists of sets of questions to investigate the difficulties with 

mathematical terms. This section is divided into five sub-sections A, B, C, D and E.  

Sub-section A aims to investigate the students’ difficulties with mathematical terms 

that are usually learned in pairs, such as numerator and denominator, proper and 

improper fraction, and terms whose meaning(s) change if they are modified a little, 

such as factor and common factor, or denominator and common denominator. In this 

section, the students were given five mathematical problems ranging from giving 

examples to solving mathematical problems.  

 

Sub-section B contains seven multiple-choice questions to investigate the students’ 

difficulties with mathematical terms that are verbalized in more than one way (for 

example one-quarter/one-fourth, gradient /slope) and mathematical terms that have 

similar sounds (homonyms) such as sum and some. Sub-section C investigates the 

difficulties with some mathematical terms that are shared with everyday English 

words, sometimes with distinct meaning, sometimes with more technical meanings 

in mathematics. For example base, means and extreme. Students were given three 

mathematical statements and were asked to fill in the blanks with the mathematical 

terms provided.   
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Sub-section D focuses on the difficulties with some mathematical terms, such as 

power and product, that are shared with science or other disciplines. The students 

were given statements that contain certain mathematical terms and were asked to 

interpret the meaning of the terms. Sub-section E consists of 18 items. It aims to 

investigate the mathematical terms that are learned within one topic and which come 

from mixed categories of pitfalls. For example, in order to explore the students’ 

understanding of the types of numbers (integer, even number, odd number or prime 

number), the students were asked to match the given definition or example of the 

mathematical operation with the mathematical terms provided.  

 

Piloting 

The questionnaire was validated using content validity, which means that it was 

discussed with the teachers as they knew which mathematical terms had been taught 

in the classroom. After it was checked by the teachers, two questions were excluded 

because two mathematical terms had not been taught yet in grade 7, even though the 

curriculum said that they should have been.  The two mathematical terms that were 

excluded are direct proportion and inverse proportion. The teachers suggested that 

the information about the purpose of the questionnaire and confidentiality should be 

written in Indonesian so that it can be easily understood by the students.  

 

The questionnaire was also piloted with 25 students. The aim was to get feedback 

from them in terms of the clarity of the instructions and questions and gather 

comments regarding the content in terms of whether the material had already been 

learned or not. The results from this piloting and the follow-up are shown in Table 



132 

 

3.5 below. The piloting process also revealed the time needed to finish the 

questionnaire. It ranged from 30 to 45 minutes.   

Table 3.5 Summary of piloting results 

Students’ Feedback Follow up 

1. Most students have a problem 

answering questions in part D in 

English, they knew the meaning of 

the mathematical terms but did not 

know how to state it in English  

The additional instruction was 

added, which stated that students 

can answer the questions in part D 

in Indonesian 

2. All students said that question 

number 3 in part D was confusing 

Question number 3 in part D was 

excluded 

3. The terms direct proportion and 

inverse proportion in questions 

number 17 and 18 in part E had not 

been learned yet. 

Questions number 17 and 18 in part 

E were excluded 

 

3.4.1.2 The questionnaire on students’ attitudes  

Purpose of the questionnaire 

The purpose of this questionnaire is to discover students’ attitudes towards learning 

mathematics in English. 

Attitude scales 

Students’ attitude cannot be directly observed but can be inferred from their 

responses (Eagly & Chaiken, 1993; Schwarz & Bohner, 2001). The literature review 

showed that the most common way to measure students’ attitudes is through 

questionnaires. One of the most popular instruments used in research about students’ 

attitudes towards mathematics is the Fennema-Sherman Mathematics Attitude Scales 

(Tapia & Marsh, 2004; Pepin, 2011). This instrument contains 108 items that are 

divided into nine sections: (1) attitude toward success in mathematics; (2) gender 

differences (mathematics as a male domain); (3) mother influence; (4) father 

influence; (5) teacher influence; (6) confidence in learning mathematics; (7) 

mathematics anxiety; (8) motivation and (9) the usefulness of mathematics. This 
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instrument has been used in many research studies despite the fact that it is very long 

and requires much time to complete (Tapia & Marsh, 2004; Lim & Chapman, 2013).  

 

Aiming to make a shorter version, Tapia and Marsh (2002) developed another 

attitude scale based on the Fennema-Sherman scale called the Attitudes toward 

Mathematics Inventory (ATMI). It is one of the latest scales to measure students’ 

attitudes towards mathematics (Chamberlin, 2010). It consists of 40 items that are 

divided into four subscales: self-confidence (15 items); value (10 items); enjoyment 

(10 items) and motivation (5 items). This scale has been used in many academic 

studies such as the ones conducted by Schackow (2005), Lim and Chapman (2013) 

and Khine and Afari (2014).  

 

Due to the absence of a reliable instrument to measure students’ attitudes towards 

learning mathematics in English, this study adopted the ATMI to assess students’ 

attitude towards mathematics. This instrument was chosen as the framework to 

develop an attitude scale in this current study for several reasons: 

1) The ATMI is the short version of the Fennema-Sherman scale that focuses on 

measuring students’ attitudes toward mathematics. According to Majeed, 

Darmawan, & Lynch (2013, p. 125), ATMI has a more distinct and cohesive 

factor structure than that of FSMAS because the subscales of FSMAS include 

attitudes towards mathematics (Confidence in Learning Mathematics scale; 

Mathematics Anxiety scale;  Motivation in Mathematics scale; and Usefulness 

of Mathematics scale), perceptions about mathematics as a male dominant 

learning area (Male Domain scale), and perceptions about parental and teacher 

support (Mother, Father, and Teacher scales). Considering the focus of this 
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study, which is looking at students’ attitudes towards mathematics instead of 

looking at the factors that influence those attitudes, such as the parents’ and 

teachers’ influence or gender differences, the ATMI would be a better fit with 

the focus of this study.  

2) The ATMI has been tested for internal consistency and construct validity in a 

secondary school level. The authors administered the ATMI to 544 secondary 

school students in Mexico City and found that it was reliable (α=0.97). The use 

of a confirmatory factor analysis, the four aspects (self-confidence, motivation, 

enjoyment and value of mathematics) was evidently correlated to students’ 

attitudes towards mathematics (Tapia, 1996). This instrument was also tested on 

262 students in a bilingual secondary school the US. The coefficient reliability 

was 0.95 (Tapia & Marsh, 2000). Other researchers have investigated the 

reliability and the correlation of the four aspects of attitude through employing 

the ATMI with students from many countries (such as Singapore and Australia), 

and reported that the reliability was stable and the four aspects remained highly 

correlated (Lim & Chapman, 2012; Majeed, et al., 2013). Taking into account 

the strong correlation of the four aspects regarding the students’ attitudes and the 

reliability that had been tested on the aforementioned secondary school’s 

students, the ATMI seems to be suitable to adopt in the current study. 

3) Another consideration is related to the structure of the ATMI that fits with the 

definition of “attitude” as referred to in this study. The four aspects of attitude in 

the ATMI fit with Neale’s (1969) definition of students’ attitudes towards 

mathematics, as shown in Table 3.6 (Majeed, et al., 2013) below.  
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Table 3.6 The correspondence between the ATMI’s subscales and Neale’s definition 

Subscales of 

ATMI 

Elements of Neale’s Definition 

Self-confidence A belief that one is good or bad at mathematics 

Value A belief that mathematics is useful or useless 

Enjoyment An aggregated measure of a liking or disliking of 

mathematics 

Motivation A tendency to engage in or avoid mathematical activities 

 

Source: Majeed, et al., (2013, p. 126) 

4) The number of items in the Fennema-Sherman scales is too many, 108 items 

might cause fatigue for students, which could, in turn, reduce the quality of their 

responses. According to Dilman (2000), if the questionnaire is too long, 

participants tend to choose only the first answer choices due to tiredness. Hence, 

the ATMI is more reasonable and affordable than the Fennema-Sherman. 

Another advantage of using a shorter questionnaire is that it could improve the 

response rates (Fanning, 2005).  

 

Developing the questionnaire 

Content 

The attitude questionnaire was developed by modifying the Attitudes toward 

Mathematics Inventory (ATMI). Because the context of this study is mathematics 

learned in English, the ATMI items needed to be adjusted. The instrument covered 

four factors pertinent to attitude; namely self-confidence, value, enjoyment and 

motivation.  

1) The self-confidence subscale measures students’ confidence and self-concept of 

their performance in mathematics that also includes anxiety (Tapia & Marsh, 

2004, p.17). In this study, self-confidence is related to students’ confidence, self-

concept and anxiety in mathematics learned in English. Therefore, the 
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statements in this aspect were changed. For example, the original statement ‘I 

am always under a terrible strain in a maths class’ was changed to ‘ I am always 

under a terrible strain in a maths class when it is taught in English’. Another 

example is the statement ‘Studying mathematics makes me feel nervous’, which 

was changed to ‘Studying mathematics in English makes me feel nervous’.    

2) The value subscale measures students’ beliefs regarding the usefulness, 

relevance and worth of mathematics to their lives (Tapia & Marsh, 2004, p.17). 

In this study, the statements in this subscale are related to the usefulness, 

relevance and uselessness of mathematics learned in English. The example of 

the statement is ‘learning mathematics in English is useful’.   

3) The enjoyment subscale measures the degree to which students enjoy working 

on mathematics (Tapia & Marsh, 2004, p.17). In this study, the enjoyment 

subscale is related to the students’ enjoyment when learning mathematics in 

English. For example, ‘Learning mathematics in English is boring’ and ‘I have 

usually enjoyed studying mathematics in English’.  

4) The motivation subscale measures students’ interest in mathematics and their 

desire to pursue further studies in mathematics (Tapia & Marsh, 2004, p.17). In 

this study, the statements in this subscale are related to students’ interest in 

learning mathematics in English such as: ‘I plan to take as much mathematics in 

English as I can during my education’. This subscale was also designed to 

measure students’ desire to pursue further studies in mathematics learned in 

English as represented in the statement: ‘when I graduate from this school, I will 

not continue to study mathematics in English’. 
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Design 

The attitude questionnaire originally consisted of 45 items but it was cut down to 43 

items after the piloting process. It then consisted of 17 items related to self-

confidence, 10 items about enjoyment, 10 items about value and 6 items related to 

students’ motivation. The detail of the questionnaire’s construction is shown in table 

3.7 below.  

Table 3.7 The construction of the attitude questionnaire 

Dimension Elements Aspects Item Number Total 

Affective Feeling  

(Emotional 

response) 

Self-

confidence 

1, 6, 8, 15, 16, 17, 18, 19, 20, 21, 

24, 27, 33, 35, 36, 37, 39 

17 

Enjoyment 3, 9, 12, 14, 25, 26, 28, 31, 38, 40 10 

Cognitive Thinking Value 2, 5, 7, 11, 13, 22, 23, 29, 30, 42 10 

Behaviour Behave  Motivation 4, 10, 32, 34, 41, 43 6 
 

The Likert-type that is commonly used to measure attitude (Cohen, Manion & 

Morrison, 2000), is employed in the attitude questionnaire in this study. Apart from 

the original ATMI, the reason for using the Likert-type in this study is related to the 

aim of this study. This study aims to investigate the attitude level that students hold; 

therefore the Likert-type seems to be appropriate, as argued by Oppenheim (1992, 

p.200) who pointed out that it tends to perform very well when it comes to reliable 

and “rough ordering of people with regard to particular attitudes”.  

 

A Likert-type was used in the attitude questionnaire, with five categories ranging 

from strongly agree to strongly disagree. The reason behind the use of five options in 

the Likert-type is to give the participants free choices in terms of whether they agree, 

disagree with the statements or are neutral. As argued by Nowlis, Kahn and Dhar 

(2002), providing neutral choice would not force the participants to decide their 

position agree or disagree. Because this study aimed to investigate the students’ 

attitudinal levels in a natural way, providing them with the option to be neutral 



138 

 

would, therefore, accommodate participants who truly have ambivalent feelings, 

thinking or behaviour towards learning mathematics in English.   

 

The attitude questionnaire was originally developed in English but because all of the 

participants involved in this study are non-native English speakers, an Indonesian 

translation was created to ensure that they were able to understand the items. Firstly, 

the draft of the attitude questionnaire was written in English before it was discussed 

with supervisors. Secondly, the final draft was then translated into Indonesian using 

a standard research methodology of translation, back-translation, verification and 

modification, as recommended by Ercikan (1998) and Warwick and Osherson 

(1973). Each item was translated into Indonesian by the researcher and another 

Indonesian PhD student who has experienced teaching English at the university level 

for several years. The two translations were then compared and adjusted wherever 

needed. The third step involved an independent back-translation of the Indonesia 

version into English by two lecturers of English, one in Indonesia and one studying 

for PhD at a university in Australia. Both of them were not involved in the previous 

translation. Items of the original English version and the back-translated version 

were then compared by the authors to ensure that the Indonesian version maintained 

the meanings and concepts in the original version. After the cross-checking process, 

the final translated version was piloted for further modifications, whenever needed. 

 

Piloting 

The Indonesian version of the questionnaire was piloted by 27 students. The 

students’ responses were analysed using the SPSS software. The validity of each 

item was determined by the internal consistency by using Cronbach Alpha 

coefficients. Two items, number 36 and 40, were excluded based on the results 
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collected from the statistical analysis. Furthermore, these two items were indicated 

as ambiguous statements according to some students when they were asked to give 

comments about the clarity of the statements in the questionnaire.  

 

After deleting the two items, the revised questionnaire was then piloted by 25 

students who did not participate in the first piloting process. From the second 

piloting, the internal Cronbach Alpha is 0.85 which is good considering that 0.70 is 

the cut-off value for being acceptable. Generally, Cronbach alpha 0.70 is acceptable 

(Nunnaly, 1978; Tabachnick & Fidell, 2007) but Field (2009) has indicated 0.8 to be 

an acceptable reliability coefficient. Considering the Cronbach alpha, the attitude 

questionnaire has good internal consistency, in other words, it is reliable, because the 

Cronbach alpha is 0.85. 

  

As in the first piloting, the students have a chance to give a comment in regard to the 

easiness to read and understand the questionnaire in the space provided. Here is a 

summary of the students’ comments: 

1. Since the students could not remember what the given numbers stood for, they 

suggest using abbreviations instead of numbers in order to help them answering 

the questions easier. Therefore, abbreviations of each option had been used, such 

as STS for Sangat Tidak Setuju (Strongly disagree) , TS for Tidak Setuju 

(Disagree), N for Netral (Neutral), S for Setuju (Agree), and SS for Sangat 

Setuju (Strongly agree), instead of using number 1, 2, 3, 4, and 5.   

2. It would have been easier for students if the second page had had a column title 

just like the first page. 

All the comments put forward by the students were accepted and followed up by the 

researcher. Thus the final questionnaire can be seen in appendix B. 
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3.4.2 Class observations 

Purpose of observations  

One of the main components of the research was to observe the teaching and 

learning of mathematics in English within the classroom. The information gathered 

during class observations, in conjunction with the information collected from the 

other data collections tools (questionnaires and interviews), was used to answer the 

research questions about the code-switching practices in the mathematics class and 

the difficulties students faced when learning mathematics in English. Therefore, the 

observations were used to collect data of code-switching practices and students’ 

obstacles in the natural environment. 

 

Based on the purposes above, an observation schedule was then developed. The 

observation schedule involved whether students and teachers switch languages, 

examining the language of the mathematics textbook, and the languages employed 

by students during the mathematics lessons. The observations also investigated the 

obstacles confronting the students during the lessons, particularly the obstacles 

related to English mathematical terms. The details of the observation schedule can be 

seen in appendix C.   

 

Observation approach 

This study employed the non-participant observation method according to which the 

observers enter the classroom to observe events, activities and phenomena in its 

natural context (Liu & Maitlis, 2010). During the observation session, observers use 

the observation schedule to make field notes. The observations are enhanced by the 

use of video recording to improve reliability (Caldwell& Atwal, 2005).  
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Observation allows direct access to the phenomena being studied compared to other 

methods (Cohen, Manion & Morrison, 2000) and enables the researcher to get a 

deeper understanding of the issues (Patton, 1990). Moreover, it could avoid several 

issues associated with self-report collected through the interview or questionnaire. 

For example, a participant may not always provide accurate or complete information 

or might answer in ways that correspond to what is socially desirable (Cohen, 

Manion & Morrison, 2000). Observation can complement other data collection 

approaches used in this study and could, therefore, enhance the quality of data. 

However, this approach has drawbacks such as the bias resulted from the subjectivity 

of the observers because they did not record the actual phenomena that happened but 

they, instead, reported either what they wanted to see, expected to see, or merely 

thought they saw. In order to minimise this issue, the observations were conducted 

by two observers and enhanced with audio and video recording so that the 

observational data could be crosschecked. 

 

Another drawback of observation is the observer’s effect, known as the Hawthorne 

effect, which refers to the way in which the presence of an observer in some way 

influences the behaviour of those being observed (Onwuegbuzie & Leech, 2007; 

McCambridge, Witton & Elbourne, 2014). The use of video recording might also 

influence the behaviour of the students and/or teachers. In order to avoid or minimise 

this drawback, the observers attempted to conduct observation as inconspicuously as 

possible such as by keeping a distance from the students, sitting in the back of the 

classroom and minimizing distractions. The camera was located in a hidden place 

with the aim of reducing disruptions. 
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3.4.3 Semi-structured interviews with students and teachers 

Purpose of interview 

The interview is a valuable tool to elicit data about the participants’ own perceptions, 

and the detail of their lives, thoughts, and feelings (Silverman, 2001) and a powerful 

way to understand others (Punch, 2009). In this study, students and teachers were 

interviewed. The interview with students aimed to explore the way the students 

switch languages and to investigate the obstacles they faced when learning 

mathematics in English. In addition, the researcher employed the interview to get an 

in-depth understanding of the students’ attitudes towards mathematics learned in 

English. Meanwhile, the aim behind using the interview was to get general 

comments on the process of learning mathematics in English, the difficulties the 

students faced and their attitudes from the teachers’ point of view.   

 

Design and content 

A structured interview uses standardised questions that make the interview process 

more efficient and reliable; however, the flexibility of the interviewee to respond and 

add more information is limited (Ushioda, 2001). On the other hand, unstructured 

and semi-structured interviews are more flexible and allow the participants to talk 

freely and choose their own words (Dipboye, 1994). Semi-structured interviews are 

more appropriate when working with young participants because they tend to be 

more informal and less threatening (Wilkinson, 2000). Moreover, semi-structured 

interviews allow the interviewer to provide probes in order to obtain more 

information, to clarify the interviewee’s answers and to guide the interview in the 

right direction when participant’s responses deviate from the interview schedule.  
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Considering the advantages of the semi-structured interview described above, this 

study employed this type of interview to collect data about code-switching practices, 

students’ obstacles and attitudes in more detail. For example, why and when do 

students switch languages, what kind of obstacles and why students faced that 

particular obstacle and the reasons students hold certain attitudes. This approach 

could also elicit issues which may not have been uncovered in the questionnaire and 

observation.  

 

Every data collection approach is subject to limitations and so is the semi-structured 

interview. The first limitation relates to the limitation of interviews in general, that is 

the lack of anonymity, which may lead the participants not to speak honestly or 

deeply about the topic of investigation. In order to overcome this issue, the 

researcher frequently reminded the participants about the confidentiality of the data. 

In addition, the semi-structured interview also has another limitation, which is 

particularly related to the reliability of the data gathered due to less standardised 

questions therefore with interviewee might perhaps being asked slightly different 

questions (Cohen, Manion & Morrison, 2000). In order to minimise the bias, the 

interviewer tried to stick to the interview schedule with the prompt if needed in order 

to maintain similarity of the questions for each interviewee.  
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3.5 Participants 

The context of this research is International Standard Schools (ISS), especially the 

secondary level in a junior high school. The reason for focusing on the junior high 

school is that there were limited international standard schools in elementary and 

senior high schools in Indonesia. Furthermore, the first implementation of ISS 

programme was at a junior high school level.  

 

The participants in this study are grade 7 students and teachers at three ISS in the 

Yogyakarta district of Indonesia. The identity of the schools is hidden for 

confidentiality reasons. The three schools are public schools located in an urban area, 

and had been implementing the ISS programme for about five years.  

 

Method of choosing participants  

The participants in this study were chosen based on the convenience sampling 

method for several reasons, which are listed below:  

1. Indonesia is an archipelago country that consists of 33 provinces spreading 

over thousands of islands; hence moving from one province to another is 

time consuming and costly. 

2. The bureaucracy in getting permission from the education department at the 

district level is quite complex, particularly when the researchers come from 

an area outside the district where the education department is located. 

3. This study employed three data collection approaches: survey, observation 

and interview that needed a long time to complete and were quite costly.  

Considering the time constrains and expenses, the researcher decided to collect data 

from the province where she lives and the nearby provinces. The processes of 

selecting the schools where this study was conducted followed the Indonesian 

bureaucracy system, as illustrated in Figure 3.5 below. 
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Figure 3.5 Flowchart in getting participants 
 

As presented in Figure 3.5, firstly the researcher submitted an application to the 

provincial education department. If the permission was granted, the education 

department would name the schools where the researcher could collect data. If the 
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permission was not granted, this meant that the study could not be conducted in this 

province. As a first step, the researcher submitted an application to the education 

department in four provinces – Yogyakarta (the province where the researcher lives) 

and three nearby provinces. However, only one province, Yogyakarta, gave 

permission to conduct a study in five ISS schools within this province.   

 

Secondly, the researcher contacted the five schools named by the education 

department in order to get permission from the head teachers. Among the five 

schools, three schools were willing to participate, whereas two other schools refused 

to participate in this study. The permission from the head teachers usually comes up 

with the names of the teachers who are willing to participate and the names of 

classes where the study will be conducted. According to letters of approval from the 

head teachers of the three schools, six mathematics teachers were willing to 

participate in this study and thirteen grade 7 classes from the three schools were 

willing to participate.  

 

The next step was meeting with the mathematics teachers to discuss the study and 

the data collection processes. Finally, the data collection held on the day was agreed 

by both teachers and the researcher in the previous meeting. 

3.6 Data collection  

3.6.1 Questionnaires distribution 

The consent forms for students and parents were distributed one week in advance 

before the two questionnaires were distributed. Two hundred and seventy consent 

forms were distributed to all students in 11 classes from the three schools, excluding 

those who participated in the piloting process (two classes). There were only 230 
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students who returned these two consent forms. Two questionnaires, an attitude 

questionnaire and a mathematical terms questionnaire, were then distributed to 230 

students who returned the consent forms. However, only 214 students completed the 

two questionnaires. The distribution of the questionnaire differed in terms of time 

(see table 3.8) because the process had to do with the school’s permission.  

Table 3.8 Time of Questionnaire Distribution 

Schools Time 

School A 26 December 2012 

School B 28 December 2012 

School C 29 December 2012 
 

The questionnaires were personally delivered and collected with the assistance of the 

teachers. The researcher explained the nature of the questionnaires and asked the 

participants to complete them. The researcher also explained that the questionnaire 

was not a test and the students’ responses to these questionnaires would not 

influence their academic achievement. There was also information about the 

confidentiality of the questionnaire and the participants were encouraged to answer 

the questions fully and honestly. 

 

The researcher was available around the class for questions or clarifications while 

participants were completing the questionnaires. The questionnaires were collected 

at the end of the two-hour session. However, there were several students who 

finished in less than two hours. 

 

Response rates 

A high response rate would provide more valid and reliable results. However, it is 

unclear how high the response rate needs to be (Baruch, 1999). Studies that have 

evaluated the response rate of questionnaires found that the average response rate of 
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paper-based questionnaire ranged from 33.3% (Watt et al., 2002) to 56% (Baruch, 

1999; Nulty, 2008). The average response rates for both questionnaires in this study 

are 93.04%. A total of 230 exemplars for each questionnaire was distributed to all 

the participants in the three schools, and 214 of them were completed. This response 

rate would appear to be impressive compared to the average response rate mentioned 

in Baruch (1999) and Watt et al. (2002). Table 3.9 gives a detailed summary of the 

response rates for each school. 

Table 3.9 Response Rates 

Detail School A School B School C Total 

Distributed Questionnaires 70 105 55 230 

Collected Questionnaires 63 100 51 214 

Percentage 90% 95.24% 92.73% 93.04% 
 

3.6.2 Observations   

The second stage of the data collection processes is conducting observations. The 

observations were carried out between December 2012 and February 2013. The 

observations were also being video recorded although only two teachers from 

different schools agreed to be observed and the four others objected to it. Each 

teacher agreed to have two classes observed. Therefore, the observations took place 

in four classes in total. Soon after the teachers informed the researcher which classes 

to observe and the researcher distributed the consent form to both students and 

parents. There were 150 consent forms distributed and 148 forms were returned with 

agreement to participate in the observations. Two students who did not participate in 

the observation were moved to a certain place in the classroom so that they would 

not be caught by the video camera. 
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Each class in each school was observed five times. Each observation lasted for about 

90 minutes. The observations were based on the observation schedule (see appendix 

C). As described in section 3.4.2, during each observation, the researcher took notes 

focused on 1) the language used in the learning processes; 2) the code switching 

practices or the language shifts during the learning processes and 3) the book used in 

learning mathematics in English. The observations also looked at some obstacles 

faced by students during the lesson. The observations in the classroom were 

conducted as conspicuously as possible, based on observation schedules and were 

recorded using a video. 

 

3.6.3 Interviews 

Thirty-four students and six mathematics teachers of grade 7 in a secondary school 

were interviewed in this study. Initially, there were 42 students who returned the 

consent form and were willing to participate in the interviews. However, only 34 

students were interviewed because the other eight students did not turn up on the day 

of the interview and did not confirm their absence in advance. Table 3.10 below 

displays the interviewees’ background in terms of gender and the school they 

attended.  

Table 3.10 Total Respondents against the Interviewees Number 

Gender 
School A School B School C 

Total 

Respd. 
Interviewee 

Total 

Respd. 
Interviewee 

Total 

Respd. 
Interviewee 

M 28 4 42 6 18 3 

F 35 6 58 10 33 5 

Total 63 10 100 16 51 8 
 

The interviews were based on the interview schedule (see appendix D) and was 

conducted in Indonesian in order to make the interview easier so that the 



150 

 

interviewees can express their ideas in their familiar language. The use of Indonesian 

in the interview also aimed to minimise the participants’ misunderstanding and 

misinterpretation because there is a high probability that non-native English speakers 

use English in different ways from native English speakers (Holstein & Gubrium, 

2001).   

 

3.6.4 Data collection challenges 

There are a number of challenges in the process of data collection due to both 

administration constraints and methodological issues. One of the challenges is 

related to the observation processes. The schools only allowed using one static 

camera placed either at the front or at the back of the class. After several trials, the 

researcher decided to place the camera at the front of the class because it provided a 

wider view of it. The static video placed at the front of the class could not portray the 

detailed activities of the students because it was impossible to zoom in on every 

activity. Therefore, the data that needed detail observation were collected manually 

using the observation schedule and the focus was only on several groups of students. 

In order to minimise subjectivity, the researcher decided to employ another observer. 

The additional observer was trained briefly before doing the observation. 

 

Another challenge was found during the interview with students. They tended to 

respond in very short answers such as “yes”, “no” or simply said “I have no idea” or 

“I am not sure”. This was challenging for the researcher in terms of providing probes 

to get longer responses and more in-depth information from students. This, however, 

did not occur during the interviews with the teachers. 
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A potential bias which may have risen from this research involved participant 

selection. Convenience sampling was adopted in this study, therefore the data 

gathered was less likely to represent the ISS’s student population (Creswell, 2012). 

This implies that the data might not represent the view of all students in the ISS. In 

order to mitigate this limitation, the population of the students within the selected 

site were invited to participate. Therefore, the results were obtained from a variety of 

students. Moreover, the participants in the interview were selected randomly, which 

could remove the researcher’s bias in terms of choosing who participated.  

 

The participants in this study were voluntary. Hence, the number of participants in 

relation to the demographic data such as gender, everyday language and English 

background were not in a similar ratio. This disproportionate nature of participants 

regarding the demographic background might cause bias in the results of the 

statistical analysis.  

 

Regarding the participants in the observations, the teachers chose which classes were 

to be observed. Therefore, the class might not represent the whole students body. In 

addition, the reasons behind choosing the classes was unclear, as the teacher might 

choose a good or weak class. 

 

3.7 Data analysis 

3.7.1 Quantitative data analysis 

Analysis of questionnaire data on students’ attitudes 

The attitude questionnaire covers three components of attitude; namely the affective 

component (feeling), cognitive component (thinking and belief) and behaviour 
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component (behaving). The affective component involves self-confidence and 

enjoyment. The cognitive component is related to the beliefs regarding the value of 

learning mathematics in English. The behaviour component considers willingness 

and motivation in learning mathematic in English. The attitude scale contained 43 

Likert-type statements. An ordinal scale was used to analyse the students’ responses. 

It has allowed the researcher to measure the variables of interest in this study and 

distinguish or categorise the students’ attitude. For each statement, there were five 

levels of agreement: strongly agree, agree, neutral, disagree and strongly disagree, 

and scored from one to five, respectively. The questionnaire consisted of 26 positive 

statements and 17 negative statements. The negative statements were scored 

reversely of positive statements because an agreement or strong agreement with the 

item indicates a relatively low level of attributes being measured. The detail of the 

attitude questionnaire scoring is shown in Table 3.11 below.  

Table 3.11 Scoring Guide 

Option Positive statement Negative statement 

Strongly disagree 1 5 

Disagree 2 4 

Neutral 3 3 

Agree 4 2 

Strongly agree 5 1 
 

Based on the scoring guide above, the possible maximum total score that might be 

reached is 215 (rating 5 on each item) and the minimum total score is 43 (rating 1 on 

each item).  Therefore, the possible range of the total score is 172. This number was 

then divided by five (number of attitude levels investigated in this study) in order to 

determine the range score for each attitude level. The total score of each student was 

then categorised into five levels for ease of identification of his/her levels of attitude 

(see table 3.12).   
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Table 3.12 Attitude Category 

Attitude Score Range 

Strongly negative 43 – 76  

Negative 77 – 111 

Neutral 112 – 145 

Positive 146 – 180  

Strongly positive 181 – 215  
 

For further investigation, the mean score of each attitudinal aspect (self-confidence, 

enjoyment, value and motivation) was calculated in order to determine the level of 

agreement regarding each  and then use it to identify which aspect has a significant 

influence on the students’ attitudes. In addition, the mean score of the attitude 

dimensions (affective, cognitive and behavioural) was also considered to determine 

which dimensions have a significant effect on students’ attitudes. However, the 

normality of the data had to be identified first to determine the next statistical test, 

parametric or non-parametric test. A statistical analysis was conducted using the 

Statistical Package for the Social Sciences (SPSS) software. There are many kinds of 

statistical softwares but, for practical reasons, the SPSS was chosen because the 

researcher is more familiar with it than other statistical softwares. More importantly, 

this study did not need a complex analysis; hence the SPSS was compatible for this 

type of analysis. 

 

Analysis of questionnaire data on mathematical term difficulties 

The difficulties with mathematical terms in this study are classified into eight 

categories of pitfalls as modified from Thompson’s and Rubenstein’s work (2000 

and 2002). The detail of categories and list of mathematical terms used in this study 

have been discussed previously (section 3.4.1.1). These eight categories serve also as 

themes in analysing data from the mathematical terms questionnaire. 
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Forty-three mathematical terms are investigated in this study. A nominal scale was 

used to analyse the students’ responses to the questionnaire. Each correct answer was 

scored 1 and 0 was given as a score for the incorrect one. It was assumed that the 

bigger the number of students who had incorrect answers regarding a certain 

mathematical term, the more difficult the term was. In addition, for each item, the 

number of different responses was tabulated. Within each item and across the set of 

items, these data were used to initially identify the types of difficulties with 

mathematical terms, for example, whether an incorrect answer was related to 

mathematical concepts, mathematical procedure, the mathematical term itself or 

English as a foreign language. Similar incorrect answers were placed into one group. 

The groups identified in this analysis were then used as themes in analysing the 

interview data.   

 

3.7.2 Qualitative data analysis 

Interview 

As discussed in section 3.6.3, semi-structured interviews were conducted with 34 

students from different schools over a four-month period from January 2013 – April 

2013. To ease analysing and interpreting the information gathered from these 

interviews, the researcher codified each interviewee, where the code represents the 

gender and school he/she attended. The gender was represented by one digit capital 

letter (M for male and F for female). Meanwhile, the school was represented by one 

digit capital letter (A, B or C) as this study was conducted in three schools. An 

example of interview code is MA1, meaning the interviewee is male (M) from school 

A (A) and he was the first interviewee (1). By codifying each interviewee, it was 

possible to compare one to another based on this categorisation. Several steps were 

taken before analysing and interpreting the interview data as illustrated in Figure 3.6 

below.  
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Figure 3.6 Process of Codification of the Interviews Using NVivo 

Adapted from Pietkeiwicz (2013, the Nvivo’s Official Website) 

 

Figure 3.6 demonstrates five steps used to analyse the interview data using NVivo. 

Firstly, the 40 (34 students and six teachers) recorded interviews in Indonesian were 

fully transcribed into Microsoft Word by using Sound Organizer provided by the 

recorder manufacturer. The process included removing specific properties, such as 

the name of the interviewees, schools and the names of any other related parties in 

case the interviewees mentioned these during the interview. This aimed for 

confidentiality and protection for the informants. Even though such properties were 

removed, this process attempted not to lose their context of the data.  

 

Secondly, the transcripts were then imported to the NVivo software and the 

respondents’ identities were coded, as discussed in the beginning of this section. 

NVivo is one of the qualitative data analysis (QDA) software packages. This 

software provides information details, which can be visualised into meaningful 

presentations such as tables, maps and figures, or even advanced analyses such as 

modelling and meanings of association. Moreover, NVivo helps in managing data 
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and ideas, querying, visualising and reporting from the data (Bazeley and Jackson, 

2013). For instance, NVivo has the capability to collapse the information into a small 

number of constructs or expand them into very detailed information, or a full source 

of the interview transcripts on demand, by the use of menus. Considering the 

advantages of NVivo, the researcher considered using it to manage the qualitative 

data from the interviews and observations. By using NVivo, it became possible to 

see the participants’ answers at the same time and within the same theme, which can 

help the researcher search for any commonalities and patterns within the data. In my 

study, NVivo enabled the researcher to see the pattern of students’ attitudes or the 

commonalities of students’ obstacles when learning mathematics in English. It also 

helped in tracking information without losing the context and content because the 

full transcriptions can be accessed easily just by clicking the toolbar in the menu. 

 

Thirdly, the transcripts were coded into three levels of codification, as displayed in 

Table 3.13 below. In this step, the coding processes were conducted both manually 

and through using NVivo. The transcripts were printed and coded manually so that 

the researcher could immerse herself in the data. It aimed to minimise the 

subjectivity regarding the coding process because it enabled other people to 

crosscheck the codes in the full transcription made by the researcher. The codes were 

then applied on the coding data in the NVivo software. Therefore, the coding 

processes did not rely much on the software. The codes used in this study were 

developed from the literature review such as from the theoretical frameworks and 

definitions used in the previous relevant study. In addition, the researcher also took 

into account codes that emerged from the interview data particularly codes in level 2 

and 3 (see Table 3.13).  
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Fourthly, the codes were then visualised in various forms such as tables, maps and 

charts to help in analysing and interpreting the data. Mind mapping occurred in this 

step and it portrayed the relation of the codes. It also enabled the researcher to group 

the similar or related codes into a broader code. Lastly, the coded data were then 

analysed and interpreted in order to answer the research questions. 

 

As presented in Table 3.13, the transcripts are coded into three levels. The first level 

shows three themes for each research question. The first research question (RQ1) has 

three themes: existence of code switching, when and why code switching occurs. 

The second and third levels expand these themes in more detail. For example, the 

theme about the existence of code switching is expanded into two categories: 1) the 

number of languages used in the classroom, be it two or more languages; and 2) the 

type of languages employed, whether English, the national language and/or the local 

language. Similar to the first research question, the second research question also has 

three themes at the first level. The theme about the obstacles regarding mathematical 

terms (RQ2) covered challenges pertinent to English mathematical terms, 

mathematical concepts and English language. The attitude (RQ3) data is also coded 

into three themes based on the three attitudinal dimensions: cognitive, affective and 

behavioural dimensions. The second and third levels expand the themes in more 

detail based on the literature review. Appendix G provides 
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Table 3.13 Coding of the interviews data 

Research questions Level 1 Level 2 Level 3 

Code switching 

(RQ1)  

Existence of code switching 

(ECS) 

1. Using two language (2L) 

2. Using more than two languages (3L) 

1.  English and Indonesian (EI) 

2.  English, Indonesian and local languages (EIL) 

When switching language 

(WhenCS) 

Formal (Forml) 1. Interacting with teachers (Interact) 

2. Working on mathematics problems (Matprob) 

3. Forgot some everyday English or math terms (Forgot) 

Informal (If) Non-academic setting (Nonac) 

Why switching language 

(WhyCS) 

Cognitive (Cog) 1. Limited English skills (LES) 

2. Limited English mathematical language (LEML) 

3. Practical (Pract) 

Affective (Aff) 1. Confidence (Cfd) 

2. Convenience (Cvn) 

Social (Sos) 1. Peers (Peer) 

2. Teachers (Teachr) 

Mathematical terms 

challenges 

(RQ2) 

English math terms (EMT) 8 categories mentioned in section 3.4.1.1 - 

Mathematical concepts (con) Misconception (Miscon) - 

English language(Elang) 1. Misinterpret English math terms (Misterm) 

2. Spelling (Spell) 

3. Misunderstood math problems (Misprob) 

- 

Attitude  

(RQ3) 

Feeling / 

Affective dimension (F) 

Positive (F+) 1. Like 

2. Happy 

3. Enjoy 

Negative (F-) 1. Hate 

2. Difficult 

Neutral (FNeu) - 

Thinking / 

Cognitive dimension (T) 

Positive (T+) 1. Useful 

2. Important 

Negative (T-) Useless  

Neutral (TNeu) - 

Behaving / 

Behavioural dimension (B) 

Positive (B+) 1. Engaging during mathematics course (Engange) 

2. Willing to continue study maths in English (Willing) 

Negative (B-) 1. Avoid doing mathematical activities in classroom(Avoid) 

2. Refuse to continue study mathematics in English(Refuse)  

Neutral (BNeu) - 
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Observations 

Data from class observations was analysed using similar steps to the ones used to 

collect the interview data. With the research questions in mind, the field-notes and 

video recordings were reviewed many times to gain an overall sense of data and 

identify recurring themes. The data from the field note and video were coded based 

on the themes in Table 3.14 The criteria for generating these themes was to restrict 

descriptions to only observable actions.  

Table 3.14 Coding of the observational data 

Research Questions 

(RQ) 

Codes 

Level 1 Level 2 

Code-switching 

(RQ1) 

Code-switching 

by teachers 

Existence of code-switching by 

teachers 

Language used by teachers 

1. Spoken 

2. Written 

Code-switching 

by students 

Existence of code-switching by  

students 

Language used by students: 

1. Spoken 

2. Written 

Code-switching practices: 

1. Students ask questions 

2. Students answer questions 

3. Working on maths problems 

4. Others  

English mathematical 

terms obstacles (RQ2) 

The list of 

English 

mathematical  

terms 

- 

The language 

used  

- 

Students’ attitude 

(RQ3) 

Engagement in 

classroom 

activities 

- 

Engagement in 

small group 

discussion 

- 
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3.7.3 Demographic information 

The demographic information of the respondents was divided into four categories: 

(1) gender; (2) how long they have been learning English (duration of learning 

English); (3) language used in daily life (everyday language); (4) experience 

regarding visiting or having been educated in other countries.  

 

Gender 

Respondents in this study consist of 88 male and 126 female. Table 3.15 below 

summarises the composition of the respondents from each school based on gender.  

Table 3.15 Respondents Distribution Based on Gender 

Gender 
School A School B School C Total 

Respd. % Respd. % Respd. % Respd. % 

M 26 41.27 42 42 18 35.29 86 40.19 

F 37 58.73 58 58 33 64.71 128 59.81 

Total 63   100   51   214   
 

English background 

The length of learning English backgrounds of the respondents were divided into 

three categories: (1) 1 to 4 years, (2) 5 to 7 years, and (3) more than 7 years (see 

Table 3.16). These categories were based on the curriculum that was used at the time 

during the data collection processes. English was formally taught from grade 4 or 5, 

but in some schools, especially in big cities, it was taught from grade 1 or even from 

the kindergarten stage. Thus, the first category is assuming that students have been 

learning English from grade 4 of primary school or from grade 1 Junior High School. 

The second category is assuming that the students have been learning English from 

grade 1 primary school, while the third category is assuming that English has been 

learned from the kindergarten stage. 
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Table 3.16 The English Background of the Respondents 

Length of Learning English 

(year) 

Number of 

Respondents 

Percentage 

1– 4 47 21.96% 

5 – 7 121 56.54% 

>7 46 21.50% 
 

Table 3.16 indicates that most respondents started to learn English at the first grade 

of primary school or at the kindergarten. This is interesting as English was formally 

taught from grade 4 or 5 of primary school and only around 20% of the respondents 

began to study English in that grade.    

 

Everyday spoken language 

There are eight categories in the students’ everyday language. The everyday 

language in this study means the language that is mainly used in daily conversations. 

There are at least four languages spoken in Yogyakarta, namely Javanese, Indonesian 

language, English and Mandarin. However, the most popular languages are Javanese 

(the local language in Yogyakarta) and Indonesian language (the national language). 

This is in line with the data of everyday language of the respondents summarised in 

table 3.17. Most respondents speak two languages: Indonesian and Javanese (mixed 

Indonesian-Javanese). 

Table 3.17 Respondents’ main spoken language 

Language Number of Students Percentage 

Indonesian Language 48 22.43% 

Javanese Language 4 1.87% 

English  0 0 

Bilingual Javanese – Indonesian 136 63.55% 

Bilingual Indonesian – English 5 2.33% 

Indonesian – Javanese – Mandarin 1 0.47% 

Indonesian – Javanese – English  20 9.35% 

Others  0 0 
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As the numbers of respondents who speak bilingual Indonesian – English and 

Indonesian – Javanese – Mandarin are too small compared to others, they are added 

into other categories for further analysis. Those who speak Indonesian – English are 

joined with the Javanese – Indonesia speakers in the bilingual group. Meanwhile, 

those who speak Indonesian – Javanese – Mandarin are grouped with those who 

speak Indonesian – Javanese – English in the trilingual group. Therefore, there are 

three groups of the everyday spoken language: monolingual, bilingual and trilingual 

(Table 3.18). The monolingual group in this study refers to the respondents who 

speak mainly one language, either Javanese or Indonesian, in their everyday 

conversations. The bilingual group refers to the respondents who speak mainly in 

two languages in their daily conversations. Meanwhile, the trilingual group consists 

of respondents who speak three languages in their daily conversations. 

Table 3.18 Group of everyday spoken language 

Group Language Number of Students Percentage 

1 Monolingual 52 24.30% 

2 Bilingual 141 65.89% 

3 Trilingual 21 9.81% 
 

Attending overseas schools  

The majority of the respondents do not have experience in terms of travelling 

overseas; only 17 respondents had travelled overseas (Table 3.19). From the 

interview, only two respondents had had the chance to attend school in another 

country, and the others went overseas for holidays.  

Table 3.19 Overseas experience 

Country Number of students Length of stay 

Asia 6 1 day – 2 weeks 

Australia 2 1 – 2 years 

Canada  1 9 months 

Uni Emirat Arab 1 9 days 
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The data of overseas experience of the respondents will not be analysed further 

because the number of respondents who had experienced attending overseas schools 

is too small.   

 

3.7.4 Challenges of data analysis 

The challenges regarding data analysis are mainly related to the translation process 

from Indonesian to English. The data collection processes were mostly conducted in 

Indonesian, therefore they needed to be translated into English. This led to several 

other issues such as interpretation bias and trustworthiness.  

 

The first challenge, as stated, is that the interviews were undertaken in Indonesian; 

therefore the researcher had to transcribe the responses and then translate them into 

English. This process might have added an element of subjectivity and bias, because 

sometimes it is very difficult to reproduce the exact meanings of what the 

interviewee said. The researcher tried to minimise subjectivity by maximising 

trustworthiness: 1) the interviewees got an opportunity to read, review and give 

feedback on their interview transcriptions soon after the interview was conducted; 2) 

the interview transcriptions and the translation were peer reviewed by two other PhD 

students (one of them is an English lecturer in Indonesia) and one Indonesian who 

teaches English at the university. 

 

A second challenge is related to potential biases and preconceptions of the 

researchers. Bias and preconceptions of the researchers can be a problem during the 

data analysis phase of a study as the researcher may interpret findings based on 

personal viewpoints or already perceived ideas related to the investigation (Merriam, 
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1998).  Reflexivity, or critical self-reflection was employed and every effort was 

made to alleviate research bias by remaining conscious of the influence of biases and 

preconceptions. In addition, to counteract bias in this study, interpretations were peer 

reviewed by other colleges (that is, supervisors, other PhD students and English 

teachers).   

 

Finally yet importantly, there may be issues related to data gathered from 

observations. The first issue is that observations mainly relied on field notes and a 

static video recorder that was placed in the front of the class. Static video recording 

could not provide detailed data about the students’ activities hence these kinds of 

data relied on field notes of the observers. In order to minimise the subjectivity of the 

observation data, they were triangulated with the data from the surveys and 

interviews. In addition, the observations looked only at several lesson activities and 

students’ behaviour in the classroom. This was another side of the story which was 

possibly important for the purposes of this study but was not recognised by the 

observers. For example, whether the students’ behaviour was similar across other 

topics in mathematics and why they were committed to certain behaviours. The 

interview tried to cover these issues.  

 

The limitations of observation processes discussed above lead to another issue, 

which is the reliability of the observation data. In order to get reliable data, this study 

employed two types of reliability – inter and intra – observer agreement. According 

to Jansen, et al. (2003, p. 391), reliability of the observation data refers to the degree 

of agreement between the sets of  data collected independently from the same scene 

by two different observers (inter-observer agreement) or by the same observer at 

different times in the data collection process (intra-observer  agreement). Regarding 
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inter-observer agreement, the observations were conducted by two observers, 

therefore the data used in this study had to be observed by two observers. If the data 

was observed by only one observer, the data was then crosschecked with the data 

from the video. If data from the observer was consistent with data from the video, 

these data were then further analysed. Furthermore, intra-observer agreement can be 

obtained by conducting observations more than one time for each class; hence the 

data from each observation were compared in order to find the commonality and 

pattern. 

3.8 Chapter summary 

This chapter has discussed the philosophies that underpin the present research and 

the research methods employed in this study, as well as discussing the research 

design, data collection tools, data collection processes and analysis. The philosophies 

adopted in this study have placed it between the functionalist and interpretive 

paradigms. As a result, this study has employed a mixed methods approach – 

quantitative and qualitative – that is reflected by the use of questionnaires, 

observations and interviews. The questionnaires and observations were used to 

gather general data with greater numbers of participants. The in-depth data collected 

from self-reports via interviews were to discover the participants’ points of view.  

 

The challenges regarding data collection processes and analysis were also examined 

in this chapter. The next chapter discusses the results of the data analysis in relation 

to the research questions of this study. 
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Chapter 4 : Languages in the Classroom  

 

4.1 Chapter overview  

The first research question is: does code-switching exist in mathematics class in the 

ISS? It has three sub questions namely 1) what languages are students using? 2) 

when do they switch the languages? 3) why do they switch the languages? The data 

regarding this research question were gathered through a questionnaire, interviews 

with students and teachers and observations in the classroom during mathematics 

lessons. The analysis of the data focuses on the languages students use and the code 

switching practices by the students during the lessons. The following sub-chapter 

discusses: the findings from the questionnaire (4.2); the findings from the interviews 

(4.3); the findings from the classroom observations (4.4); and chapter summary (4.5).  

4.2 Findings from questionnaire 

The quantitative data confirms that the students used two or three languages in the 

classroom when learning mathematics in English. The languages they used are 

Indonesian, English and/or Javanese. Around 74% of the respondents speak 

Indonesian and English when they learn mathematics in the classroom. Meanwhile, 

the rest of them speak English, Indonesian and Javanese in the classroom (Figure 

4.1).  

 
 

 

 

 

 

 

 
 

 

Figure 4.1 Languages used by students in mathematics class 
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In addition, the questionnaire data show that all students have the mathematics 

textbook written in English. This is unsurprising because the compulsory textbook is 

written in English. Table 4.1 shows that they also have supplementary books written 

in bilingual (English and Indonesian) or Indonesian. Most of the students (71%) have 

two mathematics books: one in English and one in bilingual (English and 

Indonesian). Thirty-one students (14%) have three mathematics books that are 

written entirely in English, entirely in Indonesian and bilingual (English and 

Indonesian). Meanwhile, 10% of the students have two mathematics books, one book 

written entirely in English and one book in Indonesian. It is surprising that some 

students still use the book written entirely in Indonesian.  

Table 4.1 Mathematics books owned by the students 

Type of Book Number of Students Percentage 

English only 10 4.67% 

English and Indonesian 21 9.81% 

English and bilingual   152 71.03% 

English, bilingual and Indonesian 31 14.49% 

Even although the students have more than one mathematics textbook, interestingly, 

183 out of 214 students prefer to use the mathematics book written in bilingual 

(English and Indonesian) more often than the other types of books when learning 

mathematics in English. The rest of them use more often the book written entirely in 

English. No one uses the book written in Indonesian as their main resource when 

learning mathematics in English.  

 

In summary, the survey indicates that the students not only use English (the language 

of instruction) but they also use Indonesian (national language) and Javanese (local 

language) during the mathematics lessons. In relation to the language used in the 

mathematics textbook, most of the students prefer to use a textbook written in 

bilingual (English and Indonesian) rather than in fully English or fully Indonesian. 

This implies that there are a number of languages, both written and spoken, used in 
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the classroom, indicating the existence of code-switching practice in this classroom 

(Setati, 1998). The detail of code switching practised by students was investigated 

and explored through interviews and observations. The results of the interviews and 

observations are discussed below.    

 

4.3 Findings from interview 

As discussed in the methodology chapter, this study interviewed students and 

mathematics teachers. The interview with the students focused on the students’ 

languages in the classroom involving what kind of languages they use as well as 

when and why they move between languages. The interview with the teachers was 

aimed to confirm and support data gathered from those with the students. This 

section discusses the findings from the interview with students and teachers 

respectively.   

4.3.1 Interview with students 

The language used in the classroom 

This section discusses the languages students employed and the shifting language 

practices during mathematics lessons. The interview data reveal that all of the 

interviewees use mixed languages when learning mathematics in English, as 

represented by the statements below:  

The teacher asked me to use English in the classroom, so I use English 

but sometimes I use Indonesian. 

In the ISS School we are encouraged to use English when learning 

mathematics in the classroom, so I use English but sometimes I use 

Indonesian. 

The languages we usually used in the classroom are Indonesian, English 

and Javanese…sometimes we discuss the material in Indonesian and use 

two or more English terms and Javanese too…. 

I often use Indonesian and sometimes I use English. 

I try to use English…sometimes I speak Indonesian and Javanese. 
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The statements above imply that the students use more than one language in the 

classroom when learning mathematics in English. The languages used in the class are 

English, Indonesian and Javanese. These findings are in line with those from the 

survey. 

 

Why are languages switched?  

Further analysis of the interview data focuses on the reasons students switch 

languages during mathematics lessons. The interviews indicate that students often 

switch languages from English to Indonesia or vice versa and they also switch to 

Javanese (local language) in several occasions and for several reasons. Three main 

reasons behind such switching practices emerged: cognitive, affective and social 

environment. 

1) Cognitive factors 

Cognitive factors in this section refer to the reasons related to the limitation of 

knowledge or competencies. The cognitive reasons students switch languages found 

in this study are: lack of English proficiency and English mathematical language 

complexity.  

Lack of English proficiency is the most common reason for students to use 

Indonesian in the classroom. Eleven students state that they shift from English to 

Indonesian during the learning process in the classroom due to the limitation of their 

English competencies as stated in the students’ responses below:  

…I am not good in English…I use Indonesian…. 
 

I cannot speak English well, so I prefer to use Indonesian….  

We are encouraged to speak English but sometimes I do not know some 

English words so I refer to Indonesian or sometime Javanese words. 
 

My English is not good. I cannot speak smoothly, I have to think when 

speak in English so I prefer to use Indonesian… 
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The statements above imply that the students shift from English to Indonesian or 

Javanese because of inadequate English competencies such as limited vocabulary 

and that they could not speak English fluently. The other nine students switch from 

English to Indonesian or Javanese due to the complexity of the English 

mathematical language as represented in the statements below.  

It’s hard to use English when understanding new mathematical concepts 

for the first time so I prefer to use Indonesian. The English used in 

mathematics is different…much more harder than the one taught in 

English class. 
 

I’m not good in English and it’s hard to grasp the mathematical 

concepts in English…the [English mathematical] language is complex 

and difficult for me. 
 

Many [mathematical] terms are different from everyday English. It’s 

confusing. Sometimes I forget the terms so I use Indonesian to 

understand that.  
 

From the statements above, the complexity of mathematical language in English 

influences students to switch from English to Indonesian or Javanese.   

 

2) Affective factors 

The affective factors refer to the reasons behind switching languages that related to 

the students’ feelings.  Nine students claim that they lacked confidence and felt 

uncomfortable using English particularly when working with mathematical 

problems. Below are examples of some of the students’ statements: 

When discussing our ideas with friends in English, it is stressful for 

me...It’s easier to discuss our idea in Indonesian. It’s clearer and easy to 

understand.  
 

It’s easier…to explain our answers to our friends or when discussing 

who has the right answer…to defend our opinion and answer in 

everyday language…we use Javanese too…it is more convenience for 

me…more confidence too.  
 

When working with friends, I can enjoy discussing, arguing or 

explaining mathematical stuff in Indonesian because I do not need to 

think what the English term for this, what the English term for 

that…but [this is not happen] when I have to use English [in the 

discussion]…it is terrible. 
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As evident from the statements above, the students feel uncomfortable (such as 

stressful and feel terrible) using English in doing mathematical activities (such as 

discuss mathematical ideas, solving mathematical problems and explain 

mathematical concepts). Moreover, three out of nine students claim that 

communicating their ideas in the first language (Indonesian or Javanese) is more 

effective than in English and it makes them more confident to participate in the 

discussion. The statements below are examples of students’ responses: 

It’s easier to understand when we use Indonesian…to explain our 

answers to our friends or when discussing who has the right 

answer…when explaining difficult concept…I can engage in the 

discussion. I feel more confidence to discuss with my friends. 
 

In a group discussion, I often use Indonesian and Javanese, because 

it make easier for me to speak and understand it in our language than 

in English…I am shy to use English because my friends are good in 

English. 

 

3) Social environment 

The interview data indicate that students switching languages is not only affected by 

cognitive and affective factors but also by the social environment in this case 

classroom environment. Five students state that they switch from English to 

Indonesian or Javanese because their friends and teachers do so as represented in the 

statements below: 

My teachers do that [switching languages] so do my friends so I do 

that. 
 

Sometimes when we get stuck, we switch languages because my 

friends and my teachers do so. 

 

The students’ statements above indicate that the classroom environment such as 

peers and teachers practised code-swiching during mathematics lessons in the 

classroom. 

 



172 

 

In summary, the students’ shifts from English to Indonesian or Javanese are more 

influenced by cognitive factors (for example limited English and English 

mathematical language competencies), compared to affective factors (for example 

more confidence and convenience) and social environment (for example code 

switching by peers and teachers). 

 

When are languages switched? 

Last, but not least, the focus of interview data analysis was when do students switch 

languages from English to Indonesian or Javanese and vice versa? Eight students 

said that they shift when they get stuck with English, as stated in the students’ 

responses below: 

…I use Indonesian when I do not know how to express something in 

English  
 

…I try to speak English in the [mathematics] class but when I do not 

know the English terms I use Indonesian.  
 

We are encouraged to speak English. But sometimes I forget some 

English words so I refer to Indonesian or sometime Javanese words 

 

The statements above imply that the students shift from English to Indonesian or 

Javanese when they forget or do not know certain English words. Meanwhile, nine 

students prefer to use Indonesian when trying to understand new mathematical terms 

or concepts. Five of them use Indonesian in order to understand mathematical 

concepts for the first time as represented in the statements below:  

It’s hard to use English when understanding new mathematical 

concepts for the first time so I prefer to use Indonesian. After I 

understand the terms or concepts, I will try to use English.  
 

I’m not good in English and it’s hard to grasp the mathematical 

concepts in English even more when we get it for the first time.    
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Meanwhile, four out of nine students use Indonesian because they are confused by 

mathematical terms that are different from everyday English. Below are the examples 

of some of the students’ statements: 

Some mathematical terms are different from English words I learned 

in English class. So, when I got new terms I tend to understand that 

in Indonesian. It’s easy.…when I knew the terms I try to use it in 

English.   
 

Many [mathematical] terms are different from everyday English. It’s 

confusing. Sometimes I forget the terms so I use Indonesian to 

understand that.  

Eleven students claim that communicating their ideas in the first language 

(Indonesian or Javanese) is more effective than in English:   

1) When discussing our ideas with friends...It’s easier to discuss our 

idea in Indonesian. It’s clearer and easy to understand.  
 

2) It’s easier…to explain our answers to our friends or when discussing 

who has the right answer in Indonesian…to defend our opinion and 

answer in everyday language…we use Javanese too…when 

explaining difficult concept and they [my friends] still confuse with 

it so I Indonesian and if still unclear I use Javanese. 
 

3)  …we discuss how to solve the difficult mathematical problems and 

difficult material in Indonesian and Javanese, because it make easier 

for us to speak and understand it in our language than in English. 
 

4) …when we want to explain something or argue our ideas to our 

friends, I can explain clearly and smoothly if it is in Indonesian 

because I do not need to think what the English term for this, what 

the English term for that…to avoid misunderstanding with our 

friends as well.  
 

5) Firstly, I use English. But sometime it easier using Indonesian for 

example when solving mathematics problems, or explaining our 

answers to our friends…Sometimes the teacher use Javanese, so we 

use Javanese too…when explaining difficult concept and we 

[students] still confuse with it so he [teacher] use Indonesian and if 

still unclear he use Javanese. 

6) …we often discuss mathematical problems in Indonesian but the 

teacher asked me to use English in class so that I will be good in 

English…I try even though it is hard. 
 

7) …when I use Indonesian in discussing mathematical problems with 

my friends, the teacher asked me to use English. So I do not have 

any choice. She is right; I have to practice my English in class. 
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As evident from the statements above, the students use Indonesian or Javanese when 

doing advanced mathematical activities such as to explain difficult mathematical 

concepts, discuss solution of mathematics problems, argue and defend opinions or 

ideas. They switch the languages to help them communicate their ideas easily and 

clearly.   

 

An interesting finding comes up from the fifth statement. The student said that the 

teacher uses Indonesian or Javanese to explain mathematical concepts that are very 

difficult to understand by the students. Another interesting point is revealed from the 

sixth and seventh statements above. The students are forced to use English when 

working with mathematical problems because their teachers asked them to do so.  

 

Interestingly, six students claim that they use English most of the time and rarely use 

Indonesian and Javanese because they want to practise and improve their English 

skills:   

I try to speak English in the classroom because I want to be good in 

English so that I can pass the English class as well. Hmmm I use 

Indonesian as well, for example, when chatting with friends.  
 

Mostly, I use English to improve my English. But when talk about 

everyday life in between discussing about mathematics things, I use 

Indonesian. 
 

I prefer to use English because I want to be an English teacher. So I 

practice my English here [when learning mathematics in English]. I use 

Javanese mixed with Indonesian when make a joke with friends, it’s 

more natural using our everyday language…English is used for 

discussing the material 

I want to study in overseas so I use English as often as I can. I have to 

start preparing my English now, 
 

 

From the statements above, the interviewees use English in the classroom for two 

purposes: 1) a short term purpose such as to get good grades in English or to improve 
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their English skills and 2) a long term purpose such as to prepare for their future 

careers or future study.  The statements above also imply that the first language is 

used for discussing non-mathematical matters such as chatting, joking or talking 

about everyday life issues. Meanwhile, English is used mostly for discussing 

mathematical practices.  

 

In summary, the students switch from English to Indonesian or Javanese in different 

settings such as when they forget some English words, understand new mathematical 

terms or concepts for the first time, explain mathematical terms and concepts, solve 

mathematical problems, argue and defend opinions or ideas. Meanwhile, the shift 

from Indonesian to English occurs when the students get acquainted with new 

mathematical vocabulary or concepts, or when they are asked by their teachers to use 

English. Some students used English most of the time and only used Indonesian or 

Javanese for non-academic matters such as chatting, joking or talking about everyday 

life issues. 

4.3.2 Interview with teachers 

As found in the interview with students that the students use English, Indonesian and 

Javanese in mathematics class, interviews with the teachers support this finding. The 

teachers assert that the students often use more than one language, as represented in 

the statements below: 

Most students use English and Indonesian, but some use Javanese as 

well… When working on the mathematical problems with others or 

when explain their ideas, they often use Indonesian or Javanese.  
 

They use English and Indonesian even though I have asked them to 

use English. … first time they introduced to the new mathematical 

terms, most of them use Indonesian. After they are familiar with the 

terms they use English sometimes mixed with Indonesian. They 

need time to get to use to it.  
 



176 

 

The student can use English for some basic mathematical terms 

fluently, for example: add, plus, times, multiply or something like 

set or fraction, not for complex maths terms such as proper fraction 

or denominator or something like that. They need time to be familiar 

with the complex terms … If we discuss complex [mathematical] 

concepts … they use Indonesian with some Javanese words when 

they discuss or clarify their understanding about the concepts with 

other students or with me (the teacher).  
 

From the statements above, the languages used by the students in the classroom are 

English, Indonesian and Javanese. English and Indonesian seem to be the most 

common languages in the classroom. According to the teachers, the students use 

Indonesian or Javanese when discussing mathematical problems with other students, 

explaining their ideas, learning new mathematical terms for the first time or 

discussing complex mathematical concepts.  

 

Furthermore, when the teachers were asked about their opinions on using Indonesian 

or Javanese during mathematics lessons, their responses were as follows: 

T1: I think this important for them (the students) because they just 

started to learn maths in English. They learn maths in Indonesian 

previously. This will help them to learn the material discusses 

smoothly.  
 

T2: … I believe that this (using mixed languages) helps them (the 

students) to understand mathematical concepts easily. This also 

could minimise their anxiety. Otherwise, they wouldn’t speak if we 

asked them to use completely English. I had experienced this 

before… they just move from elementary school, so [they] need time 

to adjust with the ISS system.   
 

T3: … we do encourage the students to use English but we cannot 

force them. You know…they just move from elementary to 

secondary school. They need to adjust all the things in secondary 

school, including the language. That’s why we let them to use mixed 

languages…to help them learning. But we do encourage them to use 

English so that they confident enough to speak English in the 

classroom.  
 

T4: When they (students) speak Indonesian or Javanese, I always 

asked them to use English. I understand their difficulties in the new 

environment so I let them use mixed language in certain portion to 

help them learn smoothly… I encourage them to try to speak English 

even though it not easy for them.  
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T5: In my opinion, it’s okay they (the students) use mixed 

languages. We cannot prohibit them speak in their mother tongue … 

sometimes they did not realise it. I use mixed languages too in the 

classroom … this helps them particularly when they get stuck in 

English.  
 

T6: Well, we cannot force the students to use English throughout the 

lessons. This will increases their learning load. They still learn 

English. They also still learn mathematics. So just let them learn on 

their own phase. This will helps them to learn the material easily. 

But we, as the teacher, have to encourage them to use English during 

maths lessons.       
 

The statements above imply that the teachers allow the students to use mixed 

languages as they believe that they need time to adjust to the new system. The 

students are still in the transition process from primary school, where mathematics is 

taught in Indonesian, to ISS secondary school where mathematics is taught in 

English. Moreover, the teachers assert that mixed languages can help the students 

learn mathematics in English easily.  

 

In conclusion, the interviews with teachers shows that the students use English, 

Indonesian and Javanese in the classroom during mathematics lessons. They shift the 

languages in different occasions such as when discussing mathematical problems 

with other students, explaining their ideas, learning new mathematical terms for the 

first time or discussing complex mathematical concepts. Indeed, the teachers allow 

the students to use mixed languages. They believe that using mixed languages is 

beneficial for students in learning mathematics through English because they are still 

in the transition process and they, therefore, need time to adjust to the ISS system in 

which mathematics is learned and taught in English. 
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4.3.3 Summary of the interview findings 

The interviews with the students and teachers indicate the existence of code 

switching practices since the students use English, Indonesian and/or Javanese 

language in the classroom when learning mathematics through English. English and 

Indonesian, however, are the most common languages used in the classroom. The 

students switch the languages for different purposes in different reasons and 

contexts. The students switch from English to Indonesian or Javanese due to 

cognitive and affective factors and social environment. Regarding the context, 

students shift the languages: 1) when they socialise with peers such as chatting, 

joking or talking about everyday life issues outside mathematics; 2) for academic 

matters such as familiarisation with new mathematical terms or concepts, and 

discussing advanced mathematical activities; and 3) when they get stuck with 

mathematical terms or certain words in English. On the other hand, they shift the 

language from Indonesian or Javanese to English when the teachers asked them to do 

so or when they become familiar with mathematical terms in English. 

4.4 Observation findings 

The next phase of the data collection was observation. The observations were carried 

out by two observers between December 2012 and February 2013. Four classes in 

each school were observed five times. Each observation lasted about 90 minutes. As 

described in section 3.4.2, the observers took notes during each observation based on 

the observation guide. The analysis of the observation data focuses on the languages 

employed during the lessons and the language shift (code switching) during the 

lesson. 
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4.4.1 The languages used during the mathematics lessons  

The observations of the mathematics lesson activities aimed to identify the languages 

and the textbook used during the lessons. In order to identify the languages used in 

the classroom, the processes of teaching and learning were transcribed. The 

transcripts were then then analysed based on a convention used in Salehmohamed 

and Rowland (2014). The convention to quote the extract from the transcripts are: 

Indonesian – text in Bold; Javanese  – text in Bold Underlined. Meanwhile, the 

English translations are written in parentheses and italic. 

 

The observations found the common features of the lesson in the classroom, as 

described belows:  

a. The teaching and learning processes within the classroom are commonly based 

on the textbook, which is organized by topic according to the national 

curriculum. The parallel classes worked with the textbook at about the same 

pace. The textbook was published by the Ministry of Education and written 

entirely in English. The students have this book free of charge. Some of the 

students bring to the classroom supplementary books written in English or 

bilingual. 

b. The common teaching scenario is the teachers: 1) present the materials in 

interactive whiteboard; 2) explain the materials to the students; 3) give 

mathematical problems in English; and 4) summon the students to write their 

answers on the whiteboard. Meanwhile, the students tend to be passive; they 

listen to the teacher’s explanation, receive the material and do what the teachers 

ask them to do.  

c. The languages of instruction within the classroom are English and Indonesian. 

The materials displayed in the interactive whiteboard are written in English and 
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then the teachers explain them in English and Indonesian. Sometime, the 

teachers used Javanese, the local language, to explain mathematical concepts 

that were difficult to understand, or to make a joke.  

d. The students try to communicate with each other in English, but often mix it 

with Indonesian. They use Javanese for informal conversation such as joking or 

mocking other students. During the observations, the students rarely ask 

questions or seek clarification from the teachers. The students ask the teachers 

questions in mixed language (English and Indonesian), for example:  

1) “Do U (Union) or emm itu himpunan semesta (erm what is it, universal 

set) must be defined clear[ly]?” 
 

The student was asking whether the universal set has to be defined clearly in 

every mathematics problems. After thinking for a while, he used the 

Indonesian term for universal set that is himpunan semesta. 

2) “Mrs. xxx, why do you erm kadang (sometimes) use add and plus? kapan 

(when) we use add and plus?” 
 

The student was asking about the meaning and the use of the terms ‘add’ 

and ‘plus’ because the teacher used these two terms alternately. The student 

used the Indonesian words “kadang” and “kapan”.  

e. The English mathematical terms were introduced in every lesson. The terms 

were either written on the whiteboard or displayed on the LCD monitor. This 

was usually followed by reading or articulating the terms loudly by the teachers 

and students. The teachers explained the terms in English, sometimes followed 

up with an explanation in Indonesian if the students were confused with the 

explanation in English.  

 

The common features of the mathematics lessons discussed above show that the 

languages employed in the classroom are not only English but also Indonesian and 
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Javanese. The practice of these languages is discussed in detail in the following 

section.  

4.4.2 The language shift (code switching practice)  

The observations also addressed the context and time when the students switch or 

shift the languages during the learning process. A language shift in a student’s 

discourse refers to changes from English to Indonesian or Javanese, and vice versa 

(from Indonesian or Javanese to English). This study only examines the shifts that 

were produced within the class’s discussions when the students asked and answered 

questions or within the small groups’ conversations when the students were working 

on mathematical problems. The data from observations suggested that students 

switch the languages in four main occasions: asking and answering questions, 

working on mathematical tasks and in informal conversation. The sections below 

discuss this in details. 

1. Students ask questions  

The observations found that the students asked questions in mixed languages 

(English and Indonesian). They shifted the word or even the sentences from 

English to Indonesian. In the following examples, the students shifted the 

language when they faced a problem with mathematical words in English. 

Do U (Union) or emm itu himpunan semesta (erm what is it, universal 

set) must be defined clear[ly]? 

 

Why empty set itu bagian (part of) eh anu (no, I meant) subset 

every set? 

  

Can we just add the whole number if we want to add hmmm 

fractions campuran (improper fractions)? 

 

The first extract shows that the student wants to ask whether the universal set has 

to be defined clearly in every mathematics problem. He uses the Indonesian term 
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himpunan semesta for “universal set”. He also says “emmmm itu” that is a filler 

word in conversation such as uh, erm or well in English. In the second quote, the 

student uses the Indonesian word bagian to say “subset” or himpunan bagian 

(Indonesian terms). She also uses the filler words itu eh anu. Meanwhile, the 

third quote shows that the student wants to ask about adding an improper fraction 

but he may have forgotten the mathematical term of “improper fraction” so he 

used fraction campuran (improper). Indeed, it is interesting to see how he uses 

the term ‘fraction campuran’ because he applies the Indonesian structure (noun 

followed by adjective) instead of the English structure (adjective followed by 

noun).  

When the students ask the teachers questions, some of them use Indonesian for 

non-mathematical terms such as kadang (sometimes), kapan (when) and terdiri 

dari (consist of). The examples below illustrate this clearly.     

Mrs. xxx, why do you erm kadang (sometimes) use add and plus? kapan 

(when) we use add and plus? 
 

How we find the intersection element terdiri dari (consists of) three sets? 

 

Switching languages also occurs when the students clarify mathematical 

concepts to their teachers, as represented in the statements below.    

Bu (Mrs), neither A nor B, mean selain himpunan A dan selain 

himpunan B ya Bu (they are not elements of set A and B, are 

they)? 
 

Subset means himpunan dalam himpunan gitu ya Bu (set within 

another set, is it right)? 

 

In the first quote above, the student clarified his understanding on the statement 

“neither A nor B” in Indonesian: “selain himpunan A dan selain himpunan B” 

(not the element of set A and not the element of set B). The student was working 

on mathematical problems related to intersection and union of sets at that time. 

Therefore, he interpreted A as set A and B as set B. In the second quote, the 

student wanted to make sure whether his definition of subset was correct. He 
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defined subset as himpunan dalam himpunan gitu ya bu (set in the other set, is 

that right?). The word Bu in the two quotes above means Mrs. Meanwhile, the 

word ya in this context is an emphasis word to seek clarification from the others.  

 

In summary, when asking questions to the teachers, the students switch from 

English to Indonesian if they get stuck in the middle of a conversation because 

they do not know or they forget the English words for certain mathematical 

terms or for common English words. In addition, they tend to use Indonesian if 

they want to clarify their understanding of mathematical concepts or problems. 

 

2. Students answer questions from the teacher or other students  

The common language shift in this context is from English to Indonesian. The 

analysis found that the students switch the language when it comes to 

mathematical terms. For example:  

1) When discussing mathematical problem related to the intersection set, 

the teacher asked: “Why the total element is more than the number of 

union element?” The student said: “Because mmm irisannya (the 

intersection) counted two times”. The student tried to say because the 

elements of the intersection set are counted twice. The student used 

the Indonesian word irisannya which means intersection set. That was 

the first time intersection set was discussed in class; hence the student 

might not have been familiar with the term yet. 

2) When discussing the cardinal number of a set, the teacher asked how 

the student got the answer and the student said “Ya (Yes) that is from 

two mmm pangkat (power of) six” which means ‘that is from two in 

the power of six’. The student used the word ya which was like a filler 

word well in English discourse. The student also used the Indonesian 
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word pangkat that refers to power or exponent. The teacher used the 

term power when explaining the cardinal number. In addition, 

according to the curriculum, the topic about power or exponent was 

discussed at the beginning of the semester. This means that the term 

power had been introduced to the students before discussing the 

cardinal number at that time. However, the student was still using the 

Indonesian word for this term. 

 

In the examples above, the students used Indonesian words for some 

mathematical terms because they were introduced to the terms recently or they 

had learned them several months ago. The students also switched their language 

just to adjust with the Indonesian dialect such as ya and ya tho in the following 

quotes: 

Ya (well), we try it one by one. If it is correct, that is [the] answer. 
 

That must be minus [subtract by] intersection member, ya tho (isn’t it)?  

 

The word ya is similar to the word “well” in English conversation. However, the 

word ya tho is similar to the expression ‘isn’t it?’. Ya is an Indonesian word and 

tho is a Javanese word. It is a common practice among Javanese to mix 

Indonesian and Javanese in everyday conversation.  

 

To sum up, the observation data indicate that the students tend to switch from 

English to Indonesian when answering questions from the teachers or other 

students particularly if they forgot mathematical terms that were just introduced 

recently or the terms that had been learned a long time ago.  
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3. Students working on mathematics problems  

A common language shift practice in this context is from English to Indonesian. 

However, there is also a shift from English to Javanese as well. The following 

are extracts from the students’ discussions when they worked on mathematical 

problems.  

A: We must find the number of set B member but we must draw 

diagram Venn (Venn diagram) first 

B: ok 

 

In the extract above, student A used the term diagram Venn instead of Venn 

diagram. This might be because the student mixed up the English structure 

which is the opposite of the Indonesian structure. Diagram Venn is the 

Indonesian term for Venn diagram. She also used the word ‘member’ to call an 

element of set B. The Indonesian term for “element of a set” is anggota. 

Interestingly, the words member and element both translate to anggota in 

Indonesian. However, element is used more precisely than member in 

mathematics.  

 

The students also switched the language to clarify their understanding of the 

mathematical problems. In the following extract, student C clarified her 

understanding on the mathematical problem about addition of two fractions, 

particularly determining the common denominator of these two fractions. She 

interpreted common denominator as a fraction which has the greatest value 

(yang paling besar nilainya). Then, student D explained that common 

denominator is “denominators that can be divided by these two denominators”. 

She used the expression “kae lho” that is a Javanese expression to emphasise 

her explanation. 
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C: Find common denominator? Is it the greatest? Yang paling 

besar nilainya? (number that has the greatest value) 

D: No. This [question] asked us to find [the] denominators that can 

be divided by [these] two denominators, kae lho (you know).  

C: okay, I know. 

 

The following two extracts illustrate how the students switch languages when 

putting forward their ideas.  

E: it must [be] union set minus A minus B, kan (isn’t it)? 

F: [how about who] yang (just like) do not like bakso (meatball 

soup) and soto (chicken soup)? We must count them [in] 

E: erm but this [question is about] how many students who like 

bakso and soto? kenapa mereka harus dihitung? (Why do we 

count children who do not like?) 

F: ya kalau nggak dihitung jumlahnya nanti lebih dari anggota 

(if we did not count it, the total will be more than the number of 

elements of) union dong? (see?). Jadi (so) union set dikurang 

yang nggak suka (we have to subtract the union by the number 

of children who do not like both) 

     …. 

X: yo (well) I think A plus B minus the erm irisan di tengah itu 

(intersection set that is in the middle) lho (see).  

Y: why not just A plus B? 

X: if we anu (erm) add this all will be more than [the number of] 

union set [member]. Ngono ra? (is that make sense?) 

Y: Mmmmmm  

X: Gini lho kalau kita jumlahkan semua kan hasilnya lebih 

dari jumlah anggota himpunan gabungan (if we add them all, 

the sum will be more than the number of union set element) 

Y: okay. Dong (I understand) sekarang (now) 

 

In the extract above, the students switched from English to Indonesian when 

putting forward their ideas to solve mathematical problems such as in the first 

extract: “kenapa mereka harus dihitung?” (When determining the number of 

children who like both bakso and soto, why do we have to consider the number 

of children who do not like both?); or when the other student said “ya kalau 

nggak dihitung jumlahnya nanti lebih dari anggota union dong. Jadi union 

set dikurang yang nggak suka” which means: if you do not count them in, the 

total elements will be more than the number of the union elements. So we have 

to subtract the union by the number of children who do not like both.  
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In the second extract above, X explained his idea in English (if we anu add this 

all will be greater than [the number of] union set members) but Y was still 

confused as he expressed this by saying “Mmmmmm”, then he explained it 

again in Indonesian to make it clearer and it worked. 

 

To sum up, the language switching in this context occurs when the students are 

clarifying mathematical problems, explaining and arguing ideas, and adjusting 

with the local dialect (yo, lho, ngono ra, anu, piye yo, ini lho). The observation 

in this context has also yielded an interesting finding which is that the students 

use inappropriate mathematical terms such as diagram Venn instead of Venn 

diagram and member instead of element. This later findings will be discussed in 

the next chapter. 

 

4. Informal conversation with other students 

The students use Indonesian or Javanese more often when they engage in 

informal conversations such as in the following example:   

X: Susah je (it is very hard) 

Y: Iyo iyo. Suk nek bijiku apik tak traktir bakso wis (I agree. I 

will treat you a bakso if I get good grade in maths) 

X: Tenan lho ya (I take your word) 

Y: hahaha (laughing) 

 

In the conversation above the students were chatting about how hard it is to solve 

mathematical word problems related to subset and intersection set. One student 

even said he will treat other students to a bowl of meatball soup if he gets a good 

grade. 

X: wah gambare apik je (He draws an awesome Venn diagram) 

Y: bukunnya mahal kuwi ra koyo bukumu (because he draws 

on an expensive book, it is different from your book) 

X: hahaha (laughing) 
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Student X commented on the other student’s work: “wah gambare apik je” and 

student Y made a joke about it: “bukune mahal kuwi” (because he draws on an 

expensive book). Student Y used mixed Javanese and Indonesian in one sentence, 

that is “bukunya mahal kuwi”. This is a common practice in everyday 

conversation. 

 

Some students who cannot speak Javanese use Indonesian when they chat or 

mock others. Below is one of the examples. 

X: my answer is one hundred twenty six, why it’s different from 

you[rs]? 

Y: let me see ermmm it should nine times thirteen not fourteen. Woo… 

dasar gitu aja bingung (it is so simple. Why cannot you solve it?) 

X: hehehe (laughing) 

 

Student X wanted to know why his answer differed from student Y’s answer. 

Student Y found that student X counted the number carelessly.  Therefore, she 

mocked student X by saying “woo…dasar gitu aja bingung” which is similar to 

the English expression: ‘it is so simple. Why cannot you solve it?’.  

 

In short, the language shift in informal conversation is from English to 

Indonesian, English to Javanese or English to mixed Indonesian and Javanese. 

They tend to do this for joking or mocking among students.  

 

4.4.3 Summary of the observation findings 

The observations reveal that the languages employed in the mathematics lessons are 

English, Indonesian and Javanese. It seems that the students are trying to speak in 

English with some language switching to Indonesian or Javanese. There are four main 

occasions students switch the language from English to Indonesian or Javanese: 1) ask 

questions to the teachers; 2) answer questions from the teachers or other students; 3) 
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discuss mathematical problems; and 4) chating with other students. Looking closely 

into the detail of code switching practices in the four main circumstances above, the 

students switch languages particularly if they: 

1) get stuck with mathematical terms in English 

The students switch to Indonesian when they forget the terms that had been 

introduced several months ago (as in the case pangkat) or they might not be 

familiar with the term yet (as in the case irisan (intersection) and bagian (subset)). 

Interestingly, they sometimes refer to the incorrect terms when they get stuck with 

mathematical terms in English as in the case of diagram Venn, member and 

fraction campuran. 

2) get stuck with non-mathematical terms 

The students get stuck with certain everyday words such as sometimes (kadang), 

refer to (mengacu) and consist of (terdiri dari).  

3) clarify the understanding of concepts or problems 

The students shift to Indonesian language to clarify their understanding of certain 

mathematical concepts or problems as in the example of ‘neither A nor B’. 

4) argue or explain ideas 

The students use Indonesian more often when they explain, argue and defend their 

ideas in the small group discussions of mathematical problems. 

5) have  an informal conversation 

The students tend to use Indonesian or Javanese when joking or mocking other 

students. The Javanese words also appear in their dialect such as the word yo, lho, 

ngono ra, anu, piye yo, ini lho and je. 
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4.5 Chapter summary 

This chapter has examined the language used when learning mathematics in English. 

The results from the questionnaire, interview and observation show that the students use 

more than one language during the mathematics lessons. The languages they use are 

English, Indonesian and/or Javanese. As defined in the previous chapter (section 3.2), 

code switching in this study refers to the use of more than one language including 

switches word(s), sentence(s) or within a conversational episode during the process of 

teaching and learning mathematics in the classroom. Based on this definition, it can be 

conclude that code-switching practices exist in the ISS setting where students learn 

mathematics in English.  

The interview and observation data indicate that the students switch the language from 

English to their mother tongue or their national language for different reasons: 1) 

cognitive factors (limited English and English mathematical language competencies); 2) 

affective factors (more confidence and convenience); and 3) social environment (code 

switching by peers and teachers). Moreover, they switch the languages on different 

occasions. The students tend to use Indonesian when: 1) understanding new 

mathematical terms or concepts for the first time; 2) explaining mathematical terms and 

concepts; 3) solving mathematical problems; 4) arguing and defending opinions or 

ideas; 5) chatting, joking or talking about non-academic topics; 5) or simply when they 

get stuck in English. They use English when they become familiar with new vocabulary, 

ask their teachers simple questions, or when the teachers asked them to use English. 

This chapter has discussed the findings of the first research question about the code 

switching practised by students in the ISS setting. All the findings in this chapter will 

be brought together to answer the research question in Chapter 7. The next chapter 

will discuss the findings of the second research question that is about the obstacles 

students faced related to the mathematical terms in English. 
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Chapter 5 : The Nature of the Difficulties in English 

Mathematical Terms 
 

5.1 Chapter overview 

The second research question is about the nature of the difficulties faced by students 

in relation to English mathematical terms. The survey and interview were employed 

as part of the data collection to answer this research question. Forty-three 

mathematical terms were investigated through the mathematical term questionnaire 

survey. The questionnaire was divided into five sections (sections A to E) and each 

section had different types of questions to investigate different types of mathematical 

terms. In order to investigate the difficulties on the English mathematical terms more 

deeply, several students were interviewed based on their responses to the 

questionnaire. The following sub-chapter (5.2) discusses the data gathered from the 

questionnaire and interviews with students and teachers. The findings from the 

questionnaire and interview are summarised in the last sub-chapter (5.3). 

 

5.2 Questionnaire and interview data 

Section A of the Questionnaire 

The construction of this section aims to investigate whether the students know the 

mathematical terms by giving examples of the terms or by solving the mathematical 

problems related to the terms.  

a. Question 1 

The students were asked to give two examples of improper and proper fractions, as 

shown in Figure 5.1 
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Give two examples of: 

 

 

Improper fraction 

a. ………….. 

b. ………….. 
 

 

Proper fraction 

a. ………….. 

b. ………….. 
 

 

Figure 5.1 Question 1  

 

For the improper fraction, 156 students or 72.89% of the participants could give two 

correct examples, but 53 students (24.77%) could not do so and five students 

(2.34%) left it blank. The data for the proper fraction have the same pattern as the 

improper fraction. Around 76.17% of the participants (163 students) could give the 

two right examples of the term, 46 students (21.49%) could not do so and five 

students (2.34%) left it blank. Figure 5.2 summarises in detail the students’ 

responses.  

 
 

 

Figure 5.2 Summary of students’ responses to question 1 

 
 

The responses of the students who could not answer the question correctly could be 

classified as follows:  
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1. Switching Improper and Proper Fractions  

There were 30 students who got the answers the wrong way round. They gave 

improper fractions as the example for proper fractions and vice versa. Figure 5.3 

gives examples of two students’ inverted answers.  

 

Improper 

fraction 

a. 
4
3  

b. 
5
2  

 

Proper fraction 

c. 
3
21  

d. 
2
12  

The responses of student A 
 

 

Improper 

fraction 

a. 
2
1  

b. 
4
3  

 

Proper fraction 
a. 3

5

 

b. 4
9

 
The responses of student B 

 

Figure 5.3 Example of students’ responses to question 1 
 

From the interviews, the students said that they knew the question was about 

pecahan biasa (proper fraction) and pecahan campuran (improper fraction) but they 

forgot the exact meaning of each term; they just guessed the answers. Furthermore, 

they said that the order of this question, where the improper fraction precedes the 

proper one, was a concern for them. They argued that in some textbooks pecahan 

biasa (proper fraction) usually comes first, followed by pecahan campuran 

(improper fraction). Therefore, they believed that the order would be the same as in 

the textbooks.  

 

2. All Examples Were Proper Fractions 

Five students gave proper fractions as the examples of both proper and improper 

fractions. An example of one student’s responses can be seen in Figure 5.4. 

 

Improper fraction 
a. 2

1
 

b. 3
2

 

 

Proper fraction 
a. 4

3
 

b. 5
4

 

Figure 5.4 The responses of student C 
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3. All Examples Were Improper Fractions 

Three students gave improper fractions as the examples of both proper and improper 

fractions, as can be seen in Figure 5.5 

 

 

Improper fraction 
a. 4

11  

b. 2
11  

 

Proper fraction 
a. 2

3
 

b. 3
5

 

Figure 5.5 The responses of student D 

Interviews with some students, whose responses were classified as type 2 and 3, 

revealed that most of them guessed when answering question 1. They said that they 

were not sure about the meaning of proper and improper fractions but they knew that 

the question was about pecahan biasa (proper fraction) and pecahan campuran 

(improper fraction). Thus, they answered all questions with either proper or improper 

fractions; they expected that at least one of their answers would be correct.  

I knew it is about pecahan biasa (proper fraction) and pecahan 

campuran (improper fraction) but … I am not sure whether proper 

fraction means pecahan biasa or pecahan campuran. … I was 

confused, so just try to answer … Maybe one of them will be correct.  

 

Student C said “I only knew the meaning of fraction, so I answered it in pecahan 

biasa (proper fraction) that is commonly used”.  There might be an issue of 

language because he only knew the term fraction; he did not know the term proper 

fraction and improper fraction. When asked about the English term for pecahan 

biasa (proper fraction), he reffered to ordinary fraction. It makes sense because the 

English word for pecahan is fraction and the English word for biasa is ordinary. The 

same issue happened with pecahan campuran: he named mix fraction instead of 

improper fraction, because the English word for campuran is mix. 
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Meanwhile, student D said,  

I did not realise that I gave all examples in improper fractions, because 

they (pointing to 2
3

and 3
5

, see Figure 5.5) are proper fractions… no 

whole number in it, right? 

From the statement above, she knew proper fraction is pecahan biasa but she failed 

to provide correct examples. She assumed that improper fraction should be written as 

a whole number and a fraction, otherwise it is a proper fraction. Therefore, in this 

case, it is a matter of conceptualising a proper fraction instead of language issue. 

 

4. One Example Was Correct, Another Was Incorrect   

Eleven students provided one correct example for improper fractions (see student E’s 

responses in Figure 5.6), and four students did the same for proper fractions (see 

students F’s responses). 

 

Improper fraction 
a. 2

3
 

b. 4

3
 

  

Proper fraction 
a. 3

2
 

b. 4

3
 

The responses of student E 
 

 

Improper fraction 
c. 3

11  

d. 3
21  

  

Proper fraction 
c. 3

1
 

d. 2

3
 

The responses of student F 
 

 

Figure 5.6 Example of one correct and one incorrect response 
 

Student E could provide two correct examples of proper fractions but he failed to 

provide two examples of improper fractions. He could only give one correct example 

of improper fractions. On the other hand, student F could provide two correct 

examples of improper fractions but he could only give one correct example of proper 

fractions. The interviews with these two students confirmed that both of them knew 

the terms proper and improper fractions. They claimed they did not check their 

answers carefully.  
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5. Blank Answer  

There are five students who left the answer blank. Some parts of the interviews with 

two of them are shown below.  

Interview with student X:   

R (Researcher): … But do you know the meaning of fraction? 

X: I know, that means pecahan (fraction) 

R: How about the meaning of proper fraction? 

X: I do not know what proper is. 

R: Okay…do you know the meaning of improper fraction? 

X: I do not know … have no idea about it 
 

Interview with student Y: 

R: Do you know the meaning of fraction? 

Y: No, I don’t 

R: Okay, have you ever learn about pecahan (fraction)? 

Y: Yes 

… 

R: Do you know English word for pecahan? 

Y: Emmm…oh yeah…fraction! 

R: Yes, you are right…then what are the meaning of proper fraction and 

improper fractions? 

Y: I do not know, I forgot…it taught long time ago… at the beginning of this 

semester. 
 

The interviews confirmed that there was an existence of language problems because 

both students did not have any idea about the meaning of proper and improper 

fractions. However, student X knew the meaning of the term fraction. Meanwhile, 

student Y did not know the meaning of fraction when he answered the questionnaire. 

Surprisingly, when asked about the English word for pecahan (fraction) in the 

interview (see line six), he could answer it correctly.   

 

Summary of the Responses to Question 1  

Slightly more than a quarter of the students could not answer question 1 correctly 

(including the blank answer). The interviews with some of them revealed that the 

students at least knew the meaning of the mathematical term ‘fraction’. Some other 
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students knew the question was about proper and improper fractions but they could 

not distinguish the meaning of these two terms properly. Other students, however, 

did not know that the question was about proper and improper fractions. They argued 

that the terms in Indonesian were different from English, as previously illustrated in 

the case of ordinary fractions and mixed fractions. To sum up, there seems to be 

evidence that some students experienced language obstacles with the two terms: 

proper fraction and improper fraction. 

 

b. Question 2 

The students were asked to complete the table (Figure 5.7) with numerators and 

denominators of given fractions. The question aimed to identify the students’ 

obstacles in determining the numerator and denominator of fractions, both proper 

and improper. 

Fraction Numerator Denominator 

7

4

 
…………. ………….. 

9

7

 
…………. ………….. 

9
74  …………. ………….. 

 

Figure 5.7 The table in question 2 
 

 

Figure 5.8 Students’ responses to question 2 
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Figure 5.8 shows that the number of correct responses was very high; around 94% of 

the participants could determine both the numerator and denominator of the given 

fractions correctly. However, 10 students (4.67%) could not determine the numerator 

correctly and nine students (4.21%) could not determine the denominator correctly.  

The incorrect responses could be classified into the three following categories: 

1. Transposing Numerator and Denominator 

Four students had their answers the wrong way round; they put down denominator 

instead of numerator, and vice versa. An example of this error can be seen in Figure 

5.9 (left table); the numerator of 
7
4 should be 4 and the denominator should be 7, but 

the student got the answers the wrong way round for 
7
4 and the same thing for the 

other fractions ( 9
7 and 

9
74 ).  

 

Some students in this category not only had transposed answers but also failed to 

determine the numerator of the improper fraction (
9
74 ). The right table in Figure 5.9 

illustrates this issue. The numerator of 
9
74  should be 43 but the student’s answer 

was 9 (which was the denominator of
9
7 ).    

Fraction Numerator Denominator 

7

4

 
7 4 

9

7

 
9 7 

9
74  9 43 

 

Fraction Numerator Denominator 

7

4

 
7 4 

9

7

 
9 7 

9
74  9 7 

 

Figure 5.9 Examples of students’ transposed answers 
 

The interviews with some students within this category revealed that they had 

swapped the definitions of numerator and denominator in English. Some of them, 

however, could define the concepts of numerator and denominator in Indonesian 

correctly. Meanwhile, some other students had the incorrect concept of numerator 

and denominator of the improper fraction.  
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2. Failure to Determine the Numerator of the Improper Fraction  

Students could determine the numerator of the first and second fractions but they 

failed to determine the numerator of the third fraction (
9
74 ). Figure 5.10 below 

illustrates this type of error.  

Fraction Numerator Denominator 

7

4

 
4 7 

9

7

 
7 9 

9
74  7 9 

Student X 
 

Fraction Numerator Denominator 

7

4

 
4 7 

9

7

 
7 9 

9
74  41 9 

Student Y 
 

Figure 5.10 Example of students’ responses with the incorrect numerator 
 

There were six students whose answers were similar to student X.  The interviews 

with some students in this category revealed that they assumed that the numerator of 

9
74 was determined by the fraction part only (in this case

9
7 ) and they omitted 4 in 

determining the numerator. The numerator of the improper fraction, however, should 

also take into account the whole number.  

 

Meanwhile, three students could not calculate the numerator of the third fraction 

accurately, including student Y. The interviews revealed that they knew how to find 

the numerator of the third fraction but they calculated it incorrectly. 

 

3. Blank Answer 

Two students did not answer question number 2. They said they forgot the meaning 

of numerator and denominator so they left it blank. 

 

Summary of the Responses to Question 2  

Fewer than 6% of the participants could not determine the numerator and 

denominator of the given fractions correctly. Three types of errors were found: 1) 

inverse answer as students answered denominator with numerator and vice versa; 2) 
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the students could not determine the numerator of the improper fraction; 3) blank 

answer. The interviews with some students who had incorrect answers revealed that 

most of them knew the concept of numerator and denominator in Indonesian. 

However, some of them had the definition of numerator and denominator the wrong 

way round in English. Some other students had an incorrect concept of numerator of 

improper fractions, and some others had done an incorrect calculation to determine 

the numerator of the improper fraction. Meanwhile, students who had left the answer 

blank claimed that they did not know the meaning of numerator and denominator.  

 

c. Question 3 

Question number 3 was about common denominators. Students were asked to find 

out a common denominator of the two fractions 
4
3 and

7
4 . The common denominator 

is “an integer that is exactly divisible by all the denominators of a group of fractions” 

(Clapham & Nicholson, 2009, p.146). In this case, the common denominator should 

be divisible by 4 and 7 such as 28, 56, and 84. Figure 5.11 below shows that there 

were very similar results for correct and incorrect answers. Slightly more than half of 

the participants (50.94%) could determine the common denominator of 
4
3 and

7
4  

correctly, but 48.13% of them could not, and 0.93% left it blank. 

 
 

Figure 5.11 Students’ answers to question 3 
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The percentage of the incorrect responses to this question was very high. The 

incorrect responses could be divided into four categories:  

1. Listing Denominators 

The most common incorrect answer is naming the denominator of the two fractions 

instead of finding the common denominator. As illustrated in Figure 5.12, students 

answered question 3 with 4 and 7 (which were the denominators of 
4
3 and

7
4 ).   

 

 
 

Figure 5.12 Student listed the denominators 
 

There were 92 students (42.99% of the participants) in this category. The interviews 

with some students in this category confirmed that they did not notice the importance 

of the word “common” in the term “common denominator”. Therefore, they believed 

that the term common denominator has the same meaning as the term denominator. 

Indeed, they knew the concept and the meaning of denominator, but they did not 

recognise that the term common denominator represents another mathematical 

concept.   

 

2. Listing Numerators 

Four students answered this question with the numerators of 
4
3 and 7

4 instead of the 

common denominators of the two fractions (Figure 5.13). The interviews with two 

students in this category revealed two issues.  Firstly, they assumed that common 

denominator had the same meaning as denominator. Similar to the previous 

category, they did not realise the importance of the word common. Secondly, they 

had an incorrect concept of denominator. They believed that the denominator was 

the top part of a fraction (which was in fact the numerator). 

3. The common denominator of 
4
3 and

7
4 is 4 and 7 

(NB. The student’s answer is in italics) 
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Figure 5.13 The student listed the numerators 
 

The obstacles that the students faced were not simply the language issue but also the 

mathematical concept issue. They did not know the meaning of the term common 

denominator and, at the same time, they had the incorrect definition of denominator. 

 

3. Unrelated Answer 

The answer was not related to the question at all. Five students answered this 

question by adding the two fractions as illustrated in Figure 5.14 below. The students 

attempted to add the two fractions instead of determining the common denominator 

of the two fractions, but they both had incorrect results of addition. This is 

interesting because student Y actually knew how to find the common denominator, 

because when adding two fractions with different denominators, we need to find the 

common denominator of the two fractions. However, the interviews with students X 

and Y revealed that both did not know the meaning of the term common 

denominator. They answered this question by adding the two fractions as they did 

not want to leave it blank. 

 

 
 

Student X 

 

 
 

Student Y 

Figure 5.14 Examples of unrelated answers 
 

Another answer in this category was comparing two fractions. Two students 

answered question 3 by 
4
3 < 7

4 as illustrated in Figure 5.15.  

 

Figure 5.15 The student comparing the fractions 

 

3. The common denominator of 
4
3 and

7
4 is 3 and 4 

(NB. student’s answer is in italics) 

3. The common denominator of 
4
3 and 7

4 is 28
7  

3. The common denominator of 
4
3 and 7

4 is 
4
3 < 7

4  

3. The common denominator of 
4
3 and 7

4     is 11
7  



 

 

203 

 

They said that they did not know the meaning of the term common denominator. 

They only knew the meaning of the term denominator. Therefore, they compared the 

two fractions based on the denominators. They explained that the denominators of 

the two fractions were 4 and 7. As four was less than seven, then they assumed 
4
3 <

7
4 . 

Interestingly, this assumption is incorrect; so there might be an issue of mathematical 

competency among them as well. 

 

4. Blank Answer  

Two students left the answer blank, claiming that they had no idea what the question 

meant. 

 

Summary of the Responses to Question 3  

The percentage of the correct answer and incorrect one was almost the same; 51% of 

the participants could determine the common denominator of 
4
3 and

7
4  while 49% 

could not do so. The incorrect answers were divided into four categories: 1) listing 

the denominator of the two fractions; 2) listing the numerator of the two fractions; 3) 

adding or comparing the two fractions; 4) blank answer.  

 

The interview confirmed that the main problem in determining the common 

denominator of 
4
3 and 7

4  was that the students did not know the meaning of the term 

common denominator. Some students assumed that common denominator had the 

same meaning as denominator. They did not recognise the importance of the word 

common in the term common denominator, and that it represented another 

mathematical concept. As a result, they answered the question by referring to the 

denominator or numerator of the given fractions or by adding or comparing the given 

fraction. Moreover, some students had the numerator and denominator concepts the 

wrong way round.  
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d. Question 4 

Students were asked to determine the factors and common factors of 24 and 36. The 

correct answers were: 

Factors of 24: 1, 2, 3, 4, 6, 8, 12, 24 

Factors of 36: 1, 2, 3, 4, 6, 9, 12, 18, 36 
 

The data gathered from the questionnaire have revealed that 100 students or 46.73% 

of the participants could find out the factors of both 24 and 36 correctly. However, 

10 of them failed to determine the common factors. Thus, only 90 students (42.06%) 

could determine both the factors and the common factors of 24 and 36. Figure 5.16 

below summarises the students’ responses to question 4. 

 
 

Figure 5.16 The students’ responses to question 4 
 

More than 50% of the participants could not answer question 4. The incorrect 

answers could be classified into four categories: 

1. Misconception 

Fifty-five students answered this question with the least common multiple (LCM) 

instead of the common factor. One of the student's answers can be seen in Figure 

5.17. 

 

 
     

Figure 5.17 The student’s incorrect answer for the common factor 

Factor 24 = 2 x 2 x 2 x 3 = 2
3
 x 3 

          36 = 2 x 2 x 3 x 3 = 2
2
 x 3

2
 

Common factor: 2
3 
x 3

2
 = 72 

 

Common factors: 1, 2, 3, 4, 6, 12    
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It is interesting that more than a quarter of the participants answered the common 

factor with LCM. The interviews revealed that the students were confused about the 

concepts of common factor and LCM in English and this can be seen from the 

responses of students A and D below. 

A:  Common factor and LCM have a same way to find; we have to 

divide the certain number by two or three, just like we find factors 

of them…sometimes I got wrong way round answers, I didn’t know 

why. I was confused. In Indonesian, they have closed terms, right? 

Faktor persekutuan (common factor) and faktor persekutuan 

terkecil (Least Common Multiple), and then we have faktor 

persekutuan terbesar (Greatest Common Divisor); it is confusing.   

D:  I was confused with definitions of the common factor and LCM; I 

often got backward meaning about them because they both have 

similar terms in Indonesian. The procedures to determine common 

factor and LCM were also confusing. They both use factors in order 

to find them, right? 
 

From the two statements above, the students claimed that both terms have almost 

similar meanings in Indonesian: common factor means faktor persekutuan and LCM 

means faktor persekutuan terkecil. As a result they often had those concepts the 

wrong way round.   

 

2. Listing the correct factors but having incomplete common factors 

Ten students could find out the correct factors of 24 and 36 but they failed to 

determine the common factor properly. Here are two examples of the students’ 

responses:   

a. Student C stated 12 as a common factor of 24 and 36  

b. Student F assumed that 1, 2, 4, 6, 12 as the common factors of 24 and 36 

In the interview, student C claimed that 12 was a common factor as he referred to the 

greatest common factor of both 24 and 36. Meanwhile, student F confirmed that she 

did not check her answer accurately thus she missed 3 in the list of the common 

factors. 
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3. Correct factors but no answer for the common factor 

Twenty-eight students could determine the factors of 24 and 36 correctly but they 

did not find out the common factor. From the interviews with some of them, two 

issues were revealed: 

a. Students did not read the question carefully  

They did not notice that they were also asked to determine the common factor as 

shown in the statements below: 

I know [common factor] but I did not realise that I have to find 

out common factor as well. 
 

Yes, I knew common factor is faktor persekutuan (common 

factor). However, I thought the question was only about the 

factor. 
  

From the statements above, the students did not answer the common factor 

because they did not notice it in the question. However, they knew the meaning 

of the term common factor.  

b. Students did not know the meaning of the term common factor  

Some students claimed they did not know the meaning of common factor. 

Therefore, they could not determine it. Some said that they forgot the meaning 

of common factor as they had learned it a long time ago. 

I knew factor, but I forgot the meaning of the common factor 

because it had been taught several months ago 
 

 

4. Incomplete Factors 

Twenty-seven students could not find the factors of 24 and 36 correctly; as a result, 

they also could not determine the common factor correctly. The common error was 

that the students did not include the number itself as its factor. This is one of the 

students’ answers: 
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* The factors of 24 are 1, 2, 3, 4, 6, 8 and 12  

   (24 was not considered as a factor of 24)   

* The factors of 36 are 1, 2, 3, 4, 6, 12 and 18  

  (9 and 36 were not considered as the factors) 

 

The interviews with some of them disclosed that they knew the concept of a factor, 

but they just did not determine the factors accurately. Some others had an incorrect 

concept of factor in that they claimed the factors of a certain number did not include 

the number itself. 

 

Meanwhile, four students did not answer question 4 and left it blank. The interviews 

with two of them confirmed that they knew the term factor as it was the same as the 

Indonesian term faktor but they forgot how to find it. They, however, did not know 

the meaning of the term common factor. 

 

Summary of the Responses to Question 4  

Only around 40% of the participants could determine the factors and common factors 

of 24 and 36 correctly. This means that more than half of the participants had 

incorrect answers. The incorrect answers could be categorised as follows: 1) 

misconception between the least common multiple (LCM) and common factor; 2) 

providing correct factors but incomplete common factors; 3) determining the correct 

factors without determining the common factors; 4) giving incomplete factors and 

incorrect common factors. The interviews found that some of the obstacles students 

faced in determining factors and common factors are: 1) the students were confused 

about the concept of common factor and LCM in English as both terms have nearly 

similar terms in Indonesian; 2) the misconception about common factor, as a 
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consequence the students assumed common factor as the greatest common factor and 

others believed that a number was not the factor of itself; 3) the students forgot the 

exact meaning of common factor; 4) the students did not check their answer 

accurately or they did not read the question carefully and, as a result, they had 

incomplete factors, incomplete common factors or even they did not determine the 

common factors. 

 

e. Question 5 

The students were asked to determine the least common multiple (LCM) and the 

greatest common divisor (GCD) of 6xy
2
 and 4x

2
y.  

The correct answer is: 

6xy
2
 = 2.3.x.y

2
             LCM = 3.2

2
.x

2
.y

2
 = 12x

2
y

2
 

4x
2
y = 2

2
.x

2
.y               GCD = 2.x.y = 2xy 

 

Approximately 69.16% of the participants could determine the LCM correctly, but 

27.10% could not and the rest (3.74%) left it blank. The responses for GCD followed 

the similar pattern to those of the LCM (see Figure 5.18 for the detail).   

 

Figure 5.18 Students’ responses to question 5 
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The incorrect answers could be categorised into three types: 

1. Misconception  

Twenty-six students answered the LCM with GCD and vice versa, as illustrated 

below. 

6xy
2
 = 2.3.x.y

2
             2.x.y = 2xy                LCM = 2xy 

4x
2
y = 2

2
.x

2
.y               3.2

2
.x

2
.y

2
 = 12x

2
y

2   
 GCD = 12x

2
y

2
 

The students knew the way to find the LCM and GCD but it seemed that they had 

those concepts the wrong way round. Six students who had this type of answer were 

interviewed. The interviews revealed that they were confused about the concepts of 

both terms; their concept of LCM was actually the concept of GCD and vice versa. 

The two statements below from two students could explain this condition. 

Least means little and great refers to the term big so the value of 

LCM should be the smaller than the GCD. 

 

The simple way I memorised the concepts was least referred to the 

little one and so great referred to the big one.   
 

From the two statements above, the students associated the word least in the term 

‘Least Common Multiple’ (LCM) with the little value and the word greatest in the 

term ‘Greatest Common Divisor’ (GCD) refers to the big value. They assumed that 

2xy < 12x
2
y

2
. Therefore, they concluded that 2xy as the LCM and 12x

2
y

2
 as the GCD. 

 

2. Inaccurate calculation 

The students with this type of error could answer the GCD correctly. However, they 

could not determine the LCM correctly. They knew the procedure to find out the 

LCM but they failed to calculate the last result of LCM. This could be seen in the 

two examples below: 

a. LCM = 3.2
2
.x

2
.y

2
 = 24x

2
y

2
 

b. LCM = 3.2
2
.x

2
.y

2
 = 6x

2
y

2
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The students here failed to calculate 3.2
2
 correctly. Interviews with some students 

confirmed that they knew the concept of LCM but they had made inaccurate 

calculations. This can be seen from their statements below: 

I know what least common multiple is, I only did not calculating 

carefully 
 

The least common multiple is faktor persekutuan terkecil (Least 

Common Multiple); I know that… but, I had the wrong result 

 

3. Misunderstanding the instruction 

The responses within this category were not related to the concepts of LCM and 

GCD. The responses were varied and the three examples below represent this 

variety. 

a. LCM: 4x
2
y . 6xy

2
 = 24 x

3
.y

3
 

GCD: 4x
2
y : 6xy

2
 = 1.5 xy

-1
 

 

From the answer above, the students interpreted the instruction as multiplication and 

division of 4x
2
y and 6xy

2
. The interviews revealed that the students did not actually 

know the meaning of LCM and GCD. Their interpretations were based on the last 

word of each term. As multiple is the last word of the ‘Least Common Multiple’ 

(LCM), they assumed that the question was about multiplication. Similarly, divisor 

is the last word of the term ‘Greatest Common Divisor’ (GCD), so they interpreted 

the question as a division problem. 

 

b. LCM: 4x
2
y < 6xy

2
  

GCD: 6xy
2
 > 4x

2
y 

 

In this example, the students compared 4x
2
y and 6xy

2
. Their interpretation was 

investigated further in the interviews. The interviews unveiled that they interpreted 

LCM as less than; this was based on the word ‘least’ (the first word of the Least 

Common Multiple). The students assumed ‘least’ had a similar meaning to ‘less’ 
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which then had associations with ‘less than’ (<), so they answered 4x
2
y < 6xy

2
 as the 

LCM.  

…least (pronounced as less by the interviewee) means smaller so 

which one of them 4x
2
y or 6xy

2
 that is smaller, like that.   

 

The least common multiple…least (pronounced as less by the 

interviewee) means fewer 

 

From the statements above, the students pronounced least as less, hence they 

interpreted least as smaller or fewer. A similar way of thinking was also used in 

answering GCD. The students assumed that greatest means bigger as in the statement 

“…great means big or bigger than”. They interpreted GCD as bigger than (>) so they 

answered 6xy
2
 > 4x

2
y as the GCD. 

 

c. LCM: 6xy
2
 

GCD: 4x
2
y 

 

Interviews with two students whose answers were similar with the above confirmed 

that they interpreted the instruction as which one is fewer and bigger between 4x
2
y 

and 6xy
2
. Similar to the previous example, the students claimed that least means less 

(fewer) and greatest means bigger.  In this case, they interpreted the question as 

which one is fewer (LCM) and which one is bigger (GCD). 

 

Summary of the Responses to Question 5  

Around 65% of the participants could determine the least common multiple (LCM) 

and the greatest common divisor (GCD) of 6xy
2
 and 4x

2
y correctly. The remaining 

35% could not determine the LCM and GCD. The incorrect answers could be 

categorised into three types: 1) misconception between LCM and GCD; 2) 

inaccurate calculation; 3) misunderstanding the instruction. The interviews indicated 

the existence of language issues in these two terms. The students had their own 

perceptions about the terms LCM and GCD apart from the mathematical concepts 
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behind them. For example: 1) the students interpreted LCM as ‘less than’ because 

they assumed that least had a similar meaning with less; 2) the students interpreted 

LCM as multiplication from the word multiple in the least common multiple.   

 

Section B of the Questionnaire 

This section aims to investigate the obstacles students faced in understanding 

mathematical terms that were either homonyms, verbalised more than one way or 

having their meanings changed due to modification. Seven terms were investigated 

in this section, namely: sum (question 6), hundredths (question 7), fourth (question 

8), greatest common denominator (question 9), less than or equal to (question 10), 

identity element (question 11) and slope (question 12).  

 

 

 

Question 6  

The students were asked about the mathematical term which referred to the result of 

addition. The choices were sum, some and sam. In Indonesian, some and sam have 

the same sound as or are homonyms with sum.   

 
 

Figure 5.19 The students’ responses to question 6 

 

Figure 5.19 shows that most students knew the term sum as 76.64% of the 

participants answered this question correctly. Only 23.36% or 50 out of the 214 
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students could not answer it correctly. Among them, 37 students chose ‘some’ and 

13 students chose ‘sam’ as their answer.   

 

The interview confirmed that some students did not know the answer so they 

guessed it. Meanwhile, others claimed that they forgot the spelling of sum, as in the 

statements below. 

Interview with the students whose answer was ‘some’: 

The result of addition is ‘sʌm’ (pronunciation of sum) that is why I 

choose option b (some) 

 

Interview with the students whose answer was “sam”: 

In my opinion, the answer is ‘sʌm’  
 

I know the answer is ‘sʌm’ but I forgot how it’s spelling, so I just chose 

‘sam’ 
 

From the quotations above, it is clear that the students knew how to pronounce the 

term ‘sum’. Similar to this, most of the interviewees claimed that they knew the 

mathematical term for the result of addition but they were confused about the 

speling.  

 

Summary of the responses to question 6  

Almost a quarter of the participants could not determine the mathematical term 

which refers to the result of addition. The interviews confirmed that some students 

were confused about the spelling of the term ‘sum’, some of them assumed that the 

spelling was ‘some’ or ‘sam’ as both are homonyms in Indonesian. Other students 

simply did not know the term, so they just guessed the answer.  
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Question 7 

This question aimed to find out whether the students recognise the term hundredth. 

Figure 5.20 below shows that only about 20.09% of the participants knew the 

meaning of the term three hundredths, and the remaining 79.91% could not. Most 

students believed that three hundredths is similar to three hundreds (300).  

I chose this (300) because this is the answer three hundred, right? 
 

Three hundred is tiga ratus (three hundreds in Indonesian). 

The statements above imply that the students assume that the term hundredth is 

similar to hundred. Therefore, they chose 300 as their answer. 

 
 
 

Figure 5.20 The students’ responses to question 7 
 

On the other hand, 21 students chose 3000 as their answer because they believed that 

three hundredth had a similar meaning to three thousand. As in the following 

statements: 

Three hundredth means tiga ribu (three thousands), right? That’s why I 

chose option c (3000) 
 

I chose c (3000) because three hundredth is tiga ribu. 

 

From the statements above, the students were confused about the term hundredth as 

they assumed that hundredth means ribuan (thousand).  
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Summary of the responses to question 7  

Most of the participants could not determine the meaning of the term three 

hundredth. They assumed that the term three hundredth means 300 (three hundreds). 

The interviews revealed that some students believed the term hundredth to be similar 

to hundred. Others presumed that hundredth means ribuan (thousand).   

 

Question 8 

The question was about the other name of a quarter. A quarter could be verbalised as 

one over four or one fourth. The choices were one for, one four and one fourth. The 

aim of this question was to investigate the students’ understanding of the term one 

fourth as another name of a quarter.  

 
 

Figure 5.21 Students’ responses to question 8 
 

Figure 5.21 shows that 64.02% of the students had the correct answer, whereas 

35.98% of the students had the incorrect one. Among the students whose answer was 

incorrect, around three quarters chose ‘one four’ and the others chose ‘one for’. 

 

Six students were interviewed for further analysis. They were asked two questions 

about the reason for their choices and their understanding about the term one fourth.  
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These are their answers: 

A quarter is seperempat (a quarter). I remember my teacher called it 

one four, f o u r (he spelled the word four)… one fourth means…. 

keempat (fourth as an order) may be, that what I know. 
 

I chose b (one four) because a quarter is one over four, right? One 

fourth ehmmm… I know fourth is urutan keempat (fourth) after first, 

second…like that. 
 

Because I thought one-four is one over four just like a quarter….One 

fourth is use to ordering something. 

 

A quarter is seperempat (a quarter) means one over four right? Emmm 

fourth…is emmm…fourth just like fifth, sixth may be. 

 

All the answers above implied that all the students knew the meaning or Indonesian 

term for a quarter, but they failed to find out another name for it. They presumed ‘one 

four’ as another name for a quarter. One student claimed that the teacher said one 

four as another name of a quarter (first statement), while the three others assumed 

that one over four had the same meaning as one four. Surprisingly, when they were 

asked about the meaning of fourth, all of their answers were referred to an order 

meaning (constituting number four in a sequence) rather than as a fraction meaning (a 

quarter).       

 

Meanwhile, one student whose answer was ‘one for’ claimed that the spelling of 

another term for a quarter was ‘one for’, as in the statement below. 

What I know another name for a quarter is one for…f- o- r (spelling 

the word ‘for’)…one fourth, I do not know what it is 

 

Another student whose answer was ‘one for’ said that he did not know another name 

of a quarter, so he just guessed.   

I did not the answer actually, so I just choose one of the choices, not 

any consideration. One fourth is…I do not know. 
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The last two statements above implied that these students had no idea about the 

meaning of the term one fourth. One student believed one for had the same meaning 

as a quarter, whereas the other one simply guessed the answer.   

 

Summary of the responses to question 8  

The data show that slightly more than 60% of the participants could determine 

another name for a quarter, whereas the rest could not. The interviews with some of 

the participants who could not find another term for a quarter revealed that they 

assumed that one over four had a similar meaning to one four. Hence, they chose one 

four as another name for a quarter. Some students could not determine the right 

spelling of four. They assumed four as for, because both have the same sound 

(homonym) in Indonesian. Interestingly, when they were asked about the meaning of 

the word fourth, none of them recognised that the term fourth refers to a fraction 

meaning (seperempat). They all assumed that fourth refers to a sequence or an order 

meaning (keempat). 

 

Question 9 

The students were asked to find another term for the greatest common divisor 

(GCD). The mathematical term greatest common divisor has the same meaning as 

greatest common factor. They both refer to the same concept. The choices were 

greatest common denominator, greatest common factor and greatest common 

fraction.  
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Figure 5.22 Students’ responses to question 9 
 

Figure 5.22 shows that only 47.20% of the participants could answer this question 

correctly and the rest could not. Most students believed that the greatest common 

denominator was another name for the GCD, whereas others assumed that the 

greatest common fraction was another name for the GCD. 

 

The interviews with three students, whose answer was greatest common 

denominator, revealed that they had a problem in understanding the term ‘greatest 

common divisor’. They claimed that they did not know or forgot its meaning in 

Indonesian hence they guessed the answer. These are their answers: 

I forgot what it means then I try to translate each word…mixed them 

together but still did not know the meaning…then I guessed option a 

[greatest common denominator] was the answer because the word 

‘divisor’ means pembagi (divisor) same as penyebut (denominator) 

in fraction 
 

Because I forgot the exact meaning of greatest common denominator, 

so I guessed the answer. I did not have any reason for that, just 

guessed 
 

…divisor means it divide a certain number, whereas the denominator 

dividing numerator…they are same, so I guessed option a [greatest 

common denominator] was the answer, that is my thought but I don’t 

know  
  

From the three answers above, two reasons are identified regarding choosing greatest 

common denominator as another name for the greatest common divisor. The first 
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reason is that the students assumed that the word ‘divisor’ in the term greatest 

common divisor had the same meaning as the word ‘denominator’ (see first and third 

answers).  The second reason is that the students guessed the answer because they 

were not sure about the meaning of the term greatest common divisor.   

 

Meanwhile, the interviwes with two students who believed that the greatest common 

fraction was another name for the greatest common divisor revealed the same issues 

as discussed previously. They tried to translate each word in the term because they 

did not know the meaning of the greatest common divisor.  

 …I just guessed the meaning because I did not know what it 

meant…divisor means it divide certain number into several parts, just 

like in a fraction. Therefore, it was same as the greatest common 

fraction. 
 

I forgot the meaning…just see the meaning from each word…in my 

opinion, pembagian (division) same as pecahan (fraction). 
 

The two statements above implied that the students did not know the exact meaning 

of the greatest common divisor. It is clearly utterance in the first statement. The 

student believed that the greatest common fraction was another term for the greatest 

common divisor because they believed that divisor had a similar concept to the 

fraction. 

   

Summary of the responses to question 9  

Fewer than half of the total participants could find another name for the greatest 

common divisor, whereas the others could not. The interviews revealed that the main 

problem was that the students did not know the exact meaning of the term. They 

translated each word of the term. Some students associated the word ‘divisor’ with 

the word denominator as those words referred to division while some others 

associated the word ‘divisor’ with a fraction because it means dividing something 

into some parts.   
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Question 10 

The question was about the way to read symbol  . It can be read as ‘less than or 

equal to’ or ‘not greater than’. This question aimed to investigate any problem 

related to the mathematics symbol that can be verbalized in more than one way. 

Most students could find the correct answer for this question. The data shows that 

90.19% of the participants could read the symbol correctly, however the rest could 

not (see Figure 5.23).  

 

Figure 5.23 Students’ responses to question 10 
 

Among the students who had the correct answer, most students preferred to read   

as ‘less than or equal to’. Fewer than 4% read   as ‘not greater than’. Surprisingly, 

only one student chose two correct choices ‘less than or equal to’ and ‘not greater 

than’. The interviews with some of them confirmed that the term that is commonly 

used by students and their teachers is ‘less than or equal to’. They rarely used the 

term ‘not greater than’. Therefore, it is not surprising if only 7 students out of 214 

chose ‘not greater than’ as their answers. 

 

Meanwhile, the interview with some students who had the incorrect answer disclosed 

that they had problems reading the inequality symbols. They often used these 
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symbols interchangeably with incorrect reference of meaning. They, moreover, 

claimed that they often failed to interpret the inequality symbols which stand alone 

without any numbers around them, as in the statements below. 

…symbol more than, less than and sort of symbols are very confusing 

for me. If they did not go with numbers, I rarely got correct meaning 

on them. I often use the symbol interchangeably with confusion... I 

was desperate with them 
 

I got a headache when comes to this topic…more or less than or 

equal…confusing…even more if it goes without any numbers on it. I 

often or may be frequently come up with opposite meaning even in 

Indonesian. 
 

I’m confused when using the inequality symbols in Indonesian, even 

more in English. Sometime I use them in the wrong way round. 

 

The statements above imply that the students faced a problem with the inequality 

symbols, not only symbol   but also with other inequality symbols. 

 

Summary of the responses to question 10  

Almost 90% of the participants could determine the correct way to read symbol . 

Most students preferred to read   as ‘less than or equal’ rather than ‘not greater 

than’. The interviews with some students who could not find the correct way to read 

  revealed that the comparison symbols (<, >,   and ) were considered as the 

confusing symbols for them. They often read and interpreted the meaning of these 

symbols interchangeably.   

 

Question 11 

The identity element is one of the mathematical terms that can be verbalised in more 

than one way. It has two other names; namely zero element and neutral element. In 

this question, the students were asked to find out other names for the identity 

element. The choices were a) zero element, b) one element, and c) neutral element.  
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Figure 5.24 Students’ responses to question 11 
 

The data show that 66.36% of the participants could determine another name for the 

identity element correctly (Figure 5.24). Among them, 39 students answered zero 

element and 101 students answered neutral element as another name for the identity 

element. However, only one student recognised that both are other names for the 

identity element.  

 

Meanwhile, 72 students (33.64%) had incorrect answers. The students believed that 

one element was another name for the identity element because one is an identity 

element for multiplication (as stated below). 

… because one is an identity element for multiplication, so I chose 

one element. 

 

… one is identity element so the other name is one element. 

 

Interestingly, two students mentioned one and zero as identity elements, but they 

chose one element as their answer. When asked why they did not choose zero 

element, they argued that they did not read the instruction carefully so they did not 

know that they could choose more than one answer. 

Identity elements are one and zero thus one element and zero element 

are other names for identity element… I choose one element 
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because… erm I only choose randomly… I do not know we can 

choose two answers.   

 

… zero and one are identity elements…I just pick one of them…I did 

not read the instruction; I thought only one answer. 

 

 

From the statements above, the students associated the name of the identity elements 

with its members (one or zero). Therefore, they believed that one element was 

another name for the identity element. 

 

Summary of the responses to question 11  

Around 66% of the participants could determine other names for the identity element 

correctly. Neutral element was more familiar for students than zero element. On the 

other hand, 34% of the participants believed that one element was another name for 

the identity element. The interviews with some of them confirmed that they associate 

the name of the identity elements with its member (one or zero). The data from the 

questionnaire and interview imply that most students knew the meaning of the 

identity element term, but some of them failed to find other names for it. 

 

Question 12 

The students were asked to find another name for gradient. The choices were lope, 

slope and slant; with the correct choice being slope. The data show that 71.96% of 

the participants could find out another name for gradient, whereas the remaining 

28.04% could not (Figure 5.25). Among the students who had incorrect answers, 

20% of the participants chose slant as their answer. Meanwhile, 8% of the 

participants believed lope to be another name of slope. 
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Figure 5.25 Students’ responses to question 12 
 

In the interviews with four students whose answer was slant, they argued that the 

English term for kemiringan was slant. They referred to the English-Indonesian 

dictionary.  Meanwhile, the interviews with 3 students whose answer was lope 

revealed that they forgot the English term for kemiringan, they only remember its 

sound was like lope. 

I remember teacher said kemiringan (slope) is wope or lope… not 

sure it was long time ago. 
 

Erm I am not sure with my answer. I remember it was like loupe or 

lofe. So I guessed the answer is lope. 
 

Summary of the responses to question 12  

More than a quarter of the participants could not find another name for the term 

gradient. Slant was a prevalent incorrect answer chosen by the students. Some of 

them claimed that it was the English term shown in the dictionary when they looked 

for the word kemiringan (gradient) in it. Some other students believed that lope was 

another name for gradient because it has a slightly similar sound to the word slope.  
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Section C of the Questionnaire 

This section aims to investigate the obstacles students faced in understanding 

mathematical terms that are commonly learned in pairs. In this study, three pairs of 

mathematical terms were investigated namely: coefficient and variable, base and 

exponent and means and extreme.  

 

Question 1 

This question was about coefficient and variable. The students were given 

mathematical expression 5p and were asked to determine the mathematical terms for 

5 and p. In this case, 5 is called coefficient and p is called variable.  

 
 

Figure 5.26 Students’ responses to question 1C 

Figure 5.26 shows that approximately 94% of the participants could answer this 

question correctly, and only 5% could not, whereas about 1% left it blank. Among 

the students who could not answer question 1 correctly, seven students used both 

terms the wrong way round. They called 5 a variable and p a coefficient. The details 

of the incorrect responses are shown in table 5.1 below. 

Table 5.1 Summary of the incorrect answers for question 1C 

Inverse 

answers 

5 P 

Factor Base Base Exponent 

7 2 2 2 2 
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 For further analysis, four students whose answers were incorrect were interviewed 

and these were their responses: 

… to be honest, I often got confused when using these two terms 

(coefficient and variable). And here I did it again… I have learned and 

memorized them, but sometimes I used them wrong way round. 
 

I know the answers were coefficient and variable, but I got the 

meaning in the way around. 
 

 

The two statements above imply that they have a problem understanding the meaning 

or concept of coefficient and variable. When they are confused with these two terms, 

they often use them the wrong way round. Meanwhile, another student whose answer 

was base claimed that he misinterpreted the mathematical expression. He assumed 5p 

as 5
p
, as he replied: “I thought the expression is five in the power of p, so I thought 5 

is the base”. On the other hand, one student who left the answer blank said she did 

not know the answer as she replied: “…I did not know and I have no idea about it” 

 

Summary of the Responses to Question 1  

The percentage of correct responses for this question was high (94%). This means 

that most students could determine the term coefficient and variable from the given 

expression (5p). However, some students could not answer this question correctly. 

The interviews confirmed that some students did not know the meaning or were 

confused about the terms – coefficient and variable – so they often used them the 

wrong way round. 

 

Question 2 

The students were asked to determine the mathematical term for 5 and 8 in the 

mathematical expression 5
8
. In this case, 5 is called a base and 8 is called an 

exponent. More than 61% of the participants could determine these two terms 

correctly, whereas the rest could not (Figure 5.27). Among the students who had the 



 

 

227 

 

incorrect answers, 25 students had answers the wrong way round for both terms. 

They assumed 5 was an exponent and 8 a base. From the interview with three of 

them, they confirmed that they knew the terms were base and exponent but they 

failed to use them properly because they defined both terms the wrong way round. 

 
 

Figure 5.27 Students’ responses to question 2C 
 

Table 5.27 shows that 78 students (including the students who had transposed 

answers) could not determine the mathematical term for 5 in 5
8
. Most of them 

assumed that 5 was a factor of 5
8
; some believed 5 was a coefficient and some others 

assumed 5 was a numerator. Six students were interviewed and the responses varied. 

Two students said that they believed 5 was a coefficient just like in the expression 5p 

(question number 1), as in the statements below. 

…in 5p 5 is called a coefficient so 5
8
 means 5 as a coefficient too. 

 

In my opinion, it just same case with number 1, right? In question 

number one, I chose coefficient, so same as in question number two. 

 

These two students had a correct answer for question 1 about the term coefficient but 

they failed to find out the term base in the expression 5
8
. Two other students believed 

that 5 was a factor; they claimed that 5
8 

means “five times five times five … eight 

times, so we can say that 5 is a factor of 5
8
”. This implied that they knew the 

concepts of exponent however they could not determine the appropriate term for 5 in 
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5
8
. Meanwhile, the interview with two students whose answer was numerator made 

it clear that they did not know the mathematical term for 5 in 5
8
, so they guessed the 

answer.   

Table 5.2 Summary of the incorrect answers for question 2C 

Transposed 

answers 

5 8 

Factor Coefficient Numerator Extreme  Factor  

25 37 9 7 19 14 
 

On the other hand, 58 students (including the students who had transposed answers) 

could not determine the correct term for 8. Most of them had an inverse answer as 

discussed previously, other students believed 8 was an extreme and another claimed 

8 was a factor of 5
8
. Some of them claimed that they did not know the answer, so 

they guessed it. Some others said they forgot the English term for pangkat 

(exponent), in their mind, they only remember “ex bla bla bla” so they chose the 

term extreme instead of the exponent.   

 

Meanwhile, four students did not respond to this question while two of them said 

that they did not have any idea how to answer this question, hence they left the 

answer blank. Interestingly, when the interviewees who could not determine the term 

exponent and who left the answer blank were asked whether they knew the term 

exponent, they all confirmed that they knew the term. However, they argued that 

their teachers more often use the term power rather than the exponent as in the 

statements below: 

I know exponent but Mrs. X usually called it power, like bla bla bla 

in the power of bla bla bla 
 

Oh exponent, sound familiar. Erm like pangkat (exponent or power) 

isn’t it? but the teacher often call it power and rarely use exponent 
  

Exponent? Exponent? is that like a power? …Mr. Y call it power in 

the classroom. 
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The statements above implied that the students knew the definition of exponent 

however their teachers used the term power more often than the term exponent. As a 

result they mixed up these two terms and they were more familiar with the term 

power than exponent. 

 

Summary of the responses to question 2  

The percentage of the incorrect and blank responses to this question is quite high as 

it stands at almost 40%. Among them, 25 students claimed that they knew the terms 

but they were confused so they got the answers the wrong way round. The other 

students assumed 5 was a factor, a coefficient or a numerator while 8 was an extreme 

or a factor of 5
8
. The interviews confirmed that they simply guessed the answer or 

misinterpreted the expression. The terms difference used by teacher and the 

questionnaire was one of the other reasons students got incorrect answer.  

 

Question 3 

The students were given a proportion expression a : b = c : d and were asked to find 

the term for b c and a d. The mathematical term for b and c is means, whereas a and 

d is extreme. The correct responses to this question was quite low as less than 20% 

of the participants could determine the terms correctly and 4% left it blank (Figure 

5.28). Interestingly, among the 168 students who could not determine these terms 

correctly, 64 students used the terms reversely; they called b and c extreme and a and 

d means. The detail of the incorrect answer types can be seen in table 5.3   
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Figure 5.28 Students’ responses to question 3C 

 

Table 5.3 Summary of the incorrect answers for question 3C 

Transposed 

answers 

b and c (means) a and d (extreme) 

Numerator Factor Exponent Base Numerator Variable Factor  

64 54 36 10 47 30 15 12 
 

To investigate the obstacles, seven students who had varied responses were 

interviewed. Table 5.4 below shows the detail of their responses. They were asked 

about the reasons behind their responses. 

 

Table 5.4 The interviewees’ answers for question 3C 

  Student Student’s responses 

 b and c (means) a and d (extreme) 

A Extreme Means 

B Extreme Means 

C Factor Numerator 

D Factor Numerator 

E Numerator Variable 

F Numerator Variable 

G Exponent Base 
 

Students A and B, who had a transposed answers, claimed that they knew the terms 

but they had reversed the meaning between two terms. 

A: My answers are means and extreme…means is the outer and means 

is the inner, that the way I memorised the term 
 

B: I guessed the answers are extreme and means…extreme is the inner 

numbers whereas means is the opposite 
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Meanwhile, four students (C, D, E, and F), one of whose answers was numerator, 

had a similar reason. They transformed the proportion expression a : b = c : d into 

fraction form c
d

b
a  instead of d

c
b
a  . Then students C and D assumed a and d 

were numerators and b and c either bases or variables. They, moreover, said that they 

guessed the answers for the mathematical term for b and c. On the other hand, 

students E and F assumed b and c were numerators and a and d variables. Student E 

commented that the options should have included denominator, as they said “…the 

choices should contain denominator so that a and d are called denominator”.     

 

In addition, student G, whose answers were exponent and base, claimed that she 

guessed the answers because she did not know the terms. This reason was the same 

for two students who left their answer blank. 

 

When students C, D, E, F and G were asked about the meaning of the terms extreme 

and means, their answer referred to the everyday meaning of the two terms.  

C: extreme is ekstrim (extreme) that is greatest or not ordinary. Whilst 

means, just like the word meaning that is arti (means)  
 

E: extreme means ekstrim and means is arti 
 

F: extreme is like the most or the highest or the greatest and means is 

cara (method) or arti (meaning) 
 

Furthermore, when they were asked whether they had learned the two terms in the 

classroom, they all agreed that they had learned these terms. Their teachers told them 

but they forgot the mathematical meaning. Only two students (D and F) could 

remember that these terms are related to a proportion topic. 

Summary of the responses to question 3  

More than 75% of the participants could not determine the terms means and extreme. 

Some students used these terms in a reverse way. Some others called b and c  
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numerator, factor or exponent and they called a and d base, numerator, variable or 

factor. The interviews revealed three issues related to these terms: 1) some students 

had a reverse concept between two terms. Therefore, they used these terms in the 

wrong way round; 2) some students transformed the expression a : b = c : d into 

fraction form c
d

b
a   and they named a, b, c and d based on the term in the fraction; 

3) all interviewees referred to everyday English meaning rather than the 

mathematical meaning when asked about the meaning of the term extreme and 

means.   

 

Section D of the questionnaire 

This section aimed to examine whether the students know the meaning of 

mathematical terms that shared meaning with other disciplines or had more than one 

meaning in mathematics. Three mathematical terms were investigated in this section, 

namely power, product and square. The students were given one or two sentences 

that contain a certain term and then they were asked to interpret the meaning of the 

term. They were allowed to answer the questions in Indonesian so that they could 

express their ideas or answers clearly. This also helped some students who might 

know the meaning of the terms but could not express them in English. 

Question 1 

The students were asked to determine the meaning of the term “power” in the 

statement “Power is energy divided by time; one horse power is equal to 3.3 x 10
4
 

foot-pounds per minute. In the expression 10
4
, 4 is called the power of 10.” The 

meaning of the word “power” shown in italics could be referring to the scientific 

meaning (that is energy that is produced by mechanical, electrical, or other means 

and used to operate a device) or referring to the mathematical meaning (that is 

exponent). 
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Figure 5.29 Summary of the students’ responses to question 1D 

 

Figure 5.29 suggests that around half of the participants could determine both the 

scientific and the mathematical meaning of the term “power”. On the other hand, 

around 42.06% of the participants could not determine the correct meaning of 

“power”. The remaining 2.80% left the answer blank. The incorrect responses to this 

question varied. Most students who had incorrect responses assumed that the 

meaning of power refers to the scientific meaning only. They defined power either as 

electrical energy, a unit of measuring energy, or scientific notation. 

 

The interviews with some students who had incorrect answers revealed that they 

were familiar with the meaning of power in science rather than in mathematics. 

Some of them claimed that their teachers more often use the term exponent rather 

than the term power. Therefore, they were a bit confused when answering this 

question.    
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Question 2 

In this question, the students were asked to find the meaning of the word “product” 

in the two sentences below. 

a. Some milk products like ice cream and cheese made from whole milk are high 

in fat 

b. The product of 5 multiplied by 3 is 15 

Approximately 55% of the participants could determine the correct meaning of the 

word product in each sentence, whereas the rest of the participants could not define 

its meaning correctly (Figure 5.30).  

 
 

Figure 5.30 Summary of the students’ responses to question 2 
 

Most students who had the incorrect answer assumed that the word product in the 

two sentences had a similar non-mathematical meaning. They assumed the term 

product in both sentences means produk (result/output). Some other students could 

not determine the non-mathematical meaning of the word product in the first 

sentence but they knew its mathematical meaning in the second sentence. This data 

was in line with the interview results as most interviewees claimed the word product 

in the two sentences embodies a similar meaning that was refer to an output of a 

certain process. They associated the word product with the word produk in 

Indonesian which means result or output without referring to any special context.  
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Question 3 

The last question in this section was about the meaning of the term “square” in the 

sentence “The area of a square is the square of its side length”. The word square in 

mathematics has more than one meaning therefore it used differently on each 

occasion. For example in the sentence “The area of a square is the square of its side 

length” the word square mentioned first means a regular quadrilateral with four 

equal sides and four right angles (geometrical meaning). Meanwhile, the latter means 

a number or expression raised to the power of 2 (algebraic meaning).  

 

Figure 5.31 below shows that the number of students who knew the meaning of the 

word “square” was not significantly different from those who did not know the 

meaning of it. Approximately 43% of the participants could not determine the 

meaning of this word correctly. Furthermore, half of them did not know that the 

word square had two separate different meanings in the question. They assumed both 

were referring to square as the name of a geometric object in which all sides have the 

same length. The other responses from the students were:  

a. The first square means square as a geometric shape and the second referred to 

multiplication. 

b. The first square means formula and the second refers to multiplication. 

c. Some others got the meaning of the word square the wrong way round. 
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Figure 5.31 Summary of the students’ responses to question 3 
 

The interviews confirmed that most students assumed the term square as a name of a 

geometric object (that is the regular quadrilateral with four equal sides and four right 

angles) rather than as a power or exponent of two (that is a number or expression 

raised to the power of 2). These are two examples of the students’ answers when 

asked about the meaning of square: 

Square is persegi (square), right? 

Square is bujur sangkar (square) eh now it called persegi. 

 

From the answers above, the students referred to word persegi (the regular 

quadrilateral with four equal sides and four right angles). On the other hand, some 

students simply guessed the answer or just left it blank as they did not know or they 

forgot the meaning of the term square.  

 

Summary of section C 

Among the three mathematical terms investigated in this section, square was the 

hardest term for the participants as 47% of them got incorrect answers. The data 

show that the main obstacle participants faced was that they were more familiar with 

the geometric meaning of the term square rather than its algebraic meaning.  
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Meanwhile, the terms power and product were also quite difficult for the participants 

because 45% of them could determine the correct meaning of both terms. 

Interestingly, most of the participants were more familiar with the non-mathematical 

meaning of both terms. Regarding the term power, most participants referred to the 

scientific meaning only for example power is electrical energy, a unit of measuring 

energy, or scientific notation. On the other hand, most participants simply associated 

the term product with the Indonesian term produk (result or output) without 

specifying the context. 

 

Section D 

In this section, the students were asked to match the given mathematical terms with 

the appropriate statements or mathematical expressions. There were 18 mathematical 

terms investigated in this section: integer; even number; odd number; prime number; 

product; difference; associative; commutative; addition; subtraction; division; 

substitution; binomial; trinomial; root; ratio; greater than or equal to and identity 

element. In the further discussion, these terms were divided into three categories: 

numbers; algebraic operations and others. 

1. Numbers 

This category includes the terms integer, even number, odd number and prime 

number. Table 6 summarises in detail the students’ incorrect responses to each 

mathematical term. The term integer seems to be the most difficult term within this 

category. It is followed by the terms odd number, even number and prime number 

respectively. 
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Slightly more than a quarter of the participants could not find the correct definition 

of integer (Figure 5.32). Most students believed that the definition of integer refers to 

the statement: “if a number is multiplied by this, then the result is the number itself” 

(which was a statement for the identity element). Other students associated integer 

with the statement for an even number: “a number that can be divided by 2 to give a 

whole number”. The students’ answers can be seen in detail in table 5.5. In the 

interviews, the students claimed that they were confused about the meaning of the 

term integer in English. Some other students had the definition of whole number and 

integer the wrong way round. Meanwhile, others argued that they did not know the 

meaning of integer so they simply left the answer blank. 

 
Figure 5.32  Students’ responses to the mathematical terms related to numbers 

 

The students’ responses to the terms odd number and even number have a similar 

pattern. Slightly more than 80% of the participants could determine the correct 

definition of both terms. Meanwhile, about 10% of the participants could not find the 

correct definition of both terms and 7% left the answers blank (Figure 5.32). 

Interestingly, most of the students had transposed the definition of both terms (table 

5.5). They believed that odd number was a number that can be divided by two to 
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give a whole number (which was a definition of an even number), and vice versa. 

Some other incorrect answers refer to the definition of product or prime number. The 

interviews revealed that some students mixed up both terms and definitions in 

English but not in Indonesian. Some other students left the answer slot blank 

claiming that they had no idea about the meaning of both terms. 

Table 5.5 Details of the students’ incorrect responses 

Mathematical 

Terms 
Students’ Incorrect Responses  #Students % 

Integer 

If a number is multiplied by this, then the 

result is the number itself 

11 5.14% 

A number that can be divided by 2 to give a 

whole number 

10 4.67% 

A quotient of x and y 6 2.80% 

The replacement of a term in an equation 

with another which is known to have the 

same value 

5 2.34% 

Not answered 22 10.28% 

Even 

Number 

A number that cannot be divided exactly by 

2 to give whole number 

18 8.41% 

The answer when we multiply two numbers 6 2.80% 

Not answered 14 6.54% 

Odd number 

A number that can be divided by 2 to give a 

whole number 

18 8.41% 

A number that only has two factors, itself 

and 1 

5 2.34% 

Not answered 16 7.48% 

Prime 

number 

A number that cannot be divided exactly by 

2 to give whole number 

4 1.87% 

If a number is multiplied by this, then the 

result is the number itself 

3 1.40% 

Not answered 3 1.40% 
 

On the other hand, the term prime number seems to be the easiest one compared to 

the other terms within this category. Only 4% of the participants could not find the 

correct definition of this term (Figure 5.32). As can be seen in table 5.5 above, the 

incorrect answers refer to the definition of even number (a number that cannot be 

divided exactly by 2 to give a whole number) or identity element (if a number is 

multiplied by this, then the result is the number itself). They argued that they simply 
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mixed them up with the Indonesian word for prime and even. Claiming that they 

were confused about the meaning of the word prime, their answers either referred to 

the definition of identity element or they left the answer slots blank. 

 

The data for even and odd numbers had a similar pattern. Around 18% of the 

participants could not determine the correct definition of both even and odd numbers 

(Figure 5.32). Most students got their answers the wrong way round (table 5.5). The 

interviews with some students revealed that most of them were confused about the 

meaning of both terms in English. They, however, knew the definition of both terms 

in Indonesian. They had the meaning of the terms even and odd numbers the wrong 

way round in English but not in Indonesian. Some other students believed that an 

even number referred to the definition of the term product (the answer when we 

multiply two numbers). Meanwhile, some students supposed that an odd number was 

“a number that only has two factors, itself and 1” (which was a definition of a prime 

number). 

 

The term prime number seems to be the easiest term compared to the others, as 

around 96% of the participants could determine its definition correctly (Figure 5.32). 

Only 10 out of 214 students (4.67%) could not find the correct definition of prime 

number. Among them, four students believed that a prime number was a number that 

cannot be divided exactly by 2 to give a whole number (which was the definition of 

an odd number). Three other students associated a prime number with the statement 

“if a number is multiplied by this, then the result is the number itself” (table 5.5).  
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Meanwhile, three students left the answer blank. Two of them claimed that they 

knew the meaning of the term in Indonesian but could not find the definition of the 

term. One other student confirmed that he had no idea about the meaning of the term. 

 

2. Algebraic Operations 

This category contains mathematical terms related to algebraic operations such as 

product, difference, associative, commutative, addition, subtraction, division, 

substitution and root. Figure 5.33 below illustrates the percentage of correct, 

incorrect and blank answers regarding each term.  Based on the number of incorrect 

answers related to each term, the analysis of the data was divided into three groups.  

 
 

Figure 5.33 Students’ responses to algebraic operations terms 

 

a. The first group discussed the terms product, difference and substitution. 

Figure 5.33 illustrated that students faced difficulties in finding the definition of 

product, difference and substitution. Almost 50% of the participants had 

incorrect answers or left the answers blank for these three terms.  
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The incorrect answers for the term product varied. Most of them referred to the 

addition expression, in this case the expressions a+b, 3y +1, or 5p + 2q. When 

they were asked about the reason behind their choices, they argued that the term 

product means the result of an addition process instead of the multiplication 

process (as in the statements below).  

Product in mathematics means the result of an addition among 

numbers. 
 

In algebra, the term product is used to reveal the result of addition 

operation. 
 

Claiming that the term product means the result of subtraction, some students 

chose the statement “the answer when we subtract two numbers” as their answer 

for the term product. Meanwhile, some other students were confused about the 

term product. They had no idea about the meaning of the term, so they just left 

the answer blank. 

 

Similar to the term product, the incorrect answers for the term difference were 

varied (Table 5.6). Most students associated the term difference with subtraction 

operation (in this case c – d) instead of the result of the operation itself. The 

interviews revealed that they mixed up the operation and its result. Some 

students actually knew that the term difference referred to the result of the 

subtraction operation, but in their mind it was closely related to the operation 

rather than the result. The other incorrect answers referred to the addition 

expression (5p + 2q) or the division expression (x/y). The students said that they 

were not sure about the meaning of the term difference, so they guessed the 

answer. When they were asked about the meaning of difference, they referred to 

the meaning of the word different.  
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Table 5.6 shows that most of the incorrect answers for the term substitution were c 

– d. The interviews confirmed that they mixed up the terms substitution and 

subtraction. They interpreted substitution as operasi pengurangan (subtraction). 

Believing that substitution is related to a long algebraic operation, 24 students 

chose (p + q) x r = (p x r) + (q x r) as the answer for the term substitution. 

Meanwhile, other students guessed the answers because they were not sure about 

the meaning of the term. Their answers referred to linear equation (y=3x) or 

division expression 









y

x
. 

 

b. The second group included the terms division, subtraction and addition. 

Approximately 25% of the participants could not find the definition of both 

division and subtraction terms, whereas 15% could not find the definition of the 

term addition. The incorrect answers for these terms are discussed in detail below: 

 

a) Division 

Most students associated the term division with the statement: ‘the quotient of two 

numbers or quantities (for example, and b) giving their relative size, written as  

a : b’. They argued that the term division had a similar meaning to the term 

quotient. They, however, did not take into account the meaning of the whole 

statement. The other students assumed division as ‘the answer when we multiply 

two numbers’, c – d, or blank. The interviews revealed that the students were not 

sure about the mathematical meaning of this term. Moreover, they interpreted this 

term as an Indonesian word divisi (part of large company or organization). 

Interestingly, they knew the meaning of the statement: ‘twenty divided by five is 
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four’. They could recognise the word divided as dibagi (mathematical meaning) 

however they did not recognise the term division as a mathematical term. 

 

b) Subtraction 

The statement ‘the answer when we subtract two numbers’ was the most 

prevalent incorrect answers for the term subtraction because the students claimed 

that the word subtraction comes from the word subtract. Another common 

incorrect answer was ‘the replacement of a term in an equation with another 

which is known to have the same value’ which was in fact the meaning of the 

mathematical term substitution. The interviews confirmed that the students were 

mixed up the term subtraction and substitution, as stated below.   

Subtraction is replacing something with another thing, for example 

replacing variable with numbers. 
 

Subtract means replace, may be. That is why I chose that answer 

[the replacement of a term in an equation with another which is 

known to have the same value]. 
 

Another incorrect answer referred to the mathematical expression  

(p + q) x r = (p x r) + (q x r). The students had no idea about the meaning of the 

term subtraction, so they guessed the answer. 

 

c) Addition  

The incorrect answers for addition were (p + q) x r = (p x r) + (q x r), y = 3x and 

‘the answer when we multiply two numbers’. The interviews revealed that most 

students knew the meaning of the term addition but they were confused about the 

answers. They argued that there were so many options that contain an addition 

operation.  

(1) I was confused because there is a sign plus (+) in option a, c, d 

and h. So just chose one of them, I chose option h. 
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(2) At the first time, I chose option a, but then I looked at option d 

and h that all contain plus (+). I changed my answer to h because 

option a too simple, that is my thought. 

 

From the first and second response, the students chose (p + q) x r = (p x r) + (q x r) 

as their answer for the term addition simply because it contains the addition sign 

(+). However, they actually knew the meaning of the term addition. On the other 

hand, some other students said that they were not sure about the meaning of the 

term addition. They were confused by another mathematical term such as sum 

and equation, as in these two statements. 

I was confused between the terms addition and equation, which 

one that means penjumlahan (addition) and which one that 

means persamaan (equation). I sometimes use it in the wrong 

way round 
 

I often confused with the term penjumlahan (addition) and 

hasil penjumlahan (the result of addition/sum). 
 

c. The third group discussed the terms associative, commutative and root  
 

The mathematical terms within this group seem to be the easiest terms because 

most of the participants had correct answers for the terms in this group. There 

seems to be no language issues in both associative and commutative terms 

because of the similarity of the terms in English and Indonesian, as stated by the 

students’ statements below. 

Commutative is komutatif (commutative)…assosiative had similar 

term in Indonesian that is asosiatif (assosiative). I knew the definition 

of both terms because we often use them in the classroom. 
 

Commutative means komutatif, just like asosiatif, right? 

However, 20 students faced some problems to find the right answer for these two 

terms. Some of their answers were switching between commutative and 

associative. They argued that they had the definitions of both terms the wrong 

way round. They believed that commutative refers to grouping operation (in fact it 

is an associative law) and vice versa. 
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Commutative is related to changing the group in mathematical 

operation, for example: (a x b) x c became a x (b x c), something like 

that. 
  

Commutative is like moving the bracket forward or backward, for 

example: x (yz) = (xy) z. 
 

Some other students assumed the term associative means distributive law, so they 

chose (p + q) x r = (p x r) + (q x r) instead of (p x q) x r = p x (q x r). They 

claimed that they were confused about the meaning of both two terms. 

Meanwhile, around 95% of the participants could find the correct answer for the 

term root. This term was the second term that had the most correct answer after 

the term prime number.   

 

The term root means akar in Indonesian; it is used both as a mathematical term 

and the English word that refers to the bottom part of a tree. The students claimed 

that the similarity in the Indonesian word helped the students understand the 

meaning of the term as they said: 

Yes, I knew the meaning easily because it same as akar pohon (root 

of a tree)… The symbol of akar (root) in mathematics is so I chose 

k that contains this symbol. 
 

I knew the meaning of the term root. Mr X (Biological teacher) also 

use that term so I still remember it (root) meaning. I love biology 

subject. In mathematics, root means akar pangkat suatu bilangan 

(square root of a certain number). 
 

However, there were 10 students who had incorrect answers for this term and 

three students left the answer slots blank. They argued that they were confused 

about the options. They, however, knew the meaning of the term root in 

Indonesian. They just could not find the appropriate answer.     
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Table 5.6 Summary of the incorrect responses to the term in algebraic operation 

Mathematical 

Terms 
Students’ Incorrect Responses  Total Percentage 

Product 

a+b 41 19.16% 

3y +1 20 9.35% 

5p + 2q – 2 19 8.88% 

The answer when we subtract two numbers 12 5.61% 

Not answered 2 0.93% 

Difference 

c – d 70 32.71% 

5p + 2q -2 24 11.21% 

Not answered 14 6.54% 

Associative 
(p + q) x r = (p x r) + (q x r) 12 5.61% 

m x n = n x m 8 3.74% 

Commutative 
(p x q) x r = p x (q x r) 10 4.67% 

(p + q) x r = (p x r) + (q x r) 10 4.67% 

Addition 

(p + q) x r = (p x r) + (q x r) 19 8.88% 

The answer when we multiply two numbers 12 5.61% 

The replacement of a term in an equation with 

another which is known to have the same value 

1 0.47% 

Subtraction 

The answer when we subtract two numbers 34 15.89% 

The replacement of a term in an equation with 

another which is known to have the same value 

23 10.75% 

(p + q) x r = (p x r) + (q x r) 2 0.93% 

Division 

The quotient of two numbers or quantities (for 

example, a and b) giving their relative size, written 

as a : b 

22 10.28% 

c – d 16 7.48% 

The answer when we multiply two numbers 14 6.54% 

Not answered 13 6.07% 

Substitution 

(p + q) x r = (p x r) + (q x r) 28 13.08% 

(p x q) x r = p x (q x r) 8 3.74% 

c – d 57 26.64% 

m x n = n x m 1 0.47% 

Not answered 8 3.74% 

Root 

The quotient of two numbers or quantities (for 

example, a and b) giving their relative size, written 

as a : b 

10 4.67% 

Not answered 3 1.40% 
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3. Others 

Some mathematical terms that could not be categorised into numbers or algebraic 

operations were labelled as others. This category includes the terms binomial, 

trinomial, ratio, greater than and identity element.  

 
 

Figure 5.34 Summary of the students’ responses to the terms in the category others  
 

Figure 5.34 illustrates the percentage of the correct, incorrect and blank responses for 

each term within this category. Trinomial was the most difficult term as more than 

43% of the participants could not answer the question correctly and the other 35% 

left the answer slot blank. Most students simply assumed trinomial to be three 

variables, as stated below:     

In my opinion, trinomial means there are three variables on 

equation. 
 

Tri means three, so trinomial means a mathematical expression that 

contains three variables. 
 

As a result, most of the incorrect answers referred to the mathematical expression 

that involves three variables such as (p + q) x r = (p x r) + (q x r) and  
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(p x q) x r = p x (q x r). See table 5.7 for more detail. The number of students who 

left the answer slot blank for this term was the highest compared to other terms. The 

interview revealed that the students were confused about the meaning of the term 

and some others forgot the meaning. They, furthermore, argued that this term is 

rarely used in the classroom.    

Table 5.7 Summary of the incorrect responses to category “other”  

Mathematical 

Terms 
Students’ Incorrect Responses  

# 

students 
% 

Binomial 

5p + 2q -2 55 25.70% 

m x n = n x m 30 14.02% 

y

x  
4 1.87% 

Not answered 46 21.50% 

Trinomial 

(p + q) x r = (p x r) + (q x r) 45 21.03% 

(p x q) x r = p x (q x r) 36 16.82% 

3y +1 10 4.67% 

Not answered 76 35.51% 

Ratio 

A whole number that can be either more 

or less than zero or equal to zero 
16 7.48% 

The replacement of a term in an 

equation with another which is known to 

have the same value 

14 6.54% 

24   2 0.93% 

Not answered 10 4.67% 

Greater than 

A whole number that can be either more 

or less than zero or equal to zero 
47 21.96% 

The replacement of a term in an 

equation with another which is known to 

have the same value 

23 10.75% 

Not greater than 23 10.75% 

Identity 

element 

A number that only has two factors, 

itself and 1  
24 11.21% 

A whole number that can be either more 

or less than zero or equal to zero  
10 4.67% 

The replacement of a term in an 

equation with another which is known to 

have the same value 

8 3.74% 

The substitute for the variable so that an 

equation is true 
4 1.87% 

A number that cannot be divided exactly 

by 2 to give a whole number 
2 0.93% 

Not answered 68 31.78% 
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Binomial was the second most difficult term within this category, followed 

respectively by identity element, greater than and ratio. Most students associated the 

term binomial with a mathematical expression that contains two variables, as stated 

below. 

Binomial represents a mathematical term that involves two variables. 
 

Binomial is term like an equation that has two variables, such as  

a + b = 2 or c – d = 5. 
 

They believed that binomial referred to two variables instead of two terms.  

Therefore, the students’ incorrect answers were 5p + 2q-2, m x n = n x m and 
y

x
 

(Table 5.7). 

 

More than half of the participants could not find the definition of identity element. 

Most of them simply left the answer slot blank, whereas others referred either to the 

definition of prime numbers, integers, substitution, or even numbers (see table 5.7). 

The interviews revealed that most students were confused about the definition of 

identity element both in Indonesian and English, as stated below.  

(1) Identity element is zero or one, that are for addition and 

multiplication respectively…but I do not know the complete 

definition of the term in English...in Indonesian? I do not know how 

to say it. I do not know. 
 

(2) I forgot the definition of the identity element but what I know that it 

involves two numbers 1 and zero. Furthermore, I was confused with 

the some options that written in English, I did not know their 

meaning, so I guessed the answer. 
 

(3) Identity element means elemen identitas (identity element),…I do 

not know the concept in English. In Indonesia? Erm…I just 

remember about multiplication or addition will have same value. 

That’s why I chose option p [The replacement of a term in an 

equation with another which is known to have the same value]. 
 

(4) Identity element is one because if we multiplying certain number, the 

result is the number itself. Just like this statement [pointing to option 

q “A number that only has two factors, itself and 1”], right? 
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From three of the quotations above, the common obstacle for students is defining the 

concept of identity element. Some students associated identity element with 

multiplication and / or addition (quotation 1, 3 and 4). However, they could name the 

identity elements (zero and one).  

 

English was another problem for some students as they were struggling to 

understand the meaning of some options within this section. Therefore, they simply 

chose the option based on one or some words they knew, for example in quotation 3. 

The student associated identity element with the word hasilnya sama yaitu bilangan 

itu sendiri (interpreted as ‘same value’). Thus, he referred to a statement that 

contains the words ‘same value’. 

 

The term greater than or equal to was the fourth most difficult term in this category 

as approximately 44% of the participants had incorrect answers. As can be seen in 

table 5.7, most of the incorrect answers were “A whole number that can be either 

more or less than zero or equal to zero”. Other incorrect answers referred to the 

statements “The replacement of a term in an equation with another which is known 

to have the same value” and not greater than. The interview revealed that the 

students did not know another name for greater than or equal to. They did not realise 

that not less than had a similar meaning to greater than or equal to. Most students 

admitted that they were confused about the concept of inequality in mathematics.  

I am confused with the term that contains ‘than’ or ‘equal’ just like ‘less 

than or equal to’ or ‘greater than or equal to’. Is there any simple way to 

say that? It is too long to say that, it complicated. Why not just greater 

than or less than that are easier to understand. 
 

Honestly, I hate this kind of stuff [comparison] because I often get the 

meaning wrong way round. I know less than or greater than but this 

[greater than or equal to] is confusing, the concept is confusing. 
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The statements above suggest that the students had a problem related to the concept 

of inequality, particularly the concepts of less than or equal to and greater than or 

equal to. However, they seemed to be fine with the terms greater than or less than.   

 

Ratio seemed to be the easiest term in this category because approximately 76% of 

the participants had correct answers. The remaining 24% had either incorrect or 

blank answers. Most of the incorrect answers referred to the definition of integer and 

substitution instead of the definition of ratio (table 5.7). The interview made it clear 

that the students knew the Indonesian term of ratio but they did not know its 

mathematical concept.  

Ratio is rasio (ratio). It’s kind of giving or replacing variable or erm…I 

don’t know. Hehe 
 

Ratio means rasio, right? It’s about comparing something with others. 
 

I know, ratio is rasio but I’m confused with its meaning. Therefore, I 

left the answer blank. 
 

From the statements above, it is clear that the students knew the Indonesian word for 

ratio because the pronunciation of ratio is similar to rasio in Indonesian. However, 

the students could not define its meaning correctly. This could be because rasio has a 

precise meaning so it is rarely used in Indonesian. The common word for rasio is 

perbandingan (comparison), as mentioned in the second statement above ‘comparing 

something’. 

 

Summary of section D 

Among the 18 mathematical terms investigated in this section, trinomial was the 

most difficult term for the participants as fewer than 25% of them had the correct 

answer. This was followed respectively by the terms binomial, identity element, 

difference, substitution, product, greater than and equal to. On the other hand, most 

of the participants seemed to experience fewer obstacles with the mathematical terms 
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ratio, odd number, even number, addition, associative, commutative, root and prime 

number. More than 75% of the participants had correct answers for these terms.  

 

The interview revealed that English is the main obstacle students faced in this 

section. Most students were confused about the meaning of the mathematical terms 

in English. As a result, some of the students defined the term the wrong way round 

with others, for example in the case of odd number and even number discussed 

above. Others defined the terms incorrectly because they forgot the meaning and the 

mathematical concepts related to the terms, for example in the case of trinomial and 

binomial terms. In regard to the blank answers, most students argued that they did 

not know the meaning of the terms.  To sum up, the data in this section show that 

some students have issues related to language and / or mathematical concepts.  

 

5.3 Chapter summary 

This chapter has reported the results of the detailed obstacles students face in 

learning mathematics in English from survey and interview. The analysis identifies 

three main obstacles students faced in relation to mathematical terms in English, 

namely: the nature of the mathematical terms; misconception with the mathematical 

concepts; and English as a foreign language. However, these three obstacles are not 

mutually exclusive because some obstacles might be a combination of mathematical 

and linguistics issues. For example, some students mixed up the terms denominator 

and numerator. They forgot the meaning of these two terms and when they were 

aksed to define them in their langauge, they defined these terms the wrong way 

around. This indicates that they have a linguistic issue (forgot the meaning of the 

terms) and a mathematical problem (could not define the terms correctly).   
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1) The nature of the mathematical terms 

The Indonesian language has many different features to English such as the 

structural, syntactical and morphological differences. Regarding the structural 

differences, the Indonesian structure is a noun followed by adjective. On the other 

hand, the English structure is an adjective followed by a noun. These differences 

might lead to confusion in the students’ minds as some of the mathematical terms in 

English do not make sense in Indonesian. For example, in the case of proper and 

improper fraction (page 192). The Indonesian term for proper fraction is pecahan 

biasa that can be translated into English as fraction ordinary instead of proper 

fraction. Meanwhile, the Indonesian term for improper fraction is pecahan campuran 

(fraction mix).  

 

The fact that some of the mathematical terms are learned in pairs, such as numerator-

denominator, proper-improper fraction, and coefficient-variable could lead to the 

students’ confusion. The survey and interview reveal that some students use or 

define these terms the wrong way round (for example as discussed on pages 190-191 

and 196). 

 

Some students had a problem with mathematical terms simply because either they 

did not know or forgot this meaning. As a result, some students had their own 

perceptions about certain mathematical terms which differed from the mathematical 

concepts behind them, for example, interpreting the meaning of the mathematical 

terms based on one word of the terms such as in the case of greatest common divisor 

and least common multiple (see pages 207). 

 

Most students recognised the English mathematical terms which had similar terms in 

Indonesian for example: identity element (the Indonesian term is elemen identitas), 
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coefficient (the Indonesian term is koefisien) and variable (the Indonesian term is 

variabel). However, they had a problem with the concept behind these terms. As a 

result some students used these terms inappropriately or the wrong way round (see 

pages 220-221 and 223-224 for examples).  

 

Another issue is related to the mathematics terms that have more than one 

mathematical meaning, for example the term square. This term has two 

mathematical meaning: square as the name of geometrical object and square as the 

name of an algebraic operation.  Interestingly, most students define the term square 

as a geometrical object rather than as an algebraic operation (see pages 233-234). 

 

As English is a foreign language in Indonesia, the data indicate that some students 

mixed up the mathematical terms within the same topic. For example, the terms in 

the topic of number such as integer, whole number, odd number, even number and 

prime number. Some of the students use these terms the wrong way round (see pages 

235-237). 

     

2) The obstacles related to mathematical concepts (Misconception) 

The data show that the students have misconceptions with some of the mathematical 

concepts, for example: 

a. The student assumed that improper fractions are always written with a whole 

number and fraction part hence 2
3

and 3
5

are not considered as improper fractions 

(see pages 192-193).  

b. In determining the numerator of improper fractions the students only considered 

the numerator of the fraction part without taking into account the whole number 

(see pages 197). 
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c. Misconception with common denominator (see pages 199-200): the students 

assumed that common denominator is same as denominator. 

d. Misconception with factor (page 204-205): the students claimed the factors of a 

certain number did not include the number itself. 

e. Misconception between the least common multiple and the greatest common 

divisor as in the student statement “Least means little and great refers to the term 

big so the value of LCM should be the smaller than the GCD” (page 207). 

f. Misconception about the mathematical terms learned in pairs such as numerator-

denominator (pages 196-198) and means-extreme (pages 228-229).  

 

3) The obstacles related to the English language 

Some of the mathematical terms that are modified from other mathematical terms led 

to difficulty for students. For example, with the term common denominator (page 

199-200), most students assumed common denominator the same as denominator. 

The others did not realise the importance of the word common in this term. Some of 

them did not realise that common denominator is one term and it represents one 

mathematical concept. Similarly, the students assumed the term common factor had 

same meaning as the term factor. 

 

Some students had their own perceptions about certain mathematical terms apart 

from the mathematical concepts behind them, for example students interpreted the 

term least common multiple (LCM) as ‘less than’ because they assumed least had the 

similar meaning with less; or the students interpreted LCM as multiplication from 

the word multiple in the least common multiple (pages 208-209). 

 

Some students were confused with the spelling of some mathematical terms such as 

sum with some and for with four. Another issue is related to the mathematical terms 
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that have a similar sound (homonyms) such as hundred and hundredth, and four and 

fourth. Most of the students assumed that the term hundredth had same meaning as 

hundreds. Some others translated the term hundredth as ribuan (thousands).  

 

The fact that mathematical terms share meaning with other disciplines could also 

cause students confusion. The data show that most students were more familiar with 

the non-mathematical meaning rather than the mathematical meaning of the term, for 

example:  

a. The term product: most students interpret the word product as the result or 

output without referring to any special context. 

b. The term power: most students associate this term with the scientific meaning 

(that is energy that is produced by mechanical, electrical, or other means and 

used to operate a device) rather than mathematical meaning (exponent). 

c. The term fourth; most students presume that the term fourth refers to the order 

(first, second, third, fourth).  

 

Moreover, the data point out that the students had incorrect answers related to the 

mathematical terms, because they had incorrect calculations that might be caused by 

their mathematical competencies (see page 197 as an example) or that they 

misunderstood the question in the survey because of lack of English competencies 

(see page 209).  

 

The data also noted an interesting phenomenon that most students read the symbol   

as ‘less than or equal’ rather than ‘not greater than’ because they refer to the term 

commonly used by the teachers that is ‘less than or equal’ (see pages 218-219). 

Another interesting occurrence is some students choose slant instead of slope as the 

other name of gradient because the Indonesian translation for slant and gradient are 

the same. 
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The overall results highlight a number of obstacles related to mathematical terms, 

mathematical concepts and English as a foreign language. The findings above in 

relation to the research question of this study and the findings from other studies will 

be discussed in chapter 7. Meanwhile, the next chapter (chapter 6) will discusses 

findings of the students’ attitudes toward learning mathematics in English. 
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Chapter 6 :  Findings on Attitudes towards Learning 

Mathematics in English 

 

6.1 Chapter overview 

The main research question about attitude in this study is “what kinds of attitudes are 

developed by students towards learning mathematics in English?” Three aspects of 

attitudes – affective, cognitive and behavioural – were investigated in this study. The 

affective aspect includes anxiety, self-confidence and enjoyment; the cognitive aspect 

associates with values of learning mathematics in English and the behavioural aspect 

focuses on motivation and willingness to learn mathematics in English. In order to 

answer the research question, a questionnaire and interviews were employed to 

collect the attitude data. This chapter provides detailed findings from those 

instruments. The rest of the chapter is structured as follows: 6.2 presents the 

quantitative analysis of the questionnaire data; 6.3 discusses the qualitative analysis 

of the interview data; 6.4 summarises the findings. 

 

6.2 Questionnaire data 

The questionnaire sought students’ attitudes towards learning mathematics in English. 

For this purpose, the data from the questionnaire were entered into a grid in Microsoft 

Excel then transferred to the Statistical Package for Social Science (SPSS) and 

analysed using this software. However, the normality of the data was investigated 

first before doing further analysis in the SPSS. This section discusses the normality of 

the data and the findings from the questionnaire in relation to the students’ attitude in 

general, the level of agreement with questionnaire statements within each attitudes 

dimension and the attitudinal differences by gender, by length of learning English and 

by everyday spoken language.  
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6.2.1 Normality of the data 

The assumption of normality is important to determine the appropriate statistical test 

(Field, 2009). Anderson et al. (2009) claim that the scale to generate the data 

determines the appropriate method of analysis: parametric or non-parametric. This 

study uses a Likert-type questionnaire to generate the attitude data. The data from this 

type of questionnaire is likely to be non-normally distributed, hence the non-

parametric test is appropriate to analyse this type of data (Nanna & Sawilowsky, 

1998; Corder & Foreman, 2009). However, a subsequent test is needed to ensure this 

hypothesis. One of the statistical tests to determine the normality of the data is the 

Kolmogorov-Smirnov (K–S) test (Field, 2009). The result of the K-S test indicated 

that the distribution of the attitude data is significantly different from a normal 

distribution with the ρ-values are 0.000 (see appendix E for full results of normality 

test). This means that the attitude data in this study are not normally distributed. 

Therefore, the non-parametric tests were employed in analysing the attitude data. 

 

6.2.2 Attitude in general  

Attitude levels are identified based on the total score of students’ responses on the 

questionnaire (as discussed in section 3.7.1). This is divided into five levels: strongly 

positive, positive, neutral, negative and strongly negative. The analysis of the 

questionnaire data points out that there are only four levels of students’ attitudes: 

strongly positive, positive, neutral and negative. There is no student participant 

identified as having strongly negative attitudes towards learning mathematics in 

English (Table 6.1).  

Table 6.1 Attitude levels of the respondents 

Attitude Score Range Total % 

Strongly negative 43 – 76 0 0 

Negative 77 – 111 8 3.74 

Neutral 112 – 145 57 26.64 

Positive 146 – 180 135 63.08 

Strongly positive 181 – 215 14 6.54 
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In the further discussion, the attitude levels will be reduced into three groups: 

positive, neutral and negative (Table 6.2). The reason for doing this is the number of 

students with strongly positive attitudes is relatively small, so this would not have any 

significant bearing on the result. Table 6.3 shows that most of the participants 

(69.62%) have positive attitudes towards learning mathematics in English. 

Meanwhile, around a quarter of the total participants (26.64%) remain neutral. On the 

other hand, only 3.74% of the participants have negative attitudes.  

Table 6.2 Attitude levels of the respondents in three groups 

Attitude Score Range Total % 

Negative 77 – 111 8 3.74 

Neutral 112 – 145 57 26.64 

Positive 146 – 215 149 69.62 
 

A statistical test is employed in order to compare the attitude score in the three 

groups. As  discussed in the previous section, the attitude data is not normally 

distributed therefore a non-parametric test – Kruskall-Wallis – was employed. The 

statistical test shows that there is a significant difference of attitude score among the 

three attitude levels (Table 6.3).  

Table 6.3 Result of the Kruskall-Wallis test on the three levels of attitude 

  Score 

Chi-Square 137.183 

df 2 

Asymp. Sig. 0 
 

Attitudes in each school follow the same pattern as attitudes from the whole data set. 

Positive attitudes remain the highest percentage in each school, followed by neutral, 

and negative attitudes respectively (see Table 6.4). The number of students who have 

positive attitudes is at least three times as many as the neutral ones, except in school 

B (where positive attitudes are less than double). Meanwhile, the negative attitude 

level is the lowest percentage throughout the three schools.  
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Table 6.4 Attitudes distribution in each school 

Attitude 
School A School B School C 

Total % Total % Total % 

Negative 2 3.17 4 4 2 3.92 

Neutral 13 20.64 34 34 10 19.61 

Positive 48 76.19 62 62 39 76.47 

Total 63 100 100 100 51 100 
 

6.2.3 The level of agreement and disagreement on each attitude dimensions 

The mean scores of affective, cognitive and behavioural dimensions are 3.28, 4.15 

and 3.85 respectively (Table 6.5). The cognitive dimension has the highest mean 

score compared to the others. This dimension of attitudes focuses on the belief about 

the value of learning mathematics in English. As the mean score of the cognitive 

dimension is 4.15 (from the maximum score 5), this indicates the high level of 

agreement with the statements on the questionnaire concerning the value or the 

importance of learning mathematics in English. It would seem to suggest that most of 

the students believe that learning mathematics in English is important for them.  

Table 6.5 Mean value of each attitude dimension 

Dimension N Mean SD Median Range 

Affective 27 3.28 .45 3.23 2.17 

Cognitive 10 4.15 .12 4.09 .32 

Behavioural 6 3.85 .21 3.86 .61 
 

Meanwhile, the mean score for the behavioural dimension is nearly 4. This means 

that the students tend to agree with the statements in the behavioural dimension. The 

statements in this dimension relate to the desire or the willingness to learn 

mathematics in English. The high mean implies that most respondents have a high 

motivation and willingness to learn mathematics in English.  On the other hand, the 

affective dimension has the lowest mean compared to the other dimensions. This 

dimension is about feelings in relation to learning mathematics in English. The mean 

score of this dimension is 3.28 and the median score is 3.23. These scores are just 

slightly higher than 3 as the neutral score. It is quite difficult to determine the level of 
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agreement from these data therefore the analysis on each sub-dimension needed to 

find more information about this dimension.  

 

The results of descriptive analysis on the three sub-dimensions show that the mean 

scores and the medians of all the sub-dimensions are just around 3 (Table 6.6). The 

Kruskall-Wallis test is used to investigate the mean score differences among the three 

affective sub-dimensions. The result of the test shows that the differences of the mean 

scores is not statistically significant with the ρ-value = 0.628 (Table 6.6). This means 

that the participants’ responses on the statements within the three sub-dimensions are 

likely to be similar. Hence, there is not enough evidence to find the students’ level of 

agreement or disagreement with the statements in this sub-dimension.  

Table 6.6 Descriptive analysis on the affective sub-dimension 

Sub-dimension Mean Median SD Range p-value 

Kruskall-

Wallis  

Anxiety 3.26 3.29 0.35 1.30 0.628 

Enjoyment 3.34 3.35 0.57 2.17 

Self-confidence 3.17 3.02 0.34 .78 

 
 

Considering the mean score of the statements within the affective dimension and the 

analysis on the three sub-dimensions above, the level of agreement or disagreement 

with the statements in this dimension cannot be determined. The mean score of the 

affective dimension that is only around 3 could indicate two possibilities: 1) most of 

the participants answered option 3 (Neutral) for most of the statements within these 

sub-dimensions; and 2) similar numbers of students agree as disagree.  

 

6.2.4 Attitudes towards mathematics in English by school 

This study was conducted in three different schools. As discussed in the previous 

section (section 6.2.2), the attitudes in each school follow the same pattern as 

attitudes from the whole dataset. Positive attitudes remain the highest percentage in 
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each school, followed by neutral and negative attitudes respectively. Further analysis 

investigates whether the students’ attitudes different significantly in these three 

schools.  The Kruskall-Wallis and the Mann-Whitney tests were employed for this 

purpose.  

 

As can be seen in Table 6.7, all p-value of the Kruskall-Wallis and the Mann-Whitney 

tests are more than 0.05. This means that the attitude differences in the three schools 

are not statistically significant. It implies that the students’ attitudes toward learning 

mathematics in English in the three schools are likely to be similar.  

Table 6.7 Results of statistical tests for attitudes by school 

Statistical Tests p-value 

Kruskall-Wallis 0.45 

  

Mann-

Whitney 

  

1 & 2 0.491 

1 & 3 0.503 

2 & 3 0.234 

 

However, the subsequent analysis found that the students in the three schools differ 

significantly in responding to items number 3, 4, 8, 10, 11 and 31 (see Table 6.8). 

This indicates that the levels of agreement or disagreement with these six items differ 

significantly in the three schools.  

Table 6.8 Results of Kruskall-Wallis test on each statement 

Statement  p-value 
Mean  

School A School B School C 

3 .018 3.7302 3.6000 3.7725 

4 .023 4.0794 3.7700 3.7059 

8 .022 3.6079 3.9100 3.9020 

10 .025 4.5397 4.2500 4.2549 

11 .033 4.2540 3.9900 4.0196 

31 .011 3.6603 3.7300 3.8627 
 

School A has highest mean score for items number 4, 10 and 11. It means that school 

A has the highest level of agreement with these three statements compare to the other 

schools. Items number 4 and 10 are about willingness and interest in learning English. 
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Meanwhile, item number 11 relates to the value of learning mathematics in everyday 

life. 

Furthermore, school B has a slightly higher mean score than the two other schools in 

item number 8. Statement of the item number 8 is ‘mathematics is one of my most 

dreaded subjects’. As this is a negative statement, a higher mean score implies more 

disagree with the statement. Therefore, school B has the highest level of disagreement 

with the statement compared to the other schools. On the other hand, school C has a 

slightly higher mean score than the two other schools in items number 3 and 31. 

These two items were about liking or disliking toward learning mathematics in 

English. This shows that school C has the highest level of agreement in liking 

learning mathematics in English. 

 

6.2.5 Attitudes towards mathematics in English by gender 

Table 6.9 summarises the result of the cross-tabulation analysis of attitudes towards 

mathematics by gender. Due to the different number of boys and girls, both totals and 

percentages are presented. Positive attitude has the highest percentage with neutral 

second followed by negative attitude. This suggests that boys and girls generally tend 

to have positive attitudes towards learning mathematics in English. 

Table 6.9 Distribution of attitudes based on gender 

Gender 
Attitude 

Negative Neutral Positive 

Boys 4 4.65% 23 26.74% 59 68.60% 

Girls 4 3.13% 34 26.56% 90 70.31% 
 

In relation to the mean of the attitude score, Table 6.11 shows that the boys have a 

slightly higher mean score (154.48) than the girls (152.26). It would seem that the 

boys have a higher attitude score than the girls, however, the Mann-Whitney test 

suggests that the exact significance for both 1-tailed and 2-tailed is more than .05. 
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This indicates that there are no significant differences in attitudes towards learning 

mathematics in English by gender. 

Table 6.10 The mean score of boys and girls attitudes 

Gender N Mean Median SD Range 

p-value  

(Mann-Whitney U 

Test) 

2-tailed 1-tailed 

Boys 86 154.48 153.50 20.035 119 .372 .186 

Girls 128 152.26 151.50 17.407 105 
 

Even though there is no significant difference in attitude towards mathematics 

between boys and girls in general, there are some interesting differences in regards to 

gender and the responses on each item in the questionnaire.  The analysis of 

responses per item using the Mann-Whitney test shows that boys and girls differ 

significantly in responding to items number 4, 6, 25, 26, 31 and 32 (Table 6.11). 

These differences are statistically significant at the 0.05 level. The full table can be 

seen in appendix F.  

Table 6.11 Gender and responses on each item 

Items 

Mann-

Whitney 

U 

Wilcoxon 

W 
Z 

Asymp. 

Sig. (2-

tailed) 

Q4 4117.0 7858.0 -3.344 0.001 

Q6 4723.5 8464.5 -1.949 0.050 

Q25 4698.5 12954.5 -2.070 0.038 

Q26 4659.0 12915.0 -2.044 0.041 

Q31 4330.0 12586.0 -3.078 0.002 

Q32 4528.5 12784.5 -2.356 0.018 
 

Table 6.12 shows that the mean score of the girls is higher than the boys in two items, 

numbers 4 and 6. These two items relate to learning English as a foreign language. 

Item number 4 is about the willingness to learn English. As the mean score of the 

girls is higher than the boys, this means that the girls are more willing to learn 

English than the boys. Meanwhile, item number 6 is about anxiety in learning 

English. As this item contains negative statement, the higher mean for the girls 
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implies that they are less anxious than the boys in learning English as a foreign 

language.  

Table 6.12 The differences on the mean 

Gender N Mean Median SD Range 

Q4 Boys 86 3.58 4 0.926 4 

Girls 128 4.02 4 0.758 3 

Q6 Boys 86 4.21 4 0.828 4 

Girls 128 4.42 5 0.694 4 

Q25 Boys 86 3.29 3 0.81 4 

Girls 128 3.09 3 0.736 4 

Q26 Boys 86 3.65 4 0.878 4 

Girls 128 3.45 3 0.812 4 

Q31 Boys 86 3.23 3 0.903 4 

Girls 128 2.95 3 0.691 4 

Q32 Boys 86 4.02 4 0.84 4 

Girls 128 3.77 4 0.828 4 
 

On the other hand, the boys have a higher mean score than the girls for statements 

number 25, 26, 31 and 32. The statements number 25, 26 and 31 relate to the 

enjoyment in learning mathematics in English. Meanwhile, statement 32 is about the 

willingness to solve mathematics problems. As the boys have a higher mean score 

than the girls, the boys have higher level of agreement in relation to enjoyment and 

willingness to learn mathematics in English. This indicates that the boys enjoy 

learning mathematics in English and are more willing to solve mathematical problems 

than the girls. In other words, the boys have more enjoyment and motivation than the 

girls in learning mathematics in English.  

 

6.2.6 Attitude by length of time learning English 

This section discusses the effect of length of time learning English on the attitudes 

towards learning mathematics in English. The investigation into this applies the same 

procedure as the attitude by gender. Firstly, the homogeneity test is checked using 

Levene’s test. Secondly, the effect of length of learning English on the attitudes is 

investigated using the Kruskall-Walis and Mann-Whitney tests.  
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There are three groups of participants based on how long they have been learning 

English. The grouping procedure can be seen in section 3.10. The p-value of the 

Levene’s test is 0.13, greater than 0.05 (Table 6.13). This means that there are no 

significant differences of variance among the data of the three groups, in other words 

the three groups are homogenous. 

Table 6.13 The result of the Levene’s test for the homogeneity among the groups 

  Sum of 

Squares 

df Mean 

Square 

F Sig.  

Between Groups 3963.297 2 1981.648 2.064 0.13 

Within Groups 202589.031 211 960.138 

Total 206552.328 213   

 

Table 6.14 The mean value of the three groups 

Group N Mean Median SD Range 

1 47 153.47 151 13.609 69 

2 121 152.32 151 18.982 115 

3 46 155.00 159 21.526 100 

 

Table 6.14 indicates that the mean score among the three groups is slightly different. 

Group 3 has the highest mean score of them all. However, the statistical tests 

represented in Table 6.15 show that there are no differences in the respondents’ 

attitudes in relation to the length of learning English in all groups, with the p-value 

from the Kruskall-Wallis greater than 0.05.  

Table 6.15 Kruskall-Wallis and Mann-Whitney tests on the length of learning English 

Statistical Tests p-value 

Kruskall-Wallis 0.212 

 

Mann-Whitney 

1 & 2 0.578 

1 & 3 0.153 

2 & 3 0.106 

 

The Mann-Whitney test is used as a subsequent test to investigate the differences 

between two different groups: group 1 and 2, 1 and 3, and 2 and 3. The results of this 

subsequent test are in line with those of the of Kruskall-Wallis test; all p-values are 
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greater than 0.05. This means that there are no significant differences between the 

two different groups.   

 

The results of the statistical tests above imply that the respondents’ attitudes toward 

learning mathematics in English are not be affected by how long they have been 

learning English. However, there is a need to take into account the bias caused by the 

different number of sample between boys and girls. This issue will be discussed in the 

next chapter (section 7.3.3).   

 

6.2.7 Attitude by everyday spoken language 

In regard to the language used in everyday conversation, the respondents are divided 

into three different groups: monolingual, bilingual and multilingual. Students who 

speak one language in daily life are considered as monolingual, those who speak two 

languages are bilingual and those who speak more than two languages are 

multilingual (see section 3.7.3 for the detail). This section discusses the attitude 

differences between these three groups. For this purpose, the same procedure as the 

attitudes by gender and by everyday language is applied. Before further analysis, the 

homogeneity of the groups was determined using the Levene’s test. Table 6.16 

summarises the result of the Levene’s test showing that the three groups are 

homogenous with the p value of .209 (p>.05).  

Table 6.16 The result of Leneve’s test 
 

 Sum of Squares df Mean 

Square 

F Sig. 

Between Groups 1495.002 1 1495.002 1.588 .209 

Within Groups 199632.314 212 941.662   

Total 201127.317 213    
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Table 6.17 Mean score of the attitude by daily spoken language 

Group N Mean Median SD Range 

Monolingual 52 151.88 154.50 19.730 98 

Bilingual 141 152.36 151 17.863 119 

Multilingual 21 161.57 159 18.261 67 

 

Table 6.17 shows the mean score of the three groups is slightly different. The 

multilingual group has the highest mean score (161.57), followed by the bilingual 

(152.36) and monolingual (151.88) groups respectively. The Kruskall-Wallis and 

Mann-Whitney tests confirm this finding (Table 6.18); the difference between the 

means of the three groups is not statistically significant (p-value > 0.05). This implies 

that there is no statistically significant difference in attitude scores between the 

monolingual, bilingual and multilingual groups. In other words, the statistical test 

suggests that the monolingual, bilingual and multilingual students have similar 

attitudes towards learning mathematics in English.  

Table 6.18 Statistical tests on language proficiency and attitude 

Statistical Tests p-value 

Kruskall-Wallis 0.139 

 

Mann-Whitney 

1 & 2 0.735 

1 & 3 0.119 

2 & 3 0.119 
 

6.2.8 Summary of the questionnaire data 

The questionnaire data point out three levels of attitudes: positive, neutral and 

negative. In general, most of the participants (69.62%) have positive attitudes towards 

learning mathematics in English, around one quarter have neutral attitudes and fewer 

than 5% hold negative attitudes. The attitudes of the students in each school have a 

similar pattern to the general picture; positive attitudes have the highest percentage, 

followed by neutral and negative attitudes respectively.  
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The statistical tests show that the students’ attitudes towards learning mathematics in 

English are similar between boys and girls, between the students who speak one, two 

or more than two languages in daily conversation, and between students who learn 

English earlier (before preschool) or later (at the age of schooling).  

 

The analysis on the level of agreement or disagreement found that most students tend 

to agree with the statements within the cognitive and behavioural dimensions. This 

implies that most students believe that learning mathematics in English is valuable 

and they have a strong desire or willingness to learn mathematics in English. On the 

other hand, there is no clear evidence about the level of agreement or disagreement 

with the statements within the affective dimension. 

 

6.3 Interview data 

The interview results are in line with the results of the questionnaires. More than half 

of the interviewees claim that they have positive feeling, thinking and behaving in 

regards to learning mathematics in English. Meanwhile, the percentage with negative 

feeling, thinking and behaving remain as the lowest. The detailed analysis of the 

interview data will be discussed in the following section. 

 

6.3.1 Affective dimension (Feeling) 

The affective dimension of attitudes consists of anxiety, enjoyment and self-

confidence. Anxiety could be represented by the statement of nervousness, confusion 

and being uncomfortable when learning mathematics in English. Meanwhile, 

enjoyment could refer to the feelings of happiness or the levels of interest in learning 

mathematics in English, feelings of satisfaction when solving mathematical problems 
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and challenges. Furthermore, self-confidence is generally about the feelings related to 

the expectation of doing well and easily in learning mathematics in English. 

 
Figure 6.1 Results of interview with students 

 

Looking at students’ comments in relation to their feelings towards learning 

mathematics in English, there are three main themes that emerged from the data: 

1. Positive feelings  

As can be seen in Figure 6.1, 19 out of 34 students have positive feelings. The 

positive feelings found from the interview data refer to like, happy and enjoy. 

The word ‘like’ is frequently used by the students, 15 students use it to express 

their positive feelings towards learning mathematics in English. Meanwhile, the 

word enjoy and happy are used by three students and one student respectively. 

These are some statements from the students: 

1) I like learning mathematics in English because there is a 

challenge when we solve mathematics problems in English. If 

mathematics is taught in Indonesian, the challenge is only to 

solve the mathematics problem. But if it’s taught in English, we 

learn mathematics and English at the same time, and it’s 

challenging. 
 

2) I like learning mathematics in English. I really like learning 

English so I like anything related to English. 
 

3) Yes, I like learning maths in English… I like it in the same way 

that I love learning English. 
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4) Learning mathematics in English is challenging… than in 

Indonesian. I like it. Some of my friends said it is difficult but 

it’s a challenge for me. 
 

5) I am happy in the class [Maths class] as I can learn English 

vocabulary as well. 
 

6) I enjoy learning maths in English because I want to be good in 

English. 
 

Further analysis reveals three main reasons students have positive feelings 

towards learning mathematics in English: 

1) The most common reason is related to the English skills that can be 

developed through learning mathematics in English (as represented in 

statements number 5 and 6). Nine students argue that learning mathematics in 

English could improve their English proficiency such as developing their 

vocabulary, and improving their speaking ability.  

2) The second reason is related to their interest in learning English as 

represented in statements number 2 and 3 above. Five students said that they 

like learning English or anything related to English hence they also like 

learning mathematics in English. 

3) The third reason is the challenge they faced when learning mathematics in 

English. Three students assumed that learning mathematics in English is 

more challenging than in Indonesian. Meanwhile, one student who is actively 

involved in mathematical Olympiads said he like learning mathematics in 

English because he enjoy the challenge in solving mathematical problems 

even if they are in English.  

The students’ responses within this group do not indicate the existence of anxious 

feeling when learning mathematics in English. Some students enjoy learning 
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mathematics in English because they either like mathematics, like English, or 

they want to improve their English.  

 

2. Neutral feelings  

The students considered as having neutral feelings are those who claim that they 

sometimes like learning mathematics in English but sometimes they do not. This 

means that they have positive and negative feeling towards learning mathematics 

in English. Around a quarter of the interviewees (eight students) have a neutral 

feeling (Figure 6.1). These are some students’ statements: 

1) If I can understand the material and what the teacher said, I 

like it [learning mathematics in English]. But sometime it so 

complicated. I could not understand it at all. It was so 

confusing. I don’t like it. 
 

2) I like it [learning mathematics in English]. But when the 

teacher asked me to solve the word problems in English, I hate 

it because a lot of words that I do not understand.  
 

3) I like when the teacher explains mathematics material in 

English because I can learn a lot of vocabulary. But I don’t 

like to work on mathematics problems because the language 

that used is different and confusing. 

 

Two main points are highlighted from the statements above: 1) the students like 

learning mathematics in English if they can understand the language used and 

vice versa; 2) some students are likely to avoid working on mathematics 

problems; they claim that the language is different and confusing. It seems that 

the students have a problem in understanding and solving mathematical word 

problems in English. The same trends are found when analysing all students’ 

comments in this group. Working with mathematical problems in English remains 

a scary thing for most of the interviewees. Three students feel anxious when 

working with mathematical problems, as in the statements below: 

I feel scared when I could not understand the language of the 

mathematical problems especially in exams. Sometimes I’m 

confused with some terms used. 
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… I’m worried when the teacher ask me to solve mathematical 

problems… sometimes I’m sweating because I cannot understand 

the problems in English. 
 

My heart is beating faster especially in the exam … sometimes I 

forget the meaning of the English words so I can’t understand the 

mathematics problems in the exam. 
 

From the statements above, the students’ anxiety can be identified in the form of 

negative feeling such as “I feel scared” and “I’m worried”, or body responses 

such as “I am sweating” or “My heart is beating faster”. 

 

In regard to the enjoyment aspect, the students’ statements imply that they enjoy 

learning mathematics when they know the language used as in “If I can 

understand the material and what the teacher said, I like it” or when the teacher 

explain the material “I like when the teacher explains mathematics material in 

English because I can learn a lot of vocabulary”. Most of the students have an 

issue with the mathematical language. They feel learning mathematics in English 

is difficult. They feel uncomfortable and lacking in confidence when working 

with mathematical problems or when asked to speak in English.  

 

3. Negative feelings  

This can be identified by the phrases and words ‘do not like’, ‘hate’, ‘difficult’ in 

the interviewees’ statements. Seven interviewees claim that they do not like 

learning mathematics in English, as evidenced in the statements below: 

1) I don’t like learning mathematics in English because I am confused 

with some English words that are used. They are different from the 

English that I learn in my English class. 
 

2) I hate learning mathematics in English because it is difficult to 

understand, especially the mathematical terms. I’m afraid if I cannot 

understand the concepts taught by the teacher, it is very difficult to 

learn mathematics material in English… Indonesian is easier. 
 

3) I don’t like… I’m worried when learning maths in English …  if it’s 

taught in Indonesian I can understand and solve mathematics 
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problems. If it’s in English, there are many mathematics problems 

that I could not understand and solve. I did not know the meaning. 
 

4) Learning mathematics in English is difficult for me… I’m afraid 

when teacher ask me a question and I have to answer it in English. I 

stutter… not enjoy it [mathematics class]. So I can say I don’t like it. 
  

5) It’s difficult… some of the mathematical terms are confusing… my 

heart beating faster in mathematics class. I would prefer to learn 

mathematics in Indonesian, if I could… it [learning mathematics in 

Indonesian] is more enjoyable. 
 

6) Sorry I don’t like it [mathematics in English]. Mathematics is a most 

difficult subject for me… Sometimes I have to read again and again 

the definition of a certain mathematical concept in English. 
 

7) I don’t like mathematics in English. It’s difficult, even if it is taught 

in Indonesian. I found myself struggle when learning new concepts. 

Just recently I got confused with the concept of ratio… the language 

used is too complex. 

 

From the statements above, the main reason students do not like learning 

mathematics in English appears to be the mathematical terms. Five students argue 

that learning mathematics in English is difficult and frustrating (statement 1-5). 

They are confused with the mathematical terms that are used because the terms 

are different from ordinary English or they feel their English is not good enough 

to understand. Two students assume mathematics is a difficult subject as stated in 

the last two statements above. 

 

In regards to the three affective sub-dimensions the students’ statements above 

imply that they feel anxious, uncomfortable and experience difficulties when 

learning mathematics in English. Feeling anxious can be seen from statements 

number 2, 3 and 4. The students use the words ‘afraid’ and ‘worry’ to express 

their anxiety. They feel anxious when they cannot understand the language or 

when they have to answer a question in English. As a result, they feel 

uncomfortable when learning mathematics in English. They claim that learning 

mathematics in Indonesian is easier and more enjoyable (as in statements 2 and 
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5).  Moreover, all of the students’ statements above imply that they have a 

problem with the mathematical language. They argue that learning mathematics 

in English is not easy. The lack of ease of learning mathematics in English is not 

only related to the language but also the mathematics concepts learned as 

represented in statements 1, 6 and 7.  

 

To sum up, the interviews with students about the affective dimension reveal that 

more than half of the interviewees have positive feelings. They assume that learning 

mathematics is challenging yet beneficial for their English skills. However, some 

others who have neutral or negative feelings claim that they have problems with the 

English used in learning mathematics. They assert that the language is difficult, 

particularly the mathematical language or the mathematical terms. They are confused 

and worried about their understanding of language and mathematics comprehension.  

Interviews with the teachers support the findings above as represented in two 

statements:  

When we [teachers] introduced the new material and we explained 

some terms or concepts, the students enjoyed it. But when I asked them 

to solve [mathematics] word problems, they were confused…or afraid 

to try. 
 

When it comes to word problems, they [the students] complain about 

some words that they did not know. They were   afraid and unsure 

whether their understanding of the problems was right or not. 

 

These two statements imply that some students feel anxious when asked to solve 

mathematical problems in English. The students are confused with some words in the 

mathematical problems, and as a result they lack confidence in their understanding of 

the problems.  
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6.3.2 Cognitive dimension (Thinking) 

The cognitive dimension of attitude focuses on the belief about the value of learning 

mathematics in English. In interview, the students were asked about their thoughts in 

relation to the importance of learning mathematics in English. Their responses vary, 

hence these are divided into three themes: positive, neutral and negative.  

 

Positive 

Twenty-five students believe that learning mathematics in English has positive value.  

These are some of their responses:  

1) English is an international language. So if I go to overseas I can 

talk to other people 
 

2) We often have guest teacher from other countries, for example 

Australia. They often teach maths in the classroom. So if we can 

speak English, we can communicate…actively involved in the 

classroom…if they give mathematics problem, we can solve it. 
 

3) It [learning mathematics in English] is important. If we 

participate in students exchange we have to be good in English 

and mathematics as well. And I can socialised with other people 

in the country that I visit or stay 
 

4) Learning mathematics in English is important to prepare our 

future career such as to widen our change to get a good job that 

required English competencies. 
 

5) Learning maths in English is useful for me to improve my 

English skills…I wanna be a teller in international bank, so I have 

to be good in English.   
 

6) Learning mathematics is important for me because I wanna study 

at university abroad so I have to be good in English. 
 

7) It [learning mathematics in English] is important to enter 

favourite senior high school. If we good in mathematics and 

English, we have an extra value. 

 

From the responses above, the students associate the value of learning mathematics in 

English with the value of English. Analysis of all the students’ responses within this 

theme found that all students regard English as an important language. Eleven 
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students believe that English is useful for communication with people from other 

countries (as represented in statements 1, 2 and 3), while, eight believe that having 

good English will help them in their future career (statements 4 and 5).  Seven 

students claim that English is valuable for their future schooling such as pursuing 

study at a university abroad (statement 6) or at a favourite school (statement 7).  

 

Neutral 

Five students claim that learning mathematics in English does not have any 

advantages and disadvantages. These are two examples of their answers: 

In my opinion, learning maths in English is just like learning 

mathematics in Indonesian…maths is abstract. I could not find any 

positive or negative effect of doing maths in English and 

Indonesia…we rarely speak English only when we meet people from 

other country…and so with mathematics, we rarely use it in daily life. 
 

I learn mathematics in English because I go to ISS school where 

mathematics are taught in English…it may be useful for me in the 

future but I haven’t seen it for now…not sure about it…mathematics 

not important in our life…English important to communicate with 

other people so will not left behind.  
 

The two responses above imply that the students are unsure about the value of 

learning mathematics in English. In the first statement, the student is unsure about the 

benefit of learning mathematics and English in daily life hence he is vague about the 

advantage of learning mathematics in English. In the second statement, the student 

states that he cannot find any advantage to learning mathematics now and is unsure 

about the advantage for the future. Moreover, he claims that mathematics is useless 

but English is beneficial for him.   

Negative 

Four students believe that learning mathematics in English is not important. As 

represented in the statements: 
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It is not really important because mathematics is focuses on counting, 

nothing to do with the language that is English. 
 

Learning mathematics in English is not really important because we not 

definitely need English in doing our job in the future, for example, if 

we work in the remote area…most of our country are still isolated, we 

do not need English there. So there is no point to learn mathematics in 

English. 
 

The two statements above implied that learning mathematics in English is not 

essential. The first statement indicates that mathematics and English are two different 

things that cannot be united. The student considers mathematics to be merely about 

numerical operations and skills, whereas English is about language, while, the 

argument in the second statement focuses more on the usefulness of English in future 

careers. The student is uncertain about the usefulness of English for their career 

because they believe that some jobs do not require English competencies particularly 

in rural areas.  

 

Analysis of students’ responses in relation to the cognitive dimension reveal that most 

of participants believe learning mathematics in English is important particularly for 

improving their English skills or to get a good job in the future. On the other hand, 

some participants assume that learning mathematics in English is unnecessary as they 

believe that mathematics and English are unrelated; indeed, they argue that English is 

not really needed in certain kinds of jobs. Meanwhile, some other participants are 

unsure about the advantage of learning mathematics in English. 

 

6.3.3 Behavioural dimension (Overt action) 

This dimension relates to the desire and the willingness to put effort or to learn more 

mathematics in English. The students’ responses can be divided into three themes: 

positive, neutral and negative desire. Around 73% of the interviewees have a positive 
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desire to learn mathematics in English in the next level of schooling, as in the 

following statements: 

1) I would love to learn mathematics in English again because I can 

learn mathematics and improve my English as well. As we know, 

English is important especially if we want to go to the best schools. 
 

2) I plan to go to school where mathematics is taught in English because 

I can improve my knowledge about mathematics and practise my 

English skills…learn new vocabulary. So if we study abroad, we 

could understand the language easier.  
 

3) I want to continue learning mathematics in English. It makes me more 

confident in English. I wanna be fluent in English because it will help 

if I work in a multinational company in the future.  
 

Nineteen students have similar responses to the statements above. Interestingly, their 

reasons to continue learning mathematics in English are mainly related to the value of 

English as an international language, rather than the value of mathematics. Eight 

students assume that learning mathematics through English is useful in improving 

their English skills such as developing vocabulary, speaking and fluency (as 

represented in statements 1 and 2) and the other eight students argue that they want to 

continue learning mathematics in English because they want to be good in English in 

order to get a good job in the future (as in statement 3). Furthermore, seven students 

claim that they want to learn mathematics in English in order to get an extra credit for 

entering a good school.  Four students claim that they want to continue learning 

mathematics in English because the lessons are challenging and interesting: 

Learning mathematics in English is more challenging because we not 

only learn mathematics but also English. It’s difficult for sure but it’s 

more interesting than learn mathematics in Indonesian. 

Learning mathematics in English requires more effort. I have to study 

hard but I enjoy it. I wish I could continue it [learning maths in 

English] in the next years. 
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However, there are four students who do not have any willingness to continue 

learning mathematics in English. They prefer to learn mathematics in Indonesian as it 

is easier than in English. These are examples of these students’ responses: 

If I have a choice, I would prefer to learn mathematics in 

Indonesian…learning mathematics in English makes mathematics 

more difficult. 
 

I go to ISS because my parent ask me to go…I would love to learn 

maths in Indonesian…[because it’s] easier. 
 

The other five students have less desire to continue learning mathematics in English, 

as can be seen in the statements below:  

I like learning maths in English but [it’s] difficult…If I have to learn 

[mathematics] in English is okay. If in Indonesian, it is not a problem for 

me…just go with the flow. 
 

I do not have particular issues either in Indonesian or English. I think both 

have good and bad points…just follow what the curriculum say. 

 

The students who have less desire are considered as a neutral group. They do not 

have a strong desire to continue learning mathematics in English as indicated in “just 

go with the flow” or “just follow what the curriculum say”.  

The interview results in this dimension confirm the reason why they have high or low 

motivation or willingness to learn mathematics in English. The students who have a 

positive desire to learn mathematics believe that doing so in English is challenging 

and beneficial for their futures. This is consistent with the data on the cognitive 

dimension discussed previously. The students who have a negative desire (no desire) 

claim that learning mathematics in English is difficult. Meanwhile, those who have 

less desire (neutral) stay in an unclear position; they “go with the flow”.   

 

6.3.4 Summary of interview data 

Data from the interviews reveal that most of the students have positive attitudes 

towards learning mathematics in English. Students who have positive attitudes assume 
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that learning mathematics in English is challenging but advantageous for their future 

careers. On the other hand, those who have negative and neutral attitudes believe that 

learning mathematics in English is difficult and frustrating as the language used in 

mathematics is different from ordinary English.  

 

In relation to the students’ beliefs and motivation, most students believe that learning 

mathematics in English is beneficial therefore they consider continuing it in the next 

level of schooling. They argue that learning mathematics in English is important to 

improve English skills, to enter good schools or to get a good job in the future. In 

spite of their high motivation and beliefs on the value of learning mathematics in 

English, most of the participants have a problem with understanding mathematical 

language in English. They, therefore, enjoy learning mathematics in Indonesian rather 

than in English.  

 

The interviews also point out the existence of students’ anxiety when learning 

mathematics in English. The anxiety can be found in the form of feeling anxious 

(scared, afraid or worried) and bodily responses (sweating, stuttering or heart beating 

faster).  

 

6.4 Chapter summary  

This chapter has discussed the data from survey and interview in relation to the 

students’ attitudes towards learning mathematics in English. This section summarises 

the survey results in conjunction with the interview results and highlights the 

consistencies, inconsistencies and the interesting findings from both instruments. 

 

In general, survey and interview data found that students have positive attitudes 

towards learning mathematics in English. The survey shows that 69.62% of the 
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participants have positive attitudes, followed by neutral (26.64%) and negative 

attitudes (3.74%). The interview data confirm this finding as more than half of the 

interviewees have positive attitudes towards learning mathematics in English. 

Meanwhile, the neutral and negative attitudes remain in the second and third places 

respectively. 

 

The attitudes in each school follow the same pattern as attitudes in general. Positive 

attitudes remain the highest percentage in each school, followed by neutral and 

negative attitudes respectively. The statistical test shows that the attitudes differences 

in the three schools are not significant. The interview data confirm this finding; most 

of the interviewees in each school have positive attitudes towards learning 

mathematics in English, followed by neutral and negative.   

 

In relation to the level of agreement with the statements in the attitude dimensions, 

both survey and interview results indicate that the cognitive and behavioural 

dimensions have high levels of agreements. This can be seen from the survey data 

that found the mean score of these two dimensions is around four from the maximal 

score of five (strongly agree). This indicates that most of the students had a desire to 

learn mathematics in English and valued the role of learning mathematics in English 

in their lives. Interview data support these findings; more than 70% of the 

interviewees have positive thoughts about the value of learning mathematics in 

English and they are interested in learning mathematics through English in the next 

level of schooling.  

 

In regards to the value of learning mathematics in English, both data from survey and 

interviews indicate that most of the students believe that learning mathematics in 
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English is important. Interestingly, their reasons are mainly related to the benefit of 

English as a universal language rather than the advantage of mathematics itself. They 

argue that learning mathematics in English can improve their English skills hence 

they can get good job or into a good school that mostly require a high proficiency of 

English. These are consistent with the reasons why they have high motivation or 

willingness to learn mathematics in English. They believe that learning mathematics 

in English is challenging yet beneficial for their further schooling and future career.  

 

Despite the lack of information on the questionnaire data about the level of agreement 

in the affective dimension, the interviews reveal that around 56% of the interviewees 

have positive feelings towards learning mathematics in English. They said that they 

like or they enjoy learning mathematics in English, however, the interviews also point 

out the existence of anxiety and obstacles. Most interviewees believe that the 

language used in mathematics is not easy. Therefore, they felt anxious when they 

could not understand the language, particularly when working with mathematical 

problems as illustrated in “…I’m worried when the teacher ask me to solve 

mathematical problems…I cannot understand the problems in English.” The students’ 

anxiety also appears in the form of body responses such as sweating, stuttering or 

heart beating faster.  

 

The statistical tests show that the attitudes tend to be similar between boys and girls; 

monolingual, bilingual and multilingual speakers; and students who learn English 

before pre-school (2-6 years old) or later in the age of schooling (7-13 years old). 

 

Regarding gender differences, the survey data show that boys have slightly higher 

attitude scores than girls. The mean score for boys is 154.48 whereas that of the girls 
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is 152.26, however, the statistical tests show that the mean score differences of 

attitudes towards mathematics between boys and girls is not statistically significant. 

Furthermore, the interviews reveal that boys tend to have more positive attitudes than 

girls because three out of four boys like and enjoy learning mathematics in English. 

This compares to only two out of four girls claiming that they like and enjoy learning 

mathematics in English. Further statistical tests on attitude by gender show that girls 

are less anxious than boys in learning English as a foreign language. On the other 

hand, boys have more enjoyment and motivation than the girls in learning 

mathematics in English.  

 

All the findings discussed in this chapter will be brought together to answer the third 

research question in the next chapter. It will synthesizes and discusses the findings of 

this study in relation to other studies within the same topic. It also discusses the 

limitation of this study, draws conclusions and makes recommendation for future 

research. 
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Chapter 7 : Discussion and Conclusion 

 

7.1 Introduction 

The purpose of this study was to investigate three issues, namely: 1) the code-

switching practices within the mathematics class in which the medium of instruction 

is English, including the languages used, when and why do students code-switching; 

2) the nature of the difficulties faced by students when learning mathematics through 

the medium of English and 3) the students’ attitudes towards mathematics learned 

through the medium of English. The data in this study were collected in three stages: 

1) a survey using a questionnaire; 2) a semi-structured interview and 3) observation. 

The previous three chapters provided the empirical results of this study in detail.  

 

This final chapter reflects and discusses the key findings with regard to the research 

questions of this study and the findings of previous studies. Furthermore, this chapter 

considers limitations of this study and suggests some avenues for further research 

into teaching and learning mathematics through a second or foreign language and 

some recommendations for policy makers in education and mathematics teachers. 

This chapter concludes with a brief summary of this study. 

 

7.2 Discussion 

This section focuses on a synthesised discussion of the main findings of this study by 

highlighting the similarity and differences with previous studies and its contribution 

to the knowledge in this topic. The discussion of the research questions is presented 

in the order in which they were asked and listed under separate headings. 
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7.2.1 Code-switching during mathematics lessons in the ISS 

The first research question in this study is ‘Does code-switching exist in 

mathematics class in the ISS?’ It has three sub questions namely 1) what languages 

are students using? 2) when do they switch the languages? 3) why do they switch the 

languages? These questions were designed to build on gaps from the review of 

previous studies.  

 

The systematic literature review on code-switching in Chapter 2 has identified that 

there is very limited research on code-switching by students when mathematics is 

learned in English as a foreign language for both students and teachers. Most studies 

into this topic were conducted in the context that mathematics is learned in English 

as either a second language or an official language (Setati & Adler, 2001; Setati et 

al., 2002; Moschkovich, 2005; Planas & Setati, 2009; Civil & Planas, 2010). 

Hofmannová, Novotná and Hadj-Moussová (2003) identified the phenomenon of 

code-switching from first language to foreign language (English) by secondary 

school students when learning mathematics in a foreign language in Prague however 

they did not explore further when and why the students switch languages. Therefore, 

this current study aimed to fill this gap. 

7.2.1.1 The existence of code-switching and the language used in the classroom 

According to Myers-Scotton (1993) and Setati (1998), the use of more than one 

language during teaching and learning processes in the classroom indicates the 

existence of code-switching practices. The data from this study have reported that 

teaching and learning mathematics within the classroom are not only conducted in 

English even although it is the language of instruction for mathematics in the ISS. 

Teachers and students used Indonesian (a first language for some students) and 
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Javanese (a first language for most students) along with English as the language of 

instruction. Therefore, it can be concluded that code-switching does exist in 

mathematics classes in the ISS setting. 

 

While previous studies indicate that code-switching is a common practice in the 

mathematics classroom in which the language of instruction is a second or a third 

language for students (Cook, 1991; Benardo, 2002; Setati et al., 2002; Kasule & 

Mapolelo, 2005; Sidhu, 2005; Salehmohamed & Rowland, 2014); the findings of 

this current study provide evidence for the existence of code-switching in teaching 

and learning mathematics through English when English is a foreign language for 

both students and teachers. In short, the current study adds to a growing body of 

evidence which suggests that code-switching occurs when mathematics is learned in 

a non-native language. 

 

7.2.1.2 When students switch the languages 

This study also seeks to answer when students switch languages. It has found that 

students switch languages (English, Indonesian and Javanese) not only in the formal 

academic discussions but also in informal conversations. From the data of this study, 

code-switching practised by the students frequently occurred when the students: 

a. familiarised themselves with new mathematical terms/concepts,  

b. explained mathematical concepts or mathematical terms to their peers,  

c. discussed mathematical problems,  

d. argued ideas when working on mathematical problems,  

e. asked questions or sought explanations from the teachers,  

f. forgot certain words in English,  

g. chatting, joking and mocking with their peers.  
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From the systematic review in Chapter 2, previous studies on code-switching by 

young students (primary and secondary school students) in learning mathematics 

through English as a second language found that students switched languages when: 

a.  working on mathematics tasks (Setati et al., 2002; Moschkovich, 2005; Kee, 

Sam, Meng & Eng, 2009),  

b. asking questions (Setati et al., 2002; Kee, et al., 2009),  

c. interacting with friends (Setati, 2002),  

d. explaining mathematical terms (Vorster, 2008),  

e. establishing discussion (Bose & Choudhury, 2010), 

f. forgetting words or phrases in the middle of conversation (Bose & 

Choudhury, 2010).  

 

As well as the reasons listed above, this study found two more situations when 

students switch languages that have not been found in previous studies. This current 

study indicates that code-switching practised by students when learning mathematics 

in English as a foreign language is mostly similar to those identified in the previous 

studies in learning mathematics through English as a second language. The students 

switch languages in doing complex or advanced mathematical activities and when 

interacting with their friends or teachers. Although these findings are consistent with 

the previous research, the reasons behind the code-switching practices are different 

among students whose English is a second language or a foreign language (as 

discussed below).    
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7.2.1.3 Why students switch the languages 

Previous studies in learning mathematics through English as a second language 

found that students who switch languages are associated with cognitive factors, for 

example, lack of mathematical knowledge (Qi, 1998; Neo & Heng, 2012) and lack of 

English competencies (Setati, 2005; Farsani, 2011). In the context of learning 

mathematics in English as a foreign language, this study found that code-switching 

practices are not only affected by cognitive factors but also affective and social 

factors (Figure 7.1). The cognitive factors, however, seem to be the most common 

reason for the ISS’s students to switch languages. Limited English competency and a 

poor English mathematical vocabulary are the two common reasons found in this 

study. The students argue that switching from English to Indonesian or Javanese 

could help them to understand the learning material better or to communicate 

mathematical ideas more easily. These findings are supported by Merrit, et al. (1992) 

and Setati (2005) who stated that language choice is influenced most by cognitive 

concerns.  

 
 

Figure 7.1 Reasons for students to switch languages 
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Another reason found in this study is associated with affective factors; students 

switch to Indonesian or Javanese because they have more confidence or simply 

because they like it. However, there were no prior studies in the literature review 

which found that affective factors influence code-switching in learning mathematics 

through a foreign language (in this case English). Evidence from studies on foreign 

language learning suggested that students switch languages to feel more confident 

and because it can be more convenient for them (Kern, 1994). As there is no prior 

research to confirm this finding, this appears to affirm the need for future research 

into the affective factors of code-switching practices when learning mathematics 

through a foreign language. 

 

Besides cognitive and affective factors, this study also identified  that social 

environment influences the students to switch languages. They tend to employ 

Indonesian or Javanese particularly when chatting or joking to get closer to other 

peers in a natural manner. They speak Javanese among Javanese students and they 

speak Indonesian with those who cannot speak Javanese. This practice might 

correspond to the notion that language is socially and culturally situated (Vygotsky, 

1978; Moschkovich, 2005) hence the language choices may serve as group 

preferences or social adjustment (Herman, 1961). Another possibility that might also 

affect students switching languages is related to the code-switching practised by their 

teachers. As found in the interview and observation data, the teachers employed 

more than one language in the classroom (English, Indonesian, and Javanese) and 

they allowed the students to use their familiar languages (Indonesian or Javanese) 

during mathematics lessons. These conditions, therefore, could influence students to 

switch languages as Grosjean (1982, 1997) asserts that students tend to switch 
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language if taught by teachers who also switch language. In short, social 

environment such as language spoken by other students and their teachers could 

influence the students to switch languages. 

 

Initially, code-switching was perceived negatively in research. It was considered a 

sign of limited language proficiency in one or both languages (Cheng & Butler, 

1989) and it influenced one or both of the language skills and led to language decay 

(Aitchison, 1991). However, recent studies claim that code-switching should be 

considered positively as a teaching and learning resource rather than as a barrier 

(Arthur, 1994; Khisty, 1995; Adler, 1998; Setati, 1998; Moschkovich, 1999). In this 

study, code-switching practised by ISS students seems to be a useful resource for 

learning and teaching mathematics in English. Particularly, it is beneficial for 

students in the transition process from non-English to full English instruction in 

which English is a foreign language for both students and teachers. It helps students 

to facilitate interaction among students and between students and teachers (as in 

Khisty, 1995; Adler, 1998), and it provides the support needed during learning 

processes while they continue to develop their mathematical knowledge and English 

proficiency (as in Setati et al., 2002).  

 

7.2.1.4 Summary 

To sum up, this study demonstrates that code-switching by students exists in the ISS 

context. The students switch to the first language, either Indonesian or Javanese, in 

both formal academic and informal conversations. These switching practices are not 

only influenced by cognitive (limited English competency or English mathematical 

vocabulary) but also affective (confidence or convenience) and social factors 
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(language switching by peers and teachers). Despite the pros and cons of the code-

switching practices, this study found that code-switching practised by ISS students is 

helpful to facilitate the interaction among students and between students and 

teachers, whilst also developing mathematical competencies and English 

proficiency (Khisty, 1995; Adler, 1998; Setati, et al., 2002).  

 

7.2.2 Obstacles in learning mathematics through English 

The second research question is ‘What is the nature of the difficulties related to 

mathematical language faced by students when learning mathematics in English?’ As 

previous studies suggested that mathematical language is one of the main issues 

when learning mathematics in English for English Language Learners (ELLs) 

(Pimm, 1987; Monaghan, 1991; Orton, 1992; Kazima, 2006, 2008; Rubenstein, 

2007), this current study was designed to identify the obstacles related to the English 

mathematical language learned by grade 7 students in the ISS. Data of this study 

have demonstrated that the ISS students experienced some problems that can be 

divided into three main groups: obstacles related to English mathematical terms, 

mathematical concepts and English language.  

 

7.2.2.1 Obstacles related to English mathematical terms 

The first type of challenge found in this study related to English mathematical terms 

used in mathematical language. Mathematical language has its own characteristics 

that are different from the language used in everyday life (Pimm, 1987). Previous 

research on the ELL’s difficulties related to mathematical language suggested that 

the characteristic differences between mathematical language and everyday language 

contribute to the difficulties faced by students (Fillmore, 1982; Khisty, 1995; Ron, 
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1999; Moschkovich, 2005; Lager, 2006). This study, however, found that students’ 

obstacles were not only due to the characteristic differences between mathematical 

language and everyday language as suggested in the previous studies, but also due to 

the structural linguistics differences between English and Indonesian language. 

 

a. Characteristic differences between mathematical language and everyday 

language 

 

In relation to the characteristic differences between English mathematical language 

and English everyday language, this current study found that most students have 

problems in understanding and using English mathematical vocabulary or terms. In 

particular, the students faced many problems with the terms that have different 

meanings to everyday English, have more than one mathematical meaning or that are 

learned in pairs. 

 

English mathematical vocabulary versus everyday English vocabulary 

This current study indicates that some of the mathematical terms in English do not 

make sense for students, for example, the English term for pecahan biasa is proper 

fraction. The students argued that the English word for pecahan is fraction and biasa 

is ordinary or common therefore the term should be ordinary fraction or common 

fraction. Furthermore, they explained that the word proper translates as tepat not 

biasa. This case is just one illustration that the English words used in mathematical 

language sometimes differ from everyday English as Pimm (1987) suggested that the 

mathematical language used the words more precisely than everyday language hence 

makeing it more challenging, particularly for ELLs. 
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Another issue found in this study related to the interpretation of the English 

mathematical term when it has different meaning to the everyday English. This study 

identified that some students could not interpret some English mathematical terms 

that have a different meaning from their everyday English meaning. Those who 

forgot the mathematical meaning refer to the everyday English meaning. For 

example, some students interpret the term product as an output of factory processes 

instead of a result of multiplication. Similarly, the students refer to the term power as 

energy that is produced by a mechanical or electrical process to operate a device 

rather than as an exponent meaning. 

 

In relation to the wider literature, the findings of this study confirm the findings of 

other studies that suggested mathematical terms that have a different meaning in 

mathematics and in everyday English could contribute to confusion and 

misconception (Thompson & Rubenstein, 2000; Rubenstein, 2007) particularly for 

ELLs (Kazima, 2006). The students come to school with an everyday language yet 

they have to construct their mathematical knowledge using mathematical language 

and English that differ from their everyday language. This is a complex learning 

process for ELLs as it includes understanding, translating and interpreting from 

English and mathematical language to everyday language or vice versa (Cirillo, 

Bruna & Herbel-Eisenmann, 2010; Bernardo & Gaerlan, 2011). However, 

mathematical terms that have a different meaning in mathematics and in everyday 

English are not only a challenge for ELLs but also for native English speakers 

(Pimm, 1987; Monaghan, 1991; Orton, 1992; Kotsopoulos, 2007; Rubenstein, 2007). 

Therefore, these obstacles might not simply be about English competencies since 

native English speakers also face these.  
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English mathematical terms that have multiple meaning in mathematics  

This study points out that many students face difficulties with the mathematical 

terms that have more than one mathematical meaning. For example, the term square 

has two mathematical meanings: square as the name of geometrical object and 

square as the name of an algebraic operation. This study found that most students 

defined the term square as a geometrical object rather than as an algebraic operation. 

This finding is consistent with those found by Rubenstein (2007) that students are 

more familiar with the geometry meaning of the term square. Within the context of 

wider research on mathematical language challenges, mathematical terms that have 

multiple meanings in mathematics are often a challenge for students (Thompson & 

Rubenstein, 2000; Rubenstein, 2007) especially ELLs (Slavit & Ernst-Slavit, 2007; 

Cirillo, Bruna & Herbel-Eisenmann, 2010). A possible explanation found in the 

interview is that the students failed to recognise the context in which such words are 

used. Chapman (2003) argued that interpreting mathematical context requires high 

language competencies. Therefore, the obstacles related to the English mathematical 

terms that have multiple meanings are not only a matter of knowing the meaning of 

the mathematical terms but also interpreting the entire context in which the terms are 

used, which requires high English competency. 

 

English mathematical terms learned in pairs  

This study found that mathematical terms that are learned in pairs was also a source 

of difficulty. Most students use or define these terms the wrong way around, for 

example, numerator-denominator, proper-improper fractions, coefficient-variable, 

base-exponent, and means-extreme. The interview results provide possible 

explanations for this phenomenon. Most students knew the Indonesian terms and the 
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mathematical concepts related to these terms but they forgot the English terms. 

Another possibility is the students did not know both the meaning of these English 

mathematical terms and the mathematical concepts behind these terms. This implies 

that the students have a problem with the language, in this case English, as they 

forgot or did not know the meaning of the English mathematical terms. Therefore, 

English competencies are very crucial here because low English proficiency could 

lead ELLs into a problem in learning mathematics (as in Cocking & Chipman, 1988; 

Mestre, 1988; Abedi & Lord, 2001; Verzosa & Mulligan, 2013). 

 

b. Structural linguistic differences between English and Indonesian language 

In addition to the characteristic differences between mathematical language and 

everyday language as discussed in the previous section, the structural linguistic 

differences between English and Indonesian language also present challenges to 

many students. This study found that the differences in structure between Indonesian 

and English can present a source of confusion. The structure of Indonesian is noun 

followed by adjective meanwhile the English is adjective followed by noun. In 

relation to this difference, some students claimed that some English mathematical 

terms did not make sense for them. For example, students argued that the English 

mathematical term for pecahan biasa should be fraction proper (Indonesian 

structure) instead of proper fraction (English structure). Similarly, students have a 

problem in understanding the term greatest common divisor (GCD) and least 

common multiple (LCM) as the students have to deal with the complexity of its 

meaning due to structural linguistic differences and the complexity of its 

mathematical concept that will discussed in the next section. These findings support 

the results of the previous research on wider context, which found that the linguistic 

differences might contribute to some challenges in the learning process (Wal–
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Pastoor, 2005) particularly in learning mathematics (Fuson & Kuwon, 1991; Miller 

& Stigler, 1987; Cirillo, Bruna & Herbel-Eisenmann, 2010).  

 

The obstacles related to the differences in linguistic structure between the medium of 

instruction (in this case English) and the students’ first language (Indonesian) is an 

area where there is a lack of previous research. Future research should take into 

account linguistic differences as part of investigating students’ obstacles when 

learning mathematics in a non-native language.    

 

To conclude, previous studies about the challenges of the English mathematical 

terms either in the native or non-native English context have demonstrated that 

students faced challenges with mathematical terms which have different meanings to 

everyday English (Pimm, 1987; Monaghan, 1991; Orton, 1992; Kazima, 2006, 

2008), the terms that have more than one mathematical meaning and the terms that 

are learned in pairs but have a distinct meaning (Kane, Byrne & Hater, 1974; 

Thompson & Rubenstein, 2000, 2002; Rubenstein, 2007). Uniquely this study also 

points out the structural linguistic differences as one source of the challenges in 

learning mathematics through English for ISS students. 

 

7.2.2.2 Obstacles related to mathematical concepts  

The second challenge faced by ISS students related to understanding mathematical 

concepts in English. This study found that the students have misconceptions mainly 

related to fraction and factor concepts. For example, the students mixed up the 

concepts of numerator and denominator, or the concepts of least common multiple 

(LCM) and greatest common divisor (GCD).  
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One of the possible explanations for the misconceptions experienced by the ISS 

students is related to the complexity of the mathematical concept itself as suggested 

in the previous studies that fraction is one of the most difficult topics in mathematics 

(Aksu, 1997; Newstead & Murray, 1998; Naiser, Wright & Capraro, 2003). Lack of 

conceptual understanding could lead to misconception as it is a prerequisite for the 

students’ ability to generate and choose appropriate procedures (Rittle-Johnson et al., 

2001; Wong & Evans, 2007). Another example of the  misconceptions due to lack of 

conceptual understanding found in this study is where the students assume that the 

numerator of improper fractions is only determined by the numerator of the fraction 

part without taking into account the whole number. In this case, the students have 

limited understanding of the concept of improper fraction hence they could not 

choose an appropriate procedure to determine the numerator of improper fractions. 

 

Another possible explanation for misconceptions experienced by the ISS students 

relates to limited English skills, for example, misconception in the concept of least 

common multiple (LCM) and greatest common divisor (GCD). Students often 

confused both concepts. The least common multiple (LCM) is the smallest multiple 

although the number may be quite large. Similarly, the greatest common divisor 

(GCD) is the greatest divisor even although the number may be quite small. 

However, the students always associate the LCM with the smaller value and the 

GCD as the greater value. The prior studies noted that this misconception also occurs 

in countries where English is the native language (Leinhardt & Smith, 1985; Bolte, 

1999).  
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To sum up, this study confirms that the ISS students misunderstood several 

mathematical concepts, some of these are also held by native English students. 

Therefore, these misconceptions are not simply a matter of understanding 

mathematical concepts but also involve the linguistics issue that needs to be 

investigated further. 

 

7.2.2.3 Obstacles related to the English language 

The third challenge relates to the language instruction in the classroom, which is 

English. English is a foreign language for ISS students. This study found that the 

students mixed up the mathematical terms within the same topic (such as integer, 

whole number, odd number, even number and prime number) and the terms that are 

learned in pairs such as numerator-denominator, proper fraction-improper fraction, 

coefficient-variable and means-extreme. For example, they knew the terms and 

concepts of numerator and denominator in Indonesian yet used these two terms in 

the wrong way as they forgot the English terms. Some Previous studies point out that 

the English language learners who have limited English proficiency tend to 

experience more difficulties in determining these types of mathematical terms (for 

example Thompson & Rubenstein, 2002; Rubenstein, 2007). 

 

Other examples due to limited English competence are assuming factor similar to 

common factor and denominator similar to common denominator. The students did 

not realise the terms common factor or common denominator as a unity and represent 

one mathematical concept. This finding may be explained by the fact that the word 

common can be translated into Indonesian as biasa which means ordinary or nothing 

special. In fact, the meaning of the word common in these two terms refers to 



 

 

302 

 

belonging to two or more numbers/quantities/groups. As English is a foreign 

language, the students may not be familiar with the precise meaning of the word 

common. This finding confirms that language instruction that is not familiar for 

students contributes to the students’ obstacles (as in Kajander & Lovric, 2009; Wong 

& Evans, 2007). 

 

As English is a foreign language for students, some students were confused with the 

spelling of some mathematical terms that have a similar sound with other English 

words such as sum versus some, for versus four, hundred versus hundredth and four 

versus fourth. Limited English proficiency also caused difficulties in interpreting 

mathematical terms that are, in turn, a combination of some mathematical terms such 

as least common multiple and greatest common divisor. Some students had their own 

perception about these types of mathematical terms apart from the mathematical 

concepts behind them. This study discovered that students interpreted the term least 

common multiple (LCM) as multiplication because they just see the word multiple 

(see the detail on pages 208-209). Similarly, the students assumed that greatest 

common divisor is the same as division. Moreover, the issue about students being 

more familiar with the non-mathematical meaning rather than the mathematical 

meaning is also found in this study such as in the case of the terms power and 

product (see the detail in chapter 5, pages 231-232). This phenomenon was not only 

experienced by the ISS students but also by native English students (Rubenstein, 

2007). 

 

In conclusion, the fact that English is a foreign language for students and rarely used 

in everyday communication raised some challenges. For example, the students mixed 
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up English mathematical terms within the same topics or that are learned in pairs, 

misinterpreted the terms that have precise meaning or have similar sound. 

7.2.2.4 Summary 

The findings that some students experienced difficulties with English mathematical 

terms due to their limited English proficiency aligns reasonably well with the 

literature. For example, Newmann (1977) and Clements (1980) state that English 

language learners with limited English proficiency tend to experience more 

difficulties. The structural and cultural differences might contribute to the language 

difficulties in the classroom (Bishop, 1985; Miller, Kelly & Zhou, 2005; Wal-

Pastoor, 2005). In the case of African countries, low English competencies could 

cause confusion in understanding English mathematical terms and mathematical 

concepts (Bunyi, 1997; Ogechi, 2009; Carnoy & Arends, 2012). In the Asian case, 

Pandian and Ramiah (2004) assert that the English used in mathematics class that 

differs from everyday English might cause problems for some students. Khalid and 

Tengah (2007) noticed that Bruneian students who have limited English proficiency 

faced some problems in understanding teachers’ explanations and solving 

mathematical word problems. Researched in a new context of the ISS, this study 

found that the difficulties related to mathematical language are similar to the findings 

of previous studies. Moreover, the structural differences between English and 

Indonesian make this more challenging for students. To conclude, language in 

mathematics learning contributes significantly to conceptual development (Aiken, 

1972) hence this study suggests that limited English competencies could cause some 

problems such as misconceptions and incorrect interpretation of the mathematical 

terms or mathematical language. 
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7.2.3 Attitudes towards learning mathematics in English 

7.2.3.1 Attitude of the ISS students in general 

The third research question is ‘What kinds of attitude are developed by ISS students 

towards learning mathematics in English?’ This study indicates that the ISS students 

tend to have a positive attitude towards learning mathematics in English. The 

statistical analysis across the demographic information of the respondents shows a 

similar trend. Most of the students tend to have positive attitudes in regard to gender 

differences, the length of the period they spend learning English and the language 

spoken daily. The findings on the attitudes based on demographic information will 

be discussed in the next sections. 

 

In regards to the wider literature, there is very limited research focusing on students’ 

attitudes towards learning mathematics in English as a foreign language. Previous 

research on attitudes toward learning mathematics in English suggested that 

Malaysian students have slightly negative attitudes (Sua, 2007). The result of this 

current study, however, appeared to contradict this previous study. A possible 

explanation for this might be related to the different attitude scale used in these two 

studies. Sua (2007) developed the attitude scale from the scale that was originally 

used to assess attitude towards language (Gardner, 1985) hence the attitudes towards 

subject, in this case mathematics, have not emerged as the main issue. On the other 

hand, this current study adapted and modified the scales that were used in measuring 

attitude towards mathematics (Tapia & Marsh, 2004). Even though my study and 

Sua (2007) investigate the attitude towards mathematics in English, the scale 

employed in these studies are different, it could have an impact on the differences in 

the results. It is also important to note the differences of the role of English in these 
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two countries. English is a foreign language in Indonesia whilst it is a second 

language in Malaysia; this fact may affect the attitudes to a certain degree. 

Therefore, the discrepancy of the findings could be attributed to the differences of 

the attitude scale used in these two studies and the differences of English status in 

these two countries.  

 

Factors influencing the students’ attitudes 

Looking across the questionnaire responses on each attitude dimension, the statistical 

tests show that the attitudes of the ISS students are more affected by the cognitive 

dimension (beliefs about the values) and the behavioural dimension (motivation and 

willingness) than the affective dimension. This study noticed that the ISS students 

have strong beliefs in and high motivation for learning mathematics in English 

because they perceive English plays a crucial role in determining their success in the 

future, such as getting good grades as a prerequisite to entering good schools, to get 

good jobs, and widening their networks. The possible explanation for this might be 

related to the status of English in Indonesian society. English has a prestigious status 

in most Asian countries (Nunan, 2003; Rahman, 2005; Soleimani & Hanafi, 2013; 

Tahanieh & Daana, 2013) including Indonesia (Lamb, 2007). Most Indonesian 

people believe that English is an important language (Lamb, 2007; Lauder, 2008). 

To sum up, in the context of ISS, students’ attitudes towards learning mathematics in 

English are mainly determined by their beliefs about the value of English rather than 

the value of mathematics. 

 

In addition, the interview data point out that the use of mixed languages (code-

switching) is another factor affecting students’ attitudes. The students argued that the 

use of Indonesian, either orally or written in a bilingual textbook, could help them 
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learn mathematics easily and most importantly, it could minimise negative feelings 

such as anxiety, low self-confidence and low motivation. One of the possible 

explanations for this finding might be related to the nature of the participants of this 

study, grade 7, which is a transition from elementary level to secondary level and a 

transition from Indonesian to English medium instruction. This finding is supported 

by previous code-switching studies that suggested the use of mixed languages could 

help students to study mathematics easily and smoothly in the transition from non-

English to full English instruction (Ndayipfukamiye, 1994; Kasule & Mapolelo, 

2005). It would appear that code-switching contributes to the attitude of the students 

as it could reduce their anxiety and increase their self-confidence and motivation.  

 

7.2.3.2 Attitudes towards learning mathematics in English by gender 

The statistical tests on the survey data shows that there is no significant difference of 

attitude between boys and girls towards learning mathematics in English. Even 

though the differences in attitudes are not significant, the boys have a slightly higher 

average score than the girls. The mean score for boys is 154.48 whereas the girls’ is 

152.26. Furthermore, the interviews have revealed that three out of four boys enjoy 

learning mathematics in English. This compares to only two out of four girls who 

claim that they like learning mathematics in English. This implies that there is a 

trend of boys having positive attitudes towards learning mathematics in English. 

 

In relation to the findings of other studies on attitude of ELLs toward learning 

mathematics in English, the finding of this study differs from Sua’s (2007) as he 

suggested that the attitude differences between boys and girls are significant, 

attitudes of the girls being more positive than the boys. Again, this could be 
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attributed to the differences in the role of English between Indonesia and Malaysia 

and the attitude scales used in these two studies (as discussed in the previous 

section). Another possible reason for the variability of the result is the differences in 

the number of the respondents between boys and girls. This study is not designed to 

look at the gender differences, therefore the sample was not designed to have the 

same proportion of boys and girls. The bias related to the sample could lead to a bias 

in the results (Cohen et al., 2007). 

 

Analysing closely the responses of each questionnaire item, the boys and girls differ 

significantly in five items related to anxiety in learning English, enjoyment in 

learning mathematics and willingness to solve mathematical problems. The data 

shows that girls are less anxious than the boys in learning English as a foreign 

language. Some research studies suggest that girls are more expert in learning 

languages – their mother tongue and also foreign languages – than boys because they 

tend to process language activities easier, earlier and faster than boys (Mack et al., 

1996; Kitazawa & Kansaku, 2001; Clements et al., 2006). These differences might 

explain why girls tend to have higher motivation (Kissau, 2006) and hold more 

positive attitudes towards learning languages than boys (Smith & Wilhelm, 2002; 

Kobayashi, 2002; Clements et al., 2006).  

 

On the other hand, data indicates that boys enjoy learning mathematics in English 

more than the girls; and they are more willing to solve mathematical problems than 

the girls. Taking these results all together, it can be concluded that boys have more 

interest and willingness than girls. This fact is fairly consistent with the previous 

studies which state that females are less interested in mathematics and less confident 
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when solving mathematical problems (Linn & Paterson, 1986; Hyde, Fennema & 

Lamon, 1990; Clewell & Campbell, 2002; Amelink, 2009). Some studies on gender 

differences and mathematical performance show that boys perform better than girls, 

particularly in the word problems (Willingham & Cole, 1997), visual spatial skills 

and reasoning (Clewell & Campbell, 2002).  

 

To sum up, this study has suggested that students’ attitudes towards learning 

mathematics in English are not significantly different between boys and girls. 

However, it appears that boys tend to hold more positive attitudes than the girls. 

These results, however, are currently contradictory with other studies that have 

explored this area. Therefore, further studies into this area are needed to determine 

the impact of gender on the students’ attitudes towards learning mathematics in 

English (a non-native language). 

 

7.2.3.3 Attitude by length of time spent in learning English 

Language plays a key role in learning mathematics (Smith & Ennis, 1961; Adetula, 

1990; Ellis, 2003; Riordain & O’Donoghue, 2011). Research in the field of learning 

mathematics in English for ELLs has found that English proficiency has an impact 

on the mathematics achievement of the English language learners (for example Ma 

& Kishor, 1997; Abedi & Lord, 2001; Bernardo & Calleja, 2005; Clarkson, 2007). 

The achievement, indeed, relates to students’ attitudes (Norwich & Jaeger 1989; 

Maqsud & Khalique 1991; Norwich 1994; Skaalvik 1994; Williams, 1994; Jones & 

Smart 1995). Moreover, evidence from language studies suggests that the duration of 

being exposed to English affects the proficiency of the students (Burstall, 1975; Pica 

1983) and proficiency relates to their attitude (Ellis, 1994). Therefore, it can be 
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assumed that the length of time spent learning English could have a certain impact 

on the students’ attitudes towards learning mathematics through English. However, 

there is no literature that reveals the existence of a clear relationship between English 

proficiency and the attitude towards learning mathematics through the medium of 

English. 

 

The data gathered for this study indicate that the length of time spent on learning 

English has less impact on the students’ attitudes. The statistical tests show that there 

are no significant differences in attitudes between the students who have been 

learning English from the kindergarten, primary 1 or even from primary 4 (the first 

time when English is introduced as a school subject according to the national 

curriculum). This result, however, needs to take into account the fact that English is 

a foreign language in Indonesia. As a foreign language, English is rarely used in 

everyday conversation hence the exposure to English is very limited to the school 

context. English is used for very few hours each week as a school subject from 

Primary 4 upward and there are quite limited opportunities to communicate in 

English outside the school. Moreover, the teachers are non-native English speakers. 

Within these conditions, it is quite hard to achieve native or native-like proficiency 

in English (Cenoz, 2003). Therefore, the longer students learn English does not 

necessarily mean that they become more proficient in it.  

 

In short, there is no evidence to suggest that the duration of students learning English 

influences their attitudes towards mathematics learned in English. However, there 

were no prior studies for comparison as none of the studies in the literature review 
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looked at the students’ attitude towards mathematics learned in English and the 

length of learning English. 

 

7.2.3.4 Attitudes by monolingual, bilingual and multilingualism  

The research evidence is overwhelmingly clear that bilingual and multilingual 

students have an advantage in learning another language (for example Williams & 

Hammarberg 1998; Brohy, 2001; Kemp, 2001; Bagturk & Gulmez, 2011), including 

English (Cenoz & Valencia, 1994; Sanz, 1997; Gonzalez, 1998; Muñoz, 2000; 

Sagasta, 2003). The benefits of being bilingual or multilingual could also help to 

learn other subjects conducted in a foreign language because they could acquire the 

language faster (Mohanty, 1994; Klein, 1995; Kemp, 2001; Baker, 2006; Bagturk & 

Gulmez, 2011).  

 

In regards to the relationship between English proficiency groups and attitude, 

previous studies reveal that there are no significant differences in attitude between 

monolingual and bilingual people towards English as an additional language 

(Gonzales-Ardeo, 2003; Lasagabaster & Huguet; 2007). However, there is, to the 

best knowledge of the researcher, no specific study conducted in the relationship 

between language proficiency groups and their attitudes towards mathematics 

learned in English. 

 

As suggested by previous research language plays a vital role as a communication 

tool in learning mathematics and facilitates the transmission of mathematical 

knowledge (Smith & Ennis, 1961; Adetula, 1990; Riordain & O’Donoghue, 2011). 

Therefore, it is important for students to be proficient in the language used in 

mathematics courses and in the mathematical language (Riordain & O’Donoghue, 
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2011). Assuming that multilingualism affects mathematics achievement (Darling-

Hammond, 1995; Bialystok, 2001) and supports language proficiency (Kemp, 2001; 

Bagturk & Gulmez, 2011), and the achievement related to attitudes (Norwich & 

Jaeger 1989; Maqsud & Khalique, 1991; Norwich, 1994; Skaalvik 1994; Williams 

1994; Jones & Smart 1995) multilingualism might, therefore, be related to attitudes 

in certain ways. This study, however, found that there are no significant differences 

(p-value = 0.139) between monolingual, bilingual and multilingual students 

regarding their attitudes towards mathematics learned in English.  

 

Looking across the groups, the multilingual group had the highest attitude score 

followed by the bilingual and monolingual groups. This means that there is a trend 

that multilingual and bilingual students hold more positive attitudes than their 

monolingual peers. A possible explanation for this may lay in the characteristics of 

the sample in regard to the languages that they have mastered. Most of the 

multilingual students and some of the bilingual students use English to some degree 

in everyday conversation outside their school, for example with their parents, 

brothers or sisters. On the contrary, monolingual students do not use English outside 

school; they mostly speak in either the national or local language in everyday life. 

The fact that some multilingual and bilingual students use English outside school 

might affect their attitudes towards learning mathematics through English in a 

certain way as they might experience less difficulty in understanding instructions in 

the classroom than their peers. Another issue to consider is the proportion of the 

sample as this study is not focusing on the issue of language background; thus the 

numbers in each group does not have the same proportion. This might lead to bias in 

the results. 
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7.2.3.5 Summary 

Most of the ISS students hold positive attitudes toward learning mathematics in 

English. There is no significant differences on the students’ attitudes between: 1) 

boys and girls; 2) mono, bi or multilingual speakers; 3) students who have been 

learning English from the kindergarten and primary school. Their attitudes are 

mainly affected by their beliefs about the value of English and the code-switching 

practice in the classroom.  

 

Having completed the discussion of the empirical results, the next sections attempt to 

identify the limitations of this study,  make recommendations for future research and 

finally draw a conclusion to this current study. 

 

7.3 Limitations and recommendations for future research 

There are a number of limitations identified in this study and this section discusses 

these limitations.  

7.3.1 Data collection processes 

Survey and Interview  

Teachers helped to administer the questionnaires. The students might have been 

aware of the presence of the teacher when they filled out the questionnaire and this 

might have influenced students’ responses to some extent. For example, the students 

might have been reluctant to answer statements in the questionnaire negatively in the 

presence of their teachers because they might have been afraid that the teacher would 

see their responses. This happened in one school out of three schools that 

participated in this study. Future research should make sure that the researcher 

administers the questionnaire in order to minimise this factor that could influence 

students’ responses. 
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Similarly, some interviews with students were conducted near teachers’ rooms so the 

students might have thought that the teachers would hear their responses and this 

might have influenced their responses.  For example, they might have tended to 

answer positively when they were asked their attitudes towards learning mathematics 

through English because they might have been shy with the teachers. Therefore, the 

interview process should be conducted in a separate room which is not close to the 

teachers’ room in future research.  

 

Observation 

The observations greatly relied on the observation notes with static-video recording 

as a source of crosschecking. The researcher attempted to have a mobile video 

recorder or use more than one video recording near some groups of students so that it 

could provide detailed information. However, the teachers did not allow this since it 

could have caused some distraction for the students. As a consequence, there could 

be another side of the story that is possibly important for the purposes of this study 

but was not recognised by the observers, such as the details of students’ activities 

and students’ expressions (as part of observations on attitudinal behaviour) and 

conversations among students (as part of observations on code-switching practices).  

 

7.3.2 Sampling 

The participants of this study were students aged 11-13. According to Mayall (2000) 

and Lewis et al. (2004), students in this age range might not have sufficient 

cognitive, and linguistic skills to provide adult interviewers with reliable and valid 

data. In relation to the limitations of this study, the students might not provide 

enough information on the interview questions. For example, when the students 
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claimed that learning mathematics is difficult and the interviewer asked them to 

explain what the difficulties were or why they perceived that, most of the students 

said ‘it is just simply difficult’. When the interviewer gave a probe such as ‘is it 

about mathematical terms?’ the students simply said ‘yes’ without any further 

explanation. To conclude, the students tended to give short answers that might limit 

the findings of this study in describing the exact difficulties they experienced. When 

working with this group of young students, the interviewer should provide many 

possibility probes in order to gain appropriate and adequate information. In the case 

of my study, the researcher also looked at the questionnaire responses to provide 

some probes in the interview processes. For example, when the students said 

mathematical terms are difficult, the interviewer provide examples of the 

mathematical terms they have difficulty with by looking at their questionnaire 

responses and asked their confirmation and further explanations.    

 

This study was conducted in the International Standard Schools (ISS) in Yogyakarta, 

one of Indonesian provinces located in Java Island. The fact that Indonesia has 33 

provinces with large diversity in terms of ethnicity, language, social, economic and 

geographical backgrounds, focusing on one province is obviously not representative 

of the whole population. Different ethnic, language, social, economic and geographic 

backgrounds might have yielded different responses. Students from certain ethnic 

backgrounds might perceive learning mathematics in English differently from 

another ethnicity. The participants of this study might not represent the population 

however the researcher did not have control in selecting the participants as the 

participant selection process was through the bureaucracies that apply in Indonesia 

(as explained in section 3.5). In order to increase the representativeness of the 
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sample, future research should involve participants from different provinces, as well 

as ethnic, language, social, economic and geographic backgrounds.  

  

7.3.3 Demographics information 

The disproportionate demographics sample needs to be emphasised at this point. 

Since the focus of this study was investigating challenges and attitudes in general 

and participation was voluntary, the number of participants in relation to age range, 

gender, ethnicity social, economic, everyday language and English background are 

not of a similar ratio. This might cause a bias in the results of the statistical tests to 

look at the response differences between each group.  

 

In addition to the disproportionate sample, the method of classifying bilingual and 

multilingual speakers also needs to be stressed here. This study has three different 

groups of language speakers: monolingual, bilingual and multilingual speakers. This 

classification was based on self-report language competencies of the participants in 

the questionnaire without taking into account their level of proficiency in each 

language. Therefore, the classification might overlap, for example, some students 

might actually be bilingual rather than multilingual speakers because they can speak 

fluently two languages and only know some words in the third or fourth languages. 

This might affect the analysis process and the interpretation of results particularly 

when looking at the response differences among these groups.  

 

7.3.4 Summary 

There are a number of limitations associated with this study, ranging from 

methodological issues (such as representative sample, nature of the participants, 

disproportionate demographics sample and the issue related to data collection 
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process) to technical issues (such as the use of a static video recorder instead of a 

mobile video recorder). These limitations will lead to a number of recommendations 

for future research that are discussed in the next section.  

 

7.4 Implications 

Three main implications have emerged from this study. The implications relate to 

future research, policy makers and mathematics teachers. 

7.4.1 Implications for future research 

This study cannot be repeated in the ISS context because the ISS does not exist any 

longer. However, there are four avenues for future research arising from the findings 

of this study for the broader context. The first of these is related to the use of the first 

language both orally and written (bilingual textbooks) in the mathematics class with 

English medium instruction in which both students and teachers are non-native 

English speakers, for example in the private international schools in Indonesia or the 

schools in some Asian and African countries that use English as the language of 

instruction. The current study suggests that the use of the first language or the 

language which the students are familiar with could help them in learning 

mathematics in English. This finding supports the findings of previous studies within 

the context of learning mathematics in the non-native language, for example,  Adler 

(1998), Setati and Adler (2001), Jwan and Ogechi (2004), Setati and Barwell (2006) 

and Lan (2008). However, this current study and the previous studies did not 

measure how frequently the first language should be employed in the classroom so 

that the students could improve their English competencies. Further research into this 

area will help to provide a greater understanding of how to develop both 

mathematical and English competencies at the same time so that students can move 

to full English instruction smoothly. 
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The second implication is related to the relationship between code-switching practice 

and attitudes towards mathematics learned in English. This relationship, however, 

needs to be investigated further because there is no previous research supporting this. 

Therefore, this is an avenue for future research to investigate this relationship in a 

more systematic way and in a wider context such as learning mathematics or other 

school subjects in a non-native language other than English. In addition, given the 

contradictory results with previous research, future studies on the students’ attitudes 

toward learning mathematics through English in which English is a foreign language 

for both students and teachers, are needed to provide more evidence.  

 

The third implication is related to misconceptions in mathematics. This current study 

has found some misconceptions, such as the concepts ‘least common multiple’ and 

‘greatest common divisor’ that are held not only by non-native but also by native 

English speakers. The differences between mathematical language and everyday 

English and between Indonesian language and English caused some misconceptions 

found in this study. Future research needs to investigate these complex issues from a 

linguistics point of view with regard to the nature of mathematical language, the 

characteristics of the language instruction in the classroom and the characteristics of 

the students’ first language. In addition, future study to investigate sources of 

misconception is also needed to formulate an effective strategy for introducing such 

mathematical concepts and avoiding misconceptions for both native and non-native 

English speakers.  

 

The last recommendation for future research is raised with a view to filling 

methodological gaps as identified previously in the limitations section (7.4). This 

study used one static video-recorder to observe behavioural attitude however this 
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method could not provide adequate data such as facial expression, body language 

and speaking tone of each students. Therefore, future research should seek a strategy 

so that the use of video-recorder could provide these kinds of data sufficiently, for 

example, by using more than one video-recorder or using a mobile video-recorder. In 

regards to the sample issues, future research should involve participants from 

different ethnic, local language, social, economic and geographic backgrounds in 

order to increase representativeness and help generalisation of the findings. In 

addition, future studies should seek a balance of demographics information in their 

samples in order to reduce bias when looking at the attitude differences between the 

various community groups. 

  

7.4.2 Implications for policymakers 

With the cessation of the ISS programme the Indonesian government is trying to 

formulate new policy while looking for some research evidence on the programme. 

Although we cannot draw general conclusions about the attitude of the population of 

ISS students, an important finding emerging from this study is that of the positive 

attitude towards learning mathematics in English which often relieved the obstacles 

students faced during the learning process. Furthermore, this study suggested that the 

students have high interest and motivation to learn mathematics in English due to 

their belief that English plays a critical role for their future outcomes. Therefore, 

taking into account all these findings, there is potential to have a similar programme 

to the ISS in which mathematics is taught in English.  

 

It is also important to note at this point that there are some issues to think about if the 

Indonesian government plans to have a similar programme to the ISS in the future. 

Considering the obstacles and misconceptions held by the ISS students found in this 
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study, better quality training for mathematics teachers in both mathematical language 

and English ability is needed before they can effectively teach mathematics in 

English so that they can deliver the material effectively in order to minimise the 

obstacles and avoid the possibility of misconceptions. Another issue is the 

availability of textbooks that are reliable and suitable for the Indonesian curriculum 

as this study noted that the reliability, validity and clarity of the textbooks used in the 

ISS were questioned by the students and teachers. In regards to code-switching 

practices, this study also suggested that the use of English as a medium of instruction 

in mathematics class for ELL should be implemented gradually. The use of the first 

language in the transition level (grade 7) is needed and it is very useful for the 

students to move into the full-English instruction. These issues could also be a 

consideration for other countries that have similar programmes to the ISS such as 

Malaysia, Philippines, Thailand and some African countries.  

7.4.3 Implications for mathematics teachers 

Although the ISS programme has been terminated, the findings of this study might 

help mathematics teachers in some private international schools in Indonesia which 

have similar conditions to ISS schools (that is where English is a foreign language 

and both students and teachers are non-native English speakers). In a broader 

context, the findings of this study might also be appropriate for schools in other 

countries which use a foreign language in mathematics class. The findings of this 

study identified three main issues in learning mathematics in English. First, this 

study has suggested that code-switching is useful for students in learning 

mathematics in English, particularly in the transition from non-English instruction to 

English instruction schools. Therefore, the teachers should allow students to use their 

first language in the classroom, for example, when discussing complex mathematical 
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activities or when understanding and familiarising mathematical concepts or terms 

for the first time. 

  

Second, this study has identified several obstacles experienced by students in 

learning mathematics in English. These findings could help mathematics teachers to 

develop effective teaching methods that can reduce the possibility of misconceptions 

and the obstacles. Another suggestion related to the students’ comments about the 

textbook revealed the English used to be confusing. Considering the importance of 

textbooks in learning processes, this study suggests teachers carefully choose 

textbooks that have good quality of both material presented and language employed.    

 

Third, this study has suggested that students’ attitudes towards learning mathematics 

in English is more likely to be influenced by their motivation and beliefs on the 

value of learning mathematics in English. Taking into account the crucial role of 

attitudes in learning processes, mathematics teachers should consider the factors that 

influence students’ attitudes so that they can give sufficient support to the students in 

developing and maintaining their positive attitudes. 

7.4.4 Summary 

A number of implications for future research, policymakers and mathematics 

teachers have been proposed. Future research implications arising from this study 

include investigating further the source of difficulties and misconceptions as well as 

the code-switching practices that could help students to develop both mathematical 

and English competencies. The relationship between code-switching and students’ 

attitudes in this study need to be investigated further in more systematic ways and in 

a wider context. The implications for policymakers relate to the possibility of using 

English as a language instruction in the mathematics class by taking into account the 
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findings of this study. Furthermore, this study points out the importance of code-

switching practices and suggests the factors that influence students’ attitudes when 

learning mathematics in a non-native language. This information would be beneficial 

for mathematics teachers to provide insight into ELLs. Most importantly, this study 

reveals some potential pitfalls particularly related to English mathematical terms and 

mathematical concepts that would help mathematics teachers to understand the 

language issues that might impede the learning process of ELLs. 

 

7.5 Conclusions and final thoughts 

This study aimed to obtain information from students whilst learning mathematics in 

English in the ISS, focusing on code-switching practices, the challenges they faced 

and their attitudes. These three topics are the common issues in the area of learning 

mathematics in a non-native language that build on the gaps from the literature 

review. 

 

This study has revealed the existence of code-switching by students in the ISS 

context as they frequently employed mixed-languages (English, Indonesian and 

Javanese) during mathematics lessons. The students switch languages to maintain the 

communication in both formal academic (discussing mathematical concepts and 

organising approaches to solving mathematical problems) and informal 

conversations (chatting, joking and mocking). However, there is a disagreement on 

code-switching practice in the literature review. Considering the advantages of code-

switching found in this study, it appears to fall in line with the studies which agree 

with code-switching practices.  
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This current study also noticed that the reasons behind switching languages in the 

context of learning mathematics through a foreign language were different from the 

reasons of those who learn mathematics through a second language. The reasons 

were not merely related to cognitive factors (such as limited English skills and 

limited English mathematical vocabulary) as suggested in the previous studies in the 

context of learning mathematics through a second language (Qi, 1998; Setati, 2005; 

Farsani, 2011; Neo & Heng, 2012). Even although cognitive factors seem to be the 

most common reason to switch languages, this study also noticed that affective 

factors (such as preference or convenience) and social factors (such as code-

switching practised by peers or teachers) influence students to switch languages. 

 

In regard to the nature of difficulties particularly related to English mathematical 

terms, this study identified three sources of difficulties, namely the characteristics of 

mathematical terms, the complexity of the mathematical concepts, and English as a 

foreign language. First, the difficulties regarding the characteristics of English 

mathematical terms found in this study confirmed the findings of previous studies 

(for example, Kane, Byrne & Hater, 1974; Thompson & Rubenstein, 2000, 2002; 

Rubenstein, 2007; and Kazima, 2008, 2006). Most students have an issue with the 

mathematical terms that have a different meaning in everyday English, have more 

than one mathematical meaning or share meaning with other subjects. Second, the 

students had some problems in understanding mathematical concepts presented in 

English, which led to misconceptions, particularly concepts in the topics of fractions 

and factors. Interestingly, some misconceptions found in this study are also 

experienced by native English speakers, for example misconceptions about the ‘least 

common multiple’ and the ‘greatest common divisor’. Third, the fact that English is 

a foreign language for students to some extent contributes to the difficulties 
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experienced by the ISS students. The interview were found that the problems in 

understanding mathematical terms and concepts were due to limited English 

proficiency and linguistic structure differences between the Indonesian language and 

English. These findings are in line with previous findings in the context of learning 

mathematics in a second language, where most challenges are caused by limited 

English skills (Newmann, 1977; Clements, 1980; Bunyi, 1997; Khalid & Tengah, 

2007; Ogechi, 2009; Carnoy & Arends, 2012) or linguistic differences (Miller & 

Stigler, 1987; Miur, King, Chang & Okamoto, 1988; Fuson & Kuwon, 1991). 

 

In relation to the attitudes towards learning mathematics in English, the ISS students 

have positive attitudes. They tend to hold similar attitudes regardless of their gender, 

how many languages they speak (language acquisitions) and how long they have 

been learning English.  

 

Their attitudes are mainly affected by their beliefs about the value of English. They 

argue that learning mathematics through English could enhance their English skills 

that are important for their future. Furthermore, the use of the first language has an 

impact on their attitude as it helped to reduce their anxiety and build their confidence 

in the transition process. In comparison to other studies in the literature review, this 

is the first study (to the best knowledge of the researcher) that investigates students’ 

attitudes from a mathematics and linguistic viewpoint therefore there are no 

comparative findings from other studies.  

 

Taken together, the results of this study suggest that despite their obstacles in 

understanding the mathematical concepts and the language of instruction, the ISS 

students have positive attitudes towards learning mathematics in English. Students’ 
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positive attitudes are influenced mostly by their beliefs about the value of English 

and the code-switching process. These findings imply that the students’ beliefs about 

the value of English and the use of the first language play an important role in 

learning mathematics through English in which: 1) students are English language 

learners (ELL) hence they have to learn mathematics and the language of instruction 

at the same time; 2) the teachers are ELL; 3) the students are in transition from non-

English instruction to English instruction class; 4) English is considered as a foreign 

language which is rarely used in everyday conversation. In the broader context, the 

findings support the idea that beliefs play an important role in mathematics education 

(Schoenfeld, 1985; McLeod, 1992; Malmivuori, 2001; and McLeod & McLeod, 

2002) as well as the code-switching practices (Arthur, 1994; Khisty, 1995; Adler, 

1998; Setati, 1998; Moschkovich, 1999).  

 

Although the sample of students involved in this study is relatively small from which 

to draw general conclusions about all Indonesian learners at seventh grade of the 

ISS, the author feels that the findings reported here present an honest description of 

the situation that exists in Indonesia and are worthy of further exploration. This 

study offers insights into the area of teaching and learning mathematics through a 

foreign language (in this case English) such as: 1) the usefulness of code-switching 

practices (mixing the first language and the foreign language) in the classroom; 2) 

the need to take into account the linguistic differences between mathematical 

language, English and the language spoken daily; 3) the existence of a high degree of 

difficulty faced by the students; and 4) students’ attitudes towards learning 

mathematics in English from two viewpoints (mathematics education and 

linguistics). 
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Appendices 
 

Appendix A: The questionnaire to identify difficulties with 

mathematical terms 
 

Purpose of the questionnaire 

On the following pages is a list of questions related to mathematical terms in English 

that you might be familiar with. These questions are developed to identify 

mathematical terms in English that you might find difficult to deal with. 
 

Confidentiality 

The responses that you provide for this are confidential. Only the researcher will have 

access to the completed questionnaires. Your name will not be attached to any of the 

material which you complete.  
  
 

 

 

 
 

1. What is your gender? 

              Male                            Female 
 

2. Which Elementary school did you graduate from? ______________________ 
 

3. How long have you been learning English? ______________________ 
 

4. What language do you use in everyday life? (you may tick more than one box) 

                Bahasa Indonesia 

                Bahasa Jawa  

                English 

                Mandarin 

                Other, please specify ____________________ 
 

5. Have you ever visited another country?           Yes               No 

If yes: 

Which country did you visit?  _____________________  

How long did you stay there? _____________________ 
 

6. Have you ever gone to school in another country?             Yes          No    

If yes: 

How long did you go to the school in that country?  ________________ 
 

Other Information  
 

Language(s) you often use in mathematics class: (you may tick more than one box) 

          English                                                  Javanese 

          Indonesian                                            Other (please specify) ………………….. 

 

Mathematics book/s you have: (you may tick more than one box) 

          Written in English                                 Written in English & Indonesia (bilingual) 

          Written in Indonesian                           Other (please specify) ………………….. 

Section I 

This section relates to demographic information about you. Please tick (√) the appropriate box. 

All answers will remain strictly confidential. Please answer ALL questions 
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A. Fill in the blanks with appropriate 

answers 
 

1. Give two examples of: 

 

Improper fraction 

 

c. ………….. 

d. ………….. 
 

 

Proper fraction 

 

e. ………….. 

f. ………….. 
 

 

2. Complete the table below: 

Fraction Numerator Denominator 

7

4

 
…………. ………….. 

9

7

 
…………. ………….. 

9
74  …………. ………….. 

 

3. The common denominator of 
4

3
 and 

7

4
 is 

………………………………………….. 
 

4. List the factors and common factors (if they 

exist) of 24 and 36 

…………………………………………………

……………………………………… 

5. The least common multiple (LCM) and the 

greatest common divisor (GCD) of  
26xy and 

yx24 is  

LCM:……………………………………… 

        ………………………………………. 

GCD:……………………………………… 

        ………………………………………. 

B. Choose one or more appropriate 

answers 
 

6. The answer we get by adding  numbers 

together is called 

a. Sum 

b. Some 

c. Sam  

7. We can write three hundredth as  

a. 300 

b. 
100

3
  

c. 3000 
 

8. A quarter has the same meaning as 

a. One for 

b. One four 

c. One fourth 
 

9. Greatest common divisor is also called 

a. Greatest common denominator 

b. Greatest common factor 

c. Greatest common fraction 
 

10. We can read  the symbol ‘≤’ as  

a. less than or equal to 

b. greater than or equal to 

c. not greater than 
 

11. The other name of the identity element is 

a. Zero element 

b. One element 

c. Neutral element 
 

12. Another name for a gradient is  

a. Lope 

b. Slope  

c. Slant 

 

C. Fill in the blank with the mathematical terms provided in the box  

1. In the term 5p, 5 is called ….……. whereas p is called …..…… 

2. In the expression
85 , 5 is called ………………. and 8 is called …….…… 

3. Consider the proportion a : b = c : d; b and c are called ………..whereas a and d are 

called ….……. 

 Base   Coefficient   Extreme   Exponent 

Factor   Means    Numerator   Variable 

Section II 

This section relates to difficulties with mathematical terms. Please answer each question 

individually. All answers will remain strictly confidential.   
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Fill in the blanks with appropriate answers (either in Bahasa Indonesia or 

English) 

1. a. Power is energy divided by time, one horsepower is equal to 3.3 x 10
4
 foot-pounds 

per minute.  

b. In the term 10
4
, 4 is called power of 10.  

Considering the sentences above, do both uses of the words ‘power’ have the same 

meaning? 

If not, please specify the meaning of each ‘power’ 

a…………………………………………………………………………………. 

b…………………………………………………………………………………. 

2. a. Some milk products like ice cream and cheese made from whole milk are high in fat.   

b. The product of 5 multiplied by 3 is 15  

Considering the sentences above, do both uses of the words ‘product’ have the same 

meaning? 

If not, please specify the meaning of each ‘product’ 

a.……………………………………………………………………………… 

b.……………………………………………………………………………… 
 

3. The area of a square is the square of its side length. 

Considering the sentences above, do both uses of the words ‘square’ have the same 

meaning? 

If not, please specify the meaning of each ‘square’ 

1st…………………………………………………………………………… 

 2nd………………………………………………………………………….. 

D. Match the same meaning of the mathematical terms on the left and the right 

statement 
1. Integer   

2. Even number 

3. Odd number 

4. Prime number 

5. Product 

6. Difference 

7. Associative 

8. Commutative 

9. Addition 

10. Subtraction 

11. Division   

12. Substitution  

13. Binomial   

14. Trinomial 

15. Root   

16. Ratio  

17. Greater than or equal 

to 

18. The identity element 

(…….) 

(…….) 

(…….) 

(…….) 

(…….) 

(…….) 

(…….) 

(…….) 

(…….) 

(…….) 

(…….) 

(…….) 

(…….) 

(…….) 

(…….) 

(…….) 

(…….) 

 

(…….) 

 

 

a. a + b 

b. c – d 

c. 3y +1 

d. 5p + 2q-2 

e. m x n = n x m 

f. (p x q) x r = p x (q x r) 

g. (p + q) x r = (p x r) + (q x r) 

h. 
y

x
 

i. 24   

j. not less than 

k. not greater than 

l. the answer when we multiply two numbers 

m. the answer when we subtract two numbers 

n. the substitute for the variable so that an equation is true 

o. the quotient of two numbers or quantities (for example, a and b) 

giving their relative size, written as a : b 

p. the replacement of a term in an equation with another which is 

known to have the same value 

q. if a number is multiplied by this, then the result is the number itself 

r. a whole number that can be either more or less than zero or equal 

to zero 

s. a number that can be divided by 2 to give a whole number 

t. a number that only has two factors, itself and 1 

u. a number that cannot be divided exactly by 2 to give whole number 
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Appendix B: The questionnaire to identify students’ attitude 

 

 

Angket ini berisi pernyataan-pernyataan sikap tentang belajar matematika dalam 

bahasa Inggris. Jawaban dari angket ini akan terjaga kerahasiaanya, jadi silahkan 

dijawab sesuai dengan keadaan kalian.  

 

Petunjuk: 

1. Baca setiap pernyataan secara teliti. 

2. Jawablah sesuai dengan perasaan atau pendapat Anda dengan memberi tanda 

centang (√) pada kolom yang telah disediakan dengan mengacu pada pedoman 

berikut:  

STS : Sangat tidak setuju (Strongly disagree) 

TS   : Tidak setuju (Disagree) 

N     : Netral (Neutral) 

S      : Setuju (Agree) 

SS   : Sangat setuju (Strongly agree) 

 

3. Tidak ada jawaban benar atau salah dalam pengisian angket ini. 

4. Jawaban Anda tidak akan mempengaruhi pada nilai akademik Anda. 
 

 

No Statements STS TS N S SS 

1 Learning English usually makes me feel uncomfortable and 

nervous  

     

2 Studying English is important because it will allow me to 

meet and converse with more and varied people  

     

3 I really like learning English      

4 I would like to learn as much English as possible      

5 Studying English is important because it will be useful in 

getting a good job and support my career  

     

6 I get nervous when learning English      

7 Mathematics is a very worthwhile and necessary subject      

8 Mathematics is one of my most dreaded subjects       

9 I really like mathematics      

10 I plan to take as much mathematics as I can during my 

education 

     

11 Mathematics is important in everyday life       

12 Mathematics is dull and boring      

13 I think studying mathematics in English is useful      

14 I get a great deal of satisfaction out of solving a 

mathematics problem in English 

     

15 Learning mathematics in English is difficult because my 

English is not good 
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16 I get confused with several mathematics terms in English      

17 My mind goes blank and I am unable to think clearly when 

working with mathematics problems in English 

     

18 Studying mathematics in English makes me feel 

uncomfortable 

     

19 I am always under a terrible strain in a mathematics class 

when it is taught in English 

     

20 It makes me nervous to even think about having to do a 

mathematics problem in English 

     

21 Learning mathematics in English does not scare me at all      

22 A strong background of mathematics in English could help 

me in my professional life. 

     

23 It is important for me to know mathematics terms in 

English in order to master mathematics concepts  

     

24 I learn mathematics in English easily      

25 I have usually enjoyed studying mathematics in English      

26 Learning mathematics in English is boring.      

27 I am comfortable answering questions in English in 

mathematics class 

     

28 I am happier in a mathematics class than in any other class      

29 Studying mathematics in English will broaden my 

opportunity to get a job 

     

30 Learning mathematics in English is important as it will 

helps me to discuss mathematics in an international context 

     

31 I really like learning mathematics in English      

32 When a mathematics problem comes up that I cannot solve 

right away, I stick with it until I find the solution 

     

33 I can understand mathematics terms in English easily      

34 I would like to know as many mathematical terms in 

English as possible 

     

35 I get confused reading mathematical symbols in English      

36 I get nervous when I speak English in class      

37 It worries me that other students in my class seem to speak 

English better than I do 

     

38 I enjoy learning mathematics in Bahasa Indonesia rather 

than in English 

     

39 I am sure I can get good grades in mathematics taught in 

English 

     

40 I really like learning mathematical words/terms in English       

41 I plan to learn mathematics in English as much as possible       

42 Learning mathematical language in English is a waste of 

time  

     

43 When I graduate from this school, I won’t continue to study 

mathematics in English 
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Appendix C: The observation schedule 
 

Date  : ______________ 

Topic  : ______________ 

Observer : ______________ 
 

Language in Classroom: …………………………………………………………….. 

Language shifts  

(code-switching) 

Yes No Details 

Teacher   What kind of language(s): 

Students   What kind of language(s): 

 

Book/s Used in Classroom:  

English Indonesian Bilingual Other ………………… 

    
 

Students ask questions 

Language Detail 

E / BI/Jv  

E / BI/Jv  

E / BI/Jv  

E / BI/Jv  

E / BI/Jv  

E: English              BI: Bahasa Indonesia                Jv: Javanese language 

Students Answer Questions 

Language Detail 

E / BI/Jv  

E / BI/Jv  

E / BI/Jv  

E / BI/Jv  

E / BI/Jv  
 

Working on mathematical problems 
Language Detail 

E / BI/Jv  

E / BI/Jv  

E / BI/Jv  

E / BI/Jv  

E / BI/Jv  
 

Code-switching in other occasions: 

 

 

 

Mathematics Term/s challenges: 
Mathematical Terms Detail 

No The term The language 

1  E / BI/Jv  

2  E / BI/Jv  

3  E / BI/Jv  

4  E / BI/Jv  

5  E / BI/Jv  
 

Other obstacles: 

 

 
 

Teaching-learning scenario:  
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Appendix D: The interview schedules 

Interview Schedule with teachers 

 

Interview questions Potential probes 

1. Can you tell me what language do you use in the classroom?  

 

Do you use English most of the time in the classroom? 

Do you use Indonesian as well? 

How often do you do that? 

Why do you think you should do that?  

2. Can you tell me what languages do your students use in the 

classroom?  

 

Do the students use English most of the time? 

Do they use Indonesian as well?  

Do they use other languages? What are they? 

When they use Indonesian or other languages?  

Do you know why they do that? 

3. Do the students sometime ask you to use Indonesian in 

explaining the material? 

Can you tell me when they asked you to do so?  

How often they do that? 

Do you know why they do that? 

4. Do you think students could understand the material easily in 

English? 

If the answer only “Yes” or “No”:  

Why do you think like that? 

5. Do you think the students have any difficulties in 

understanding English mathematical terms? 

If yes:  

- Can you give me examples of the mathematical terms which are challenging 

for students? 

6. From your observation, do you think the students are interested 

in learning mathematics in English?  

Are there any exception students? 

In your opinion, why they are like that? 

7. Can you tell me about the students’ attitudes towards learning 

mathematics in general? 

Are they favourable or unfavourable? 
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Interview with teachers: The potential of interview questions address the issues in research question 

No item Aspect Issues in Research Questions 

1, 2, 3 Existence of code switching  The process of learning mathematical concepts in 

English 2, 3 Why and when code switching 

4, 5 English mathematical terms 

challenges 

The nature of difficulties on English mathematical 

terms when learning mathematics in English 

6, 7 Students’ attitudes Attitudes towards learning mathematics in English 
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Interviews schedule with students 

 

Interview questions Potential probes 

1. Can you tell me what language do you use in mathematics class?  Do you use Indonesian as well?  

Do you use other languages? What are they? 

Which language do you use the most? 

2. Can you tell me why do you use Indonesian and/or other 

languages along with English? 

 

3. Can you tell me when do you use English? Can you tell me your reasons? 

4. Can you tell me when do you use Indonesian and/or other 

languages? 

Can you tell me your reasons? 

5. Which one do you prefer, learning mathematics in English or in 

Indonesian? 

Can you tell me your reasons? 

6. Can you tell me about your feelings when learning mathematics 

in English? 

Do you enjoy that? 

Do you fell scared? 

7. Are you interested in learning mathematics in English? Can you tell me your reasons? 

8. Do you think learning mathematics in English is important? Can you tell me your reasons? 

9. Do you find it difficult to understand English mathematical 

terms? 

If yes:  

- 1. Can you give me examples of the terms? 

- 2. Can you tell me why you feel they are difficult?  

10. Do you have any (other) particular issues when learning 

mathematics in English? 

Can you tell me what are they? 

 

11. Do you still want to continue learning mathematics in English? Can you tell me your reasons? 
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Interview with students: The potential of interview questions address the issues in research question 

No item Aspect Issues in Research Questions 

1 Existence of code switching The process of code switching in the classroom  

2, 3, 4, 5 Why 

3, 4 When 

9, 10 English mathematical terms The nature of difficulties when learning mathematics 

in English 

6, 7 Affective (Feeling) Attitudes towards learning mathematics in English 

8 Cognitive (Thinking & beliefs) 

11 Behaviour (Behave) 
 

Note: the difficulties with English mathematical terms were also investigated by exploring each of students’ response on the questionnaire. 
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Appendix E: The summary result of normality test 

 Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

Quest1 .215 213 .000 .890 213 .000 

Quest2 .249 213 .000 .766 213 .000 

Quest3 .248 213 .000 .859 213 .000 

Quest4 .250 213 .000 .847 213 .000 

Quest5 .289 213 .000 .718 213 .000 

Quest6 .271 213 .000 .734 213 .000 

Quest7 .275 213 .000 .711 213 .000 

Quest8 .244 213 .000 .868 213 .000 

Quest9 .263 213 .000 .851 213 .000 

Quest10 .209 213 .000 .868 213 .000 

Quest11 .284 213 .000 .796 213 .000 

Quest12 .228 213 .000 .868 213 .000 

Quest13 .288 213 .000 .738 213 .000 

Quest14 .242 213 .000 .812 213 .000 

Quest15 .231 213 .000 .893 213 .000 

Quest16 .257 213 .000 .857 213 .000 

Quest17 .235 213 .000 .881 213 .000 

Quest18 .238 213 .000 .869 213 .000 

Quest19 .225 213 .000 .865 213 .000 

Quest20 .241 213 .000 .875 213 .000 

Quest21 .303 213 .000 .850 213 .000 

Quest22 .268 213 .000 .817 213 .000 

Quest23 .268 213 .000 .804 213 .000 

Quest24 .311 213 .000 .833 213 .000 

Quest25 .314 213 .000 .822 213 .000 

Quest26 .230 213 .000 .867 213 .000 

Quest27 .360 213 .000 .778 213 .000 

Quest28 .320 213 .000 .814 213 .000 

Quest29 .271 213 .000 .826 213 .000 

Quest30 .258 213 .000 .815 213 .000 

Quest31 .331 213 .000 .810 213 .000 

Quest32 .260 213 .000 .856 213 .000 

Quest33 .322 213 .000 .814 213 .000 

Quest34 .231 213 .000 .850 213 .000 

Quest35 .268 213 .000 .869 213 .000 

Quest36 .256 213 .000 .888 213 .000 

Quest37 .232 213 .000 .887 213 .000 

Quest38 .200 213 .000 .864 213 .000 

Quest39 .226 213 .000 .861 213 .000 

Quest40 .355 213 .000 .777 213 .000 

Quest41 .243 213 .000 .863 213 .000 

Quest42 .270 213 .000 .808 213 .000 

Quest43 .272 213 .000 .787 213 .000 
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Appendix F: The results of analysis on gender and responses on     

each item 
 

Item 

number 

Mann-

Whitney U 

Wilcoxon 

W 
Z 

Asymp. 

Sig. (2-

tailed) 

Q1 4806.5 13062.5 -1.658 0.097 

Q2 5303.5 9044.5 -0.495 0.621 

Q3 5180 8921 -0.786 0.432 

Q4 4117 7858 -3.344 0.001 

Q5 5271.5 9012.5 -0.582 0.561 

Q6 4723.5 8464.5 -1.949 0.05 

Q7 5049.5 13177.5 -1.027 0.305 

Q8 4861 13117 -1.523 0.128 

Q9 4600.5 12856.5 -2.19 0.069 

Q10 5131 8872 -0.891 0.373 

Q11 4520 12776 -2.414 0.106 

Q12 5031.5 13287.5 -1.125 0.261 

Q13 5323 13579 -0.457 0.648 

Q14 5136 13392 -0.881 0.378 

Q15 5191 8932 -0.75 0.453 

Q16 5231 13487 -0.666 0.505 

Q17 5434.5 13690.5 -0.168 0.867 

Q18 5191 13447 -0.756 0.45 

Q19 5479.5 9220.5 -0.059 0.953 

Q20 5303 13559 -0.485 0.628 

Q21 4843 13099 -1.659 0.097 

Q22 5159.5 13415.5 -0.833 0.405 

Q23 5483 9224 -0.051 0.959 

Q24 5003.5 13259.5 -1.277 0.202 

Q25 4698.5 12954.5 -2.07 0.038 

Q26 4659 12915 -2.044 0.041 

Q27 5198.5 13454.5 -0.824 0.41 

Q28 5182 13438 -0.841 0.4 

Q29 5185.5 13441.5 -0.777 0.437 

Q30 5085 13341 -1.014 0.311 

Q31 4330 12586 -3.078 0.002 

Q32 4528.5 12784.5 -2.356 0.018 

Q33 5006.5 13262.5 -1.302 0.193 

Q34 5396 9137 -0.258 0.796 

Q35 5369 13625 -0.333 0.739 

Q36 5232 13488 -0.658 0.511 

Q37 4712.5 12968.5 -1.902 0.057 

Q38 5496 13752 -0.019 0.985 

Q39 5476 13732 -0.067 0.947 

Q40 5500.5 9241.5 -0.009 0.992 

Q41 5439.5 13695.5 -0.155 0.876 

Q42 5099.5 8840.5 -0.98 0.327 

Q43 5171 13427 -0.809 0.418 
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Appendix G: Example of coding 

Transcript and coding of the interviews with students 

 

Interview questions 
Code 

Level 1 Level 2 Level 3 

1. Can you tell me what language do you use in 

mathematics class?  

In the ISS School we are encouraged to use 

English when learning mathematics in the 

classroom, so I use English but sometimes I 

use Indonesian. 

ECS 2L EI 

2. Can you tell me why do you use Indonesian 

and/or other languages along with English? 

Many [mathematical] terms are different from 

everyday English. It’s confusing. Sometimes I 

forget the terms so I use Indonesian to 

understand that.  

WhyCS Cog LEML 

3. Can you tell me when do you use English? 

It’s hard to use English mostly when greeting 

or ask question to teacher. 

WhenCS Forml Interact 

4. Can you tell me when do you use Indonesian 

and/or other languages? 

When working with friends, I can enjoy 

discussing, arguing or explaining 

mathematical stuff in Indonesian because I do 

not need to think what the English term for 

this, what the English term for that…but [this 

is not happen] when I have to use English [in 

the discussion]…it is terrible. 

 

 

WhenCS 

 

 

WhyCS 

 

 

Forml 

 

 

Aff 

 

 

Matprob 

 

 

Covn 

5. Which one do you prefer, learning 

mathematics in English or in Indonesian? 

Erm, both but I would prefer learning in 

English even although it is hard and my 

English is not good so I mixed it with 

Indonesian…[prefer English] because English 

is important language.  

WhyCS 

 

T 

Cog 

 

T+ 

LES 

 

Important 

6. Can you tell me about your feelings when 

learning mathematics in English? 

I like learning mathematics in English because 

there is a challenge when we solve 

mathematics problems in English. If 

mathematics is taught in Indonesian, the 

challenge is only to solve the mathematics 

problem. But if it’s taught in English, we learn 

F F+ Like 
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mathematics and English at the same time, and 

it’s challenging. 

7. Are you interested in learning mathematics in 

English?  

Yes, Learning mathematics in English is more 

challenging but I enjoy it because we not only 

learn mathematics but also English.  

F F+ Enjoy 

8. Do you think learning mathematics in English 

is important? 

Yes, It [learning mathematics in English] is 

important. If we participate in students 

exchange we have to be good in English and 

mathematics as well. And I can socialised with 

other people in the country that I visit or stay. 

T T+ Important 

9. Do you find it difficult to understand English 

mathematical terms? 

Yes, sometimes it is hard for me to remember 

mathematical terms because they are different 

from English that I learned in English class…. 

such as denominator and erm many more  

Obs Mterm C3 

10. Do you have any (other) particular issues 

when learning mathematics in English? 

Erm…I am not good in English so sometimes 

it is hard for me learning mathematics in 

English but I will try my best  

Obs LES  

11. Do you still want to continue learning 

mathematics in English? 

I want to continue learning mathematics in 

English. It makes me more confident in 

English. I wanna be fluent in English because 

it will help if I work in a multinational 

company in the future. 

B B+ Willing 
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Appendix H: Ethics approval 

 

 


