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ABSTRACT 

  

Mathematics beliefs play an important role in enhancing the quality and the 

effectiveness of teaching and learning. This study analyzes the mathematics 

beliefs of 317 pre-service teachers from six Higher Education Institutions 

(HEIs) (Government Public Universities) who were randomly selected to 

participate in this study. Questionnaires consisting of twenty three items were 

given to the respondents during the data collection process. The validation of 

the items was done by using confirmatory factor analysis (CFA). In order to 

obtain a model fit for the measurement model of mathematics beliefs, several fit 

index tests such as CMINDF, GFI, AGFI, IFI, NFI, CFI, TLI and RMSEA were 

used. Constructivist beliefs and traditional beliefs were identified as the 

contributing factors in the model. The analysis also revealed that mathematics 

beliefs  consist of structures of two hidden variables. The correlation  between 

the two variables (constructivist beliefs and traditional beliefs) is at a moderate 

level. Hence, pre-service teachers should be able to recognize their type of 

mathematics beliefs in order to become  effective mathematics teachers. 

Keywords: pre-service teachers, mathematics beliefs, confirmatory factor 

analysis (CFA), structural equation modeling (SEM) 
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Mathematics Beliefs  

 

Research on teachers' beliefs and goals as well as research on teachers' practices is 

common. But in recent years,  research on the relationship between teachers' beliefs in 

practice has been an important issue in mathematics education (Goldin, Rösken. & 

Törner, 2009; Pehkonen, 2004). Marzita (2003) also states that teachers bring with 

them a variety of beliefs about mathematics based on their teaching and learning 

experiences. Hence, knowledge and beliefs held by teachers influence their practices 

and behavior in the classroom (Barkatsas & Malone, 2005; Beswick, 2007; Fuson,  

Kalchman & Bransford, 2005). Understanding the beliefs of pre-service teachers is 

also of paramount importance in mathematics education in order to develop and 

implement an effective teacher education program (Barlow & Reddish, 2006).  

There are many opinions regarding the number of factors pertaining to 

mathematics beliefs. According to Effandi et al. (2009), Barkatsas and Malone (2005), 

Howard, Perry and Lindsay (1997), Bernardo (2002), Rosemarievic (2005), Jeongyeon 

(2009) and Thompson (1992), there are two factors. On the other hand, according to 

Yu (2008), Ernest (1991), Malmivouri (2001), Dionne (1984), Torner and Grigutsch 

(1994), Op’t Eynde, De Corte and Verschaffel  (1999), Op’t Eynde De Corte and 

Verschaffel (2002) and Siti Mistima and Effandi (2010), there are three factors 

pertaining to mathematics beliefs but Van der Sandt (2007) suggested that there are 

four factors regarding mathematics beliefs. This study uses only constructivist and 

traditional beliefs as the two factors pertaining to  mathematics beliefs.    

The constructivist beliefs factor focuses on student centred approaches in the 

mathematics teaching and learning processes. It emphasises students’ active 

participation in the process of acquiring knowledge and stresses the importance of 

understanding mathematics concepts. Traditional beliefs, on the other hand, emphasise 

that mathematics is a subject that involves mostly factual formulas, rules and 

procedures. Students are required to memorise the formulas, symbols, rules and their 

computational steps. Due to its importance, research regarding mathematics beliefs 

should be included as an important issue in mathematics education.  

Research that has been conducted locally or internationally regarding 

mathematics beliefs shows that many teachers especially mathematics teachers are still 

using the traditional approaches and techniques that were used by their teachers as a 

benchmark. This is supported by several researchers who claim that most novice 

teachers teach the way they were taught. For example, if mathematics learning was 

through the process of memorization and teaching was based on many rules then this 

belief will be handed on to their students so that the emphasis is on memorizing rather 

than understanding actual mathematical concepts. These beliefs if  not managed early 

will be disseminated to their students. This may lead to encouraging teachers to only 

teach mathematical procedures.   
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In Malaysia, a lot of research regarding mathematics beliefs has been 

conducted using  quantitative mathematics beliefs instruments.  (Maizan, 2010; Siti 

Mistima & Effandi, 2010) or  qualitative ones (Roslina, 2007; Marzita, 2005; Cheah, 

2001). All this research uses available mathematics beliefs instruments or revised 

versions. Effandi et al. (2009) have taken an initiative to develop a mathematics beliefs 

instrument especially for pre-service teachers in Malaysia. However, this analysis of 

the instrument is  limited to testing exploratory factor analysis (EFA). Hence, this 

study will use a similar instrument developed by Effandi et al. (2009) but its testing 

and validation will extend to conducting confirmatory factor analysis (CFA) for 

mathematics beliefs of pre-service teachers. 

 

Methodology  

 

A total of 317 pre-service mathematics teachers from six public universities were 

chosen as respondents  using stratified random sampling. The research involved 

respondents who are pre-service teachers in their third and fourth year from six HEIs 

that offer mathematics education programs. The number of respondents and their 

institution, gender and race is shown in Table 1. There  are 24 (7.6 %) from Universiti 

Malaya (UM), 33 (10.3 %) from Universiti Putra Malaysia (UPM), 26 (8.2 %) from 

Universiti Sains Malaysia (USM), 20 (6.3 %) from Universiti Teknologi Malaysia 

(UTM), 29 (9.1 %) from Universiti Kebangsaan Malaysia (UKM) and 185 (58.4 %) 

from Universiti Pendidikan Sultan Idris (UPSI). Of these, 60 (18.9%) are males, and  

257 (81.1%), are females. Of the respondents, 261 (82.3 %) are Malays, 43 (13.6%) 

Chinese, 6 (1.9%) Indian and 7 (2.2 %) Bumiputra Sabah/Sarawak (please refer to 

Table 1). 
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Table 1 Respondents’ Profile 

Type N Factor Frequency Percentage (%) 

Gender 317 Male 60 18.9 

Female 257 81.1 

Race 317 Malay 261 82.3 

Chinese  43 13.6 

Indian 6 1.9 

  Bumiputera 

Sabah/Sarawak 

7 2.2 

IPTA 317 UM 24 7.6 

UPM 33 10.4 

USM 26 8.2 

UTM 20 6.3 

UKM 29 9.1 

UPSI 185 58.4 

  

These teachers were given a questionnaire, Mathematics Beliefs 

Questionnaire, (MBQ) which consisted of 22 items on mathematics beliefs. The 

questions were adapted from Effandi et al. (2009). The number of items for each of the 

mathematics beliefs components in this study is shown in Table 2. The questions were 

distributed to 83 pre-service teachers to determine the reliability of the questions. It 

was found that alpha Cronbach value of the overall questions was 0.793. The reliability 

values  of each construct ranged from 0.58 to 0.832. The value 0.58 was considered 

low (below 0.60); however, this value increased when the researcher conducted the 

confirmatory factor analysis. 

 

Table 2  Number of item per component in mathematics beliefs 

Component of mathematics beliefs Number of item 

Constructivist beliefs 15 

Traditional beliefs  7 
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Results  

 
The study used confirmatory factor analysis to validate the underlying hypothesized 

factor structure of MBQ. The items of MBQ were represented by measured or 

observed variables. The data were analyzed using SPSS 16.0 and AMOS 16.0. A 

confirmatory factor analysis were used to validate the measurement model of 

mathematics beliefs with two factors that include constructivist beliefs (fifteen items) 

(Figure 1) and traditional beliefs (seven items) (Figure 2).   

At the beginning  of the analysis, seven of the items ( a22, a10, a16, a19, a6, a2 

and a39) from constructivist beliefs and three of the items ( a3, a35 and a13) from 

traditional beliefs were omitted since their factor loading value was lower  than 0.33. 

Fit index tests like Absolute Fit Measure (GFI, AGFI), Incremental Fit Measure (NFI, 

TLI, IFI and CFI) and Parsimonious Fit Measure (CMIN/df) (Byrne, 2010; Hair et al., 

2006; Hair et al., 2010) were used to test  for the model fit which is obtained when all 

conditions of fit index are fulfilled. Non significant Chi-Square (
2 
) values  and higher 

values (> 0.90) on GFI, CFI, AGFI, IFI, TLI and NFI indicate acceptable fit and Root 

Mean Square Error of Approximation (RMSEA) value should be less than 0.08 (Byrne, 

2010; Hair, Black, Babin, Anderson, & Tatham, 2006; Hair, Anderson, Tatham,  & 

Black, 2010).  

It was found that the value of CMIN/df is 1.243 and all the values of GFI, CFI, 

AGFI, IFI and TLI are greater than 0.90. The value of RMSEA is 0.028 which is 

smaller than 0.08 as desired. These values indicate that the model has an acceptable fit. 

Figure 3 shows the measurement model of mathematics beliefs with two 

structures. Each observed variable is represented by a box that has an acceptable 

significant factor loading. Based on confirmation factor analysis (CFA), the    

CMIN/df = 1.430, the RMSEA is 0.037, which is lower than 0.08 for the fit model. Fit 

indices GFI, AGFI, IFI, TLI and CFI greater than 0.9 but the value for the NFI index is 

lower than 0.9. Hence the correspondence is a weak model (Figure 3). However, there 

is a correlation between hidden variables and observed variables. Hence, it is clear that 

we have to modify the model (Byrne, 2001; Byrne, 2010). 
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Figure 1 The finalized measurement model of constructivist beliefs of pre-service 

teachers 

 

 

                                                                         

 

 

 

 

 

 

 

 

Figure 2 The final measurement model of traditional beliefs of pre-service 

teachers 
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    Figure 3 The first measurement model of mathematics beliefs of pre-service 

teachers 

 

To modify the first measurement model of mathematics beliefs, the variables 

that had a very weak correlation value were  removed from the model. The regression 

coefficient gives a low value. Although there is no correlation,  the model does not fit 

despite the CMIN / DF and the fit indices  GFI, CFI, AGFI, TLI and IFI being greater 

than 0.9, and the NFI is still less than 0.90, and the value of RMSEA is 0.037, which is 

lower than the 0.08 for the fit model. To modify the second measurement model of 

mathematics beliefs, researchers refer to the value of modification indexes (MI) which 

is given by AMOS. The MI has to do with adding arrows in the model: high MI’s flag 

missing arrows which might be added to a model. In this study, the arrow is connecting 

e1 to e15 in the constructivist beliefs. Analysis of these modifications give the     

CMIN/DF = 1.243; fit indices GFI, AGFI, CFI and TLI greater than 0.90, and the 

value of RMSEA is 0.028 (Figure 4). 
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Figure 4 The final measurement model of the mathematics beliefs of pre-service 

teachers 

 
Discussion 
 

The measurement model of mathematics beliefs in this study is limited to constructivist 

beliefs and traditional beliefs.  Based on the fit index test values of CMINDF, GFI, 

CFI, AGFI, IFI, TLI and NFI, and RMSEA, the confirmatory factor analysis shows 

that model is an acceptable fit. Hence, the measurement model of mathematics beliefs 

in this study consists of two hidden variables:  constructivist beliefs and traditional 

beliefs. 

The analysis showed that the hidden variable mathematics beliefs of these two 

structures support the mathematical model presented by  Barkatsas and Malone (2005), 

Bernardo (2002), Effandi et al. (2009), Jeongyeon (2009), Howard et al. (1997) and 

Thompson (1992). However, this finding is not consistent with beliefs in the 
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mathematical model presented by Ernest (1991), Dionne (1984), Malmivouri (2001), 

Op’t Eynde et al. (1999), Op’t Eynde et al. (2002), Siti Mistima and Effandi  (2010), 

Torner and Grigutsch (1994) and Yu (2008) which produced three main factors for 

mathematics beliefs. Van der Sandt (2007) also presents the mathematics beliefs of 

four major factors that measure the beliefs about the nature of mathematics, learning 

mathematics, teaching mathematics and beliefs about the students of mathematics.  

 

Conclusion 

 

Without proper mathematics beliefs, teachers may face difficulty in teaching  

successfully (Marzita, 2005). This study aimed to investigate the mathematics beliefs 

of mathematics pre-service teachers in Malaysia. Mathematics beliefs held by pre-

service teachers are an important aspect that needs to be studied. Therefore, further 

detailed research looking into mathematics pre-service teachers beliefs need to be 

conducted in order to understand the short and long term effects on their classroom 

practices. Some considerations in validating the measurement as well as testing the 

question in a different context of study are proposed for future study.  This may lead to  

upgrading the quality of mathematics teaching. 
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