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Abstract: Many authors in education have presented several models to illustrate the causal 
relationships of affective variables on student achievement through providing theoretical models, using 
exploratory structural equation models (SEM), and confirmatory SEM. This article attempts to 
compare and analyse the differences between two models of students' achievements in mathematics 
using sample data collected from 406 students in secondary schools in Libya (175 male and 231 
female). Fifty seven students were in first grade, one hundred and eighty students were in second 
grade, and one hundred and sixty nine students were in third grade from the secondary schools. 
Students were asked to respond to a 5-point Likert scale on a questionnaire containing 50 items and 
demographic information. This article uses structural equation modelling with AMOS 18 to investigate 
the direct and indirect effects between the variables utilized in the current study and to compare the 
model fit for both models. The SEM analysis reveals that there are some differences in model fit 
between the two models utilized in the current study. 
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INTRODUCTION 

 
The main goal of educational systems is to detect preferred behaviours in students. The important aspect of 

these behaviours is the academic performance of the students achieved in the classroom. Policy makers give a 
high priority for education in many countries and mathematics is one of the major subjects. Factors influencing 
student achievement in mathematics have been studied by many researchers (Bos & Kuiper, 1999; Kaur, 2002; 
Leung, 2002) and many various educational institutions, and this topic has appeared at the fore in the 
international studies such as the Third International Mathematics and Science Study (TIMSS) and the Program 
for International Student Assessment (PISA). Other than international studies TIMSS and PISA, the factors 
influencing student achievement have been studied by educational researchers as well. These researchers have 
determined that there are several different factors such as student personal attitudes towards mathematics (Bos 
& Kuiper, 1999; Chepete, 2008; Ghagar, Othman, & Mohammadpour, 2011; Nasser & Birenbaum, 2005; 
Webster, 2002), teachers attribution and school environmental such as anxiety (Al-Agili et al., 2012; Bos & 
Kuiper, 1999; Chepete, 2008; Ghagar et al., 2011; R. Lewis & Aiken, 1970; Nasser & Birenbaum, 2005; Wong, 
1992, 1992), instructional quality (e.g. Bos & Kuiper, 1999; Chepete, 2008; Ghagar, et al., 2011; Papanastasiou, 
2002; Webster, 2002), curriculum quality (e.g.Ghagar, et al., 2011), motivation and self-concept (Lewis & R. 
Aiken, 1976; Wong, 1992),  students beliefs and attitudes toward mathematics (Lazim et al., 2004; McLeod, 
1992; Papanastasiou, 2002), (Al-Agili, et al., 2012; Bos & Kuiper, 1999; Nasser & Birenbaum, 2005; Webster, 
2002), classroom climate (Bos & Kuiper, 1999; Ghagar, et al., 2011; Sungur & Senler, 2010), success 
attribution (Bos & Kuiper, 1999; Webster, 2002) and others. Furthermore, according to Adeogun and Osifila 
(2008), there is also a significant  impact from inadequate educational resources on the academic performance of 
students. Adeogun and Osifila (2008) also highlighted that teachers and teaching methods are the most 
important factors influencing student achievement. Another factor that has been proved empirically to be affect 
students achievement in mathematics is their home background such the educational background of the parents, 
the occupation of the parents,  and residential size and family (Bos & Kuiper, 1999; Chepete, 2008; Ghagar et 
al., 2011; Kiamanesh & Mohsenpour, 2010; Wong, 1992), students’ gender (Bos & Kuiper, 1999; Nasser & 
Birenbaum, 2005; Webster, 2002). Additionally, the school quality such as class size safety at school, the school 
environment also affects the  achievement of the students, (Bos & Kuiper, 1999; Chepete, 2008; Esther Duflo et 
al., 2007; Ghagar et al., 2011; Kiamanesh & Mohsenpour, 2010; Papanastasiou, 2002) . 
 
Models In Mathematics Achievement: 

Previous efforts to demonstrate the disparity in achievement in mathematics usually apply correlational 
designs with a limited number of relevant constructs, which is inadequate to demonstrate or study the effects of 
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direct and indirect influences on learning outcomes in general, and the achievement of mathematics in 
particular. Advanced statistical techniques such as structural equation modelling (SEM) have been utilized in 
recent research to model the achievement of the students especially in mathematics (e.g.Bos & Kuiper, 1999; 
Ghagar et al., 2011; Papanastasiou, 2002). Most of the educational models accentuate mainly two types of 
variables: the environment variables and variables related to the learner (Leder, 1992). Environmental variables 
are those related to teachers and teaching, parents, and society in general. The variables related to the learner 
consist of confidence, attribution of success and abidance (Vanayan et al., 1997).  Many authors have 
constructed educational models in general and particularly in mathematics achievement. 

Ghagar et al. (2011) presented a model adapted from Oakes (1986) as the input, process and output 
(IPO) model. Model inputs or exogenous variables contain financial and other resources. The processes 
of the model or mediator contain curriculum quality, teaching quality, instructional quality.  Its outputs 
or endogenous variables contain mathematics achievement, participation dropout, and attitudes.  

Fig. 1 shows the comprehensive Model of an Education System presented by (Ghagar et al., 2011). 
The attitudes of students concerning the value of learning can be considered as an input or output 

variable (Gibbons et al., 1997) along with other resources, Teacher quality, school quality, and Student 
background. 

 
 
Fig. 1: Comprehensive Model of an Education System (Ghagar et al., 2011) 

 
Bos and Kuiper (1999) designed their model  from Creemers (1994) conceptual framework for 

education at the classroom level.  Creemers classified his model into four levels:  country level, school level, 
classroom level, and student level. Bos and Kuiper (1999) selected the potentially influencing factors on student 
achievement in mathematics such as: homework; teaching style (student oriented teaching style and teacher 
centered teaching style); school climate; students’ gender; maternal expectation; success attribution; and home 
educational background as exogenous variables, and used  class climate and students’ attitude towards 
mathematics as mediator variables. The hypothesized structural model of Bos and Kuiper (1999) is presented in  

Fig. 2. 

 
 
Fig. 2: Hypothesized structural model by Bos and Kuiper (1999)  
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Nasser and Birenbaum (2005) presented a structural model of the relationships among gender, beliefs about 

mathematics, mathematics self-efficacy, attitudes toward mathematics, mathematics anxiety, and achievement in 
mathematics examined for two groups, Jewish and Arab eighth-grade students. The hypothesized structural 
model of Nasser and Birenbaum is presented in  

Fig. 3. 
 

 
 
Fig. 3: Structural model of mathematics achievement (Nasser and  Birenbaum, 2005) 

 
Papanastasiou (2002) have constructed a model of the mathematics outcomes process. The model contained 

two exogenous constructs which are the family educational background and the reinforcement; and five 
endogenous constructs which are socioeconomic status, student attitudes, teaching, school climate, and beliefs. 
The hypothesized structural model of Papanastasiou is presented in Error! Reference source not found.  

 

 
 
Fig. 4: Model of mathematics outcomes process Papanastasiou (2002) 

 
Wong (1992) studied the relationship among affective variables such as (general and academic self-concept, 

attitudes towards mathematics and mathematics anxiety) and mathematics achievement for students. Wong 
performed a path analysis using affective factors as a predictor of mathematics achievement. 
 
Researchers Proposed Model:  

The researchers in this current study have developed an interesting structural model based on the previous 
models in order to study the factors that affect students' achievement in mathematics in Libyan secondary 
schools. 

In the researchers structural model of the relationships among the various students factors include (students 
attitude towards mathematics, students beliefs about mathematics, math anxiety, students success attribution, 
school climate, class climate, self concept, curriculum, customs and traditions),  instructional quality  includes 
(teaching methods and strategy learning processes), and achievement in mathematics was examined for the 
Libyan secondary school students. The proposed structural model in  

Fig. 5 was formalized based on the relationships derived from the literature review as described in the 
earlier sections. 

In this structural model, students’ achievement is considered as the ultimate dependent or ultimate 
endogenous construct. It is thought to be affected directly and indirectly by the other constructs; students 
attitude towards mathematics, students beliefs about mathematics, math anxiety, students success attribution, 
school climate, class climate, self concept, curriculum, customs and traditions. The indirect effects of the 
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students’ attitude towards mathematics, curriculum, school climate, and class climate, on students’ achievement 
are contingent upon instructional quality processes which affect the students’ achievement directly. 

 
 
Fig. 5: Researchers proposed model of mathematics achievement of Libyan students 

 
Also students’ success attribution, customs and traditions, and self concept affect indirectly the students’ 

achievement through the students’ attitude towards mathematics which thought affect students’ achievement 
indirectly via math anxiety. The total effect on students’ achievement is comprised of both direct and indirect 
effects. Instructional quality processes are regarded as the mediating endogenous constructs, and play the role of 
the dependent variable in their relationships. These constructs also intervene between the exogenous constructs 
and the ultimate endogenous construct. On the other hand, the exogenous constructs of this study includes 
students’ attitude towards mathematics, students beliefs about mathematics, math anxiety, students’ success 
attribution, school safety, class climate, self concept, curriculum, and customs and traditions. Students’ attitudes 
towards mathematics and math anxiety are considered as endogenous constructs as well. These constructs 
explain the instructional quality, and students’ achievements. 

From a review of the previous models, there are some models that are similar to the researchers proposed 
model as shown  

Fig. 5. In the current study one of the previous models is chosen that is similar to the proposed model for 
comparison. This is the model by Bos and Kuiper (1999) which itself was developed from the conceptual 
framework by Creemers (1994) for education at the classroom level to compare this model with the proposal 
model. 

The main difference between the model by Bos and Kuiper and the researchers proposed model lies in the 
selection of exogenous variables and mediator variables. Bos and Kuiper (1999) selected the potentially 
influencing factors based on student mathematics factors such as: homework; instructional quality or teaching 
style (student orientated teaching style and teacher centred teaching style); school climate; student gender; 
maternal expectations; success attribution; and home educational background as exogenous variables, and used 
class climate and student attitude towards mathematics as mediator variables, while the researchers have 
selected in their proposal model the potentially influencing factors on student mathematics as student factors 
such as student attitude towards mathematics, student beliefs about mathematics, mathematics anxiety, student 
success attribution, school climate, class climate, self concept, curriculum, customs and traditions, as exogenous 
variables, whereas instructional quality was used as a mediator variable. The student achievement is considered 
as the ultimate dependent or ultimate endogenous construct in both models. The results of the study by Bos and 
Kuiper concluded that some factors in their model such as homework, assessment, effective learning time, and 
co-operative learning do not indicate significant direct or indirect relations with achievement in mathematics, so 
these factors were excluded from the model in the current study. 
 
Models Testing: 
Sample: 

To compare these two models the researchers used sample data consisting of a total of 406 students from 14 
Libyan secondary schools. The sample was slightly unbalanced by gender, with males at 43.1 % and females at 
56.9 %. Fifty seven students were in the first grade, one hundred and eighty students were in the second grade, 
and a hundred and sixty nine students were from the third grade. Some 58.4 % of these students aged from 16-
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17 years, 36.2 % from 18-19 years, and just 5.4 % were less than 16 years old. The education level of 
approximately half of the fathers of the students is up to secondary school, 31.3 % have a bachelor degree, 
almost 4.9 % have a master or PhD certificate, and the remainder less than high school. About 30.3 % of the 
fathers of the students have an administrative job, 24.9 % have handicraft based jobs, 20.4 % of the fathers are 
businessmen, and about 15.8 % are teachers or lecturers in schools or universities, and the remainders of them 
are unemployed or retired. The qualification of 40.9 % of the mothers of the students is up to secondary school 
level, and 19.5 % have a bachelor degree, 18.2 % less than high school, just 1 % of the mothers have a master or 
PhD certificate, and the remainders of the mothers are unenlightened. About 32 % of the mothers are of the 
students are teachers or lecturers in schools or universities, almost 15.5 % have an administrative job, and about 
10.3 % are businesswomen, 8.9 % have handicraft based jobs, and the remainder of them are housewives. The 
average number of students in the classroom is between 16 to 25 students per class. 
 
Instrument: 

The respondents were given questionnaires which requested demographic information together with 50 
questionnaire items to include 50 items. These items consisted of attitude questions (4 items), questions about 
beliefs (5 items) which were adapted from (Lazim et al., 2004), mathematics anxiety questions (5 items), 
student success attribution questions (4 items), school climate questions (6 items), class climate questions (3 
items), self concept questions (5 items), curriculum questions (4 items), customs and traditions questions (3 
items), and questions about teaching and strategy learning processes (11 items). 
 
Data Analysis: 

Data was analyzed using structural equation modeling (SEM) with AMOS 18, through the adoption of the 
maximum likelihood estimations to investigate the direct and indirect effects was analysed using structural 
equation modelling (SEM) with AMOS 18, through the adoption of the maximum likelihood estimations to 
investigate the direct and indirect effects between the variables utilized in the current study and to compare the 
fit for both models. The structural equation model (SEM) is an extensively used statistical approach. It is a 
combination of two types of multivariate techniques: factor analysis and multiple regression analysis (Byrne, 
1998; Hair et al., 2010). The concept of using SEM is to show causal relations among the variables, as SEM is 
used and is adequate if the researcher is examining causal relationships or intending to link observed indicators 
to unmeasured causes or attempting to evaluate whether the overall sufficiency of both models to be compared 
tends to fit the collected data. SEM can also be represented by a series of equations similar to a multiple 
regression equations (Hair et al., 2010). The process of structural equation modelling can be described in five 
steps (Bollen & Long, 1993). These steps are: specification of the model, identification of the model, model 
estimation, testing model fit, and re-specification of the model or model modification. SEM specifically, is 
based on several statistical tests to determine the sufficiency of model fit to the data, such Comparative Fit Index 
(CFI), Goodness-of-Fit (GFI), Adjusted Goodness-of-Fit (AGFI), Normed Fit Index (NFI), Non-Normed Fit 
Index (NNFI), Incremental Fit Index (ILI), Standardised Root Mean Square Residual (SRMR), and Root mean 
Square Error of Approximation (RMSEA). According to Kline (2005) and Hair et al. ( 2010) reporting the chi-
square value and degrees of freedom, the CFI or ILI, and the RMSEA to estimate the fit of a model.  

In order to measure the goodness-of fit of the model, statistical measurements  such as the chi-square test, 
the relative chi-square (CMINDF) = (chi-square/degree of freedom), Comparative Fit Index (CFI), and Root 
Mean Square of Error Approximation (RMSEA) were employed. In this article, the relative chi-square 
(CMINDF) must be between 1 and 5. For the same reason, the CFI value must exceed 0.90 while the RMSEA 
must be lower than 0.06 to indicate an acceptable fit to the data (Hair et al., 2010). 
Competing Models Strategy:  

A competing models strategy is based on comparing the proposed model given in Figure 6 with alternative 
models through a comparison model in general, to determine if no better-fitting model exists. The strongest test 
of an estimated model is to specify and test competing models that are really different, but are extremely 
reasonable, hypothesized structural relationships. This approach is especially relevant in SEM, because the 
model can show only an acceptable fit of the data, but an acceptable fit alone does not ensure that another model 
will not fit better or have the same quality.  
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Fig. 6: Researcher model 

When comparing these models, a researcher will be closer to testing competing theories, which is much 
more powerful than just testing one model in isolation. Comparing models can be achieved by assessing 
differences of fit indices values for each model. 
 
Comparison Of Model Efficiency: 

In this study, the SEM was conducted to prove whether there were direct or indirect effects of predictor 
variables of both models presented above on predicted variable mathematics achievement among the Libyan 
students in secondary schools. In order to examine the suitability and compare the two models, some fit indices 
such as chi-square test, the relative chi-square (CMINDF), Comparative Fit Index (CFI), and Root Mean Square 
of Error Approximation (RMSEA) were employed.  

 
 
Fig. 7: Bos and Kuiper’s model 
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To compare these two models, the researchers applied the collected data first on the model by Bos and 
Kuiper as given in  

Fig. 7 and the result of Goodness-of-fit indices as shown in  
Secondly the researchers applied the collected data on the proposed model as presented in Figure 10 and the 

result of the Goodness-of-fit indices as shown in Table 3. The   was 1518.435, CFI = .958, and RMSEA = 
.033. 
 

Table 3. The  was 1359.934, CFI = .889, and RMSEA = .060. In this model, SEM was performed to prove 
whether there were indirect effects of the teaching style and school climate on mathematics achievement via 
class climate among the Libyan students in secondary schools. Also whether there were indirect effects of 
students’ background, and students’ gender and success attribution on mathematics achievement via students’ 
attitudes, and whether there were direct effects of class size and background on mathematics achievement. 

 
 
Fig. 8: Initial SEM model for Bos and Kuiper’s model 

 
The results of the SEM analysis are illustrated in  
Fig. 8, there are some paths that are insignificant (  > 0. 05) such as teaching style which had an 

insignificant positive direct effect on class climate (β= .14, p = .088) and class climate had an insignificant 
negative direct effect on the mathematics achievement (β= -.03, p= .503), thus class climate is not a mediator 
variable between teaching style and school climate and mathematics achievement. Students’ attitude is a 
mediator variable between success attribution and mathematics achievement. 

Success attribution had a significant positive direct effect on students’ attitude (β= .24, p < .001), and 
students’ attitude had a significant positive direct effect on the mathematics achievement (β= .44, p< .001). On 
other hand Students’ attitude is not a mediator variable between students’ background and mathematics 
achievement, while it directly affected mathematics achievement (β= .24, p< .001). 

The factors students’ attitude, background, class size, and class climate in the model explains %29 of the 
increase in students’ achievement. The direct, indirect and total effects between the variables in the model are 
given in Table 1. 

When the insignificant paths are deleted, what remains is the final model for Bos and Kuiper as presented in 
Figure 9. As can be noted from Figure 9, teaching style does not affect the mediator variable class climate and 
the mediator variable class climate does not affect the predicted variable mathematics achievement. So the class 
climate construct does not serve as a mediator variable between the predictor variables instructional quality and 
the predicted variable mathematics achievement. 
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Table 1: Direct, Indirect and Total effects between the variables in the Initial model by Bos and Kuiper 
Independent  Variable Dependent Variable Direct Effect Indirect Effect Total Effect 
teaching style mathematics achievement .000 -.005 -.005 

class climate .144 .000 .144 
students’ attitude .000 .000 .000 

school climate mathematics achievement .000 -.005 -.005 
class climate .157 .000 .157 
students’ attitude .000 .000 .000 

class climate mathematics achievement -.033 .000 -.033 
class climate .000 .000 .000 
students’ attitude .000 .000 .000 

students’ attitudes mathematics achievement .437 .000 .437 
class climate .000 .000 .000 

students’ attitude .000 .000 .000 

success attribution mathematics achievement .000 .105 .105 
class climate .000 .000 .000 
students’ attitude .239 .000 .239 

background mathematics achievement .245 .035 .280 
class climate .000 .000 .000 

students’ attitude .081 .000 .081 
gender mathematics achievement .000 -.001 -.001 

class climate .000 .000 .000 

students’ attitudes -.002 .000 -.002 
class size mathematics achievement .145 .000 .145 

class climate .000 .000 .000 

students’ attitudes .000 .000 .000 

 
 

 
 
Fig. 9: Final SEM model for Bos and Kuiper 

 
The results of the SEM analysis of the final model are illustrated in Figure 9, in which all paths are 

significant (p < 0. 001). Student attitude is a mediator variable between success attribution and mathematics 
achievement. Success attribution had a significant positive direct effect on student attitude (β= .250, p < .001), 
and student attitude had a significant positive direct effect on the mathematics achievement (β= .443, p < .001). 
The student background directly affected mathematics achievement (β= .252, p < .001), also class size directly 
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affected mathematics achievement (β= .142, p = .001). The factors student attitude, background, and class size 
in the model explains 28 % of the increase of student achievement. The direct, indirect and total effects between 
the variables in the model are given in Table 2. 

From Table 2 it can noted that the greatest factor affecting student achievement is student attitude which 
has a direct and positive affect (.443) followed by student background which has a direct and positive affect 
(.252). The lowest factor affecting student achievement is success attribution which has an indirect and positive 
affect (.111). 
 
Table 2: Direct, Indirect and Total effects between the variables in the Final model of Bos and Kuiper  

Independent  
Variable 

Dependent Variable 
Direct Effect Indirect Effect Total Effect 

students’ 
attitude 

mathematics achievement 
.443 .000 .443 

students’ attitude .000 .000 .000 

success 
attribution 

mathematics achievement 
.000 .111 .111 

students’ attitude 
.250 .000 .250 

background mathematics achievement 
.252 .000 .252 

students’ attitude 
.081 .000 .081 

class size mathematics achievement 
.142 .000 .142 

students’ attitude .000 .000 .000 

 
Secondly the researchers applied the collected data on the proposed model as presented in Figure 10 and the 

result of the Goodness-of-fit indices as shown in Table 3. The   was 1518.435, CFI = .958, and RMSEA = 
.033. 
 
Table 3: Results of Goodness-of-fit indices for both models 

model  df p CMINDF CFI RMSEA 

Bos and Kuiper’s model 1359.934 551 .000 2.468 .889 .060 

Bos and Kuiper’s revised 
model 

765.122 295 .000 2,594 .911 .063 

Bos and Kuiper’s revised 
model 

489.095 149 .000 3,283 .917 .075 

current model 1518.435 1052 .000 1.443 .958 .033 

revised current model 1132.055 759 .000 1.492 .963 .035 

 
In this model, SEM was conducted to prove whether there were direct effects of students’ attitude towards 

mathematics, students’  beliefs about mathematics, math anxiety, students’ success attribution, school climate, 
class climate, self concept, curriculum, customs and traditions, and instructional (which includes teaching 
methods and strategy learning processes) on mathematics achievement. Also to prove whether there were 
indirect effects of students’ attitude towards mathematics, school climate, class climate, curriculum, customs 
and traditions on mathematics achievement via instructional quality, and whether there were indirect effects of 
students’ attitude on mathematics achievement via math anxiety also whether there were indirect effects of 
success attribution and self concept on mathematics achievement via students’ attitude. 

The results of the SEM analysis are illustrated in Figure 10. There are some paths which are insignificant (p 
> 0. 05) such as school climate, class climate, and customs and traditions which had an insignificant direct effect 
on instructional quality (β= .05, p= .421; β= .094, p= .134; and β= -0.06, p= .222) respectively, thus 
instructional quality is not a mediator variable between school climate, class climate, and customs and traditions 
on the one hand and mathematics achievement on the other hand. Also student attitude, school climate, 
curriculum, and customs and traditions had an insignificant direct effect on the mathematics achievement (β= 
.08, p= .239; β= .00, p= .969; β= -.07, p= .315; and β = -.03, p= 0.02) respectively. 
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However student beliefs, success attribution, and self concept had both a direct and an indirect effect on 
mathematics achievement, and class climate and math anxiety had a direct effect on mathematics achievement, 
while student attitude and curriculum had just an indirect effect on mathematics achievement. 

 
 
Fig. 10: Initial SEM model for the Researchers model 

 
The factors students’ attitude towards mathematics, students’ beliefs about mathematics, math anxiety, 

students’ success attribution, school climate, class climate, self concept, curriculum, customs and traditions, and 
instructional quality included in the model explains 63 % of the increase in students’ achievements. The direct, 
indirect and total effects between the variables in the model are given in Table 4. 
 
Table 4: Direct, Indirect and Total effects between the variables in Initial Researchers proposed model 

Independent  
Variable 

Dependent Variable 
Direct Effect Indirect Effect Total Effect 

instructional quality   mathematics achievement 
.511 .000 .511 

instructional quality   
.000 .000 .000 

students’ attitudes 
.000 .000 .000 

Math anxiety  
.000 .000 .000 

math anxiety mathematics achievement 
-.175 .000 -.175 

instructional quality   
.000 .000 .000 

students’ attitudes 
.000 .000 .000 

Math anxiety  
.000 .000 .000 

students’ attitudes mathematics achievement 
.081 .280 .361 

instructional quality   
.484 .000 .484 
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students’ attitudes 
.000 .000 .000 

Math anxiety  
-.189 .000 -.189 

students’ belief mathematics achievement 
.329 .000 .329 

instructional quality   
.000 .000 .000 

students’ attitudes 
.000 .000 .000 

 Math anxiety  
.000 .000 .000 

Success attribution  mathematics achievement 
.157 .084 .241 

instructional quality   
.000 .112 .112 

students’ attitudes 
.232 .000 .232 

Math anxiety  
.000 -.044 -.044 

school climate mathematics achievement 
-.002 .024 .000 

instructional quality   .047 
.000 .000 

students’ attitudes 
.000 .000 .000 

Math anxiety  
.000 .000 .000 

self concept   mathematics achievement 
.216 .046 .262 

instructional quality   
.000 

.062 .062 

students’ attitudes 
.127 .000 .127 

Math anxiety  
.000 -.024 -.024 

curriculum mathematics achievement 
-.066 -.248 -.314 

instructional quality   -.485 
.000 

-.485 

students’ attitudes 
.000 .000 .000 

Math anxiety  
.000 .000 .000 

class climate mathematics achievement -.128 .047 -.081 

instructional quality   .091 
.000 

.091 

students’ attitudes 
.000 .000 .000 

Math anxiety  
.000 .000 .000 

customs and 
traditions 
 

mathematics achievement -.023 -.033 -.056 

instructional quality   -.064 
.000 

-.064 

students’ attitudes 
.000 .000 .000 

Math anxiety  
.000 .000 .000 

 
When the insignificant paths are removed, the final model for the researchers proposed model is as 

presented in Figure 11. As can be seen from Figure 11, the mediator variable instructional quality, student 
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beliefs, math anxiety, success attribution, self concept, and class climate affect the predicted variable 
mathematics achievement.  

 
 
Fig. 11: Final SEM model for Researchers model 

 
The variable instructional quality served as a mediator variable between the predictor variables students’ 

attitude, students’ beliefs, and curriculum and the predicted variable mathematics achievement, whereas school 
climate, class climate, and customs and traditions did not affect the mediator variable instructional quality. 
Hence instructional quality does not serve as a mediator variable between the predictor variables school climate, 
class climate, and customs and traditions and the predicted variable mathematics achievement.  

The results of the SEM analysis of the final model are illustrated in Figure 11, in which all paths are 
significant (p < 0. 001). Instructional quality is a mediator variable between student attitude, student beliefs, and 
curriculum and mathematics achievement. Student attitude, student beliefs, and curriculum have a significant 
direct effect on instructional quality (β= .47, p < .001; β= .28, p < .001; and β= -.47, p < .001) respectively, and 
instructional quality has a significant positive direct effect on mathematics achievement (β= .61, p < .001). 
Students’ beliefs, math anxiety, success attribution, class climate, and self concept affected mathematics 
achievement (β= .23, p < .001; β = -.18, p < .001; β = .16, p < .001; β= -.11, p = .006; and β= .22, p < .001) 
respectively. The factors instructional quality, Students’ beliefs, math anxiety, success attribution, class climate, 
and self concept in the model explain 67 % of the increase in students’ achievement. The direct, indirect and 
total effects between the variables in the model are given in Table 5. 
 
Table 5: Direct, Indirect and Total effects between the variables in final Researchers proposed model 

Independent  Variable Dependent Variable Direct Effect Indirect Effect Total Effect 
instructional quality   mathematics achievement .606 .000 .606 

instructional quality   .000 .000 .000 
students’ attitudes .000 .000 .000 
Math anxiety  .000 .000 .000 

Math anxiety mathematics achievement -.178 .000 -.178 
instructional quality   .000 .000 .000 
students’ attitudes .000 .000 .000 
Math anxiety  .000 .000 .000 

students’ attitudes mathematics achievement .000 .317 .317 
instructional quality   .467 .000 .467 
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students’ attitudes .000 .000 .000 
Math anxiety  -.190 .000 -.190 

students’ belief mathematics achievement .228 .167 .395 
instructional quality   .275 .000 .275 
students’ attitudes .000 .000 .000 

 Math anxiety  .000 .000 .000 
Success attribution  mathematics achievement .155 .073 .228 

instructional quality   .000 .107 .107 
students’ attitudes .230 .000 .230 
Math anxiety  .000 -.044 -.044 

self concept   mathematics achievement .216 .040 .256 
instructional quality   .000 .058 .058 

students’ attitudes .125 .000 .125 
Math anxiety  .000 -.024 -.024 

curriculum mathematics achievement .000 -.288 -.288 
instructional quality   -.475 .000 -.475 

students’ attitudes .000 .000 .000 
Math anxiety  .000 .000 .000 

class climate mathematics achievement -.111 .000 -.111 

instructional quality   .000 .000 .000 

students’ attitudes .000 .000 .000 
Math anxiety  .000 .000 .000 

 
From Table 5 it can be noted that the greatest factor affecting student achievement is instructional quality 

which has a direct and positive effect (.606) followed by student belief which has both a direct and indirect 
positive effect (.228 +.167 =.395). The lowest factor affecting student achievement is class climate which has a 
direct and negative affect (-.111). 
 
Discussion And Conclusions: 

The main objective of this study was to compare and analyse the differences between two models on the 
effect on students' mathematics achievement using sample data from students in Libyan secondary schools, the 
effects of the depicted factors on student mathematics achievement are examined. In the first model, teaching 
style, school climate, gender of students, success attribution, home educational background, class climate and 
student attitude are dealt as sub-dimensions of an independent variable. As for student mathematics 
achievement, class climate and student attitude these are dealt with as a sub-dimension of the dependent 
variables. In the researchers proposed model, students’ attitude towards mathematics, students’  beliefs about 
mathematics, math anxiety, students’ success attribution, school climate, class climate, self concept, curriculum, 
customs and traditions, and instructional quality are dealt with as sub-dimensions of an independent variable, 
and as for students' mathematics achievements, instructional quality, math anxiety and students’ attitude are 
dealt as sub-dimensions of the  dependent variables.  

Firstly, both models were analysed to determine if they were appropriate to measure the relationship 
between cause and effect of the tested variables of the established models. In order to test the suitability of the 
models, a decision as to which was the best model was made by using some of the fit indices. With regard to the 
results of the fit indices presented in  

Secondly the researchers applied the collected data on the proposed model as presented in Figure 10 and the 
result of the Goodness-of-fit indices as shown in Table 3. The   was 1518.435, CFI = .958, and RMSEA = 
.033. 

Table 3, the chi-square  index is very high for both models and for the researchers proposed model 
(1518.435) the result is greater than for the model by Bos and Kuiper (1359.934 As  depends on sample size 
(N) and the difference between the observed and estimated covariance matrices. So when N increases, the chi 
square  value increases as well, and when the number of observed variables increases this also leads to an 
increase in the chi square (Hair et al., 2010).  Both models use the same sample size, but the observed variables 



Aust. J. Basic & Appl. Sci., 7(6): 184-198, 2013 
 

197 

used in the researchers proposed model were more than the observed variables used in the model by Bos and 
Kuiper. This is the reason behind the difference in the x^2 and degrees of freedom in both models. Usually, the 
value obtained in chi-square analysis, is assumed to be large, the scale of chi-square in the models of SEM is 
preferred to be as low as possible to approve the hypothesis tested. Some researchers, who examine model fit, 
use other indices which are not dependent on sample size or the number of the observed variables. So in this 
study some of the other different fit indices, which are not affected by sample size, are examined and since all 
these indices have acceptable fit for both models. In first model as shown in Table 3 indicated CMINDF = 
2.468, CFI = .889, and RMSEA = .060, and in the second model CMINDF = 1.443, CFI = .958, and RMSEA = 
.033. These results establish that both models are appropriate to measure the variables used in the current study, 
However, the results of the researchers proposed model indicated a better model fit than the model by Bos and 
Kuiper. 

After deciding that the model does fit the data, the significance of the relationship between cause and effect 
of the variables in the model is tested. The results of analysis for the first model indicated that student success 
attribution is observed to contribute positively to student attitude (β =.25, p<.001). Moreover, both student 
attitude and student background are observed to contribute positively to student mathematics achievements (β 
=.44, p<.001 and β =.25, p<.001) respectively. Further, student attitude and student background, explain 28 % of 
the increase (variance) of student achievements. Contrary to this, it is seen that students success attribution, 
although it has a significant effect on student attitude, it explains a very low portion of the variance in student 
attitude at 6 % (  =.06). In the second model the results of analysis in the first model indicated that self 
concept and student success attribution are observed to contribute positively to student attitude (β =.12, p<.05 
and β =.23, p<.001) respectively which explain a very low portion of the variance in student attitude at 7 % 
( =.07), and student attitude is observed to contribute negatively to mathematics anxiety (β =-.19, p = .001) 
and explains a very low portion of the variance in student attitude at 4 % ( =.04) as well. Also student attitude, 
student beliefs, and curriculum are observed to contribute to instructional quality achievements (β =.47, p<.001; 
β =.28, p<.001 and β =-.47, p<.001) and explains 52 % of the variance in instructional quality. Moreover, 
instructional quality, student beliefs, mathematics anxiety, student success attribution, class climate, and self 
concept are observed to contribute to student mathematics achievements (β =.61, p<.001; β =.23, p<.001; β =-
.18, p<.001; β =.16, p<.001; β =-.11, p<.001 and β =.22, p<.001) respectively and explains 67 % of the increase 
(variance) in student achievements.  

With regard to Table 3 which shows the results of the Goodness-of-fit indices for both models, it can be 
concluded that the researchers proposed model presents a better Goodness-of-fit indices result than the model by 
Bos and Kuiper, and also the results of the effects of variables on the researchers proposed model is higher than 
the effects of variables in the model by Bos and Kuiper. This explains that the researchers proposed model is 
better than the model by Bos and Kuiper for the study sample which is the Libyan students in secondary 
schools. 
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