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[bookmark: _Hlk47277749]Abstract. Many researches believed that socioeconomic status and school resources were variables that played a significant role in the mathematical achievement of students. This study analyzed the relationship between socioeconomic status and school resources to mathematics achievement. Data were drawn from 9,979 students in 338 schools in Indonesia who participated in the Programme for International Student Assessment (PISA) 2018. Multilevel analyses found that the level of mother's education, the existence of an internet network at home, learning resource books at home, the quality of teachers at school, and school learning facilities were statistically significant and positively correlated with students' mathematical achievement.
Introduction
The OECD program for international student assessment or commonly abbreviated as PISA is an assessment aimed at finding out to what extent 15-year-old students have acquired the knowledge and skills necessary to participate fully in modern society [15]. The reason for the assessment is targeted at students aged 15 years is because the age approaches the end of compulsory education. The assessment focuses on the core subjects of reading, mathematics and science in schools. The ability of students to innovate as global competencies is also assessed. The assessment also measures students' understanding of knowledge and applies it to unknown environments, both inside and outside school.
In addition to assessing understanding and skills, PISA also collects information about students 'home backgrounds, students' approaches to learning and their learning environment [15]. The information was obtained from a questionnaire distributed to students, the principal, and an optional questionnaire distributed to parents and teachers. In general, PISA assessment provides three main types of results: 1) basic indicators that provide information related to students' knowledge and skills; 2) indicators derived from questionnaires that show how these skills relate to various demographic, social, economic and educational variables; 3) trend indicators that show changes in their results and distribution, and in the relationship between students, school level background systems and systems.
The average mathematical achievement in all OECD countries, around 2.4% of students who reached level 6 [16]. Level 6 is the maximum level of students' mathematical skills based on PISA 2018. It shows that the mathematical literacy of students in general is still low. Around 31 countries out of 79 countries have scores above the overall average or OECD average [16]. Based on the 2018 PISA report [16], Indonesia ranks 73 out of 79 countries in achieving mathematics scores. This result shows that the mathematics achievement score of students is still less than the average overall achievement of students. About 1% of students in Indonesia who achieve a score of level 5 or more in mathematics [1].
Mathematical scores in Indonesia also declined from 386 points (2015) to 379 points (2018) [1] [16]. Although the mathematics achievement score has not decreased much, it is clear that the score does not indicate an increase in mathematics scores. Many factors cause the mathematics scores of students in Indonesia to be relatively low.
Several studies have been conducted to see what factors can affect students' mathematical scores [2] [5] [8] [11] [12] [14] [22] [27]. Research conducted by the researchers mentioned that the index of economic, social and cultural status (ESCS) factor can statistically affect students' mathematical achievement. However, the ESCS index does not always affect the mathematical achievement of students in Algeria on the PISA 2015 results [12]. In addition, Beese and Liang [2] found that in Finland, the school resource factor did not influence student achievement. Yet Demir, Kilic and Unal [5] research was showing the findings that school resources have a positive effect on student achievement.
According to the OECD in PISA 2018 Technical Report, chapter 16, ESCS is a combined score based on three indicators of the highest parent occupation (HISEI), parental education (PAREDINT), and assets household items (HOMEPOS). The reason for using these three components is that socioeconomic status is usually seen based on education, employment status, and income. Therefore, this study examines several factors that are included in the ESCS indicators at the student level and add two school resources variables at the school level to the mathematics achievement of students in Indonesia. The school resources are divided into two indexes, namely the lack of educational staff and the lack of educational materials including physical infrastructure [28]. Each index has 4 different items and many of these would be variables to be explored in study.
Literature Review
Factors that can affect the mathematical achievement of students studied by many researchers should make it possible for government, schools, parents, and students to pay special attention to these factors. A thorough review of factors at different levels can provide an overview of the achievement of student learning outcomes [3] [8] [11] [12] [13] [22]. In this study several factors are examined including factors at student level and school level. Factors at the student level include ownership of educational software, home internet network, home source of study books, and mother's education level. The school level factors in this study are the quality of teachers and learning facilities in schools. In general, factors at the student level in this study are part of the ESCS and factors at the school level are school resources [19]. The following is an explanation of the variables to be analyzed in this study.
Mathematical Literacy
Mathematics assessment at PISA focuses on measuring students' abilities in formulating, using and interpreting mathematics in various contexts. To succeed in the PISA test, students must be able to reason mathematically and use mathematical concepts, procedures, facts, and tools to describe, explain, and predict phenomena [15]. The measured ability includes mathematical literacy. Mathematical literacy can be seen as the ability to use basic computational and geometric skills in everyday contexts, as knowledge and understanding of basic mathematical concepts, as the ability to develop sophisticated mathematical models, or as the capacity to understand and evaluate the use of numbers by others and mathematical model [10]. Competence in mathematics assists individuals in recognizing the role of mathematics in the real world, assisting the individual in making reasonable considerations and decisions needed to be constructive, engaged and reflective citizens.
The abilities in mathematics described in PISA include more than the ability to reproduce mathematical concepts and procedures obtained in schools [15]. PISA seeks to measure how well students' abilities are in understanding and applying their mathematical knowledge to real life problems. Therefore, most mathematical units in PISA refer to real life contexts where mathematical abilities are needed to solve real-world problems. The focus on real-life contexts can also be seen in the use of "tools", such as calculators, rulers or spreadsheets, to solve a problem, as most people do in real life situations.
Educational Software
A survey on PISA 2018 asked about the availability of educational software in students' homes. The educational software can provide information related to students' use of technology to assist students in learning. Educational software is one of the variables for technology, information and communication [9]. A research which was conducted by Guzeller and Akin [9] found that the use of educational software statistically had a negative effect on students' mathematical achievement.
Internet Facilities
[bookmark: _Hlk45744838]The results from Shala and Grajcevci [26] reported that students will achieve higher learning outcomes if they have more wealth at home. In other words, as the socioeconomic status of the family improves and students obtain internet access facilities, study desks, quiet places, computers, and mobile phones, these students can get high learning outcomes. However, findings in a study conducted by Guzeller and Akin [9] showed that internet use negatively affected students' mathematical achievement.
Book Sources
Data on the existence of home learning resource books are rarely examined for their effects on students' mathematical achievement. Generally, research only examines the effect of socioeconomic status on mathematical achievement, without explaining further that books are also influential at home. Pangeni research [22] stated that the number of books at home can affect students' mathematical achievement. These variables are different from the variables in this study, namely the existence of books that can help students in doing school work. Although different but the core of the question is the same, namely the existence of books in students' homes.
Mother’s Education
Parental education influences the achievement of student learning outcomes [21]. Parents with higher levels of education generally differ in their patterns of thinking, aspirations, and viewpoints when compared to parents who have no formal education. This was also stated by Reskia, Herlina and Zulnuraini [25] that the level of parental education would influence the child's achievement through the ways they provide to guide or direct the children's learning at home. In line with the findings of the study conducted by Yalcin, Aslan and Usta [29] which stated that the socioeconomic and parental education were statistically significant with the mathematical achievement of students. However, these studies suggest a negative relationship between mother's education and student learning outcomes [6].
School Resources
School resources had been asked 8 questions in the PISA questionnaire for 2018. The school resources used in this study include the index of lack of education staff and the index of lack of educational materials including physical infrastructure [28]. The school resources questions are related to the quality of teachers and learning facilities at school analyzed. A previous study showed that the quality of the teacher has a direct relationship with student learning achievement [4]. Learning facilities also tend to influence the learning process at school. Several studies have been conducted to examine the effect of school resources on student learning outcomes. The results of a study conducted by Beese & Liang [2] stated that none of the school resources had an effect on the achievement of students' science learning in Finland. The results from Demir, Kilic and Unal [5] reported that school resources had a positive effect on student mathematics achievement. These results are different because they differ in response variables. However, further examination is needed related to these school resource factors.


Aim and Research Questions
This study generally describes factors that can statistically significantly predict mathematical scores of students in Indonesia based on the ESCS and school resources. Data were taken from the PISA 2018 for Indonesia. Using the predictors at the student level and school level, the research questions are as follows:
1. How much variance that cannot be explained in students' mathematics achievement is related to the variance between schools and within schools?
2. Which factors are statistically significant for predicting students' mathematics scores?
3. How much total variance on mathematical scores can be explained by explanatory variables on the full model?
Method
PISA Design
In general PISA is an ongoing program that monitors trends in the knowledge and skills that students have gained throughout the world. The main domain that became the focus in 2018 was reading, the same as in 2000 and 2009. The main domain assessed in 2003 and 2012 was mathematics. Whereas in 2006 and 2015 the PISA assessment focused on the main domain of science [15] [16]. PISA is a triennial survey of 15-year-old students worldwide who assess the extent to which they have acquired key knowledge and skills essential for full participation in social and economic life [16] [17] [18] [20]. Assessment on PISA not only measures what they learn, but it measures how well students can understand the knowledge they have acquired and apply that knowledge to real life. The 2012 PISA definition of mathematical literacy is also used for the 2015 and 2018 PISA cycles which can be analyzed in three interrelated aspects. These three aspects are the process, content, and context in mathematics [15].
Data Source
Around 600,000 students completed the PISA assessment in 2018, representing around 32 million children aged 15 years in schools from 79 participating countries and economies [16] [17] [18] [20]. Students who participated from Indonesia were 12,098 students from 399 schools representing 3,768,508 students aged 15 years [1]. The PISA 2018 for Indonesia data contained in this study were reduced. Data reduction is done because some students do not have data on some of the analyzed variables. The comprised data included 9,979 students from 338 schools in which each student had data on the variables analyzed.
Data Analysis
[bookmark: _Hlk47264980]Data were analyzed using Multilevel Modeling with a nlme package in R Studio software [24]. The student level predictors in this study were educational software (EDUS), internet network (INTN), book sources (BKSC), and mother's education level (MEDU). While the school level predictors in this study are learning facilities (FCLT) and teacher quality (TEQUAL).
First step was to check all the complete data for all selected variables analyzed on each student. After that, the null model or the model without predictor is fitted to the data. From the estimated null model, it can be determined the average mathematical results, variance between and within schools, and the value of Intra-Class Correlation (ICC) and Design Effect (DE).
The model is then improved by incorporating predictors at the student level. The student level predictors are educational software (EDUS), internet network (INTN), book sources (BKSC), and mother's education level (MEDU). This model is then called as model 1. The model 1 provides information related to the alleged average mathematical score of students which is influenced by student level variables. In addition, model 1 also provides information related to variance between schools and within schools that can be explained by student level predictors.
The next step is fitting the model with the student level predictor and the school level (full model). The school level predictors in this study are learning facilities (FCLT) and teacher quality (TEQUAL), while the predictor level of students are still the same as the previous model. A model with two levels of predictors can provide information regarding how much variance can be explained by both levels and variance that can be explained by school-level predictors.
Results
Model without Predictors (Null Model)
The model without predictors provides information related to the average mathematical score of students with the variance between students and between schools. The model is a combination of the two most basic models [23] below.
							1)
							2)
In equation 1),  states the average mathematics score of student  in school , which can be modeled as a function of the average mathematics score for school ;  plus the residual or difference in students' math scores in school  . In Equation 2),  states the average mathematical score for school  modeled as a function of the (grand-mean) overall mean score  plus the particular school deviation of the grand-mean . Substitution equation 2) to equation 1) obtained equation 3) as follows.
.							3
The estimated model in equation (3) is 
								4)
with the standard error of  is 3.286. Based on the model, the average overall student math score is 391.750 with variance between schools and in schools are 3,518 and 2,619 respectively.
Models without predictors can also provide information about the need for analysis using MLM. Multilevel Modeling is required if the ICC value between 0.05 and 0.20 and DE is more than 2.0 [23].
The ICC estimate [7] in this study is calculated as follows:
						5)
The ICC value of 0.118 is between 0.05 and 0.20. This result shows that the analysis needs to be done using Multilevel Modeling. This value also indicates that 11.8% of the total variation is related to differences between schools. While the variance between students in schools is 42.7% () which cannot be explained by the factors that influence it.
The Design Effect (DE) value is a function of  and ICC where  denotes a ratio between the number of students and the number of schools in this study. The DE calculation is as follows:
                  		6)
The DE value of 4.377 is ​​greater than 2.0 which indicates the needs using Multilevel Modeling to fit the data.
Model with Student Level Variables
Model with student-level predictors can provide information about which predictors are significant to the average mathematical score of students. It is said to be significant if the estimated coefficient is at least twice the standard error [11].
	7)
The estimated model in equation 7) provides information that the educational software (EDUS) is not statistically significant to the average mathematical score of students (). The predictors of the existence of the internet (INTN), the presence of study books (BKSC), and the level of mother's education (MEDU) are significantly related to the average mathematical score of students. This means that for 1-point increased in INTN will decrease the student’s math score by 11.863 holding all other variables constant. All three predictors (INTN, BKSC, MEDU) are positively correlated to students' math scores. 
The variance between schools and within schools from the empty model to model 1 are reduced from 3,518 to 3,139 and from 2,619 to 2,586. The decrease in variance shows that the student level predictor can explain the variance between schools of 10.8% () and within schools of 1.3% ().
Model with School Level Variables (Full Model)
Equation 8) is the estimated equation for fitting the complete model with adding student-level and school-level predictors. The school level predictors in this study are the quality of teachers (TEQUAL) and learning facilities (FCLT).
 							8)
From fitting the complete model, it can be found that the average mathematical score of students is 489.988 with the variance between schools of 2,592 and the variance within schools of 2,586. The educational software predictor remains insignificant on the complete model. Whereas other student level variables are significant to the average mathematical score of students. Both school-level variables are significant for students' average math scores. The negative coefficient in Eq. 8 indicates that for one point increased in X can decrease  point in Y by holding all other predictor variables constant. X is one of the variables EDUS, INTN, BKSC, MEDU, TEQUAL, or FCLT.  states the coefficient of the variable. The variance between schools that can be explained by adding the school level predictors is 26.3% ().
Final Model Interpretation
According to the model with including the student level and the school level predictors, the final model explains 15.63% of the total variance that cannot be explained by the students’ mathematics score. That is because the total variance decreased from 6,137 (null model) to 5,178 (full model). In more detail, the model explains 26.3% of the variance between schools and 1.3% of the variance between students in schools. This shows that the multilevel model fitting has a good fit because almost all predictors are significant and can explain the variance that cannot be explained.
The final model suggested that the students who have an internet connection at home, source books at home, and have mothers with higher education tend to have higher math scores. In addition, students who study in schools that have qualified teachers and have complete facilities tend to have higher math scores. The summary from fitting the zero model to the complete model is presented in the following table.

Table 1 Parameter estimates of the fixed and random effect models
	
	Model Without Predictors 
	Student Level Predictor Model 
	Final Model 

	
	Estimate (SE)
	Estimate (SE)
	Estimate (SE)

	Intercept
	391.750 (3.286)***
	424.705 (4.415)***
	489.988 (8.828)***

	EDUS
	-
	-1.739 (4.415)
	-1.645 (1.2516)

	INTN
	-
	-11.863 (1.170) ***
	-11.7939 (1.170) ***

	BKSC
	-
	-6.816 (1.888) ***
	-6.826 (1.887) ***

	MEDU
	-
	-1.878 (0.452) ***
	-1.845 (0.452) ***

	TEQUAL
	-
	-
	-11.465 (3.368) ***

	FCLT
	-
	-
	-17.788 (2.751) ***

	Between-School Variance
	3,518
	3,139
	2,592

	Within-School Variance
	2,619
	2,586
	2,586

	Variations explained
	
	
	

	School Level
	-
	0.108
	0.263

	Student level
	-
	0.013
	-

	Total
	-
	0.067
	0.156


Parameter estimates (standard errors in parantheses).


Discussion and Conclusions
Discussion
Based on the first question "how much variance that cannot be explained in students' mathematical achievement is related to variance between schools and in schools?", this study provides information that 11.8% of the total variance in mathematics scores between schools is an unexplained variance. While the variance in mathematics scores between students in the school is 42.7% which cannot be explained. This finding shows that the variance between schools is lower than the variance in schools. This is consistent with previous research [11] which states that the variance between students explains a large portion of their performance.
The complete model can answer the second questions in this study. Question 2 is "which factors are statistically significant for predicting students' math scores?" Factors that were statistically significant to students' math scores were having internet at home (INTN), having a home study resource book (BKSC), having a mother with a higher level of education (MEDU), teacher quality (TEQUAL), and learning facilities at school (FCLT). These factors have a positive effect on students' math scores. Educational software factor is not significant on students' math scores. This is different from the findings from the study of Guzeller and Akin [9] which show that educational software negatively affects students' math scores. The existence of the internet network on the findings of research conducted by Guzeller and Akin [9] has a difference with the findings of this study, namely the study is negatively correlated to students' mathematical scores. However, the findings of research conducted by Shala and Grajcevci [26] are the same, which is positively correlated to students' math scores. The findings of Pangeni's research [22] also state that the presence of books at home also has an influence on students' mathematical scores. The findings of Duru-Bellat and Suchaut [6] stated different things from the findings of this study. The study states that mother's education has a negative effect on students 'math scores, while in this study mother's education has a positive influence on students' math scores. The findings of this study also state the same thing as the results of research conducted by Demir, Kilic and Unal [5], which states that school resources have a positive effect on student math scores.
Next is the fourth research question, which is "how much is the total variance in the mathematics score that can be explained by explanatory variables in the complete model?". The total variance that can be explained by predictors in the full model is 15.63% (((3,518+2,619)-(2,592+2,586))/(3,518+2,619) = 0.1563) of the unexplained variance. Variance between students in schools also explained 1.3% of the variance that could not be explained. Variance between schools explained about 26.3% of the variance that could not be explained.
Conclusion
This study provides an overview of students’ mathematical scores based on factors that can be statistically significant in Indonesia for predicting students' mathematical scores. The factors which statistically significant to predict mathematical scores of students in Indonesia are the student learning books at home to do school work, internet available at home, students who have mothers with high education levels, the quality of teachers at school, and learning facilities in schools. The lack of school learning facilities tends to inhibit students from learning or developing their knowledge in school. Overall, the findings in this study are expected to provide input to students' parents, the school, and the government so that they can pay more attention to the factors that can influence student achievement.
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