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A B S T R A C T   

The relationship between class size and school performance has always been ambiguous and the 
current literature has found no direct connection between them, especially in the Brazilian 
context. Therefore, this study aimed to verify whether the number of students per class influences 
school performance. We used Microdata from the Prova Brazil of 2017. Using the propensity score 
matching statistical model, with the nearest neighbor matching estimator, we grouped the classes 
into clusters by similarity. The metric used to group the clusters was the Euclidean distance. We 
attempted to verify adherence to the normal distribution of data using the Kolmogorov Smirnov 
test and tested the null hypothesis of the medians using the Wilcoxon test. All the statistical 
analysis were performed using SPSS Statistic version 20. The results showed that the number of 
students per class has little influence on performance and, when the influence exists, larger classes 
perform better.   

1. Introduction 

Investigations of the determinants of student performance have guided much of the research in the field of economics of education 
in different countries. Although the literature is not recent, there is no consensus on what are the main inputs of the educational 
production function, let alone on their real effects [1–10, 11, 12]. 

Class size can be an extremely appealing policy instrument, as it is often regarded as a relatively straightforward measure for 
improving school performance. This is because it is enough to have the resources to increase the number of rooms and hire more 
teachers or increase the size of the room and provide the necessary seats [13]. 

There are several studies on the increase or decrease in class size. The Star Project, carried out in Tennessee, demonstrated that 
smaller classes obtained better results in terms of learning and academic performance. However, class size reduction carried out in 
California did not yield any significant result [1,2]. All these studies contribute to literature the actual influence of class size on 
performance. 

Among other aspects, for example, there is no consensus on class size and its influence on student performance. In general, common 
sense among students, parents, teachers and administrators argues that smaller classes generate better results in terms of performance. 
This understanding is based on the assumption that classes with fewer students allow the teacher to be better able to identify the 
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individual needs of students. On the other hand, in larger classes, students tend to be more dispersed, which can generate disciplinary 
problems, consuming a good part of the class, thus generating learning losses for students. 

However, these conceptions do not find support in the empirical literature. Some studies have found a positive effect of the policy of 
reducing classes on student performance, others contrast these results showing a small or even non-existent impact. Like this study, in 
turn, other studies highlight that more students in the classroom can improve school performance. 

In view of the above, this investigation was guided by the following question: what is the relationship between the number of 
students per class and student performance? 

The aim of this study is to determine whether a similar relationship between class size and performance can exists in Brazilian 
schools. To that end, 16,607 Brazilian schools were evaluated, with 17,533 classes in the 5th grade (Elementary School) and 13,608 
classes in the 9th grade (Middle School). The subjects evaluated were Portuguese language, with focus on reading, and mathematics 
focused on problem-solving. 

2. The Brazilian context 

The basic education system in Brazil is based on the 11 principles defined by the Law of Guidelines and Bases of Education [14]:  

I. Equal conditions to access and stay at school  
II. Freedom to learn, teach, research, and disseminate culture, art, and knowledge  

III. Pluralism of pedagogical ideas and conceptions  
IV. Respect for freedom and appreciation for tolerance  
V. Coexistence of public and private educational institutions  

VI. Free public education in official establishments  
VII. Valuing the professional in school education  

VIII. Democratic management of public education in the form of the law and legislation of education systems  
IX. Quality standard assurance  
X. Valuing extra-school experience  

XI. Link between school education, work, and social practices. 

In line with these principles, Brazilian school education is composed of two levels: the first, basic education, comprises of early 
childhood and elementary education, and the second comprises high school (Government of Brazil, 1996). 

In early childhood education, the first phase involves daycare, where the child develops up to the age of three years and 11 months. 
The second phase involves preschool for two years aimed at the integral development of children up to five years of age [15]. After 
early childhood education, children undergo compulsory and free elementary education at public schools for 9 years divided into two 
phases—the first 5 years include children aged 6 to 10 and the remaining four years include children aged 11 to 14 (Government of 
Brazil, 2016). Finally, children attend high school with a minimum duration of 3 years. Aimed at children aged 15 to 17, it represents 
the last stage necessary for the completion of basic education in Brazil (Government of Brazil, 2016). The Brazilian government en-
courages educational development of Brazilian teachers working in basic education. As of 2013, the legislation had determined that all 
teachers working in all stages of the structure had to have at least a higher level in a degree course or full graduation from universities 
and higher education institutes (Government of [16]. 

According to data from Ref. [17] School Census, the number of students enrolled in basic education is approximately 47.3 million, 
distributed across 179,533 schools, of which 81.4% and 18.6% study in public and private education respectively. Out of 47.3 million 
students, 26.7 million are in elementary school, 7.6 million are in high school, and 13 million are in kindergarten (Government of 
Brazil, 2020). The number of teachers working in basic education in Brazil is 2.2 million, of which 63% work in elementary education 
(Government of Brazil, 2020). 

According to the OECD, Brazil has developed since the 2000s in terms of enrollments and quality of education, with less favored 
students or those students who have low socioeconomic status reaping improved benefits [18]. The OECD also reveals that Brazil 
dedicates a relatively large portion of its Gross Domestic Product - GDP to education. The investments are largely decentralized, and 
this can contribute to reducing inequalities in education [18]. The budget execution report by the Brazilian Ministry of Education 
reveals that the expenditure per student in 2021 on basic education was US $747 on average—a value that is far lesser than that of 
countries like the USA, Finland, and China for example (Government of Brazil, 2018). 

In terms of class size, the indicators of the Brazilian Ministry of Education for the year 2020 show that the country has an average of 
18.3 students per class in the initial grades and 23.2 students per class in the final grades in the private school system. In the public 
school system, the averages are higher, with the initial grades having an average of 25.3 students per class and the final grades with 
28.8 students per class (Government of Brazil, 2020). 

To measure the quality of the Brazilian educational system, the government has large-scale assessments, the most important of 
which is the Prova Brazil (Government of Brazil, 2020). It is a large-scale diagnostic assessment in which tests are applied in the 5th 
and 9th grades of elementary school. The test evaluates the Portuguese language with a focus on reading, and Mathematics with a focus 
on problem-solving. In addition, the students complete a socioeconomic questionnaire (Government of Brazil, 2020). 

One of the positive aspects of this evaluation is that teachers and principal of the evaluated schools also participate in the evaluation 
and answer questionnaires that collect data about their professional profile, working conditions, and school infrastructure (Govern-
ment of Brazil, 2020). 
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In Brazil, the school principal is responsible for the division of classes; as the country does not have a general legislation on how this 
division should be done; Prova Brazil, through the principal’s questionnaire, exposes the main methodologies used (Government of 
[19]: i) Homogeneity regarding age (students of the same age); ii) Homogeneity in terms of school performance (students with similar 
performance); iii) Age heterogeneity (pupils of different ages); iv) Heterogeneity in terms of school performance (students with 
different incomes); and v) Without discretion, or randomly (Government of Brazil, 2017). 

Therefore, a survey that only uses data from schools that form classes “without criteria or randomly” can prevent a possible pre- 
selection previously applied by the school principal from damaging the data. Thus, the use of this criterion in this study made it 
possible to avoid the contamination of results that a pre-selection previously made by the principal could cause. 

3. Literature review 

When diagnosing the literature on the control of students by classroom to measure academic performance, some surveys, such as 
the STAR Project in Tennessee, USA stand out; it was conducted between 1985 and 1989 to evaluate the performance of students 
during their school development [1]. According to data from the project’s press report published in 1999, the study carried out in the 
STAR project monitored the performance of a group of students placed from the third grade of preschool (kindergarten 3) in small 
classes and another group of students from regular classes [1]. 

The comparison of these 2 groups indicated that students in small classes performed better than those in large ones. Both improved 
learning and academic development were observed in the students from small classes and teachers reported improvements in the 
teaching dynamics [1]. [20] also found that the STAR project is the most influential and reliable study on reducing the class size and, 
therefore, several studies use it as a basis. Other prominent surveys that can be found in the class size literature are Wisconsin’s SAGE 
Program and the California Class Size Reduction Program [2,21]. As presented in the 2015 Final Report, the Wisconsin SAGE Program 
in the US was based on an analysis of the performance of students from kindergarten through 3rd grade. It was defined by the study that 
participating classes should have up to 18 students and be compared with regular non-participating classes. Thus, the comparisons 
were made to measure the performance of these groups in Mathematics and Reading [21]. The SAGE Program found positive and 
significant effects in reading when verified in kindergarten, but this was not repeated when mathematics was verified. Further, a 
lasting impact review revealed that students participating in the project were more likely to stay in school [21]. 

Although both studies (STAR and SAGE) are important to the literature, but the California Class Size Reduction (CSR) Program 
overlaps the other studies in terms of size and investment [1,21]. According to the Executive Summary of the year 2002, the California 
CSR (1996–2002) invested 1 billion US dollars in the first year alone and represented a historic milestone in world education [2]. 

The California CSR encouraged school districts to downsize their class sizes to 20 students or less, and as a reward awarded $650 
per student in that condition. Although the project was implemented quickly, the relationship between size and performance was 
inconclusive; that is, although the performance on the Stanford Achievement Test (SAT) increased, it could not be linked to the 
decrease in class size [2]. 

Furthermore, as [13] pointed out, it can be challenging to find a significant outcome in a project with an annual expenditure of 1 
billion dollars because it presents results with political bias rather than those that purely indicate the influence of class size on 
performance. 

The studies conducted in the Netherlands by Ref. [22]; Hong Kong by Ref. [23]; and France by Ref. [24] are also significant. Schools 
in the Netherlands had classes in which the class size varied significantly [22]; randomly selected 416 schools, to verify the relationship 
between performance and class size for the 2nd, 4th, 6th, and 8th grades. According to the author, the findings were unexpected: 
students in larger classes performed better than those in smaller classes [22]. 

In Hong Kong, Galton and Pell (2012) demonstrated in their study that there was a decrease in students per class in 37 primary 
schools. The average number of students in these schools before the study were 38 students per class, but this had reduced to a 
minimum of 20 to a maximum of 25 students per class. The performance in the subjects of Chinese, English, and Mathematics, observed 
over 3 years in Primary 1 to Primary 3, also did not show any significant differences. They only found differences in the individual 
attention span between students and teachers [23]. 

In contrast, the study in France by Ref. [24] had a total of 100 classes reduced to an average of 10.5 students per class. Another 100 
classes with an average of 21.3 students were maintained to form a basis for comparison. To assess changes in performance, students’ 
performances were monitored for 2 years. Authors observed that class reduction positively affected performance only in the first year; 
in the second year, students from smaller classes returned to larger classes and this effect disappeared [24]. 

4. Database 

The database used for this research is from the School Performance Assessment or Prova Brazil for 2017 which measures the 
performance of students from the final grades of elementary school and middle school in the Portuguese language focused on reading 
and mathematics focused on problem-solving (Government of Brazil, 2017). 

The test is held every 2 years, between October and November. In 2017, Prova Brazil had approximately 70,000 schools and 
approximately 5.4 million students (Government of Brazil, 2017). To measure students’ performance in the Portuguese language, 
Prova Brazil assigns a maximum of 350 and 400 points for students in the initial and final grades respectively; in mathematics, it 
assigns a maximum of 400 points and 450 points for students in the initial and final grades respectively (Government of Brazil, 2017). 

In addition, Prova Brazil uses 4 questionnaires focusing on the characteristics of the school, principal, teacher, and student. The 
school’s questionnaire has 74 questions focused on infrastructure, safety, and conditions of use. The principal’s questionnaire has 111 
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questions focusing on their education, professional experience, functional characteristics, characteristics of the school team, policies, 
actions, programs, lunches, difficulties in school management, financial resources, textbooks, violence at school, and religious edu-
cation (Government of Brazil, 2017). 

The teacher’s questionnaire has 125 questions focusing on their education, professional experience, functional characteristics, 
professional development, reading and cultural habits, and use of audiovisual and educational resources. In addition, there are 
questions about the integration of the school team, learning problems, school violence, didactics, use of time, pedagogical practices, 
and teacher expectations (Government of Brazil, 2017). 

There are 2 students’ questionnaires—one for each of the final grade students of elementary school and one for each of the final 
grade students of middle school, with 51 and 57 questions, respectively. Both questionnaires focus on student characteristics and 
habits, their socioeconomic status and that of their family, and family encouragement (Government of Brazil, 2017). 

All data of the questionnaires can be cross-checked using unique codes, such as the unique code of the school, teacher, student, 
class, municipality, state, etc. Thus, by separating the questions that meet the criteria pre-defined by the survey, it is possible to carry 
out a complete study by cross-examining all the data. 

5. Confounding variables 

To avoid contamination by variables that directly influence performance, it is necessary to control for these variables. According to 
Ref. [25]; confounding variables can influence and confuse the results. They explain that these potentially confounding variables can 
influence what and how participants learn, and thus directly influence performance. Therefore, to control the variables that influence 
the performance of Brazilian students, some variables were chosen in the questionnaires based on the literature on performance 
determinants. [26–29, 30]. All variables have equal value in this study. These chosen variables were used after the questionnaires were 
answered (Table 1). 

6. Method 

In view of the objectives of this investigation, a quantitative research method was chosen. This method, usually presents empirical 
data in the form of numbers or in the form of measurements [31]. To accomplish this, the following analytical tools were used: 
Propensity Score Matching (PSM), Clustering, Euclidean Distance and Nearest Neighbor Matching (NNM). 

We chose PSM because it is a tool for causal inference in non-randomized characteristic studies that allows the observation of large 
sets of intervening variables, as was our case. This tool allows controlling for different intervening variables, so that they do not in-
fluence the result to be found. Thus, when using PSM, a large set of intervening variables can be analyzed at the same time [32]. This 
statistical model can also adjust the effect of a treatment on intervening variables that could contaminate the result. In addition, the 
model is a commonly used alternative for regression fitting. 

The data were then grouped using clustering analysis. According to [33], clustering is a very useful and basically ubiquitous tool in 

Table 1 
Confounding variables in Brazilian classes.  

Students Variables Teacher Variables Principal Variables School Variables 

Sex Sex Sex Existence of computers for 
students and teachers 

Race Age Age Internet access for students and 
teachers 

Age Undergraduate and graduate level Undergraduate and graduate level Existence of a library 
Home computer Number of jobs in addition to teaching Number of jobs in addition to principal Existence of sports court 
Lives with the mother Length of time as a teacher Length of time as a principal Existence of laboratories 
Mother’s education Length of time as a teacher at this 

school 
Participated in the last 2 years of professional 
development activity  

Mother can read or write Number of schools in which it operates There is a school council in this school  
Lives with the father Participated in the last 2 years of 

courses in education 
Class formation criteria  

Father’s education Participated in the last 2 years of 
specialization courses   

Father can read or write    
Parent attendance at meetings    
Family incentive to study    
Family encouragement to do 

homework    
Family encouragement to read    
Family incentive to go to 

school    
Parental attention to school 

situation    
Frequency of use of the library    
Economic class     
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the analysis of statistical data. These authors state that clustering constitutes a grouping of data under the definition of similarity, 
where similar items are in the same group and different items are in different groups. By grouping the classes into clusters by degree of 
similarity, it is possible to compare them with each other. Thus, classes with approximately the same incidence of intervening variables 
were compared, preventing the contamination of intervening variables from harming the result. 

[34] states that clustering is the division of data into groups of similar objects, in which some details are disregarded in favor of 
simplifying the data. The author explains that clustering data is a data modeling technique that provides concise, grouped summaries. 

Mishra and Guha [33] understand that the most important aspect of cluster analysis is the definition of what constitutes a cluster, so 
as to verify why one is better than the other. The authors warn that the quality of the cluster is dependent on an in-depth analysis of all 
the points assigned to it. When defining the limit of the constitution of clusters, it is possible to define which classes make up each one 
of them, according to their propensity scores. 

When grouping the classes into clusters, we noticed that some of them did not fit into any cluster, that is, they were not 
approximately similar to any other within the analyzed universe. These are the so-called multivariate outliers and since they cannot be 
used for comparison purposes, they had to be excluded. Additionally, because the number of classes in the sample was too large, it was 
decided that these classes should be grouped using the k-means clustering technique of [35,36]. But before applying the technique to 
group the classes by degree of similarity, it was also necessary to determine the limit of this similarity or distance. So we chose to use 
the Euclidean distance technique √((x1 – x2)2 + (y1 – y2)2) by Ref. [37]. 

The Euclidean distance is a standard metric in geometric problems [38] that is widely used in clustering. It is the normal distance 
between two points and can be easily measured with a ruler in the two or three dimensions. 

Once the classes had been grouped by degree of similarity and all the intervening variables were also controlled. It’s was possible to 
ensure, each class would have a specific amount of incidence of these intervening variables and, for this reason, it was possible to group 
them into clusters by degree of similarity, defined by the use of the Euclidean distance and selected using the NNM technique of [39]. 

Based on Thoemmes (2012), after estimating the PSM, we started the correspondence between the scores obtained. This corre-
spondence can be accomplished in many ways. The most commonly used is the NNM technique. The NNM technique was used in this 
study to select approximately similar participants within the measured database. To ensure good matches, it was also necessary to 
define the maximum difference allowed by the Euclidean distance. 

The NNM estimation technique made it possible to assess whether students belonging to a class size of 20 students had the same 
observable characteristics, required to hypothetically determine the influence of school results and class size, as students belonging to a 
class size of 30. 

In terms of procedures, we carried out the following steps: 
First, all the data were filtered according to the criteria of class formation per the question presented in the principal’s ques-

tionnaire to avoid a pre-treatment selection bias. Therefore, 16,607 schools with 17,533 and 13,608 classes in the initial and final 
grades respectively, were identified by only selecting schools in which the principal did not employ any criteria for class division. The 
number of teachers after this filtration was 101,379 and that of students was 437,413 in the 5th grade (Elementary School) and 
370,918 in the 9th grade (Middle School). 

Second, Statistical Package for the Social Science - SPSS (version 20), defined as a data analysis software, was used for the statistical 
analysis of PSM, using the Euclidean distance and NNM, to group the classes in pairs. The pairs found were approximately equal when 
controlling for the chosen variables that affect school performance. 

At first, there was an interest in simply calculating the Euclidean distance of all the groups, divided into pairs, and selecting for each 
of them its pair with the smallest distance between them. As it was not possible to obtain a computational resource for this excessively 
huge calculation (for example, with 10,000 classes, a distance matrix of 100,000,000 cells would be necessary), we chose to use the k- 
means clustering method. 

Since this study is concerned with binary treatment, it implemented the PSM via a logit model. The logit estimates were treated as 
forms of approximation and works with the assumption that the data are in not normal distribution. 

According to Ref. [40]; correlated binary data appear across models, ranging from those with multivariate measurements, inserted 
into a random cross-section of arguments, to those that make repeated measurements over time. They also explain how the logit and 
probit models allows the correlation structure to be modelled flexibly, and the parameters to be interpreted. 

It is important to mention that we tested the probit model too, and the result was similar to that of the logit model. However, we 
opted to use the logit model because of its more adequate precision for this type of study [41]. claim that the probit model use random 
variation and treatment of factors correspondents over time, being applied in studies that vary in time. They also demonstrate how the 
logit model is important for studies that is no variation along time and allows overcoming correlated errors. Thus, the balancing test 
developed in this study was performed in a manner similar to the uninterrupted case, with the imposition of constraint being the only 
difference, such that the test was performed with mutual support. 

After the balancing test was conducted, and the propensity score was estimated, the average treatment was estimated with the 
treated data, by selecting each treated unit, and identifying a control unit with a similar propensity score. After this, the average of the 
difference between the response variables of the treated data and matches of the treated observations made over time was obtained. In 
this sense, the pre-treatment variables, that is, the intervening variables that impact the treatment being developed, used for the 
combination of classes with similar influence on their scores, presented a significance level of 0.000, that is, both presented the same 
significance within the study. 

To compare clusters, it should be noted that in this framework of choices, it was necessary to arbitrate an initial cluster number. It 
was decided that N/2 would be appropriate, based on the hypothesis that we would have N/2 clusters with 2 cases each, that is, perfect 
pairs in the confounding variables. It was defined as N/2 because it is a binary comparison of classes, the classes were compared in 
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pairs, according to the method of [39]. In a cluster of n = 5, 10 pairs of comparisons of classes t were performed. (t1-t2; t1-t3; t1-t4; 
t1-t5; t2-t3; t2-t4; t2-t5; t3-t4; t3-t5 and t4-t5). 

Thus, for the 17,533 classes in the 5th grade (elementary school), a construction of 8,766 clusters was arbitrated, and for the 13,608 
classes in the 9th grade (middle school), the construction of 6,804 clusters was arbitrated. 

7. Results 

The analysis of the results began with the exclusion of classes that could not be grouped with another class, that is, they formed a 
cluster with only 1 case. By contrast, although most clusters had at least 2 cases (as desired), approximately 15% of the clusters had 
more than 2 cases; that is, most of them had 3 or 4 cases. In this instance, as many clusters of pairs as possible were created at the 
intersection of classes (for example, a cluster of 4 classes formed 6 pairs of classes – the result of combining 4 cases, 2 to 2 – C4.2; 
Table 2). 

Thus, after this construction, 20,362 and 13,038 pairs (or pairs of classes) were created for the 5th and 9th grades, respectively. 
Once the classes were paired, it was necessary to select a comparative hypothesis test for the paired samples. To that end, it was also 
necessary to verify the condition of adherence to the normal distribution of the data to define whether they entailed a parametric or 
non-parametric analysis. In this study, we used the Kolmogorov–Smirnov test to do so and the null hypothesis of normality was 
rejected. Therefore, a non-parametric analysis was used as illustrated in Table 3. 

[42] explains that there are two Kolmogorov Smirnov tests, and the first one serves to test whether a variable follows a given 
distribution in a population. The author further states that this distribution is usually, but not always, a normal distribution. Therefore, 
the first test serves to identify whether or not the distribution is normal. The second test is to test whether a variable has an identical 
distribution between two different samples. Both tests, according to the author, can be used in SPSS. In this study, the former was used 
to identify the distribution in a population. 

The scores for Portuguese language and mathematics in the statistic column of Table 3 have a value greater than 0.01, indicating 
the rejection of the null hypothesis of adherence to the normal curve, giving rise to a non-parametric analysis. Thus, the non- 
parametric Wilcoxon test for 2 paired samples was selected. 

Overall, it was observed that class size does influence academic performance. When this influence exists, larger classes tend to 
perform better. Table 4 depicts the results observed for the Portuguese language course in the early grades. 

In the Portuguese language of the early grades, it was found that when comparing classes of up to and more than 16 students per 
class, larger classes performed better. This finding was consistent with the comparison of classes with up to and more than 17 and 20 
students per class. However, when comparing classes up to and more than 21 students per class, smaller classes performed better, 
making the result more robust. This finding was consistent with the comparisons of classes of up to and more than 22, 23, 34, and 35 
students per class. These findings suggest that the ideal class size for the Portuguese language in the early grade is 21. Table 5 depicts 
the results observed for mathematics in the initial grades. 

In mathematics, for the initial grades, it was found that when comparing classes of up to and more than 16 students per class, larger 
classes performed better. However, when comparing classes of up to and more than 29, 30, 31, 32, 33, 34, 35, 36, and 43 students, 
smaller classes performed better. These findings suggest that the class size for mathematics for the initial grades must be greater than 
17 and less than or equal to 29. The best median found in the model (223.6133) corresponds to classes with up to 29 students. Table 6 
depicts the results observed during the final grades of the Portuguese language. 

Analysis of the Portuguese language results for the final grades found a significant difference in performance in classes of up to and 
more than 15 students per class. In this case, there is a difference between the medians of 3.0929, which represents a significant 
difference in performance between smaller and larger classrooms. This indicates that larger classrooms perform better. It was also 
observed that when the class was larger than 15 students, the performance remained constant, without statistically significant dif-
ferences up to a class with 27 students. It was also observed that in comparisons of classes of up to and more than 28, 29, 30, and 31 
students per class, larger classes perform better. For the range of 32 to 38 students per class, it was possible to maintain performance 
without statistically significant changes. In the comparison for the range of up to 39–41 students per class, larger classes performed 
better. Performance was again stable when comparing classes of up to 42 and 43 students per class. In classes with up to 44 and 45 
students, larger classrooms performed better. For the range of up to 46–49 students per class, the performance remained statistically 
stable. The highest median (261.8486) was found in classes with more than 44 students. The findings suggest that the class size for the 
Portuguese language in the final grades must be 45 students. The results for mathematics in the final grades are presented in Table 7. 

Table 2 
Clustering data - example.  

Cluster 1 = 4 Classes 

Class 1 Comparison 
Class 2 Class 1 vs Class 2 
Class 3 Class 1 vs Class 3 
Class 4 Class 1 vs Class 4  

Class 2 vs Class 3  
Class 2 vs Class 4  
Class 3 vs Class 4  
Total Comparison = 6  
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Analysis of the mathematics subject results of the final grades indicates that larger classes performed better. However, the per-
formance of smaller classes with up to 32 students remained statistically stable, while classes in the range of 33–40 students per class 
experienced reduced performance. Thus, classes with up to 32 students performed better than those with the range of 33 to 40 students. 
For classes with 41 students or more, it was observed that larger classes performed better. Thus, in order to find the ideal number of 

Table 3 
Kolmogorov Smirnov Normality Test for 5th and 9th grade data.   

Statistic p-value 

5th grade 

Portuguese language results 0,010 <0,01 
Math results 0,018 <0,01 

9th grade 

Portuguese language results 0,031 <0,01 
Math results 0,015 <0,01  

Table 4 
Comparison between class sizes on Portuguese Language 5th grade.  

Portuguese Language 5th grade 

Logic N Median Median difference (up to – above) p-value (Wilcoxon test) 

Up to 16 students 881 210,5574 − 3,32 0,012 (p < 0,05) 
Above 16 students 213,8777 
Up to 17 students 1.210 210,5574 − 2,43 0,017 (p < 0,05) 
Above 17 students 212,9862 
Up to 20 students 2.318 210,5574 − 0,67 0,023 (p < 0,05) 
Above 20 students 211,2237 
Up to 21 students 2.798 211,4544 0,25 0,009 (p < 0,05) 
Above 21 students 211,2091 
Up to 22 students 3.288 212,0640 0,50 0,040 (p < 0,05) 
Above 22 students 211,5619 
Up to 23 students 3.736 212,4137 0,49 0,036 (p < 0,05) 
Above 23 students 211,9233 
Up to 34 students 1.740 213,0719 2,37 0,002 (p < 0,05) 
Above 34 students 210,6946 
Up to 35 students 1.221 212,9300 4,10 0,002 (p < 0,05) 
Above 35 students 208,8341  

Table 5 
Comparison between class sizes on Math 5th grade.  

Math 5th grade 

Logic N Median Median difference (up to – above) p-value (Wilcoxon test) 

Up to 16 students 881 220,1121 − 2,3398 0,021 (p < 0,05) 
Above 16 students 222,4519 
Up to 17 students 1.210 218,6385 − 3,3244 0,033 (p < 0,05) 
Above 17 students 221,9629 
Up to 29 students 4.482 223,6133 1,7013 0,017 (p < 0,05) 
Above 29 students 221,912 
Up to 30 students 4.068 222,9976 1,0856 0,031 (p < 0,05) 
Above 30 students 221,912 
Up to 31 students 3.562 221,8295 1,1659 0,002 (p < 0,05) 
Above 31 students 220,6636 
Up to 32 students 2.828 221,5416 0,891 0,000 (p < 0,05) 
Above 32 students 220,6506 
Up to 33 students 2.328 220,7266 1,3429 0,000 (p < 0,05) 
Above 33 students 219,3837 
Up to 34 students 1.740 221,104 5,6629 0,000 (p < 0,05) 
Above 34 students 215,4411 
Up to 35 students 1.221 220,8753 7,1905 0,000 (p < 0,05) 
Above 35 students 213,6848 
Up to 36 students 760 218,3807 6,9254 0,000 (p < 0,05) 
Above 36 students 211,4553 
Up to 43 students 29 215,7309 8,8435 0,039 (p < 0,05) 
Above 43 students 206,8874  
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students per class, we chose to find the highest median, which was 273.19 being watched in the comparison of classes with up to or 
more than 47 students per class. Therefore, the ideal class size for mathematics in the final grades must be greater than 47 students—a 
number that presents the maximum value of the medians. 

8. Discussion 

There are several studies that confirm the influence of the number of students per class on school performance is significant, but 
usually these have a relatively small amount of data. This is the case of studies such as the one by Ref. [23] in Hong Kong, which used a 
sample of only 37 schools, the one by Ref. [24] who used 69 schools and reported that class size influenced performance only in the first 
year of study and over time this influence dissipated and [22] from the Netherlands who, using a sample of 416 schools, began to 
observe little influence of smaller classes on performance [22–24]. 

When data is relatively large, as in the case of Bangladesh with 12,614 schools, the evidence on the influence of the number of 
students per class was not significant. Similar results were also observed in Ukraine’s 11,683 schools. Both studies used Ordinary Least 
Squares (OLS) model and found no significant evidence supporting the proposal that minor classes perform better. In this vein, an 

Table 6 
Comparison between class sizes on Portuguese Language 9th grade.  

Portuguese Language 9th grade 

Logic N Median Median difference (up to – above) p-value (Wilcoxon test) 

Up to 15 students 400 246,3518 − 3,0929 0,020 (p < 0,05) 
Above 15 students 249,4447 
Up to 28 students 2.816 255,4747 − 0,96 0,017 (p < 0,05) 
Above 28 students 256,4335 
Up to 29 students 2.948 254,6743 − 2,3237 0,000 (p < 0,05) 
Above 29 students 256,9980 
Up to 30 students 2.927 254,6743 − 2,49 0,000 (p < 0,05) 
Above 30 students 257,1623 
Up to 31 students 2.884 255,6780 − 1,84 0,002 (p < 0,05) 
Above 31 students 257,5164 
Up to 39 students 780 252,0462 − 3,6615 0,007 (p < 0,05) 
Above 39 students 255,7077 
Up to 40 students 604 252,2976 − 4,8647 0,010 (p < 0,05) 
Above 40 students 257,1623 
Up to 41 students 327 251,2653 − 6,3632 0,047 (p < 0,05) 
Above 41 students 257,6285 
Up to 44 students 116 252,7799 − 9,0687 0,000 (p < 0,05) 
Above 44 students 261,8486 
Up to 45 students 72 251,3027 − 8,1588 0,003 (p < 0,05) 
Above 45 students 259,4615  

Table 7 
Comparison between class sizes on Math 9th grade.  

Math 9th grade 

Logic N Median Median difference (up to – above) Median difference (up to – above) 

Up to 32 students 2.870 253,8103 0,04 0,04 
Above 32 students  253,7727   
Up to 33 students 2.732 254,5607 0,7880 0,002 (p < 0,05) 
Above 33 students 253,7727 
Up to 34 students 2.483 253,8576 0,6578 0,012 (p < 0,05) 
Above 34 students 253,1998 
Up to 36 students 1.808 253,4177 0,3099 0,038 (p < 0,05) 
Above 36 students 253,1078 
Up to 37 students 1.356 252,2840 4,1928 0,001 (p < 0,05) 
Above 37 students 248,0912 
Up to 38 students 1.045 250,5095 2,2620 0,017 (p < 0,05) 
Above 38 students 248,2475 
Up to 41 students 327 247,2052 − 7,2269 0,034 (p < 0,05) 
Above 41 students 254,4321 
Up to 44 students 116 247,1770 − 20,35 0,000 (p < 0,05) 
Above 44 students 267,5242 
Up to 45 students 72 243,5252 − 21,62 0,003 (p < 0,05) 
Above 45 students 265,1358 
Up to 47 students 29 244,0724 − 29,1185 0,028 (p < 0,05) 
Above 47 students 273,1909  
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Africa study with a total 8,626 schools, used the OLS model, but did not find evidence to claim that the class size influences 
achievement [43, 44, 45]. 

A comprehensive analysis carried out by Ref. [46] with evidence from the Progress in International Reading Literacy Study (PIRLS) 
for the period 2001 to 2011. This analysis based on 8 European countries (Bulgaria, Germany, Hungary, Italy, Lithuania, Romania, 
Slovakia, and Slovenia) found that there were no statistically significant results in 7 of these countries regarding the influence of class 
size on school performance, even when distortions were verified over the years. The only country where this evidence was found was 
Romania, which showed that smaller classes increased reading performance [46]. 

[47] also demonstrated this by investigating the results of 277 studies on the effects of the number of students per class on school 
performance. He found that it is possible to verify the effect when the studies presented a statistically significant p-value, 14% of the 
studies had an influence on performance in terms of class size, another 14% had no influence, and in 72% of the cases, it was possible to 
notice that the studies did not even reach any conclusion. This demonstrates the challenge of finding a single answer in terms of the 
influence of the number of students per class on school performance that would fit in any teaching situation. Along the same lines, [48] 
investigated 47 countries using data from the Trends in International Mathematics and Science Study - TIMSS to verify if there was a 
relationship between class size and performance and found statistically significant hypotheses in only 14 of the verified countries, and 
they also found that the effect of class size is smaller in countries with higher teacher quality [47, 48]. 

9. Conclusion 

Even though, prior studies have not found a direct relationship between class size and school performance, we were still interested 
in testing whether this hypothesis would apply to Brazil. In addition, with the amount of data used in this study, it is of paramount 
importance for literature to demonstrate the behavior of this hypothesis in the Brazilian context. 

This study’s findings agree with that of [22]; and demonstrate that students in larger classes perform better than those in smaller 
classes. This study’s findings, in tandem with that of Bosker’s, has the advantage of avoiding the Hawthorne effect. According to 
Woesmann and West (2002), the Hawthorne effect is characterized by participants increasing their efforts when they know they are 
being studied, which would not happen under normal circumstances. Both surveys analyzed microdata with random selection criteria 
and without the students knowing that they had participated in the survey, and both showed the same result. These results contradict 
what common sense tells us. 

It should be noted that, initially, the interest was in calculating the Euclidean distance between groups, by dividing them into pairs 
and, selecting the pair with minimum distance between themselves. However, this was not possible, as the computational limitations 
of the Propensity Score Matching estimation algorithm in the SPSS software led us to use the k-means grouping method to avoid 
limiting complete comparison between all classes. If this was not adopted, 10,000 classes would require a distance matrix of 
100,000,000 cells. 

This limitation is similar to that of Monte Carlo’s study (2010), wherein the researchers used a PC (CPU: Pentium Dual-Core E5400; 
memory: 4 GB). Due to computational limitations, approximately 10 days were spent in just forming combined samples of Propensity 
Score Matching scores [49]. After 12 years since Monte Carlo’s study, even with the use of a PC (CPU: Pentium 12-Core i7, memory: 16 
GB), it remained impossible to make such a large comparison. However, considering the accelerated pace of technological evolution, 
one can believe that it shall be possible to make this comparison in the near future. 

[13] opines that in situations with specific teachers, groups of students, and subjects, it is likely that smaller classes perform better. 
Thus, this research contributes to educational literature by demonstrating that the class size does not influence the school performance 
of Brazilian Elementary and Middle school students, and to class policies to improve the scope of education. Thus like [13]; we believe 
that if a different method of teaching were to be used in Brazil, the number of students per classroom could become an important 
determinant of performance. 

In conclusion, this manuscript contributes significantly to clarifying whether the mere decrease or increase in the number of 
students per class can improve educational quality from the perspective of increased performance. The findings demonstrate that this 
measure alone is not enough to achieve this school improvement. 
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Appendix  

Table A1 
Comparison between class sizes of Portuguese Language in the 5th grade  

Portuguese Language 5th grade 

Logic N Median Median difference (up to – above) p-value (Wilcoxon test) 

Up to 08 students 5 224,77 0,01 0,686 (p > 0,05) 
Above 08 students 224,76 
Up to 09 students 12 235,65 9,67 0,209 (p > 0,05) 
Above 09 students 225,98 
Up to 10 students 13 235,65 10,89 0,133 (p > 0,05) 
Above 10 students 224,76 
Up to 11 students 22 224,77 14,19 0,758 (p > 0,05) 
Above 11 students 210,58 
Up to 12 students 102 205,09 − 4,99 0,932 (p > 0,05) 
Above 12 students 210,08 
Up to 13 students 211 211,08 0,99 0,730 (p > 0,05) 
Above 13 students 210,09 
Up to 14 students 369 211,41 1,55 0,071 (p > 0,05) 
Above 14 students 209,86 
Up to 15 students 588 210,56 − 1,71 0,403 (p > 0,05) 
Above 15 students 212,27 
Up to 16 students 881 210,5574 ¡3,32 0,012 (p < 0,05) 
Above 16 students 213,8777 
Up to 17 students 1.210 210,5574 ¡2,43 0,017 (p < 0,05) 
Above 17 students 212,9862 
Up to 18 students 1.540 210,55 − 0,85 0,275 (p > 0,05) 
Above 18 students 211,4 
Up to 19 students 1.923 210,35 − 0,33 0,071 (p > 0,05) 
Above 19 students 210,68 
Up to 20 students 2.318 210,5574 ¡0,67 0,023 (p < 0,05) 
Above 20 students 211,2237 
Up to 21 students 2.798 211,4544 0,25 0,009 (p < 0,05) 
Above 21 students 211,2091 
Up to 22 students 3.288 212,064 0,5 0,040 (p < 0,05) 
Above 22 students 211,5619 
Up to 23 students 3.736 212,4137 0,49 0,036 (p < 0,05) 
Above 23 students 211,9233 
Up to 24 students 4.182 213,69 1,13 0,416 (p > 0,05) 
Above 24 students 212,56 
Up to 25 students 4.435 212,05 − 0,65 0,560 (p > 0,05) 
Above 25 students 212,7 
Up to 26 students 4.769 214,04 0,72 0,223 (p > 0,05) 
Above 26 students 213,32 
Up to 27 students 4.807 214,94 0,86 0,665 (p > 0,05) 
Above 27 students 214,08 
Up to 28 students 4.658 215,68 0,96 0,879 (p > 0,05) 
Above 28 students 214,72 
Up to 29 students 4.482 215,38 1,29 0,270 (p > 0,05) 
Above 29 students 214,09 
Up to 30 students 4.068 214,66 0,22 0,352 (p > 0,05) 
Above 30 students 214,44 
Up to 31 students 3.562 213,7 0,41 0,294 (p > 0,05) 
Above 31 students 213,29 
Up to 32 students 2.828 213,73 − 0,16 0,189 (p > 0,05) 
Above 32 students 213,89 

(continued on next page) 
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Table A1 (continued ) 

Portuguese Language 5th grade 

Logic N Median Median difference (up to – above) p-value (Wilcoxon test) 

Up to 33 students 2.328 212,83 0,23 0,146 (p > 0,05) 
Above 33 students 212,6 
Up to 34 students 1.740 213,0719 2,37 0,002 (p < 0,05) 
Above 34 students 210,6946 
Up to 35 students 1.221 212,93 4,1 0,002 (p < 0,05) 
Above 35 students 208,8341 
Up to 36 students 760 211,56 2,99 0,150 (p > 0,05) 
Above 36 students 208,57 
Up to 37 students 441 208,04 3,12 0,985 (p > 0,05) 
Above 37 students 204,92 
Up to 38 students 293 208,02 − 0,09 0,223 (p > 0,05) 
Above 38 students 208,11 
Up to 39 students 204 205,99 − 1,6 0,365 (p > 0,05) 
Above 39 students 207,59 
Up to 40 students 127 208,93 4,01 0,364 (p > 0,05) 
Above 40 students 204,92 
Up to 41 students 69 205,77 8,25 0,749 (p > 0,05) 
Above 41 students 197,52 
Up to 42 students 57 205,77 13,27 0,682 (p > 0,05) 
Above 42 students 192,5 
Up to 43 students 29 209,06 − 6,97 0,456 (p > 0,05) 
Above 43 students 216,03 
Up to 44 students 23 207,34 − 8,69 0,927 (p > 0,05) 
Above 44 students 216,03 
Up to 45 students 18 204,92 − 17,67 0,085 (p > 0,05) 
Above 45 students 222,59   

Table A2 
Comparison between class sizes of Math in the 5th grade  

Math 5th grade 

Logic N Median Median difference (up to – above) p-value (Wilcoxon test) 

Up to 08 students 5 223,8 6,13 0,686 (p > 0,05) 
Above 08 students 217,67 
Up to 09 students 12 225,62 − 11,4 0,158 (p > 0,05) 
Above 09 students 237,02 
Up to 10 students 13 225,62 − 9,54 0,249 (p > 0,05) 
Above 10 students 235,16 
Up to 11 students 22 223,8 5,46 0,661 (p > 0,05) 
Above 11 students 218,34 
Up to 12 students 102 210,27 − 7,1 0,379 (p > 0,05) 
Above 12 students 217,37 
Up to 13 students 211 214,64 − 5,24 0,158 (p > 0,05) 
Above 13 students 219,88 
Up to 14 students 369 219,9 1,59 0,410 (p > 0,05) 
Above 14 students 218,31 
Up to 15 students 588 217,56 − 2,73 0,056 (p > 0,05) 
Above 15 students 220,29 
Up to 16 students 881 220,1121 ¡2,3398 0,021 (p < 0,05) 
Above 16 students 222,4519 
Up to 17 students 1.210 218,6385 ¡3,3244 0,033 (p < 0,05) 
Above 17 students 221,9629 
Up to 18 students 1.540 219,14 − 0,76 0,693 (p > 0,05) 
Above 18 students 219,9 
Up to 19 students 1.923 218,98 − 0,13 0,438 (p > 0,05) 
Above 19 students 219,11 
Up to 20 students 2.318 219,58 0,06 0,278 (p > 0,05) 
Above 20 students 219,52 
Up to 21 students 2.798 221,25 1,73 0,117 (p > 0,05) 
Above 21 students 219,52 
Up to 22 students 3.288 222,19 2,15 0,720 (p > 0,05) 
Above 22 students 220,04 
Up to 23 students 3.736 222,19 1,68 0,894 (p > 0,05) 
Above 23 students 220,51 
Up to 24 students 4.182 222,89 2,04 0,151 (p > 0,05) 
Above 24 students 220,85 
Up to 25 students 4.435 222,45 − 0,06 0,062 (p > 0,05) 

(continued on next page) 
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Table A2 (continued ) 

Math 5th grade 

Logic N Median Median difference (up to – above) p-value (Wilcoxon test) 

Above 25 students 222,51 
Up to 26 students 4.769 223,41 1,83 0,405 (p > 0,05) 
Above 26 students 221,58 
Up to 27 students 4.807 223,62 1,63 0,174 (p > 0,05) 
Above 27 students 221,99 
Up to 28 students 4.658 224,07 1,66 0,179 (p > 0,05) 
Above 28 students 222,41 
Up to 29 students 4.482 223,6133 1,7013 0,017 (p < 0,05) 
Above 29 students 221,912 
Up to 30 students 4.068 222,9976 1,0856 0,031 (p < 0,05) 
Above 30 students 221,912 
Up to 31 students 3.562 221,8295 1,1659 0,002 (p < 0,05) 
Above 31 students 220,6636 
Up to 32 students 2.828 221,5416 0,891 0,000 (p < 0,05) 
Above 32 students 220,6506 
Up to 33 students 2.328 220,7266 1,3429 0,000 (p < 0,05) 
Above 33 students 219,3837 
Up to 34 students 1.740 221,104 5,6629 0,000 (p < 0,05) 
Above 34 students 215,4411 
Up to 35 students 1.221 220,8753 7,1905 0,000 (p < 0,05) 
Above 35 students 213,6848 
Up to 36 students 760 218,3807 6,9254 0,000 (p < 0,05) 
Above 36 students 211,4553 
Up to 37 students 441 215,73 8,29 0,052 (p > 0,05) 
Above 37 students 207,44 
Up to 38 students 293 215,55 8,67 0,372 (p > 0,05) 
Above 38 students 206,88 
Up to 39 students 204 214,63 7,75 0,148 (p > 0,05) 
Above 39 students 206,88 
Up to 40 students 127 216,55 9,67 0,373 (p > 0,05) 
Above 40 students 206,88 
Up to 41 students 69 214,41 10,21 0,098 (p > 0,05) 
Above 41 students 204,2 
Up to 42 students 57 214,41 16,64 0,055 (p > 0,05) 
Above 42 students 197,77 
Up to 43 students 29 215,7309 8,8435 0,039 (p < 0,05) 
Above 43 students 206,8874 
Up to 44 students 23 214,41 7,52 0,191 (p > 0,05) 
Above 44 students 206,89 
Up to 45 students 18 213,42 6,54 0,647 (p > 0,05) 
Above 45 students 206,88   

Table A3 
Comparison between class sizes of Portuguese Language in the 9th grade  

Portuguese Language 9th grade 

Logic N Median Median difference (up to – above) p-value (Wilcoxon test) 

Up to 12 students 97 244,11 − 10,14 0,970 (p > 0,05) 
Above 12 students 254,25 
Up to 13 students 194 240,01 − 7,53 0,063 (p > 0,05) 
Above 13 students 247,54 
Up to 14 students 286 245,02 − 2,88 0,281 (p > 0,05) 
Above 14 students 247,9 
Up to 15 students 400 246,3518 ¡3,0929 0,020 (p < 0,05) 
Above 15 students 249,4447 
Up to 16 students 475 247,97 − 2,66 0,074 (p > 0,05) 
Above 16 students 250,63 
Up to 17 students 674 252,67 1,09 0,957 (p > 0,05) 
Above 17 students 251,58 
Up to 18 students 840 250,04 − 1,53 0,379 (p > 0,05) 
Above 18 students 251,57 
Up to 19 students 1.048 253,14 0,79 0,235 (p > 0,05) 
Above 19 students 252,35 
Up to 20 students 1.199 252,54 0,07 0,052 (p > 0,05) 
Above 20 students 252,47 
Up to 21 students 1.398 253,48 1,73 0,718 (p > 0,05) 
Above 21 students 251,75 

(continued on next page) 
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Table A3 (continued ) 

Portuguese Language 9th grade 

Logic N Median Median difference (up to – above) p-value (Wilcoxon test) 

Up to 22 students 1.629 255,15 2,64 0,822 (p > 0,05) 
Above 22 students 252,51 
Up to 23 students 1.873 253,48 − 0,02 0,534 (p > 0,05) 
Above 23 students 253,5 
Up to 24 students 2.142 255,69 1,51 0,490 (p > 0,05) 
Above 24 students 254,18 
Up to 25 students 2.322 255,69 1,38 0,850 (p > 0,05) 
Above 25 students 254,31 
Up to 26 students 2.500 255,69 0,33 0,706 (p > 0,05) 
Above 26 students 255,36 
Up to 27 students 2.661 255,69 − 0,01 0,351 (p > 0,05) 
Above 27 students 255,7 
Up to 28 students 2.816 255,4747 ¡0,96 0,017 (p < 0,05) 
Above 28 students 256,4335 
Up to 29 students 2.948 254,6743 ¡2,3237 0,000 (p < 0,05) 
Above 29 students 256,998 
Up to 30 students 2.927 254,6743 ¡2,49 0,000 (p < 0,05) 
Above 30 students 257,1623 
Up to 31 students 2.884 255,678 ¡1,84 0,002 (p < 0,05) 
Above 31 students 257,5164 
Up to 32 students 2.870 256,29 − 1,22 0,114 (p > 0,05) 
Above 32 students 257,51 
Up to 33 students 2.732 256,68 − 0,94 0,396 (p > 0,05) 
Above 33 students 257,62 
Up to 34 students 2.483 256,31 − 1,21 0,359 (p > 0,05) 
Above 34 students 257,52 
Up to 35 students 2.207 255,92 − 1,24 0,949 (p > 0,05) 
Above 35 students 257,16 
Up to 36 students 1.808 255,88 − 1,3 0,797 (p > 0,05) 
Above 36 students 257,18 
Up to 37 students 1.356 255,19 1,05 0,130 (p > 0,05) 
Above 37 students 254,14 
Up to 38 students 1.045 254,08 − 0,09 0,540 (p > 0,05) 
Above 38 students 254,17 
Up to 39 students 780 252,0462 ¡3,6615 0,007 (p < 0,05) 
Above 39 students 255,7077 
Up to 40 students 604 252,2976 ¡4,8647 0,010 (p < 0,05) 
Above 40 students 257,1623 
Up to 41 students 327 251,2653 ¡6,3632 0,047 (p < 0,05) 
Above 41 students 257,6285 
Up to 42 students 208 251,7 − 1,3 0,281 (p > 0,05) 
Above 42 students 253 
Up to 43 students 169 254,21 − 5,25 0,525 (p > 0,05) 
Above 43 students 259,46 
Up to 44 students 116 252,7799 ¡9,0687 0,000 (p < 0,05) 
Above 44 students 261,8486 
Up to 45 students 72 251,3027 ¡8,1588 0,003 (p < 0,05) 
Above 45 students 259,4615 
Up to 46 students 35 252,68 − 6,78 0,272 (p > 0,05) 
Above 46 students 259,46 
Up to 47 students 29 252,87 − 6,59 0,294 (p > 0,05) 
Above 47 students 259,46 
Up to 48 students 26 252,11 − 7,35 0,454 (p > 0,05) 
Above 48 students 259,46 
Up to 49 students 19 252,87 − 6,59 1,000 (p > 0,05) 
Above 49 students 259,46   

Table A4 
Comparison Between class sizes of Math in the 9th grade  

Math 9th grade 

Logic N Median Median difference (up to – above) p-value (Wilcoxon test) 

Up to 12 students 97 250,82 1,04 0,265 (p > 0,05) 
Above 12 students 249,78 
Up to 13 students 194 243,23 − 2,45 0,126 (p > 0,05) 
Above 13 students 245,68 
Up to 14 students 286 243,51 − 2,1 0,510 (p > 0,05) 

(continued on next page) 
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Table A4 (continued ) 

Math 9th grade 

Logic N Median Median difference (up to – above) p-value (Wilcoxon test) 

Above 14 students 245,61 
Up to 15 students 400 243,85 − 2,41 0,060 (p > 0,05) 
Above 15 students 246,26 
Up to 16 students 475 247,75 − 0,1 0,216 (p > 0,05) 
Above 16 students 247,85 
Up to 17 students 674 249,17 − 0,06 0,505 (p > 0,05) 
Above 17 students 249,23 
Up to 18 students 840 247,01 − 2,32 0,858 (p > 0,05) 
Above 18 students 249,33 
Up to 19 students 1.048 249,1 − 0,71 0,498 (p > 0,05) 
Above 19 students 249,81 
Up to 20 students 1.199 249,11 − 0,86 0,772 (p > 0,05) 
Above 20 students 249,97 
Up to 21 students 1.398 249,78 0,89 0,187 (p > 0,05) 
Above 21 students 248,89 
Up to 22 students 1.629 250,51 1,06 0,685 (p > 0,05) 
Above 22 students 249,45 
Up to 23 students 1.873 251,07 1,24 0,537 (p > 0,05) 
Above 23 students 249,83 
Up to 24 students 2.142 252,66 1,46 0,223 (p > 0,05) 
Above 24 students 251,2 
Up to 25 students 2.322 252,68 1,04 0,172 (p > 0,05) 
Above 25 students 251,64 
Up to 26 students 2.500 252,76 0,69 0,527 (p > 0,05) 
Above 26 students 252,07 
Up to 27 students 2.661 252,76 0,62 0,706 (p > 0,05) 
Above 27 students 252,14 
Up to 28 students 2.816 252,76 − 0,43 0,753 (p > 0,05) 
Above 28 students 253,19 
Up to 29 students 2.948 252,6 − 0,94 0,248 (p > 0,05) 
Above 29 students 253,54 
Up to 30 students 2.927 252,76 − 0,78 0,862 (p > 0,05) 
Above 30 students 253,54 
Up to 31 students 2.884 253,27 − 0,79 0,715 (p > 0,05) 
Above 31 students 254,06 
Up to 32 students 2.870 253,8103 0,04 0,013 (p < 0,05) 
Above 32 students 253,7727 
Up to 33 students 2.732 254,5607 0,788 0,002 (p < 0,05) 
Above 33 students 253,7727 
Up to 34 students 2.483 253,8576 0,6578 0,012 (p < 0,05) 
Above 34 students 253,1998 
Up to 35 students 2.207 253,36 0,16 0,107 (p > 0,05) 
Above 35 students 253,2 
Up to 36 students 1.808 253,4177 0,3099 0,038 (p < 0,05) 
Above 36 students 253,1078 
Up to 37 students 1.356 252,284 4,1928 0,001 (p < 0,05) 
Above 37 students 248,0912 
Up to 38 students 1.045 250,5095 2,262 0,017 (p < 0,05) 
Above 38 students 248,2475 
Up to 39 students 780 249,57 − 2,68 0,472 (p > 0,05) 
Above 39 students 252,25 
Up to 40 students 604 248,71 − 5,4 0,141 (p > 0,05) 
Above 40 students 254,11 
Up to 41 students 327 247,2052 ¡7,2269 0,034 (p < 0,05) 
Above 41 students 254,4321 
Up to 42 students 208 247,71 − 0,52 0,315 (p > 0,05) 
Above 42 students 248,23 
Up to 43 students 169 249,89 − 4,54 0,475 (p > 0,05) 
Above 43 students 254,43 
Up to 44 students 116 247,177 ¡20,35 0,000 (p < 0,05) 
Above 44 students 267,5242 
Up to 45 students 72 243,5252 ¡21,62 0,003 (p < 0,05) 
Above 45 students 265,1358 
Up to 46 students 35 242,97 − 4,21 0,55 (p > 0,05) 
Above 46 students 247,18 
Up to 47 students 29 244,0724 ¡29,1185 0,028 (p < 0,05) 
Above 47 students 273,1909 
Up to 48 students 26 242,6 − 21,48 0,58 (p > 0,05) 

(continued on next page) 
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Table A4 (continued ) 

Math 9th grade 

Logic N Median Median difference (up to – above) p-value (Wilcoxon test) 

Above 48 students 264,08 
Up to 49 students 19 244,07 − 29,12 0,147 (p > 0,05) 
Above 49 students 273,19  
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