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The research aimed to assess the urban-rural gap in mathematics achievement among secondary education students in Peru using the ECE 2018 evaluation and the Oaxaca-Blinder method. Employing a retrospective observational design, the study analyzed data from the ECE to understand this disparity. It revealed a significant gap favoring urban areas, even after adjusting for socioeconomic factors and school contributions, with a difference of 63.28 points. Decomposition analysis showed that 82.58% of this gap is explained by differences in observable attributes (endowments), primarily socioeconomic variables and school inputs. These findings underscore the importance of public policies targeting improvements in both school resources and the living standards of impoverished populations to address educational disparities effectively.
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Introduction

Investigating the achievement gap in learning outcomes between urban and rural areas in Peru is crucial for understanding the multifaceted disparities and developing targeted interventions to address these challenges. The disparities in learning outcomes between urban and rural areas in Peru are influenced by a multitude of factors, including socioeconomic status, access to healthcare, educational infrastructure, and cultural differences. These factors contribute to the complex web of challenges that perpetuate the achievement gap. Investigating these disparities is essential for developing targeted interventions that address the root causes of the gap and promote equitable access to quality education and healthcare for all individuals, regardless of their geographical location.

Several studies provide valuable insights into the disparities between urban and rural areas, shedding light on the factors contributing to the achievement gap. For instance, highlight that the urban-rural differential is largest in Andean and central Latin America, including Peru, emphasizing the significance of understanding the specific challenges faced in these regions (Paciorek et al., 2013), further support this by demonstrating that rural areas generally have worse health status than urban areas, indicating a potential link between health and educational outcomes (Sun et al., 2011). Additionally, the role of income inequality between urban and rural households in explaining disparities in child malnutrition, suggesting a similar influence on educational outcomes (Sharaf and Rashad, 2016).

Moreover, the achievement gap requires capacity-building for principals and teachers working with rural pupils, highlighting the importance of educational infrastructure and support systems (Piyaman et al., 2017). Similarly, found that maternal education was a crucial predictor for narrowing urban-rural disparities in childhood stunting, emphasizing the role of education in addressing health and developmental disparities (Tadesse et al., 2023).

The hypothesis that the level of socioeconomic status in both the household and the surrounding environment contributes to the achievement gap between urban and rural students is supported by several studies. Reeves (2012) emphasizes the impact of family socioeconomic status on the rural math achievement gap in high school, indicating a correlation between socioeconomic status and academic achievement. Similarly, Ababneh and Kodippili (2020) found that students attending rural schools were not performing as well as students from urban schools, highlighting the association of variables with the mathematics achievement gap between rural and urban students.

Furthermore, Chatterjee and Burns (2021) discuss the inequity in attainment and achievement levels for students from different socioeconomic backgrounds, emphasizing the high dropout and academic failure rates for disadvantaged students. This suggests that socioeconomic factors play a significant role in academic achievement, particularly in rural areas. Additionally, Lee and Um (2021) suggest that more intensive socioeconomic and educational support is needed for rural areas, further supporting the hypothesis. Moreover, Sun and Du (2021) provide empirical evidence indicating that access to education is dependent on various factors, including socioeconomic endowment, which can contribute to the educational gap between urban and rural students. This aligns with the hypothesis that the level of socioeconomic status in the household and the surrounding environment influences the achievement gap between urban and rural students. In conclusion, the literature supports the hypothesis that a higher level of socioeconomic status in the household and the surrounding environment is associated with a wider achievement gap between urban and rural students. Factors such as family socioeconomic status, educational support, and access to resources play crucial roles in shaping the academic outcomes of students in different geographical settings.

To investigate the hypothesis that the quality of school inputs is correlated with the achievement gap between urban and rural students, it is essential to consider various factors that may contribute to this disparity. Several studies have explored the relationship between school inputs and student achievement, as well as the impact of urbanization, family involvement, teacher training, and educational resources on academic outcomes. Additionally, the influence of principal leadership and comprehensive school counseling programs on closing the achievement gap has been examined. Furthermore, the effects of environmental noise, distance from downtown, and creative thinking abilities on student achievement have also been studied. Rivkin et al. (2005) examined the relationship between teachers, schools, and academic achievement, emphasizing the importance of teacher quality and its impact on student achievemen.

Additionally, Ju et al. (2022) studied the nonlinear effect of urbanization on the gap between urban and rural education, indicating a strengthening of the narrowing effect with economic improvement. Furthermore, Sun and Du (2021) examined the role of teacher training in narrowing the educational gap between urban and rural students, providing empirical evidence to support their findings. In addition, Jacobs and Harvey (2010) explored the extent to which teacher attitudes and expectations predict academic achievement, emphasizing the influence of teacher perceptions on student outcomes.

The existing literature on the decomposition of educational achievement gaps at the regional level provides valuable insights into the factors contributing to these disparities. McEwan and Marshall (2004) on the indigenous-non-indigenous educational gap in Bolivia and Chile, finding that a significant portion of the educational gap could be attributed to differences in school attributes such as infrastructure and furniture. This research was extended to Guatemala, further emphasizing the role of school quality in explaining the achievement gap. Additionally, Ramos et al. (2016) analyzed the educational gap in Colombia and found that a substantial portion of the gap could be attributed to students’ family characteristics, particularly their socioeconomic status.

The socioeconomic conditions of households significantly impact the learning achievements of students in both urban and rural areas. Disparities in access to public services, income, and education levels are evident between rural and urban households, particularly those headed by females (Befort et al., 2012). These disparities extend to child nutrition, with rural–urban disparities influencing child nutrition in countries like Bangladesh and Nepal (Srinivasan et al., 2013). Furthermore, the significance of education in improving the socioeconomic conditions of individuals and communities has been highlighted (Monyai, 2018). This emphasizes the profound influence of socioeconomic conditions on educational outcomes, indicating the need for targeted interventions to address disparities and ensure equitable learning opportunities for all students.

The urban-rural achievement gap in Peru is influenced by various factors. Castro and Rolleston (2018) provide evidence of the significant role played by early childhood and schools in contributing to cognitive gaps. Additionally, Castro (2020) found that differences in school inputs play an important role and explain around 35% of the urban/rural gap in cognitive skill in Peru. These studies collectively underscore the multifaceted nature of the urban-rural achievement gap, influenced by socioeconomic factors, school conditions, and early childhood experiences.

To understand the influence of school inputs on the learning achievement gap between urban and rural environments, it is essential to consider various factors such as teacher-student ratio, premises condition, and student-computer ratio. Research has shown that observable school inputs occurring between ages 6 and 8 account for a significant share (around 35%) of the difference in cognitive skill (Castro, 2020). Additionally, the quality of teachers in urban schools compared to those in rural areas affects students’ academic attainment, leading to disparities in academic achievement (Owoeye and Yara, 2011). Moreover, the urban-rural difference in teacher effects contributes in large part to the observed urban-rural gap in student academic achievement (Zhang et al., 2018).

The article by Gimbert et al. (2007) examines how teacher preparation impacts student achievement in algebra in urban schools with staffing challenges. The study reveals that strong and specific preparation for teaching algebra can significantly enhance student academic performance in challenging contexts.

Furthermore, the condition of basic service provisions in peri-urban areas is unsatisfactory and far behind urban areas, indicating a disparity in infrastructure and resources (Mondal, 2021). Additionally, the study finds that the quality of rural and urban schooling differs significantly, with relatively higher quality schools found in suburban areas (Gadsden and Dixon-Román, 2016). This disparity in school quality can contribute to the learning achievement gap between urban and rural environments.

The hypotheses that guide the investigation are two: hypothesis 1: The learning achievement gap is due to observable characteristics at the student, home, and context levels. Hypothesis 2: The observable characteristics that have the greatest contributions to the mathematics learning achievement gap are related to socioeconomic characteristics and school inputs.

To understand the achievement gap in learning, it is essential to consider the influence of various observable factors at the student, household, and contextual levels. The socioeconomic status of students has been found to have a medium to strong relationship with academic achievement (Şirin, 2005). Additionally, context factors have been shown to impact student achievement, as evidenced by studies using data from the Trends in International Mathematics and Science Study (Caponera and Losito, 2016). Furthermore, the implementation of independent learning activities has been linked to improved learning achievement, indicating the potential impact of educational approaches on student outcomes (May, 2022).

Moreover, the influence of online learning on student characteristics has been explored, providing insights into the evolving nature of learning environments and their effects on students (Rudy et al., 2021). The analysis of the performance of students from different socioeconomic backgrounds on standardized assessments has revealed widening achievement gaps over time, underscoring the persistent challenges in addressing educational inequalities (Shala and Latifi, 2021). The impact of resource distribution and availability on pupil learning outcomes has been investigated, highlighting the importance of educational resources in shaping students’ learning experiences and achievements (Nyirenda, 2021). Moreover, the concept of the school as a learning organization has been reviewed, offering a broader perspective on the organizational factors influencing student learning and achievement (Stoll and Kools, 2017). Additionally, the most considered type of student characteristics by primary school teachers has been explored, emphasizing the role of educators in recognizing and addressing diverse student needs (Dwiwarna and Rahadian, 2018).

Various socio-economic factors and school inputs influence the urban-rural mathematics achievement gap. Here are the key findings from the relevant abstracts: socio-economic factors contributing to the urban-rural mathematics achievement gap: (i) research shows that mathematical proficiency gaps are related to students’ and schools’ indicators of poverty (González Canché, 2023), (ii) school socioeconomic status (SES) is strongly tied to participation and achievement in senior secondary school mathematics (Murphy, 2019), (iii) socioeconomic variation does not fully account for differences in achievement in rural locations, suggesting the role of rurality in mediating other effects on student achievement (Dean et al., 2023). Socio-economic status plays a significant role in educational development and achievement. Students from low socio-economic backgrounds often face challenges such as limited access to resources, inadequate healthcare, and unstable home environments, which can impact their academic performance. These disparities in economic well-being and family characteristics can impede educational development and readiness. The neighborhood in which a student resides can also influence their educational outcomes. Urban and rural areas often differ in terms of resources, opportunities, and community support. Urban areas may have more access to educational resources, extracurricular activities, and cultural institutions, which can positively impact student achievement. On the other hand, rural areas may face challenges such as limited access to quality schools, transportation barriers, and a lack of diverse learning opportunities.

School inputs affecting the urban-rural mathematics achievement gap: rural students take advanced math at a significantly lower rate than urban students, which contributes to the gap in educational attainment (Irvin et al., 2017). Nonmetropolitan schools are less likely to offer advanced mathematics subjects, and their students are less likely to choose those options (Murphy, 2019). Inadequate investment in rural education, such as funding and high-quality teaching resources, contributes to the gap (Xiang and Stillwell, 2023).

The neighborhood in which a student resides can also influence their educational outcomes. Urban and rural areas often differ in terms of resources, opportunities, and community support. Urban areas may have more access to educational resources, extracurricular activities, and cultural institutions, which can positively impact student achievement. On the other hand, rural areas may face challenges such as limited access to quality schools, transportation barriers, and a lack of diverse learning opportunities.

Transmission mechanisms through which socio-economic factors influence the urban-rural mathematics achievement gap: The presence of geography of mathematical (dis) advantage suggests that mathematical performance is spatially dependent across schools and neighborhoods (González Canché, 2023). Rurality mediates the effects of other factors on student achievement in a complex interplay of factors (Dean et al., 2023) Socio-economic conditions and the quantity of resources devoted to school systems trigger disparities in educational outcomes (Dean et al., 2023).

The urban-rural learning gap is mostly attributed to differences in school and family characteristics (Sumida and Kawata, 2021). This suggests that urban areas may have better school resources and more supportive family environments compared to rural areas. Inequality in access to resources: Another study in Peru found that inequalities in school environments, such as inadequate investment and lack of high-quality teaching resources, contribute to the cognitive gap between urban and rural children (Castro, 2020). This implies that urban areas may have better access to technological resources and educational facilities. Effects of government policies: The rural–urban education gap may also be influenced by government policies. One study suggests that inappropriate partitioning of the national territory and negative effects of school consolidation policies can hinder the educational achievements of rural areas (Xiang and Stillwell, 2023).

Various observable and non-observable factors influence the urban-rural gap in education performance. Observable factors include socioeconomic context, school resources, teaching quality, and infrastructure. Non-observable factors encompass discrimination, differences in opportunities, and school culture. Research has shown that urban schools generally have better access to quality education compared to rural schools (Nugba et al., 2022). Factors such as performance appraisal and teachers’ professional development have been found to influence value addition in secondary education (Odera et al., 2022). A proposed unified conceptual framework for quality education emphasizes the importance of collaboration within the education system for high-quality learning opportunities (Garira, 2020). Additionally, studies have reported that student performance is likely to improve in schools with higher shares of students from socioeconomically privileged families (Muñoz and Queupil, 2016). Academic supervision, school culture, and principal leadership have a positive influence on teacher performance (Wulandari et al., 2021). Settlement type has been linked to educational effectiveness, with rural schools exhibiting lower educational potential compared to urban schools (Murawska et al., 2019). The work environment and motivation significantly impact the performance of non-formal educators (Djibu and Duludu, 2020). Arts and cultural education play a crucial role in shaping pupils’ opinions and have a positive impact on education (Žnidaršič, 2020). Immigrant students’ educational success is influenced by factors such as attitudes towards achievement and strategic course selection (Marks, 2010). Character education based on local wisdom and meaningful encounters in schools contribute to educational success and social cohesion (Suastini and Sumada, 2022). Enhancing culture in education and community participation in Islamic elementary schools are also important for educational development (Backer et al., 2012; Sahlan, 2014; Budianur and Setiawan, 2021). Implementing professional development and creativity in artistic education are essential for improving educational outcomes (Steyn, 2005; Backer et al., 2012). Predictors of students’ academic success require a coherent analysis of educational policies and practices (Anghelache, 2017).


Main objective

The main objective of this research is to analyze the mathematics achievement gap between secondary school students in urban and rural areas in Peru during 2018, using the Oaxaca-Blinder decomposition to identify the factors contributing to this disparity.



Research hypotheses


Hypothesis 1: The mathematics achievement gap between urban and rural students is primarily due to observable characteristics at the student, household, and contextual levels.

Hypothesis 2: The observable characteristics that most contribute to the mathematics achievement gap between urban and rural students are related to socioeconomic factors and school inputs, such as household socioeconomic status and the quality of educational resources available.
 




Methods


The Oaxaca-Blinder decomposition

The Oaxaca-Blinder decomposition has been used to analyze urban-rural disparities in various contexts, such as healthcare utilization, income, and educational performance (Sakellariou, 2008; Fortin et al., 2011; Akita and Miyata, 2013; Vujicic and Nasseh, 2013; Jackson and VanderWeele, 2018; Luh and Wei, 2018; Berri et al., 2021; Fu et al., 2021; Nagi and Gummadi, 2022; Tadesse et al., 2023).

It has been instrumental in attributing a significant portion of the observed gaps to differences in characteristics and coefficients between urban and rural áreas (Sakellariou, 2008; Fortin et al., 2011; Akita and Miyata, 2013; Vujicic and Nasseh, 2013; Jackson and VanderWeele, 2018; Luh and Wei, 2018; Berri et al., 2021; Fu et al., 2021; Nagi and Gummadi, 2022; Tadesse et al., 2023). Additionally, the technique has been extended to nonlinear models, providing a comprehensive approach to decompose differences in outcomes between groups (Bauer and Sinning, 2008).

The Oaxaca-Blinder decomposition is a powerful tool for understanding and quantifying disparities between groups, providing valuable insights into the factors contributing to these differences. Its applications span across diverse fields, making it a versatile and widely used method for analyzing various forms of inequality and disparity.

The Oaxaca-Blinder decomposition method, aims to explain the difference in mean outcomes across two groups by dissecting the contributions of group differences in explanatory variables and differences in the magnitude of regression coefficients (Jann, 2008). This method has been widely applied in various fields, such as labor market analysis, financial literacy, and health disparities, to understand the factors contributing to differences in outcomes between different groups.

The application of the Oaxaca-Blinder decomposition has provided valuable insights into gender disparities in financial literacy, wage differentials, and health outcomes. For instance, in the analysis of gender gaps in financial literacy, the decomposition revealed that the majority of the gap was attributed to differences in coefficients rather than differences in the characteristics of men and women (Fonseca et al., 2012). Similarly, in the study of immigrant health disparities, the method allowed for the examination of disparities at various quantiles of the health distributions, providing a nuanced understanding of the determinants of health disparities among immigrants (Berloffa and Paolini, 2022).

Moreover, the Oaxaca-Blinder decomposition has been extended to non-linear models, enabling its application to a broader range of research questions and statistical models (Bauer and Sinning, 2008). This extension has facilitated the examination of wage discrimination, poverty differentials, and industry income gaps, providing a comprehensive understanding of the factors contributing to disparities across various domains (Agrawal, 2013; Chen et al., 2017; Matuszewska-Janica, 2018).

The Oaxaca-Blinder decomposition method is a widely used technique in economics and social sciences to analyze the difference in mean outcomes between two groups, denoted as Group A and Group B (Jann, 2008). This method allows for the decomposition of the mean outcome difference into several components, providing insights into the factors contributing to the observed differences (Firpo et al., 2009). The procedure is known in the literature as the Oaxaca-Blinder decomposition and has been applied to various fields such as labor market discrimination, educational attainment, income inequality, and disparities in informal care intensity (Powers et al., 2011; Arteaga and Glewwe, 2019; Zarei et al., 2021).



Threefold decomposition Oaxaca-Blinder for rural–urban gap in learning achievement

Denoting the two groups as urban (U) and rural (R), the difference in means can be explained [image: image] simply as the difference in means of the results for the observations of group U [image: image] and group R [image: image]
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Threefold decomposition

[image: image]

In the context of a linear regression, the mean outcome for Group G ∈ {U, R} can be expressed as [image: image], where [image: image] contains the mean values of explanatory variables and [image: image] are the estimated regression coefficients. Hence, [image: image] can be rewritten as:

[image: image]

This expression can, in turn, be written as the sum of the following three terms:

[image: image]

Equation 4 of the Oaxaca-Blinder decomposition breaks down the mean outcome difference into three components: the endowments term, the coefficients term, and the interaction term. The endowments term accounts for differences in explanatory variables across groups, the coefficients term represents the part due to group differences in the coefficients, and the interaction term captures the simultaneous occurrence of cross-group differences in explanatory variables and coefficients (Fairlie, 2005; Bauer and Sinning, 2008; Jann, 2008).



Twofold decomposition

The Oaxaca-Blinder decomposition method is a valuable tool for understanding the factors contributing to differences in mean outcomes between groups. This method allows for the disentanglement of the portion of the difference in mean outcomes that can be explained by cross-group differences in the explanatory variables from the portion that remains unexplained (Bauer and Sinning, 2008). It has been widely used to identify and quantify the separate contributions of group differences in measurable characteristics to racial and gender gaps in outcomes (Fairlie, 2005). Furthermore, this method has been extended to nonlinear models, allowing for the decomposition of differences in a non-linear outcome variable between two groups into explained and unexplained parts (Bauer and Sinning, 2008). The Oaxaca-Blinder decomposition method is particularly useful in situations where there is a need to control for confounding variables to ensure the validity of the analysis (Attia et al., 2017). It allows for the prediction of the effect of changes in policy or other variables on quantiles, providing a comprehensive understanding of the impact of different explanatory variables on outcomes (Firpo et al., 2009) The unexplained portion of the mean outcome gap can be further decomposed into sub-components, measuring the part of the mean difference in outcomes originating from discrimination in favor of one group and the part that comes from discrimination against the other group (Powell et al., 2012).

Assuming that the group suffering discrimination is rural students, then the wage gap between urban and rural students is given by Equation 3, that is:

[image: image]

By adding and subtracting in the previous expression,

[image: image]
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According to Equation 5, the wage difference between groups U and R equals the sum of two components. The first component is interpreted as the part explained by differences among observed variables, while the second component represents the unexplained part or that associated with unobserved variables.

[image: image]

Suppose [image: image] it is the non-discriminatory condition or the reference coefficient, the general equation for the decomposition of [image: image]will be:

[image: image]

The Oaxaca-Blinder model is used to decompose differences in educational achievement between groups, such as urban and rural, identifying the explained part (attributable to observable differences) and the unexplained part (associated with discrimination).



Data

The data correspond to the Student Census Evaluation (ECE) of second grade secondary school students, which is a standardized evaluation carried out by the Ministry of Education to know the learning achievements achieved by the country’s students. This evaluation is carried out in all public and private schools in the country that have more than five students in the grade to be evaluated. The Census evaluation contains data on learning achievements, the type of school management, the geographic area, and the socioeconomic index of the evaluated students.

The evaluation encompasses various factors such as learning achievements, school management type, geographic area, and socioeconomic status of students. To assess the learning gap between urban and rural students, data from the entire sample was used, as there were no missing data, and no exclusions were made. If you need further assistance with analyzing or interpreting the data, feel free to provide more specific details or questions. The information has also been filtered at the district level reported by the Ministry of Education of Peru and UNDP, which are shown in Table 1,



TABLE 1 Variable description.
[image: Table1]




Results

The mathematics achievement gap between urban and rural areas has been the subject of significant research and analysis. The study revealed that even after controlling for socioeconomic variables and school contributions, the urban area maintained significantly higher learning performance in mathematics compared to the rural area. This positive gap in favor of the urban area was estimated at 63.28 points, indicating a persistent disparity in learning performance between urban and rural areas.

The outcomes of the analysis conducted using the Oaxaca-Blinder triple decomposition (Equation 4) and the provided dataset are as follows: Endowments: These represent the observable attributes of individuals that contribute to the learning achievement gap. In this instance, the data illustrates that disparities in endowments contribute 52.25 points to the learning achievement gap between urban and rural students. Coefficients: These delineate how differences in observable attributes influence the learning achievement gap. Here, the coefficients suggest that discrepancies in observable attributes account for 19.91 points of the learning achievement gap between the two groups. Interactions: This component encapsulates how disparities in endowments affect the learning achievement gap between the groups divergently. In this context, the interaction manifests a value of −8.89, indicating a negative correlation between observable attributes and the learning achievement gap between urban and rural students. These findings imply that variances in endowments (observable attributes) and coefficients (the impact of those attributes on learning achievement) are pivotal in elucidating the learning achievement gap between urban and rural students. Moreover, the interaction between endowments and the learning achievement gap suggests that disparities in observable attributes wield distinct effects on the two groups.

[image: image]

On the other hand, according to the double decomposition of the learning achievement gap using the Oaxaca-Blinder methodology, it is shown that the difference of 63.28 points in mathematics achievement between urban and rural areas, in favor of urban area students, consists of 54.96 points explained by observable variables and 8.32 points unexplained (Table 2).



TABLE 2 Learning achievement gap between urban and rural areas through the Oaxaca-Blinder methodology.
[image: Table2]

The Oaxaca-Blinder two-part decomposition method decomposes the learning achievement gap into two parts. One part attributed to the explained part related to observable characteristics (such as socioeconomic characteristics of students, school resources and teachers’ qualifications) and another part that remains unexplained, often attributed to factors such as discrimination, cultural differences or unexplained variables (Observed Equation 9). The Oaxaca-Blinder model stands as a widely embraced approach for dissecting disparities in educational achievement between distinct groups, such as urban and rural cohorts, into discernible segments of explained and unexplained variations. This model serves as a pivotal tool in delineating the portion of the discrepancy that can be ascribed to observable differences, accounting for 86.85% (54.96/63.28), and the segment entwined with discriminatory factors, totaling 13.14% (8.32/63.28). The twofold decomposition derived from the Oaxaca-Blinder methodology (Table 3; Equation 9) elucidates that among the observable variables, socioeconomic determinants elucidate 56.40% of the variance, trailed by educational inputs at 12.15%. Notably, key socioeconomic variables exerting significant influence include the years of education among individuals aged 25 and over (EDU25), contributing 37.32%, followed by the socioeconomic index (ISH) at 33.73%, and the per capita family income of the district (IPC) at 23.22%. Remarkably, the years of education among the adult populace notably mitigate the disparity, while household socioeconomic indices and district-level family income per capita exacerbate it. Among educational inputs, access to basic amenities such as water, sanitation, and electricity contributes 11.19%, followed by the proportion of school facilities in satisfactory condition at 6.98% (Table 3).



TABLE 3 Explained and unexplained component of the gap in mathematics learning achievement between urban and rural áreas.
[image: Table3]

The estimated results shown in Equation 9 (Table 3) correspond to Equation 6, which describes the contribution of different factors to mathematics learning achievement between urban and rural areas, divided into explained and unexplained components.

Socioeconomic factors explain 56.40% of the gap in mathematics achievement between urban and rural areas. The main factors contributing to this explained portion include the Health Situation Index (HSI) with 33.73% and the Human Development Index (HDI) with 15.58%. In contrast, some factors, like the percentage of adults with higher education (EDU25), contribute negatively to this explained portion with −37.32%. Regarding the unexplained portion, socioeconomic factors account for 45.16% of the gap. The HDI is the largest contributor with 116.02%, followed by SM with 35.89%.

The positive contribution of the HDI at 116.02% reflects its ability to mitigate the negative impacts of other factors that contribute negatively to the unexplained portion. Essentially, when combined with the negative contributions of factors such as EDU18 and IPC, the HDI’s positive impact results in a net percentage that exceeds 100%. This does not imply that more than 100% of the gap is explained solely by these factors, but rather illustrates their combined effect after accounting for positive and negative influences across the model.

Factors like EDU18 (secondary education completion for those over 18 years old) and IPC have significant negative contributions, with −75.53% and −66.71%, respectively.

School resources-related factors explain 12.15% of the gap in mathematics achievement. Among these, the availability of school materials (WSE) is the largest contributor with 11.19%, followed by school infrastructure (I) with 1.59%. However, some factors have negative contributions, such as class size (CLASS) with −4.31% and altitude (ALTITUDE) with-2.57%. In the unexplained portion, school resources contribute 17.26% to the gap. Here, class size (CLASS) is a significant factor with a contribution of 54.96%, while other factors, such as the student-to-computer ratio (COMP) and altitude (ALTITUDE), have smaller contributions, with-0.63 and 10.53%, respectively.

In total, the explained factors account for 68.53% of the gap in mathematics achievement between urban and rural areas, while the unexplained factors account for 31.47%. The explained portion is mainly attributed to socioeconomic factors, while in the unexplained portion, both socioeconomic factors and school resources-related factors play important roles, with major contributions from specific factors such as HDI and class size.

[image: image]

Table 4 shows that in all regions, with the exception of Madre de Dios and Moquegua, the explained part of the learning achievement gap is greater than the unexplained part.



TABLE 4 Explained and unexplained learning achievement gap by departments.
[image: Table4]

The table presents the explained and unexplained learning achievement gap by departments, expressed in both points and percentages, using the Oaxaca-Blinder methodology. The explained column shows the explained contribution to the learning achievement gap, while the unexplained column indicates the unexplained portion of the gap. In the in points column, absolute values of the explained and unexplained gap are displayed. In the in percentage column, percentages of the explained and unexplained gap relative to the total learning achievement gap are shown. For example, in the Amazonas department, out of the total gap of 47.50 points, 40.52 points are explained by observable variables, representing 85.30% of the total gap. Meanwhile, 6.98 points are unexplained, representing 14.70% of the total gap. These results allow for the identification of the contribution of observable variables (such as socioeconomic factors, access to basic services, among others) and unobservable variables (such as discrimination, institutional inequality, among others) to the learning achievement gap across different departments.

The triple decomposition (Table 5) shows that the gap in learning performance in mathematics is explained in 82.58% (52.25/63.28) by the endowment effect, in 31.47% (19.91/63.28) due to the coefficient effect and-14.04% (−8.89/63.28) due to the interaction effect. That is, the gap between the urban environment is explained mainly by the endowment effect, followed by the coefficient effect and the interaction effect. The endowment effect, which accounted for the largest portion of the difference, suggests that inherent characteristics and resources available in urban and rural areas significantly impact mathematics achievement (Li et al., 2017). Additionally, the coefficient effect and interaction effect identified in the decomposition analysis indicate the influence of specific factors and the interplay between different variables on mathematics achievement in urban and rural settings (Li et al., 2017).



TABLE 5 Triple decomposition of the learning achievement gap.
[image: Table5]

The socioeconomic variables that most contribute to increasing the gap in favor of students from urban areas are: district human development index (65.26%) and household socioeconomic index (46.26%). While the variables that reduce the gap are: the average years of education of the population aged 25 and over and per capita family income at the district level (−16.33%). On the school supplies side, the main variables that contribute to increasing the gap are: class size (10.26%), the provision of water, drainage and electricity (7.92%) and school premises in good condition (5.14%).

Table 6 provides insights into the disparities in educational achievement between urban and rural areas across diverse departments. Positive differentials signify superior performance in urban settings, whereas negative differentials indicate better outcomes in rural regions. For instance, in Ancash, urban students achieve 557.58 points compared to 491.72 points for their rural counterparts, resulting in a 65.87-point advantage for urban areas. The “Decomposition” column further dissects this gap into three fundamental components: Endowments, Coefficients, and Interaction. Endowments delineate variances in initial resources or characteristics between urban and rural students. For instance, in Ancash, urban areas exhibit endowments of 52.58 points, while rural areas demonstrate 16.80 points. Coefficients elucidate the impact of these initial disparities on educational outcomes. In the context of Ancash, coefficients amount to 16.80 points for urban areas and − 3.51 points for rural areas. The Interaction term delineates any supplementary influence stemming from the interplay between urban/rural status and other factors. In Ancash, this interaction is represented as-3.51 points, suggesting an additional effect beyond endowments and coefficients. Consistently, the data reveal a prevailing gap in educational performance favoring urban locales across most departments, with distinctive contributions from endowments, coefficients, and interactions in each scenario.



TABLE 6 Gap in learning achievement between urban and rural areas by department.
[image: Table6]



Discussion

The findings of this study have significant implications for public policy. Firstly, observable characteristics account for 83% of the learning achievement gap between urban and rural environments in Peru. Secondly, this gap is largely explained by socioeconomic characteristics and school resources across all departments in Peru, with the exceptions of Madre de Dios and Moquegua. To address the learning achievement gap between urban and rural areas in Peru, it is crucial to consider the impact of socioeconomic characteristics and school resources. Disparities in educational performance between urban and rural areas stem from a combination of socioeconomic factors and the availability of educational resources (Şirin, 2005; Sun and Du, 2021).

Several studies support the hypothesis that the level of socioeconomic status in both the household and the surrounding environment contributes to the achievement gap between urban and rural students. Reeves (2012) emphasizes the impact of family socioeconomic status on the rural math achievement gap in high school, indicating a correlation between socioeconomic status and academic achievement. Similarly, Ababneh and Kodippili (2020) found that students attending rural schools were not performing as well as students from urban schools, highlighting the association of variables with the mathematics achievement gap between rural and urban students. The difference in learning achievement between urban and rural areas according to socio-economic factors and school resources has been found in other studies (Murphy, 2019; Dean et al., 2023), mainly in rural áreas (Dean et al., 2023), where students from low socio-economic backgrounds often face challenges such as limited access to resources, inadequate healthcare, and unstable home environments. Urban and rural areas often differ in terms of resources, opportunities, and community support. Urban areas may have more access to educational resources, extracurricular activities, and cultural institutions, which can positively impact student achievement. On the other hand, rural areas may face challenges such as limited access to quality schools, transportation barriers, and a lack of diverse learning opportunities.

Other studies emphasize the importance of socioeconomic variables, such as the Human.

Development Index (HDI) and household socioeconomic status, in the learning gap favoring urban students. For example, Sharaf and Rashad (2016) found that these variables are determinants of regional inequalities in child malnutrition in Egypt, Jordan, and Yemen. Additionally, another study reveals that socioeconomic factors, such as access to educational resources, significantly influence the difference in educational performance between urban and rural areas. Sun and Du (2021) highlight that teacher training can reduce this educational gap by providing better tools and methodologies for rural teachers, thus improving the academic performance of students in these areas.

Furthermore, the study highlights that the portion of the gap in educational performance attributable to observable factors exceeds the unexplained portion in most departments, emphasizing the importance of addressing these disparities (Jacobs and Harvey, 2010).

Research has shown that these factors play an instrumental role in adolescents’ intellectual and social–emotional development (Eccles and Roeser, 2011). Additionally, the efficiency of secondary schools and the appropriate allocation of public resources to support diverse students have been highlighted as crucial evidence for policymakers and stakeholders (Muñoz, 2016). Furthermore, the socioeconomic environment has been found to have a significant effect on inferential reasoning of students, emphasizing the importance of public policies in addressing these disparities (Flores-Mendoza et al., 2017).

Moreover, the gender gap in educational achievement has been studied in relation to school context, indicating that school resources and practices can influence boys’ and girls’ performance differently (Hek et al., 2017). This highlights the importance of considering the specific needs of different student groups when addressing educational disparities. Additionally, the effect of bonuses on teacher retention and student learning in rural schools has been investigated, providing insights into the indirect effects of incentives aimed at attracting teachers to disadvantaged schools (Castro and Esposito, 2022).

Furthermore, the role of contextual and compositional characteristics of schools in health inequalities has been examined, emphasizing the need to consider the broader impact of school environments on student well-being (Herke et al., 2020). Additionally, the contribution of early childhood and schools to cognitive gaps has been highlighted, emphasizing the importance of both home a learning outcomes (Castro and Rolleston, 2018).

In the specific context of Peru, the study of teachers’ pedagogical content knowledge and mathematics achievement of students has been conducted, shedding light on the role of teachers in influencing student achievement (Cueto et al., 2016). Additionally, the importance of parental involvement in education as a moderator of family and neighborhood socioeconomic context on school readiness among young children has been emphasized, indicating the significance of family and community support in educational outcomes (Kingston et al., 2013).

The findings of this study have important implications for public policy. The significant influence of socioeconomic characteristics and school resources on the achievement gap suggests that targeted interventions in these areas could help reduce the gap. By addressing the disparities in resources and support available to students in rural areas, policymakers can work towards narrowing the achievement gap in mathematics learning.

The study’s findings align with previous research that has emphasized the impact of socioeconomic status on academic achievement. It has been noted that family socioeconomic status plays a crucial role in shaping students’ educational outcomes, with lower family socieconomic status being associated with poorer academic achievement (Şirin, 2005).

The achievement gap between urban and rural students is a multifaceted issue influenced by various factors. Research indicates that disparities in child nutrition, income, and educational resources play a significant role in perpetuating this gap (Montgomery and Hewett, 2005; Sicular et al., 2008; Baker and Greer, 2010; Pribesh et al., 2011; Jeynes, 2012; Liao et al., 2013; Liu et al., 2013; Srinivasan et al., 2013; Yang, 2015; Khan et al., 2017; Liddle, 2017; Wang and Tao, 2017; Mason et al., 2019; Tine, 2019; Wang et al., 2019; Ju et al., 2022; Masud, 2022).

Factors such as family socioeconomic status, educational expectations, and access to educational resources have been identified as key contributors to the achievement gap (Baker and Greer, 2010; Pribesh et al., 2011; Tine, 2019). Furthermore, the urban-rural income gap and inequality in the allocation of educational resources have been highlighted as contributing factors to the learning achievement gap (Sicular et al., 2008; Liddle, 2017; Wang and Tao, 2017; Wang et al., 2019).

Furthermore, the quality of school management, household socioeconomic development, and access to essential resources such as water, electricity, and educational facilities have been identified as critical determinants of the achievement gap (Pribesh et al., 2011; Srinivasan et al., 2013; Wang et al., 2019). It is also important to consider the impact of cultural and ethnic differences, as well as the distinct cognitive and academic profiles of students from rural versus urban poverty (Jeynes, 2012; Mason et al., 2019).

The learning achievement gap in mathematics between urban and rural areas in Peru is a significant issue, with urban students consistently outperforming their rural counterparts. This gap varies across different departments of Peru, with the largest gap observed in the mountainous regions such as Ancash, Junín, and Cusco, and the smallest gap in coastal and jungle areas like Tacna, Madre de Dios, Ica, and San Martin. The disparity in learning achievement is a cause for concern and requires attention to ensure equitable access to quality education for all students, regardless of their geographical location. Table 5 shows the learning achievement gap in mathematics between urban and rural areas. The results suggest that there is a positive gap in favor of students from urban areas in all departments of Peru, which varies between 8.09 points in the department of Tacna and 65.87 points in the department of Ancash. The regions with the greatest gap are located in the mountains of Peru (Ancash, Junín and Cusco); while those with the smallest gap are found in the Coast and Jungle (Tacna, Madre de Dios, Ica and San Martin). The regions with the greatest gap are located in the mountains of Peru, while those with the smallest gap are found in the Coast and Jungle.

The learning achievement gap in mathematics between urban and rural areas in Peru is a significant concern, with urban students consistently outperforming their rural counterparts. This gap varies across different departments of Peru, with the largest gap observed in the mountainous regions such as Ancash, Junín, and Cusco, and the smallest gap in coastal and jungle areas like Tacna, Madre de Dios, Ica, and San Martin (Ramsden and Entwistle, 1981). The disparity in learning achievement is a cause for concern and requires attention to ensure equitable access to quality education for all students, regardless of their geographical location. This issue is not unique to Peru, as similar disparities have been observed in other countries, such as China, where increasing attention has been paid to regional differences in education between and within provinces (Qian and Smyth, 2007). Furthermore, the migration from rural to urban areas, fueled by political instability in rural regions, has also been identified as a contributing factor to the disparities in learning achievement.

Addressing the urban-rural learning achievement gap requires a multifaceted approach, including focused programmatic interventions in rural settings to improve access to quality education. Furthermore, the role of education in reducing income inequality within urban and rural areas has been highlighted, emphasizing the need to reduce not only the urban-rural educational gap but also the educational inequalities within urban and rural áreas (Mahmud and Akita, 2018).

Furthermore, the influence of urbanization on the urban-rural gap in elementary education has been recognized as a significant variable warranting further study. Urbanization has been identified as a key factor affecting the social process and its impact on the urban-rural gap in elementary education is considered worthy of additional investigation (Ju et al., 2022). Additionally, the concentration of industries such as culture, education, science, and health in urban areas has been identified as a contributing factor to the widening income gap between urban and rural áreas (Liu and Long, 2021).

Understanding the educational achievement gap between urban and rural areas is crucial for designing effective interventions to address educational inequalities. This article reviews the psychopedagogical implications and future research directions of this gap. We examine how the Oaxaca-Blinder methodology elucidates the contributions of observable variables to the gap and discuss its implications for educational policy and practice. Additionally, we propose future research directions, including longitudinal studies to assess the long-term impact of interventions and investigations into the role of other factors, such as teacher quality and family environment, in the achievement gap.

The disparity in educational achievement between urban and rural areas is a persistent challenge in education systems worldwide. While numerous studies have documented this gap, understanding its underlying causes and implications is essential for developing targeted interventions to address it. In this article, we explore the psychopedagogical implications of the educational achievement gap between urban and rural areas and outline potential future research directions to inform policy and practice.

The Oaxaca-Blinder methodology provides valuable insights into the factors contributing to the educational achievement gap between urban and rural areas. By decomposing the gap into explained and unexplained components, this approach helps identify the role of observable variables, such as socioeconomic factors and school resources, in driving disparities in educational outcomes. Understanding these factors can inform the development of evidence-based interventions aimed at narrowing the gap.

Despite advances in understanding the educational achievement gap, several areas warrant further investigation. Longitudinal studies are needed to assess the effectiveness of interventions aimed at reducing the gap over time and to identify potential long-term outcomes for students from urban and rural areas. Additionally, research exploring the influence of other factors, such as teacher quality, family support, and community resources, on the achievement gap is essential for developing comprehensive strategies to address educational inequalities.

Addressing the educational achievement gap between urban and rural areas requires a multifaceted approach that considers the complex interplay of individual, family, school, and community factors. By exploring the psychopedagogical implications of this gap and identifying future research directions, this article aims to contribute to ongoing efforts to promote educational equity and improve outcomes for all students, regardless of their geographic location.



Conclusion

To address the conclusion that there is a positive gap in favor of urban students in mathematics achievement in Peru, it is essential to consider the impact of various factors on student learning outcomes. The positive gap in favor of urban students in mathematics achievement in Peru is influenced by various factors, including teaching methods, teacher-student rapport, socioeconomic status, and disparities in the quality of education between rural and urban schools. Addressing these disparities and implementing targeted interventions, such as improving teaching quality and investing in educational reforms, may help reduce the achievement gap and promote equitable learning outcomes for all students.

In the context of educational achievement in mathematics between students from urban and rural areas, the Oaxaca-Blinder decomposition has been applied to reveal that observable characteristics account for a substantial portion (86.85%) of the achievement gap. This approach provides a comprehensive understanding of the observed gap, shedding light on the influence of various factors such as access to resources, teaching quality, and socio-economic background. By quantifying the contribution of observable characteristics to the achievement gap, this methodology offers valuable insights for policymakers and educators to design targeted interventions aimed at reducing disparities in mathematics achievement between urban and rural students.

Based on the Oaxaca Blinder decomposition methodology, the gap in mathematics achievement was explained by the effect of endowment with 82.57%, the coefficient effect with 31.46%, and the interaction effect with −14.05%. The learning achievement gap is influenced by a complex interplay of socioeconomic factors at both the household and district levels. These factors include income, parental education, access to public services, and class size. Addressing these disparities is crucial for narrowing the achievement gap and promoting educational equity.

Understanding the educational achievement gap between urban and rural areas is crucial for addressing educational inequalities and comprehensively considering the psychopedagogical implications associated with this gap. By reviewing these implications and proposing future research directions, policymakers and educators can design evidence-based interventions that account for the unique needs of students from diverse geographic backgrounds. The utilization of the Oaxaca-Blinder methodology provides valuable insights into the psychopedagogical aspects of the gap by elucidating the contributions of observable variables, such as socioeconomic factors and school resources, to educational outcomes. Despite progress, further investigation into psychopedagogical factors is warranted, including longitudinal studies to assess intervention effectiveness and exploring the influence of factors like teacher quality and family environment. By recognizing and addressing these implications, policymakers and educators can advance efforts to promote educational equity and improve outcomes for all students, regardless of their geographic location.

In conclusion, addressing the learning achievement gap between urban and rural environments in Peru requires a comprehensive understanding of the multifaceted factors influencing student outcomes. Policymakers and stakeholders need to consider the interplay of socioeconomic characteristics, school resources, teacher quality, and community involvement to develop effective interventions and policies aimed at reducing educational disparities.
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