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This paper investigates the factors associated with socioeconomic achievement gaps in science and social studies among high school students in Colombia and explores the implications for Education for Sustainable Development (ESD). Utilizing a comprehensive cross-cohort dataset from the SABER 11 standardized examination for the period 2017–2023, which included sample sizes ranging from 330,152–377,354 students, a four-level multilevel modeling approach was employed. Data were aggregated at the student, school, municipality, and department levels. The analysis reveals that school characteristics are the most significant factors contributing to the achievement gap, with the length of the school day and school location emerging as key predictors of academic performance in these subjects. Furthermore, the study confirms the persistence of gender and ethnic-based academic disparities. Individual socioeconomic factors, specifically insufficient nutrition, student employment, and a lack of reading habits, were found to be negatively associated with academic achievement. By shedding light on these disparities in subjects critical for ESD in the Colombian context, this research provides valuable evidence for informing and strengthening educational policies aimed at fostering more equitable learning outcomes and advancing sustainable development practices.
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1 Introduction

Sustainable development (SD) aims at promoting social and economic welfare in a manner that is respectful to the environment and human culture (Sachs et al., 2024). To achieve this, it is crucial to prepare future generations with the skills and knowledge to become active members of their communities and contribute to solving some of the most pressing global issues of our time, such as climate change, poverty, and inequality. Education for Sustainable Development (ESD) constitutes a key pathway to attain sustainable development by empowering children and youth to become agents of change (Akinsemolu and Onyeaka, 2025; Kioupi and Voulvoulis, 2019; Olsson et al., 2021; Wals and Kief, 2010). Using innovative pedagogical approaches such as systems thinking, project-based learning (PBL), experiential learning, and design thinking, ESD promises to transform education from a results-based approach, where learning is assessed primarily on performance, to a learning ecosystem that envisions learning as a lifelong process essential for navigating complex global challenges (Akinsemolu and Onyeaka, 2025; O’Flaherty and Liddy, 2018; Reimers, 2024).

The goal of ESD is, therefore, to help students unlock their potential by providing them with cognitive and socioemotional tools not only to understand global issues, but also to develop their agency as they become aware of their pivotal role in society (Akinsemolu and Onyeaka, 2025; Olsson et al., 2021; Wals and Kief, 2010; UNESCO, 2020). This entails that what is learned in the classroom must be tailored to set the foundational knowledge and skills needed not only to be productive members of society, but also to actively participate in social and political life. Achieving this, however, is a complex endeavor involving systemic educational transformations. This is why UNESCO defined five priority action areas to assist countries in the process of adjusting their education systems to become more sustainable-oriented (UNESCO, 2018, 2020). From the evaluation of best practices in education, strengthening learning environments, and building the capacities of educators, to community-and-youth-based programs, these priority areas provide a roadmap for the implementation of initiatives that foster education for sustainable development.

Colombia has made important strides to transform its education system in alignment with these global objectives. For example, the Ministry of Education has formulated a series of policy guidelines for curriculum design that explicitly include topics such as restorative practices, development studies, biodiversity conservation, and human rights (Ministry of Education of Colombia, 2006, 2016a, 2016b). To assess whether students are attaining learning outcomes, the Instituto Colombiano para la Evaluación de la Educación (ICFES), the agency responsible for measuring educational quality, developed a standardized test called SABER 11. This test is administered at the end of the 11th grade to all students in Colombia and assesses their knowledge and skills across five subjects: mathematics, reading, science, social studies, and English (Instituto Colombiano para la Evaluación de la Educación – ICFES, 2023).

Of particular interest to this study are achievement gaps in science and social studies, as their curricula and assessment frameworks are designed to unequivocally align with and integrate key goals and themes of Education for Sustainable Development (ESD). In science, for example, students are evaluated on critical aspects of environmental education such as deforestation and sustainability (Instituto Colombiano para la Evaluación de la Educación – ICFES, 2019a). In social studies, students engage with topics associated with development studies, including poverty, equity, human rights, and peace for development (Díaz Sánchez, 2020; Instituto Colombiano para la Evaluación de la Educación – ICFES, 2019b). Following the 2016 peace agreement between the Colombian government and the Revolutionary Armed Forces of Colombia (Fuerzas Armadas Revolucionarias de Colombia – FARC), a Marxist guerrilla group involved in the armed conflict, schools are mandated to teach a course on peace and conflict resolution (Vásquez-Russi, 2020)1. Therefore, the SABER 11 test for science and social studies, by assessing content deeply integrated with ESD principles, constitutes a valuable proxy for understanding student achievement in areas critical to sustainable development efforts in Colombia.

While the prevalence of socioeconomic achievement gaps in core subjects like mathematics and reading is well-documented both internationally (Chmielewski, 2019; Coleman et al., 1966; Hanushek et al., 2022; OECD, 2023; World Bank, 2020) and in Colombia (Cabra, 2023, 2024; Instituto Colombiano para la Evaluación de la Educación – ICFES, 2023; Rodríguez-Gómez et al., 2024), less attention has been given to such disparities in subjects with explicit ESD relevance. To our knowledge, this is one of the few studies that attempts to elucidate evidence on socioeconomic achievement gaps in science and social studies for Colombia specifically, examining two academic outcomes critical for fostering sustainable development competencies and using large samples of data from multiple cohorts. This study addresses two key research questions: (1) Is there a socioeconomic achievement gap in science and social studies in Colombia? and (2) What individual and school-level factors are associated with this socioeconomic achievement gap? By utilizing comprehensive data from the SABER 11 test for the years 2017–2023 and employing multilevel modeling, this study explores the factors associated with academic achievement disparities in these ESD-relevant subjects within the Colombian context. This research contributes to the existing international literature by providing novel empirical evidence on socioeconomic achievement gaps in non-traditional, but ESD-aligned, academic domains from a Latin American country. It also offers valuable insights into the multidimensional nature of educational inequality and its implications for advancing sustainable development goals. This study is organized as follows: Section 2 presents a review of the most relevant literature on the topic and highlights the research gap. Section 3 details the methodology and data. Section 4 highlights results, while Section 5 presents a thorough discussion of findings. Section 6 presents the conclusions of the study and offers policy recommendations.



2 Literature review

Research in inequality of educational opportunity has extensively documented the existence of academic achievement gaps, often emerging as early as preschool age and persisting throughout elementary and secondary education if left unattended (Attanasio et al., 2023). While this body of literature is substantial, a significant portion has historically focused on academic disparities in mathematics and reading, considered foundational subjects and key indicators for assessing students’ core learning outcomes (Chmielewski, 2019; World Bank, 2018). Overall, these studies highlight several interconnected factors that contribute to the emergence and widening of these gaps, including growing socioeconomic disparities among children (World Bank, 2018; World Bank, UNESCO, UNICEF, 2021) and disruptions such as the recent COVID-19 crisis (Di Pietro, 2023). In what follows, we provide an overview of the theoretical and empirical literature associated with socioeconomic achievement gaps and its relevance to the Colombian context.


2.1 Socioeconomic achievement gaps: a closer look at the theory of capitals

Research on learning variability indicates that academic achievement gaps can be attributed to within-person variability, within-group variability, and contextual variability (Chmielewski, 2019; Jacobs Foundation White Paper, 2023). The Coleman et al. (1966) report is the first study that attempted to explain the factors that are associated with inequality of educational opportunity. The report found that besides teacher and school quality, socioeconomic status, conceptualized as all the social and economic assets that families have access to and command over, was the single most important predictor of academic achievement Coleman et al., 1966. Examples of these types of assets include parental education, parental employment, access to healthy food and durable goods, and access to nurturing environments where children can thrive (Black et al., 2017; World Bank, 2018).

Understanding the underlying mechanisms of these disparities requires drawing on robust theoretical frameworks from welfare economics and education. Human capital theory, for instance, suggests that investing in early child education produces the highest social and economic returns because it enables people to achieve their full potential, become productive, and increase their earnings potential (Heckman and Mosso, 2014). From this perspective, socioeconomic disparities can translate into unequal access to quality educational resources and opportunities, which can lead to gaps in the accumulation of social and economic capital. By the same token, cultural capital theory, developed by Bourdieu (1986), highlights that schools (and education systems) often reward and reinforce the cultural norms, values, and linguistic styles prevalent in dominant social classes. Because students from lower socioeconomic backgrounds possess different forms of cultural capital, this may lead to a mismatch with institutional expectations, thus, contributing to widening socioeconomic academic achievement gaps. This may explain why indigenous communities, which have a different cultural and social understanding of the world, usually perform at a lower rate in academic tests than their non-indigenous peers.

Similarly, the theory of social capital, as elaborated by scholar such as James Coleman, stresses the pivotal role that social networks and relationships within families and communities play in children’s development (Coleman, 1988). According to this theoretical framework, strong social connections, such as active parental involvement and close community partnerships, can provide resources and support to enhance children’s educational experiences, whereas a lack of such assets can exacerbate inequalities. In addition to the theories of human capital and economic and social welfare, Bronfenbrenner’s (1979) bioecological systems theory constitutes a holistic framework to understand learning variability because it shows how child development and educational outcomes are influenced by the complex interplay of multiple systems, from the immediate interactions within the family and school (microsystems), to broader societal structures and policies (macrosystems). This multi-level perspective is particularly relevant for understanding how various socioeconomic factors at different levels may contribute to widen or reduce achievement gaps (Jacobs Foundation White Paper, 2023).



2.2 Empirical evidence on socioeconomic academic achievement gaps

Studies from around the globe highlight the persistence of socioeconomic academic achievement gaps, hence, corroborating the aforementioned theoretical perspectives. Large-scale international assessments, such as the Programme for International Student Assessment (PISA) conducted by the Organisation for Economic Co-operation and Development (OECD), underpin the relationship between students’ socioeconomic status (SES) and their academic performance (OECD, 2023). Data from PISA assessments indicate, for example, that students from marginalized identities perform lower academically than their more affluent peers, even across wealthy countries (OECD, 2023). Similarly, the Trends in International Mathematics and Science Study (TIMSS) also report significant socioeconomic and gender-based academic achievement gaps in mathematics and science across countries (Broer et al., 2019). Besides these large-scale assessments, national studies from various developed and developing countries further explicate how socioeconomic factors impact learning. For example, research in the United States underscores the role of school funding in intensifying academic disparities (National Academies of Sciences, Engineering, and Medicine, 2023), while studies in other Latin American countries point to the impact of factors such as rural–urban divides (Rodríguez-Gómez et al., 2024), inequitable access to information durable goods (Cabra, 2023, 2024), nutrition (Prangthip et al., 2019), and length of school day (Alfaro et al., 2015) on educational outcomes. Together, these studies underscore the complex and multifaceted nature of educational inequality.

A key factor identified across this literature is parental involvement in students’ academic and extracurricular activities. Scholars such as Castro et al. (2015) have demonstrated that students whose parents are more actively involved in their school life tend to perform better academically. Another critical factor is the impact of school quality and teachers on student performance. Researchers like Schneider (2017) suggest that poor school quality, characterized by factors such as a lack of educational resources or a violent school climate, has a negative impact on academic achievement. Similarly, studies on the effect of teachers’ leadership and engagement indicate that students learn more and perform better academically when their educators are fully committed to their learning process (World Bank, 2018; Liu, 2024).

However, despite this extensive research on general academic achievement gaps, there is limited empirical evidence specifically exploring socioeconomic disparities in academic outcomes related to Education for Sustainable Development (ESD). This gap in the literature is partially explained by the inherent difficulties associated with effectively measuring attainment in this area. ESD, as conceived by UNESCO, is understood as an approach to education that seeks to empower children and youth to contribute to addressing society’s most pressing global challenges, including poverty, climate change, racism, and gender-based discrimination (Glavič, 2020; O’Flaherty and Liddy, 2018; UNESCO, 2020). Effective assessment in ESD must consider not only the acquisition of knowledge and skills, but also the development of agency in the application of such abilities in specific contexts (UNESCO, 2018, 2020; Tikly, 2019). Consequently, much of the existing research on ESD takes the form of case studies that showcase the work of schools, community-based organizations, and youth-led projects in promoting ESD initiatives, with a big share of it taking place in the African and Asian regions (Lee and Fujii, 2024a; Lotz-Sisitka and Lupele, 2017; Sachs et al., 2019; UNESCO, 2020; Wals and Kief, 2010). While these studies are pivotal to our understanding of effective practices in ESD, they generally do not allow for a broader assessment of progress, or lack thereof, in the implementation of ESD guidelines at a systemic or policy level (Lee and Fujii, 2024b; Uleanya, 2025).

Colombia provides a compelling case study of strong institutional leadership in promoting ESD. Since 1998, with the implementation of the “Curricular Guidelines” by the Ministry of Education, the country has actively sought to integrate education with sustainable development principles. This has resulted in the design of a national framework for teaching key topics across the K-12 setting, including strategies to foster peaceful conflict resolution. Strengthened by additional policy frameworks such as the “Standards of Basic Learning Outcomes” and the “Basic Learning Rights,” the Colombian government has demonstrated its commitment to providing an education oriented towards cultivating the principles of sustainable development (Ministry of Education of Colombia, 2016a, 2016b). Despite these significant policy efforts, reports indicate that for the period 2014–2023, academic achievement in science and social studies has remained relatively low, with students performing at a below average level (Laboratorio de Economía de la Educación (LEE) de la Pontificia Universidad Javeriana, 2024). In science, for example, students’ average score for the period 2014–2023 was 49.69 (out of a total of 100 points). In contrast, the average score for social studies for the same period was 48.61. Although useful, these reports have only provided a partial picture of the underlying nature of the relationship between academic achievement in ESD-relevant subjects and socioeconomic disparities. Therefore, there remains a notable gap in large-scale empirical evidence regarding how socioeconomic factors influence student achievement in subjects explicitly aligned with ESD in Colombia. This study addresses this gap by providing novel evidence on socioeconomic achievement gaps in science and social studies for Colombia. By using comprehensive cross-cohort data from the SABER 11 test across multiple years and employing robust multilevel modeling, this research contributes to our understanding of the achievement gap in these ESD-relevant subjects within the Colombian context, and offers insights relevant to broader discussions on educational equity and sustainable development globally.




3 Methodology and data

This study analyzed the factors associated with the socioeconomic achievement gap in science and social studies in Colombia from 2017 to 2023. Multilevel modeling was used as the method to estimate this gap for two reasons. First, multilevel modeling is a type of multiple regression analysis that considers when the data are structured at various hierarchical levels (Raudenbush et al., 2019). Not accounting for this clustering factor could yield biased estimators (Raudenbush et al., 2019). Second, effect sizes of multilevel modeling are more efficient than the ones produced by multiple regression analysis because they take into account the variance at the different levels of aggregation of the data.

For this study, a four-level model was constructed because data were grouped at four levels: students (level 1), schools (level 2), municipalities (level 3), and departments (level 4). The study used the estimation model proposed by Cabra, 2023:
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 are the residual differentials for each of the levels (students, schools, municipalities, and departments). In this four-level model, the residual differentials for students, schools, municipalities, and departments are assumed to be normally distributed (Cabra, 2023).


3.1 Data

Data for this study were provided by the Instituto Colombiano para la Evaluación de la Educación (ICFES), a government agency responsible for assessing student performance across different subjects. The data collected corresponded to the SABER 11 test, a nationwide exam administered to students in their last year of high school, for the period 2017–2023. Although all high school students must take the SABER 11 test, only students with complete information were included in the analytical sample. Because less than 5% of data were missing completely at random, we employed listwise deletion as the method for dealing with missing values. As such, we have an analytical sample that is smaller than the population of high school students that took the exam for each of the cohorts. We selected this period of study because 2017 was the first year where students were assessed on topics associated with peace, development studies and conflict resolution as part of the social studies test. Similarly, we selected 2023 as the last cohort because that was the last year for which information was fully available. Hence, the inclusion of data from 2017 to 2023 allows for a comprehensive cross-cohort analysis, enabling us to observe trends and the persistence of socioeconomic achievement gaps over time, including the period affected by the COVID-19 pandemic. While the stability of mean scores across these years might appear surprising given the pandemic’s impact on education, this study explores the factors associated with achievement gaps in science and social studies within each cohort. Table 1 summarizes the basic characteristics of the datasets used for this study, including scores for school outcomes and sample sizes.


TABLE 1 Data, school outcomes, and sample sizes.


	Name of data
	Outcome
	Min–max
	Mean (SD)
	Year
	No. children

 

 	Prueba SABER 11 	Science 	0–100 	52.00123 (9.909087) 	2017 	363,140


 	Social studies 	18–100 	50.90789 (11.0821)


 	Prueba SABER 11 	Science 	0–100 	50.51657 (10.40707) 	2018 	351,485


 	Social studies 	0–100 	49.07227 (11.83572)


 	Prueba SABER 11 	Science 	20–100 	49.20738 (10.65605) 	2019 	353,402


 	Social studies 	0–100 	47.04997 (12.19661)


 	Prueba SABER 11 	Science 	0–100 	48.62728 (10.40091) 	2020 	377,354


 	Social Studies 	0–100 	48.5812 (11.9708)


 	Prueba SABER 11 	Science 	0–100 	48.84211 (10.04234) 	2021 	342,074


 	Social Studies 	15–100 	47.42608 (12.09524)


 	Prueba SABER 11 	Science 	0–100 	49.79195 (10.37925) 	2022 	333,081


 	Social Studies 	17–100 	48.43757 (11.96396)


 	Prueba SABER 11 	Science 	24–100 	50.33515 (10.44572) 	2023 	330,152


 	Social Studies 	20–100 	48.9341 (11.88413)





Only students with complete information were included in the analytical sample. Less than 5% of data were missing (missing completely at random), so we employed listwise deletion as the method for dealing with missing values.
 

As observed, mean scores for science and social studies have remained similar from year to year, with students performing slightly higher in science. Similarly, sample sizes have ranged from 330,152 students in 2023 to 377,354 in 2020. The large samples reported in Table 1 can contribute to reducing the margin of error of the estimation methods, hence, providing more robust and accurate findings.



3.2 Participants

In Colombia, school size varies by region and school type, with most students attending public schools located in urban areas (more than 75% of the student population). According to a report by the OECD (2025), the median primary school in Colombia serves about 30 students per grade. The samples used for this study consisted of seven cohorts (years 2017–2023). Students from each of the cohorts are in their last year of high school, which is the year where they must take the SABER 11 test. The number of participants ranged from 330,152 students for the year 2023 to 377,354 for the year 2020. The age of the participants ranged from 15 to 17 years old across samples. To minimize any potential risks to participants, data were de-identified.



3.3 Variables

The variables used in this study captured information on academic achievement in science and social studies for students in 11th grade in Colombia, sociodemographic and socioeconomic characteristics of students, and information about schools. Below, we provide a detailed description of the different types of variables used in this study.


3.3.1 Dependent variables

This study used two dependent variables to measure academic achievement in subjects relevant to Education for Sustainable Development: (1) results from the SABER 11 test for science and (2) results from the SABER 11 test for social studies. These variables were selected because their curricula and assessment content in Colombia explicitly align with and integrate key themes and competencies emphasized by the guidelines of UNESCO regarding the scope of ESD. Additionally, and given that much of the research agenda on socioeconomic academic achievement gaps in Colombia has primarily focused on reading and math literacy, this study sought to amplify its scope to other content areas with direct implications for education for sustainable development. Test scores were standardized to facilitate interpretation of results.



3.3.2 Covariates

Covariates were selected based on research on equity in education and socioeconomic achievement gaps, which points to gender, ethnic identity, parental education, socioeconomic status, access to durable goods, and school characteristics as highly associated with school performance. In what follows, we explain each of the covariates used in this study.

Gender. Research on academic achievement indicates disparities by gender, with boys performing better than girls in Science, Technology, Engineering, and Mathematics (STEM)-related subjects (Meinck and Brese, 2019). This variable was included to assess its association with academic achievement in ESD-relevant subjects. We coded this variable as “0” for boys and “1” for girls.

Ethnic identity. Studies on racial equity in education suggest the existence of ethnic and racial academic disparities, disproportionately affecting students of color. Studies show, for example, that in the United States, students who identify as Latinos or African Americans perform at a lower rate than their White peers (Morgan et al., 2023). This variable was included to explore its association with academic achievement in ESD-relevant subjects. We coded this variable as “0” for students who did not identify as belonging to an ethnic group and “1” otherwise.

Mother’s education. Research on child development indicates that mother’s education has a positive impact on various development outcomes for children. For example, empirical evidence shows that higher levels of maternal education are highly associated with higher school enrollment, better academic performance, and less truancy (Wang et al., 2020). We used this variable to assess whether higher levels of maternal education were associated with better academic performance in ESD. We coded this variable into six categories: 0 = no education, 1 = elementary education, 2 = secondary education, 3 = technical and vocational education, 4 = college education, 5 = graduate education.

Socioeconomic status (SES). Research on socioeconomic achievement gaps indicates that students who experience high poverty perform lower than students from affluent backgrounds (Coleman et al., 1966; von Stumm et al., 2022). We used this variable to understand if academic disparities in ESD varied by socioeconomic status. Data used for this study captured a variable that measures socioeconomic status for Colombian children. This is a wealth index that comprises possession of durable goods, parental education, and parental employment. Students are then distributed in quartiles depending on their score on the wealth index. As such, this variable was coded as: 1 = low SES, 2 = lower-middle SES, 3 = middle SES, 4 = high SES.

Dietary intake. Studies on equity of opportunity in education highlight that nutrition is a key indicator of academic performance (Prangthip et al., 2019). We used this variable to assess whether high levels of nutrition, as measured by consumption of vegetables, dairy products, and protein on a weekly basis, would influence academic achievement in ESD. We coded this variable as: 0 = never or seldom, 1 = once or twice a week, 2 = more than three times a week.

Information goods. Research on the impact of durable goods in educational outcomes indicates that computers and access to the internet have a positive effect on academic achievement in reading and math (Cabra, 2023, 2024). We used this variable to assess whether the possession of information goods (computer and access to internet at home) was related to academic achievement in ESD. This variable was coded as “0” if students did not have these commodities and “1” if they did have them.

Reading for fun. Studies on academic achievement suggest that students who engage in activities that stimulate their learning, such as reading for pleasure in their spare time do better academically in school than students who do not (Sun et al., 2024). We coded this variable as: 0 = does not read for fun, 1 = spends 30 min or less reading for fun, 2 = spends less than 2 h reading for fun, 3 = spends more than 3 h reading for fun.

Time spent on the internet. Research on the impact of Information and Communications Technology (ICT) in school performance indicates that targeted use of ICT resources is highly related to improved academic achievement (Ladrón de Guevara et al., 2022). We coded this variable as: 0 = does not use the internet, 1 = spends 30 min or less on the internet, 2 = spends less than 3 h on the internet, 4 = spends more than 3 h on the internet.

Child labor. Research on poverty and equity in education demonstrates that child labor is negatively associated with school outcomes (Vasey, 2020). Although there are many forms of child labor, in this study this variable was used to measure whether students held a paid job while attending school. We coded this variable as “0” if students did not have a paid job and “1” otherwise.

School type. Research on school quality and academic performance indicates that students who attend private schools perform better than students who attend public schools (OECD, 2024). This variable was coded as “0” for private schools and “1” public schools.

School setting. Studies on equity of opportunity in education stress the existence of academic achievement gaps by school location. In general, research shows that children who attend schools in urban areas perform better academically compared to children in rural schools (Bonilla-Mejía and Londoño-Ortega, 2021). This variable was coded as “0” for urban schools and “1” for rural schools.

Length of school day. Research on instruction time and school outcomes suggests that longer school days have a positive effect on academic achievement, school attendance, and social outcomes (Alfaro et al., 2015; Hincapie, 2016). This variable is relevant for this study because Colombia has made a commitment to transition from a half-school-day format (less than 5 h of classes a day) to a full-school-day format (more than 7 h of class a day). This variable was coded: 1 = continuing education (students who dropped out of school and are completing their GED), 2 = half day format, and 3 = full day format.





4 Results

Results are shown in the order that we conducted data analysis. Therefore, we present the descriptive statistics first, followed by the correlation and the multivariate regression analyses. Finally, we present the results of the multilevel linear estimation.


4.1 Descriptive statistics

Table 2 presents the sociodemographic information of students in the samples as well as the characteristics of the schools. Across samples, about 54% of students identified as girls and less than 7% identified as belonging to an ethnic group. Regarding maternal education, most of the students in the samples had mothers who only completed elementary education (about 25%) and secondary education (roughly 42%), and less than 15% of the students across the samples had mothers who finished college. In terms of SES, most students across the samples identified as lower-middle income (close to 38%) and middle income (close to 40%). In relation to nutrition levels, most students across the samples reported that they never or seldom eat vegetables, dairy products, and animal protein during the week (about 60%) compared to students who have access to those foods more than three times a week (30%). Regarding information goods, the percentage of students who had access to computers and the internet has increased over the years, particularly during the pandemic (reaching 55% across the samples). Additionally, 80% of students across the samples reported reading for fun for less than 2 h a day while more than 50% indicated using the internet for less than 3 h a day. In relation to paid child labor, close to 36% of the students across the samples reported having a paid job, a percentage that increased since 2020.


TABLE 2 Sociodemographic characteristics of students and information about schools.


	Variables
	Cross-sectional analysis samples



	
	Data for 2017 (N = 363,140)
	Data for 2018 (N = 351,485)
	Data for 2019 (N = 353,402)
	Data for 2020 (N = 377,354)
	Data for 2021 (N = 342,074)
	Data for 2022 (N = 333,081)
	Data for 2023 (N = 330,152)



	
	n (%)
	n (%)
	n (%)
	n (%)
	n (%)
	n (%)
	n (%)

 

 	Gender


 	 Boys 	165,235 (45.50) 	161,197 (45.86) 	161,406 (45.67) 	169,716 (44.98) 	154,455 (45.15) 	151,420 (45.46) 	151,550 (45.90)


 	 Girls 	197,905 (54.50) 	190,288 (54.14) 	191,996 (54.33) 	207,638 (54.02) 	187,619 (54.85) 	181,661 (54.54) 	178,602 (54.10)


 	Ethnic group


 	 Yes 	21,763 (5.99) 	20,956 (5.96) 	24,080 (6.81) 	23,186 (6.14) 	20,978 (6.13) 	21,438 (6.44) 	NA


 	 No 	341,377 (94.01) 	330,520 (94.04) 	329,322 (93.19) 	354,168 (93.86) 	321,096 (93.87) 	311,643 (93.56) 	NA


 	Mother’s education


 	 No education 	8,412 (2.32) 	7,301 (2.08) 	7,796 (2.21) 	9,126 (2.42) 	6,396 (1.87) 	6,098 (1.83) 	5,684 (1.72)


 	 Elementary 	104,087 (28.66) 	96,063 (27.33) 	92,449 (26.16) 	92,819 (24.60) 	76,690 (22.42) 	70,779 (21.25) 	67,053 (20.31)


 	 Secondary education 	147,736 (40.68) 	145,590 (41.42) 	146,431 (41.43) 	160,354 (42.49) 	146,291 (42.77) 	143,545 (43.10) 	143,383 (43.43)


 	 Technical and vocational 	46,948 (12.93) 	46,993 (13.37) 	48,615 (13.76) 	51,277 (13.59) 	48,760 (14.25) 	48,363 (14.52) 	49,014 (14.85)


 	 College 	47,606 (13.11) 	47,470 (13.51) 	49,526 (14.01) 	54,506 (14.44) 	55,168 (16.13) 	55,565 (16.68) 	56,157 (17.01)


 	 Graduate school 	8,351(2.30) 	8,068 (2.30) 	8,585 (2.43) 	9,272 (2.46) 	8,769 (2.56) 	8,731 (2.62) 	8,861 (2.68)


 	Socioeconomic status


 	 Low 	52,305 (14.40) 	62,954 (17.91) 	60,258 (17.05) 	58,316 (15.45) 	50,671 (14.81) 	51,366 (15.42) 	50,101 (15.18)


 	 Lower-middle 	144,149 (39.70) 	126,205 (35.91) 	126,221 (35.72) 	137,426 (36.42) 	124,969 (36.53) 	125,236 (37.60) 	131,495 (39.83)


 	 Middle 	135,579 (37.34) 	128,812 (36.65) 	132,126 (37.39) 	147,678 (39.14) 	134,081 (39.20) 	125,701 (37.74) 	129,204 (39.13)


 	 High 	31,107 (8.57) 	33,514 (9.53) 	34,797 (9.85) 	33,934 (8.99) 	32,353 (9.46) 	30,778 	19,352 (5.86)


 	Dietary intake


 	 Never or seldom 	229,126 (63.10) 	215,871 (61.42) 	216,056 (61.14) 	244,345 (64.75) 	213,513 (62.42) 	212,369 (63.76) 	210,878 (63.87)


 	 Once or twice a week 	24,583 (6.77) 	24,661 (7.02) 	23,301 (6.59) 	25,284 (6.70) 	22,610 (6.61) 	23,451 (7.04) 	22,226 (6.73)


 	 More than three times a week 	109,431 (30.13) 	110,953 (31.57) 	114,045 (32.27) 	107,725 (28.55) 	105,951 (30.97) 	97,261 (29.20) 	97,076 (29.40)


 	Information goods


 	 Computer and internet


 	  Yes 	177,525 (48.89) 	174,490 (49.64) 	174,803 (49.46) 	207,740 (55.05) 	189,327 (55.35) 	170,638 (51.23) 	164,791 (49.91)


 	  No 	185,615 (51.11) 	176,995 (50.36) 	178,599 (50.54) 	169,614 (44.95) 	152,747 (44.65) 	162,443 (48.77) 	165,361 (50.09)


 	Student reads for fun


 	 Does not read for fun 	58,784 (16.19) 	56,883 (16.18) 	59,012 (16.70) 	71,606 (18.98) 	68,025 (19.89) 	65,293 (19.60) 	67,607 (20.48)


 	 30 min or less 	141,832 (39.06) 	139,049 (39.56) 	138,578 (39.21) 	146,926 (38.94) 	133,807 (39.12) 	127,760 (38.36) 	127,053 (38.48)


 	 Less than 2 h 	146,542 (40.35) 	141,239 (40.18) 	142,339 (40.28) 	142,602 (37.79) 	125,629 (36.73) 	125,436 (37.66) 	121,794 (36.89)


 	 More than 2 h 	15,982 (4.40) 	14,314 (4.07) 	13,473 (3.81) 	16,220 (4.30) 	14,613 (4.27) 	14,592 (4.38) 	13,698 (4.15)


 	Time spent on internet


 	 Does not use internet 	24,561 (6.76) 	20,920 (5.95) 	19,495 (5.52) 	21,401 (5.67) 	15,144 (4.43) 	14,157 (4.25) 	13,004 (3.94)


 	 30 min or less 	67,705 (18.64) 	64,404 (18.32) 	59,840 (16.93) 	50,382 (13.35) 	46,179 (13.50) 	46,971 (14.10) 	44,210 (13.39)


 	 Less than 3 h 	202,456 (55.75) 	198,396 (56.45) 	205,346 (58.11) 	202,756 (53.73) 	192,176 (56.18) 	193,122 (57.98) 	196,951 (59.65)


 	 More than 3 h 	68,418 (18.84) 	67,765 (19.28) 	68,721 (19.45) 	102,815 (27.25) 	88,575 (25.89) 	78,831 (23.67) 	75,987 (23.02)


 	Student has a paid job


 	 Yes 	120,064 (33.06) 	113,980 (32.43) 	115,762 (32.76) 	152,173 (40.33) 	135,622 (39.65) 	129,628 (38.92) 	129,137 (39.11)


 	 No 	243,076 (66.94) 	237,505 (67.57) 	237,640 (67.24) 	225,173 (40.33) 	206,452 (60.35) 	203,453 (61.08) 	201,015 (60.89)


 	School type


 	 Private 	91,822 (25.29) 	87,361 (24.85) 	87,218 (24.68) 	84,596 (22.42) 	79,195 (23.15) 	78,498 (23.57) 	76,505 (23.17)


 	 Public 	271,318 (74.71) 	264,124 (75.15) 	266,184 (75.32) 	292,758 (77.58) 	262,879 (76.85) 	254,583 (76.43) 	253,647 (76.83)


 	School setting


 	 Rural 	56,409 (15.53) 	55,296 (15.73) 	57,318 (16.22) 	63,691 (16.88) 	58,647 (17.14) 	58,451 (17.55) 	59,618 (18.06)


 	 Urban 	306,731 (84.47) 	296,189 (84.27) 	296,084 (83.78) 	313,663 (83.12) 	283,427 (82.86) 	274,630 (82.45) 	270,534 (81.94)


 	Length of school day


 	 Continuing education 	38,179 (10.51) 	36,979 (10.52) 	38,144 (10.79) 	30,236 (8.01) 	25,775 (7.53) 	27,048 (8.12) 	25,388 (7.69)


 	 Half day 	232,111 (63.92) 	217,441 (61.86) 	205,747 (58.22) 	185,831 (49.25) 	166,581 (48.70) 	159,833 (47.99) 	157,218 (47.62)


 	 Full day 	92,850 (25.57) 	97,065 (27.62) 	109,511 (30.99) 	161,287 (42.74) 	149,718 (43.77) 	146,200 (43.89) 	147,546 (44.69)




 

Regarding school characteristics, close to 76% of the students across the samples attended public schools and more than 80% attended schools in urban areas. In relation to length of school day, data for the different cohorts indicated an increase in the percentage of students who attended full school day programs, going from 26% in 2017 to roughly 45% in 2023. The descriptive information reported in Table 2 indicates well-balanced samples for each of the cohorts used in the study as well as for the variables included in the estimation models. This is crucial for conducting advanced statistical analysis because it guarantees there is enough statistical power to detect significant relationships between the variables of interest. The observed increase in full day school attendance in 2020, despite the pandemic, obeys to a government policy that requires schools to gradually transition from half day to full day programs (Consejo Nacional de Política Económica y Social – CONPES, 2015). Also, it is important to stress that school closures started towards the end of march, so that number reflects the net enrollment before the pandemic. Once schools were shut down, the number of students registered as attending a full day program did not change in the government records.



4.2 Correlation and multivariate regression analyses

A Pearson correlation analysis was used to measure the level of interdependence between the variables of interest. Most variables in the study had a correlation coefficient below 0.3, indicating a weak correlation. Socioeconomic status (SES) and possession of information goods had a correlation coefficient of 0.7, suggesting a strong association (see Appendices 1–7)2.

We conducted multivariate regression analyses for each cohort to test whether the selected variables had a statistically significant relationship with the outcomes of interest. Across samples, adjusted 

R
2

 accounted roughly for 60% of the variance in science and social studies scores, which indicated that the variables included in the models were good predictors of the test results in science and social studies (see Appendices 8–14) (see footnote 2).



4.3 Multilevel analysis

We performed multilevel analysis to understand the factors that are related to academic achievement in science and social studies in Colombia. In multilevel analysis, we start by building a null model to estimate whether the data show evidence of clustering or group effects. Across samples, results from the null models for each cohort indicated the existence of group effects, with most of the variance in science and social studies explained at the school and department levels (see Appendices 15, 16) (see footnote 2). The Intraclass Correlation Coefficient (ICC) for the null models, an indicator of how much of the total variance in the dependent variables is attributable to the grouping effect, suggested that school, municipality, and department random effects constituted roughly 30% of the total residual variance across samples (see Appendices 15, 16).

In what follows, we present the results from the multilevel models for science and social studies. Tables 3, 4 summarize the results of the estimation models. Table 3 presents the results for science and Table 4 the results for social studies. It is important to stress that the data used for this study is not longitudinal but cross-sectional, and thus, causation cannot be inferred. However, the associations found among the variables of interest have important research and policy implications regarding the multidimensional nature of socioeconomic academic disparities, particularly when analyzing content areas different from reading and mathematics.


TABLE 3 Multilevel linear models for science.


	Cross-sectional analysis of the science outcome



	Variables
	2017
	2018
	2019
	2020
	2021
	2022
	2023

 

 	Gender 	−0.24***
 (0.003) 	−0.23***
 (0.003) 	−0.25***
 (0.003) 	−0.21***
 (0.003) 	−0.24***
 (0.003) 	−0.24***
 (0.003) 	−0.22***
 (0.003)


 	Ethnic group 	−0.13***
 (0.010) 	−0.11***
 (0.010) 	−0.09***
 (0.009) 	−0.11***
 (0.010) 	−0.11***
 (0.010) 	−0.11***
 (0.010) 	NA


 	Mother’s education 	0.10***
 (0.002) 	0.10***
 (0.002) 	0.10***
 (0.002) 	0.09***
 (0.002) 	0.09***
 (0.002) 	0.09***
 (0.002) 	0.09***
 (0.002)


 	Socioeconomic status 	0.04***
 (0.004) 	0.05***
 (0.004) 	0.04***
 (0.004) 	0.02***
 (0.004) 	0.01
 (0.004) 	−0.002
 (0.004) 	0.01*
 (0.004)


 	Dietary intake 	0.05***
 (0.002) 	0.05***
 (0.004) 	0.04***
 (0.002) 	0.04***
 (0.002) 	0.04***
 (0.002) 	0.04***
 (0.002) 	0.04***
 (0.002)


 	Information goods 	0.01***
 (0.004) 	0.01***
 (0.004) 	0.02***
 (0.004) 	0.07***
 (0.004) 	0.10***
 (0.004) 	0.08***
 (0.004) 	0.08***
 (0.004)


 	Student reads for fun 	0.13***
 (0.002) 	0.14***
 (0.002) 	0.13***
 (0.002) 	0.13***
 (0.002) 	0.15***
 (0.002) 	0.15***
 (0.002) 	0.14***
 (0.004)


 	Time spent on internet 	0.01***
 (0.002) 	0.03***
 (0.002) 	0.04***
 (0.002) 	0.06***
 (0.002) 	0.06***
 (0.002) 	0.07***
 (0.002) 	0.08***
 (0.002)


 	Student has a paid job 	−0.17***
 (0.003) 	−0.16***
 (0.003) 	−0.15***
 (0.003) 	−0.19***
 (0.003) 	−0.19***
 (0.003) 	−0.17***
 (0.003) 	−0.16***
 (0.003)


 	School type 	−0.002
 (0.010) 	−0.07***
 (0.010) 	−0.11***
 (0.010) 	−0.22***
 (0.010) 	−0.28***
 (0.010) 	−0.25***
 (0.010) 	−0.22***
 (0.010)


 	School setting 	−0.20***
 (0.010) 	−0.20***
 (0.010) 	−0.19***
 (0.010) 	−0.15***
 (0.010) 	−0.13***
 (0.010) 	−0.15***
 (0.010) 	−0.18***
 (0.010)


 	Length of school day 	0.40***
 (0.004) 	0.42***
 (0.004) 	0.40***
 (0.004) 	0.30***
 (0.004) 	0.27***
 (0.04) 	0.28***
 (0.004) 	0.31***
 (0.004)


 	Constant 	−1.09***
 (0.043) 	−1.34***
 (0.044) 	−1.30***
 (0.044) 	−1.03***
 (0.040) 	−0.94***
 (0.041) 	−0.97***
 (0.040) 	−1.14***
 (0.043)


 	State/region
 var. (cons) 	0.05
 (0.013) 	0.05
 (0.013) 	0.05
 (0.014) 	0.04
 (0.011) 	0.04
 (0.012) 	0.04
 (0.011) 	0.05
 (0.012)


 	Municipality
 var. (cons) 	0.03
 (0.003) 	0.04
 (0.003) 	0.04
 (0.003) 	0.03
 (0.002) 	0.03
 (0.002) 	0.03
 (0.002) 	0.03
 (0.003)


 	School
 var. (cons) 	0.12
 (0.002) 	0.14
 (0.003) 	0.14
 (0.002) 	0.12
 (0.002) 	0.11
 (0.002) 	0.12
 (0.002) 	0.12
 (0.002)


 	Var (residual) 	0.63
 (0.001) 	0.59
 (0.001) 	0.59
 (0.001) 	0.63
 (0.001) 	0.62
 (0.002) 	0.63
 (0.002) 	0.63
 (0.002)


 	LR test vs. linear model: χ2 	59453.73*** 	66696.46*** 	67096.22*** 	59973.44*** 	50732.96*** 	50267.65*** 	55105.76***


 	Observations 	363,140 	351,485 	353,402 	377,354 	342,074 	333,081 	330,152





Robust standard errors in parentheses. ***p < 0.01, **p < 0.05, *p < 0.10.
 


TABLE 4 Multilevel linear models for social studies.


	Cross-sectional analysis of the social studies outcome



	Variables
	2017
	2018
	2019
	2020
	2021
	2022
	2023

 

 	Gender 	−0.16***
 (0.003) 	−0.18***
 (0.003) 	−0.13***
 (0.003) 	−0.13***
 (0.003) 	−0.12***
 (0.003) 	−0.13***
 (0.003) 	−0.12***
 (0.003)


 	Ethnic group 	−0.13***
 (0.010) 	−0.11***
 (0.010) 	−0.08**
 (0.009) 	−0.08***
 (0.010) 	−0.11***
 (0.010) 	−0.11***
 (0.010) 	NA


 	Mother’s education 	0.10***
 (0.002) 	0.10***
 (0.002) 	0.09***
 (0.002) 	0.10***
 (0.002) 	0.09***
 (0.002) 	0.09***
 (0.002) 	0.10***
 (0.002)


 	Socioeconomic status 	0.02***
 (0.005) 	0.03***
 (0.004) 	0.01***
 (0.005) 	−0.001
 (0.004) 	−0.02***
 (0.004) 	−0.02***
 (0.005) 	−0.10**
 (0.005)


 	Dietary intake 	0.05***
 (0.002) 	0.05***
 (0.002) 	0.04***
 (0.002) 	0.04***
 (0.002) 	0.04***
 (0.002) 	0.04***
 (0.002) 	0.05***
 (0.002)


 	Information goods 	0.03***
 (0.004) 	0.03***
 (0.004) 	0.04***
 (0.004) 	0.09***
 (0.004) 	0.11***
 (0.004) 	0.09***
 (0.004) 	0.09***
 (0.004)


 	Student reads for fun 	0.16***
 (0.002) 	0.16***
 (0.002) 	0.17***
 (0.002) 	0.17***
 (0.002) 	0.18***
 (0.002) 	0.18***
 (0.002) 	0.17***
 (0.002)


 	Time spent on internet 	0.01***
 (0.002) 	0.04***
 (0.002) 	0.04***
 (0.002) 	0.06***
 (0.002) 	0.06***
 (0.002) 	0.08***
 (0.002) 	0.09***
 (0.002)


 	Student has a paid job 	−0.18***
 (0.003) 	−0.16***
 (0.003) 	−0.17***
 (0.003) 	−0.21***
 (0.003) 	−0.22***
 (0.003) 	−0.19***
 (0.003) 	−0.19***
 (0.003)


 	School type 	−0.09***
 (0.009) 	−0.14***
 (0.010) 	−0.16***
 (0.009) 	−0.23***
 (0.010) 	−0.30***
 (0.010) 	−0.27***
 (0.010) 	−0.25***
 (0.010)


 	School setting 	−0.21***
 (0.010) 	−0.20***
 (0.010) 	−0.18***
 (0.010) 	−0.18***
 (0.010) 	−0.16***
 (0.010) 	−0.17***
 (0.009) 	−0.18***
 (0.009)


 	Length of school day 	0.32***
 (0.004) 	0.32***
 (0.004) 	0.31***
 (0.004) 	0.30***
 (0.004) 	0.24***
 (0.004) 	0.25***
 (0.004) 	0.25***
 (0.004)


 	Constant 	−1.12***
 (0.040) 	−1.13***
 (0.040) 	−1.12***
 (0.040) 	−0.99***
 (0.040) 	−0.91***
 (0.040) 	−0.95***
 (0.040) 	−1.05***
 (0.040)


 	State/region
 var. (cons) 	0.03
 (0.009) 	0.03
 (0.009) 	0.03
 (0.008) 	0.03
 (0.009) 	0.03
 (0.009) 	0.03
 (0.009) 	0.04
 (0.010)


 	Municipality
 var. (cons) 	0.03
 (0.002) 	0.03
 (0.002) 	0.02
 (0.002) 	0.02
 (0.002) 	0.02
 (0.002) 	0.02
 (0.002) 	0.02
 (0.002)


 	School
 var. (cons) 	0.11
 (0.002) 	0.11
 (0.002) 	0.11
 (0.002) 	0.10
 (0.002) 	0.09
 (0.002) 	0.09
 (0.002) 	0.10
 (0.002)


 	Var (residual) 	0.66
 (0.002) 	0.65
 (0.002) 	0.66
 (0.002) 	0.66
 (0.002) 	0.66
 (0.002) 	0.66
 (0.002) 	0.66
 (0.002)


 	LR test vs. linear model: χ2 	45175.29*** 	43554.46*** 	43575.03*** 	44694.80*** 	37266.31*** 	37016.80*** 	38782.47***


 	Observations 	363,140 	351,485 	353,402 	377,354 	342,074 	333,081 	330,152





Robust standard errors in parentheses. ***p < 0.01, **p < 0.05, *p < 0.10.
 


4.3.1 Results for science

Results indicated the existence of academic disparities associated with gender and ethnic identity. Across samples, girls performed lower than boys in science, with an average effect size of 0.23. Similarly, students who identified as belonging to an ethnic group scored, on average, lower in science than students who did not identify as members of an ethnic group (average effect size of 0.11). Additionally, students who worked while attending school scored, on average, lower in science than students who did not work (average effect size of 0.17).

Furthermore, results suggested that maternal education, nutrition, access to information goods, reading for pleasure, time spent on internet, and SES were positively associated with science scores (an ESD-relevant subject). For example, coefficients were larger for students whose mothers had attained higher levels of education (average effect size of 0.09) and for students who reported a rich diet (average effect size of 0.04). Similarly, coefficients were larger for students who had access to information goods, for students who read for fun more often, and for students who spent more time on the internet (average effect sizes of 0.05, 0.14, and 0.05, respectively). SES was positively associated with science scores for the period 2017–2020 and for the year 2023, with an average effect size of 0.03, but not statistically significant for the years 2021 and 2022.

Regarding school characteristics, results showed that children who attended public schools and schools in rural areas performed lower in science than students who attended private schools and schools in urban settings (average effect sizes of 0.19 and 0.17, respectively). In contrast, the models found that length of school day was positively associated with science scores across all samples. As such, students who attended full day programs scored, on average, higher than students who enrolled in half-day or continuing education programs (average effect size of 0.34).



4.3.2 Results for social studies

The models for social studies suggested the persistence of equity achievement gaps. For example, results indicated that girls scored, on average, lower than boys in social studies (average effect size of 0.14). Similarly, students who identified as members of an ethnic group scored lower than students who did not report belonging to an ethnic group (average effect of 0.12). Moreover, students who held a paid job while completing their studies performed lower in social studies than students who did not work, with an average effect size of 0.19.

In relation to socioeconomic factors, findings indicated that maternal education, nutrition, access to information goods, reading for fun, using the internet, and SES had a positive association with achievement in social studies. Regarding mother’s education and nutrition, for instance, coefficients were larger for students whose mothers had more education and for students with a healthy and regular diet (average effect sizes of 0.09 and 0.04, respectively). Also, coefficients were larger for children who had access to computers and internet, for students who reported reading regularly, and for students who used the internet more often (average effect size 0.04, 0.17, and 0.05, respectively). SES was positively associated with social studies scores for the period 2017–2019, with an average effect size of 0.02, but negatively related for the period 2021–2023, with an average effect size of 0.05.

As to school characteristics, results indicated that performance in social studies was lower for public schools (average effect size of 0.21) and for rural schools (average effect size of 0.18) in comparison to private schools and schools in urban settings. Conversely, the models found a positive association between length of school day and social studies scores across all samples. Thus, students who attended full day programs scored, on average, higher in the social studies test compared to students who enrolled in half-day or continuing education programs (average effect size of 0.29).





5 Discussion

This study provides robust empirical evidence on the factors associated with socioeconomic academic achievement gaps in science and social studies among 11th grade students in Colombia for the period 2017–2023. By using multilevel modeling and academic outcomes different from language and mathematics, this research contributes to the existing literature on socioeconomic achievement gaps by showing that significant disparities persist across different individual and school-level characteristics in academic domains explicitly aligned with ESD principles and themes.

Regarding individual-level factors, our findings confirm the persistence of gender and ethnic-based academic disparities in Colombia. These results are consistent with international research on gender gaps in STEM education (Meinck and Brese, 2019) and racial academic disparities in the United States (Morgan et al., 2023). The lower performance of girls in science, and ethnic minority students in both science and social studies, is particularly concerning within the framework of ESD. While Colombian curricula for these subjects emphasize equity and indigenous knowledge, our results suggest that factors outside the formal curriculum, such as family expectations and the differential distribution of cultural capital and social capital (Bourdieu, 1986; Coleman et al., 1966; Coleman, 1988), may impede the full realization of these students’ potential to engage with and contribute to solving sustainable development issues. These findings underscore the need for targeted interventions that address systemic barriers and foster inclusive learning environments, drawing lessons from international efforts to mitigate similar disparities.

Furthermore, the negative association between child labor and academic performance in both science and social studies aligns with extensive international research on the detrimental effects of child labor on educational attainment (Vasey, 2020; World Bank, 2018). This finding highlights the severe impact of poverty on child development and education because it forces children to assume financial responsibilities that compromise their learning time and school engagement. From a human capital perspective, participation in child labor reduces the investment in education, which may lead to low skill development. This issue is particularly severe in high poverty contexts, and our findings for Colombia resonate with similar challenges observed across developing countries. Evidence from this study emphasized the urgency to formulate social protection policies that allow children to focus on their education, a fundamental prerequisite for their future contributions to sustainable development.

Our results also corroborate previous research on the positive association among maternal education, household wealth (SES and possession of durable goods), nutrition, reading habits and academic achievement (Cabra, 2023, 2024; Prangthip et al., 2019; von Stumm et al., 2022; Wang et al., 2020; World Bank, 2018; Sun et al., 2024). In particular, maternal education and SES align with human capital and cultural capital theories, suggesting that children whose parents have higher levels of education and more access to assets have more opportunities to engage in learning. Similarly, the strong positive association between adequate nutrition, access to information goods (computers and internet) and academic achievement also underscores the importance of fulfilling basic needs as a foundational resource to enhance learning. This is particularly relevant in the context of global efforts to reduce educational inequalities, where promoting healthy development and access to technology are considered crucial for student success. Reading for pleasure, a socioemotional and cultural factor, not only enhances literacy skills but also cultivates cognitive and metacognitive abilities essential for deeper understanding and critical thinking, foundational skills in ESD.

In relation to school-related factors, this study identifies the length of the school day as the most important factor associated with academic achievement in science and social studies in Colombia for the period 2017–2023. This result is consistent across the cohorts studied, even during the COVID-19 pandemic. A potential explanation for the observed increase in the number of students attending full day programs in 2020 corresponds to the government’s efforts to implement the full day school policy (Consejo Nacional de Política Económica y Social – CONPES, 2015). As such, the rise in the number of students attending full day programs between 2019 and 2020 may be explained by the fact that in that year the number of available seats for full day programs increased. Moreover, it is important to highlight that schools closed towards the end of march, which entails that student enrollment had been completed before the pandemic. This suggests that the increase in the number of students attending full day programs has more to do with the implementation cycle of the full day school policy (e.g., achieving outcomes, monitoring progress, or resource management) than with any irregularity in the transition to a remote education model. This finding is consistent with Alfaro et al. (2015) and Hincapie (2016), who argue that schools operating on a full day format can offer more comprehensive educational experiences to children, hence, reducing achievement gaps. A potential explanation for this finding is that longer school days often correlate with increased instructional time, more opportunities for extracurricular activities that foster socioemotional skills, and access to essential services like universal meal programs, all of which contribute to enhancing human capital development. The observed gradual decrease in the achievement gap over the study period, paired with the increase in the percentage of students who attend full day programs, shows that extending instructional time can positively impact educational equity and contribute to the implementation of ESD-relevant learning outcomes.

Furthermore, our results indicate that students in public schools and rural areas perform lower than those in private and urban schools, corroborating previous research regarding educational inequalities by school type and location (Bonilla-Mejía and Londoño-Ortega, 2021; OECD, 2024; World Bank, 2018). These disparities often stem from unequal resource distribution, including disparities in qualified teachers, infrastructure, and technological access, as noted in the Colombian context. These findings resonate with the bioecological systems theory of Bronfenbrenner (1979), which highlights that child development and learning are permeated by different interlinked factors. Addressing these gaps requires systemic interventions aimed at enhancing resource allocation and improving educational quality in underserved public and rural schools.


5.1 Implications for education for sustainable development

Our findings on the persistence of socioeconomic and equity-based achievement gaps in science and social studies carry significant implications for the advancement of ESD in Colombia and potentially for other similar contexts. While the SABER 11 test is not a direct assessment of ESD competencies, its strong alignment with ESD-related curricular content (e.g., environmental education in science, human rights, development, and peace in social studies) means that disparities in these subjects directly undermine the overarching goals of sustainable development. If substantial portions of the student population, particularly those from disadvantaged socioeconomic or ethnic backgrounds, are underperforming in these crucial areas, they are less likely to develop the critical knowledge, problem-solving skills, and agency necessary to become informed and active citizens who can participate in addressing sustainability issues. Our results emphasize that achieving equitable and high-quality education, which addresses fundamental socioeconomic barriers, is a prerequisite for effective ESD implementation. The identified factors associated with the gaps, from child labor to length of school day, constitute key indicators for policy intervention that can simultaneously promote educational equity and strengthen educational policies to advance in the implementation of sustainable development goals.



5.2 Limitations and future research

One of the main limitations of this study is that it relies on cross-sectional data, which facilitates the identification of associations but not direct causal relationships between the selected variables and academic achievement. Future studies on this area could benefit from longitudinal data that monitor student progress over time and from quasi-experimental designs to measure the impact of specific interventions aimed at reducing these academic gaps. Similarly, if future research aims to establish causality in the absence of longitudinal or experimental data, the application of instrumental variables could be a valuable methodological consideration. Another limitation of the study is the lack of a decomposition analysis to assess the effects of gender and ethnicity. Future research could employ decomposition models such as the Oaxaca-Blinder decomposition to further explore whether the observed effects of gender and ethnic identity are solely due to these factors or to other elements associated with them. This approach could provide a more nuanced understanding of the mechanisms driving these disparities, even with the low correlations observed among the explanatory factors. Moreover, while we demonstrate a strong alignment between the assessed subjects and ESD principles, the development and validation of robust tools to measure comprehensive ESD competencies would significantly advance the field.




6 Conclusion

This study provides robust empirical evidence on the existence of socioeconomic and equity-based academic achievement gaps in science and social studies among Colombian high school students and their implications for Education for Sustainable Development (ESD). Our findings, derived from multilevel modeling analysis of the SABER 11 test for high school students for the period 2017–2023, reveal that school characteristics are significant factors associated with these disparities. In particular, the length of the school day emerged as the most salient factor associated with the academic achievement gap in these ESD-relevant subjects. Similarly, the study showed academic disparities between rural versus urban schools and public versus private schools, underscoring the pressing need to address school-level inequities at the policy level. Moreover, this research showed the persistence of gender and ethnic-based academic achievement gaps in science and social studies, suggesting deep-rooted structural equity issues that require holistic social policy interventions.

Furthermore, our findings offer valuable insights for policymakers in Colombia and other contexts facing similar educational challenges. Evidence from this study suggests that designing education systems that acknowledge and actively address learning variability in student and school contexts is crucial for addressing inequalities. This may entail strategically extending the length of the school day for all schools, particularly in underserved areas, increasing funding and resources for rural and public schools, and providing out-of-school learning opportunities designed to mitigate gender and ethnic-based gaps.

This study carries important methodological and policy implications for the broader field of education for sustainable development. Methodologically, it highlights the potential for utilizing existing standardized assessments, whose curricula align with ESD principles, to monitor progress on ESD-relevant learning outcomes in the absence of specific ESD assessment tools. It also implies that future cross-cohort studies, particularly those in contexts similar to Colombia, should aim at the development of more comprehensive evaluation tools to assess full achievement in ESD, particularly regarding the assessment of attitudes and competencies that promote sustainable development. Similarly, future research on academic achievement in ESD-relevant subjects would benefit from including a qualitative component to further explicate the complex interplay of variables such as gender and ethnic identity on performance.

At the policy level, results from this study stress that a fundamental step for governments to align their education systems with the goals of ESD is to systematically review and ensure consistency between their national curricula and their assessment systems. This iterative process will allow them to understand whether content taught in schools, especially in subjects like science and social studies, is effectively measured at the end of the education cycle, and whether it cultivates the knowledge and skills necessary to promote sustainable development. Furthermore, given the current lack of a universally standardized tool to measure comprehensive ESD achievement, it is imperative to conduct cross-country comparisons on the different evaluation systems used to assess performance in subjects closely related to ESD. Findings from this study, for example, indicate that the contents and structure of the SABER 11 test for science and social studies serve as a valuable indicator of progress towards ESD-related learning. This approach could significantly help policymakers and government agencies responsible for education policy to strengthen their curricula and current evaluation systems, ensuring they are more closely aligned with the holistic learning outcomes envisioned for ESD. A starting point could be the establishment of regional and international dialogues to share best practices on curriculum design and assessment, contributing to the creation of a global ecosystem for the effective implementation and monitoring of ESD.


6.1 Policy recommendations

Based on our findings, we recommend four policy interventions to address the identified socioeconomic achievement gaps in Colombia and to strengthen ESD efforts. These include: (1) Strengthening social protection programs to reduce child labor and alleviate poverty, thus enabling children to prioritize education, (2) Expanding and equitably funding full day school programs, particularly in public and rural areas, to ensure that all students benefit from extended instructional time and more educational resources, (3) Investing strategically in rural and public schools to address resource disparities, enhance teacher training, and improve infrastructure and technological access, and (4) Developing targeted educational support programs that address the specific needs of ethnic groups and promote gender equity in STEM-related subjects. These policy interventions will contribute to creating more equitable educational opportunities, reduce academic achievement in critical subjects associated with EDS, and strengthen Colombia’s capacity to prepare the next generation of young leaders to tackle the complex challenges of sustainable development.
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Footnotes

1   This course is called Cátedra para la Paz. In this course students learn about the history of the armed conflict in Colombia and techniques for the peaceful resolution of conflicts.

2   All appendices are available at https://drive.google.com/drive/folders/1WjKUEKbsGpL16qV865UiEI28Tb9MpfGU?usp=share_link
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