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Abstract
A large body of research has shown that students from better-off households tend to have higher educational achievement. However, there is scant evidence able to disentangle the role of absolute and relative economic status in affording this advantage. We address this gap by estimating econometric models where the two measures of economic status are jointly employed as explanatory variables: household income (reflecting command over resources) and relative deprivation (reflecting economic disadvantage relative to students in the same school). Using large data from seven waves of Brazilian high-stakes secondary education exams (N~8 million), we show robust evidence that both household income (0.020 SD [p<0.000]) and relative deprivation (-0.068 SD [p<0.000]) are significant predictors of exam scores. This suggests that the nature of the educational advantage granted by economic status is twofold. Although the variables available in the dataset do not allow us to test for specific mechanisms, the literature from an array of academic disciplines supports the interpretation of our empirical results that alongside the role played by household income through material pathways to education (e.g. affordability of a range of educational inputs such as food, transport, learning material, school fees, etc.), relative deprivation might also shape outcomes through psychosocial pathways related to self-esteem, aspirations, motivation and identity. In addition, our results suggest that the effects of relative deprivation might be more detrimental for those in households with higher incomes. 
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1. Introduction
Education is a key domain of human development. It holds a prominent place in major global initiatives such as the Sustainable Development Goals, and it features as a key dimension in the most widely-used development and deprivation indicators such as the Human Development Index and Multidimensional Poverty Index (Anand and Sen 1997; Alkire et al 2015; UN 2015; UNESCO 2020). Education can be conceived as both an inherent component and a goal of human development, as well as an enabling factor which contributes to the flourishing of individual and societal potentials across multiple domains. In this way, education has been argued to yield intrinsic as well as instrumental benefits ranging from economic growth to civic attitudes, tolerance and environmental awareness (Reid 1998; Robeyns 2006; Selby and Kagawa 2010). Despite the progress made globally in recent decades in ensuring access to education, serious challenges remain, in particular for post-primary education and for children from disadvantaged groups (UN 2020).
The importance of education has prompted international development scholars to produce a wealth of research describing and explaining multiple determinants of educational inequalities. Unequal educational attainment originates from a number of sources, including parents’ education (Basant and Sen 2014; Contreras and Puentes 2017), discrimination along socio-demographic dimensions such as gender, race or caste (Borooah 2012; Masterson 2012; Taş, Reimão and Orlando 2014; Lee, Rhee and Rudolf 2019) and inequalities in the supply of education (Haddad, Freguglia and Gomes 2017; Cunningham et al 2019). An important source of educational disadvantage is economic status. Studies on economic sources of educational disadvantage have illustrated at length how material hardship and financial constraints limit the inputs parents can afford to provide their child with (food, transportation, educational materials and opportunities) and increase the need for children to engage in labour to contribute to the household’s livelihood (Chamarbagwala 2008; Salazar and Glasinovich 2018; Sánchez and Singh 2018).
In this paper, we advance the literature on the economic sources of educational inequalities by investigating the possible roles of both the absolute and the relative facets of economic status as determinants of educational attainment. The absolute facet of economic status refers to the concrete standard of living we can enjoy, while the relative facet refers to how much we have relative to others in our society. Two individuals living in different socioeconomic contexts may have very similar absolute standards of living, but can differ considerably in the relative deprivation they experience if they are situated at different steps of the economic ladder. A growing body of cross-disciplinary research argues for the importance of both the absolute and relative facets of economic status for a number of social outcomes, stressing how their joint analysis enables the identification of specific pathways through which economic disparities may affect social outcomes – reviews include Adjaye-Gbewonyo and Kawachi (2012), Smith et al (2012), Clark and D'Ambrosio (2015), Esposito (2018), Verme (2018) and Power, Madsen and Morton (2020).
However, the joint analysis of the two facets of economic status has been largely neglected in the study of educational inequalities. Research has mainly focused on the absolute facet of economic status and on socio-material pathways to educational inequalities – whereby absolute deprivation jeopardises the affordability of education, resulting in lower levels of physical and pedagogical inputs and the increased need for child labour, where the latter is compounded by credit constraints (Basu and Van 1998; Emerson 2008). Far less attention has been paid to the additional role played by the relative facet of economic status, which regards households’ economic status vis-à-vis others in society. Beyond issues related to material hardship and the concrete affordability of education, relative deprivation has been argued to operate via psychosocial pathways whereby lower relative standing along the economic ladder affects schooling outcomes by adversely shaping aspirations and the formation of social identities (Mayer 2001; Destin and Oyserman 2009 and 2010). The failure to disentangle the roles of these two facets of economic status limits our understanding of the different mechanisms that link economic inequalities to educational inequalities, and, as a consequence, jeopardises our ability to design effective educational policies aimed at countering economic disadvantage.
 We estimate econometric models which simultaneously account for the absolute and relative facets of economic status using secondary data from seven waves of the Brazilian high-stakes secondary education exams (Exame Nacional do Ensino Médio or ENEM, 2012-2018, N=8.6 million). We find that an increase in one category of income is correlated to a higher ENEM score by 0.020 standard deviations (p<0.000) and each additional unit of relative deprivation is correlated to a lower ENEM score 0.068 standard deviations (p<0.000). Our results highlight the independent and significant roles of absolute and relative economic status as key explanatory variables that explain inequalities in educational achievement, supporting the notion that there coexist material and psychosocial pathways through which economic disadvantage leads to educational inequalities. According to a body of cross-disciplinary literature, while the former relates to material hardship and inability to afford an education, the latter reflects how lower position in the socioeconomic hierarchy depresses self-confidence, curbs aspirations, and fosters the creation of rigid/crystallised identities of pupils and parents alike who are unable to see social mobility as a concrete possibility.
The paper develops as follows. In section 2 we review the concepts of absolute and relative economic status and discuss their relationship with educational outcomes. Section 3 describes our data and our empirical approach. Section 4 presents our results and section 5 concludes.

2. Literature review
CONCEPTS: TWO FACETS OF ECONOMIC STATUS
By the expression economic status we refer to households’ attainment in an economic domain which indicates their command over resources –measurement of which is typically based on indicators such as income and wealth. More specifically, the construct of economic status can be seen as comprising an absolute and a relative facet (Howell and Howell 2008). While the former represents households’ own standards of living, the latter expresses these relative to the standards of living of others. As a simplified example, imagine a society with two households, a and b, and suppose that ya and yb indicate their level of the chosen economic indicator (income or wealth). The absolute facet of economic status of household a is quantified by applying a function f to their own level of income or wealth ya – i.e. f(ya), where f could be a linear or a logarithmic transformation. By contrast, the relative facet of economic status of household a is quantified by applying a function g to both their own and household b’s level of income or wealth yb – i.e. g(ya,yb), where g would be typically a linear or a concave transformation of the difference between ya and yb. In this way, economic status of household a is described by two figures, one absolute and one relative – f(ya) and g(ya,yb), respectively. These can be used to compile statistics assessing the evolution of absolute and relative economic status over time and/or across countries (Anderson and Esposito 2014), or can be jointly used in econometric models in order to disentangle the way each relates to the social phenomenon or social outcome of interest, showing the role played by each facet of economic status once the other is controlled for (Verme 2018). 
The idea that our lives are affected not only by the absolute amount of goods and services we can afford, but also by how we fare relative to others, has long been discussed in the social sciences – e.g. sociology (Stouffer et al. 1949), economics (Duesenberry 1949), psychology (Bradburn 1969), political science (Gurr 1970) and anthropology (Foster 1972). The second half of the twentieth century was ripe with contributions expounding the conceptual nuances of the relative facet of economic status, and exploring how, independent of the absolute one, this had specific affective and behavioral consequences for humans (Davis 1959; Crosby 1976; Mark and Folger 1984; Kosaka 1986). Theoretical models were developed to explain possible effects of the two components of economic status on a number of social phenomena, including revolts (Davies 1962), fertility (Leibenstein 1975), economic growth (Cole et al. 1992), unemployment (Akerlof and Yellen 1990), educational subsidies (Lommerud 1989) and consumer behaviour (Frank 1985). Beyond the social sciences, Wilkinson (1997) argued how health inequalities should be seen as the result of material and psychosocial pathways to morbidity, stemming from the absolute and relative facets of economic status, respectively.
This body of literature created the theoretical basis for the empirical estimation of models investigating the absolute and relative dimensions of economic status, which aimed to disentangle the specific relationship of each with the social outcome of interest. One branch of the empirical literature (which is relevant to our study) followed the early work of Stark and Taylor (1991) and Clark and Oswald (1996) with the analysis of secondary survey data via the simultaneous inclusion of explanatory variables accounting for the two facets of economic status in multivariate regressions, so that the independent effect of each could be isolated (Verme 2018). The increasing variety of available surveys has enabled researchers to implement this empirical approach for the investigation of an array of social outcomes – inter alia, see the recent work on health (Gero, Miyawaki and Kawachi 2020), migration (Kafle, Benfica and Winters 2020), crime (Burraston et al 2019), happiness (Wang, Cheng and Smyth 2019), risk attitudes (Elgar et al 2018), quit behaviour (Dube, Giuliano and Leonard 2019) and suicide (Pak and Choung 2020). The other branch of empirical studies implemented experimental designs following the Fehr and Schmidt’s (1999) framework of self-centered inequality aversion, where variation in one facet of economic status while holding the other constant was achieved through randomised allocation to treatments (see Clark and D'Ambrosio 2015 for a detailed review). The outcomes of interest in the experimental strand of this literature have been mostly restricted to wellbeing (e.g. Engelmann and Strobel 2004; Müller and Tan 2013), although more recent papers are branching out to other outcomes as well – e.g. obesogenic behaviour (Sim et al 2018) and hostility (Greitemeyer and Sagioglou 2019). 
ECONOMIC STATUS AND EDUCATION
Evidence able to disentangle the specific roles of the absolute and relative facets of economic status in shaping educational outcomes is lacking. A vast amount of research across the social sciences has documented the positive effects of economic status on academic achievement and cognitive development, in both high- and low-income countries – inter alia, see Duncan, Brooks-Gunn and Klebanov (1994), McLoyd (1998), Bradley and Corwyn (2002), Engle et al (2011), Fernald et al (2011), Walker et al (2011), Sánchez and Singh (2018). Recent work in neuroscience has also improved our understanding of the physiology behind this evidence, with socioeconomic status being associated with a range of factors influencing cognitive ability, including prefrontal cortex function (Kishiyama 2009), structural and functional brain development (Hackman and Farah 2009, Noble et al 2012 and Tomalski et al 2013), epigenetic responses (Essex et al 2013), systemic inflammation-related damage to brain networks (Gianaros et al 2013) and working memory performance (Hackman et al 2014).
However, the current evidence fails to offer insights into the nature of the widely observed economic pattern in educational inequalities: to what extent is the lower attainment of deprived children due to them being poor, or to them being poorer than others? There is barely any empirical evidence that can provide a precise answer to this question, despite clear arguments having been developed in the literature for why the absolute and relative facets of economic status might create educational inequalities through different pathways. The way absolute economic status affects educational achievement has been widely studied. For example, in the influential child labour model of Basu and Van (1998), education is a seen as a ‘luxury’ for households living in material hardship. Scarcity of resources makes other more pressing needs a priority, so that households cannot afford the costs directly related to education – school materials, fees, transportation, uniform, etc. Lack of resources also deprives children of an array of inputs which, directly or indirectly, support educational attainment (Brown and Park 2002; Knight, Shi and Quheng 2009). For instance, lack of appropriate nutrition strongly hinders cognitive development and educational attainment (Grantham-McGregor et al 1991; Glewwe, Jacoby and King 2001; Engle et al. 2007; Jackson 2015). Material hardship often dictates the need for children to engage in work to contribute to the economy of the household, with negative implications for school outcomes (Chamarbagwala 2008; Emerson 2008; Salazar and Glasinovich 2018).
The relative facet of economic status affects educational outcomes via psychosocial pathways arising from the detrimental effects of occupying an inferior position in the socioeconomic hierarchy. According to Mayer’s (2001) sociological work, “If children feel relatively deprived, they may be less inclined to study or stay in school. Relative deprivation can also make parents feel stressed and alienated, lowering their expectations for their children” (p. 4). This view tallies with the theory of identity-based motivation, according to which people tend to pursue long- and short-term goals tailored to the identities they have developed through their life experiences and social milieus (Destin and Oyserman 2009, 2010; Oyserman and Destin 2009). Students from lower socioeconomic backgrounds can develop identities conforming to low-skilled professions and social roles, which deflate motivation towards the pursuit of academic goals and investment in human capital. According to Hackman, Farah and Meaney (2010), the fact that children and parents from disadvantaged households “experience increased stress related to social rank” (p. 654) triggers cognitive, physiological and ecological mechanisms responsible for lower neurological development and academic achievements. Indeed, Destin et al. (2012) show that adolescents’ low position in the socioeconomic hierarchy hinders school engagement and the ability to study due to an increase in depressive symptoms and emotional distress. In addition, relative deprivation has been found to increase the likelihood that adolescents develop attitudes which are prejudicial to academic achievement, such as normless and antisocial behaviours, alcohol consumption and active and passive bullying at school – see Bernburg, Thorlindsson and Sigfusdottir (2009), Elgar (2013; 2016), Balsa, French and Regan (2014), Napoletano et al. (2016), Odgers et al. (2015) and Vogel and South (2016).
To the best of our knowledge, the only work carrying out a joint analysis of absolute and relative economic status as explanatory variables for educational outcomes is Esposito and Villaseñor (2019). Using the 2010 Mexican census, they find that the two facets of economic status are independently and significantly associated with school enrolment. The gap in the literature has therefore several dimensions. Not only is the evidence with regard to educational outcomes very limited, but it is confined to one educational outcome: the binary status of enrolled/not enrolled, derived from one single demographic survey rather than from more nuanced data on educational attainment such as exam scores. 

3. Materials and Methods
Data 
In this study, we use data from the Brazilian National High School Examination (Exame Nacional do Ensino Médio, ENEM) from the years 2012 to 2018. ENEM is a standardised test administered to high school students in Brazil and is considered a comprehensive assessment of their knowledge and skills in various subjects. The data were obtained from the National Institute of Educational Studies and Research-INEP (Instituto Nacional de Estudos e Pesquisas Educacionais Anísio Teixeira), an agency linked to the Brazilian Ministry of Education (Ministério da Educação), which is responsible for carrying out the ENEM.  Additionally, we include municipality population size as a control variable using information from the Brazilian Institute of Geography and Statistics (Instituto Brasileiro de Geografia e Estatística). All data were cleaned and processed to ensure their quality and consistency before being analysed.

ENEM is the most important standardised entrance exams in Brazil, and it has become increasingly competitive over the last decade. Created in 1998 as a low-stakes test to evaluate high-school educational systems, ENEM changed its methodology in 2009 and became mandatory for applications to undergraduate programmes at federal universities, either alone or combined with institutions’ own entrance exams (“vestibular”). Competition is fierce for places in public universities, and the fiercest for federal university degree programmes, which are the highest rated in the country and are free of charge. With a few exceptions, competition is lower for private institutions where the majority of students enrol, as their degrees are considered less valuable on the labour market. Over time, several state, municipal and private universities have started to include ENEM scores as one of their admissions criteria.

Besides the individual test scores for each subject comprising the test, ENEM microdata include demographic and socioeconomic information from an extended survey completed by all candidates before the test. The ENEM test itself generally takes place across two days, close to the end of the academic year (October or November). The test can be taken multiple times, before or after graduating from high school. We restrict our sample to the population of recently graduating students (i.e. those taking the test for the first time upon graduation) with a valid score and who were present for all components of the exam. We use data from participants in the 16-30 years age bracket, and we discard indigenous participants – who are a very small minority and usually belong to far more disadvantaged backgrounds than the general population. After cleaning and adjusting the data, our final sample consists of 8.6 million observations, nearly 88% of the population of fresh graduating students who sat for the test and had a valid score. 
Dependent Variable
Our dependent variable is the across-subject average ENEM test score. The ENEM subjects are mathematics, natural sciences, human sciences, languages, and a written essay on a given topic. Each test consists of 45 multiple-choice questions, except for the written essay which is manually evaluated by two different examiners. Similar to other examinations such as the Scholastic Assessment Test, the Graduate Record Examination and the Program for International Student Assessment (SAT, GRE and PISA, respectively), the ENEM grading system uses item response theory to weight questions according to their level of difficulty based on student performance –questions receive weights that are inversely related to the percentage of students getting them right. The grading scale ranges from 0 to 1000. To facilitate interpretation of the main regression results, we normalise the raw ENEM scores.

Independent Variables
The main independent variables in our study are students’ absolute and relative economic status. Absolute status is measured using data on pupils' monthly household income, available in the dataset as an ordinal variable with 17 income-bracket categories (1=no income, 2=up to R$88,000, 3=R$88,001-R$132,000 etc.). This information is considered reliable as students towards the end of their teens in Brazil tend to have a rather solid understanding of their family income, and indeed the ENEM income variable is widely used in empirical analyses both in international and national academic literatures (for recent examples, see Carvalhaes et al 2023; Silva and Carvalho 2024; Zacchi et al 2024; Silva-Filho and Carnoy 2025). In addition, students have no incentive to purposively declare lower income or alter any personal information they provide in the ENEM questionnaire, as this information is not used for assigning any sort of financial or educational benefits (Mello 2022). That being said, to allow for possible inexactness in the income variable, we estimate alternative models where income is entered as a continuous variable, as quartiles or as the original 17-level categorical variable provided in the ENEM survey. Our income variable is strongly correlated with parental university education ( and with our asset index (see below) (, providing reassurances as a good measure of pupils’ absolute economic status. 

For relative economic status, we follow a well-established literature which computes customary indices of relative deprivation based on asset indices (Elgar et al 2016, 2018; Napoletano et al 2016; Inoue et al 2019; Kafle et al 2020). We first calculate an asset index based on widely used methodologies (Filmer & Pritchett, 2001; Filmer & Scott, 2012; Kolenikov & Angeles, 2009) exploiting information on ownership of various assets, including but not limited to real estate, durable goods and financial assets. The procedure for constructing this index assigns values to different types of assets through principal components analysis and creates a weighted sum of the different household assets to obtain a continuous variable representing the total wealth score. Once we have calculated the asset index, we specify relative deprivation for the ith household using the Yitzhaki (1979) index defined as follows: 

 

That is, the relative deprivation of household i is defined as the normalised sum of the differences in asset index value of household i and the asset index value of household j, where the sum is across all households j that are richer than household i, and normalised by the number of such households. Different reference groups can be used to define relevant comparison groups depending on the context. In line with Balsa, French & Regan (2014), we define the reference group as the (households of) students in the same school, given that the school is the most immediate milieu where social comparisons among students are likely to take place. 

The Yitzhaki index is a widely used metric to examine the relationship between relative deprivation and various social outcomes. For example, previous studies have used the Yitzhaki index to examine the relationship between relative deprivation and educational outcomes (Esposito & Villaseñor, 2019; Matsuyama et al., 2021; Nieuwenhuis & Chiang, 2021) as well as health outcomes (Eibner & Evans, 2005; Esposito et al., 2022; Mishra & Carleton, 2015). Below, as part of our robustness checks, we relax the linearity assumption in the Yitzhaki index definition used above. For this we use the Esposito (2010) index, which provides a non-linear metric of relative deprivation and allows for different degrees of sensitivity to the sense of relative deprivation arising from lagging behind others. As we discuss below, we also stress-test our results by computing relative deprivation indices based on alternative reference groups. 

It is worthwhile to note that employing a measure of relative deprivation built on assets for our analysis has a twofold advantage. First, basing the quantification of relative economic status on assets rather than income has been encouraged by a body of survey as well as experimental evidence, given that wealth is more visible and therefore more capable than income to capture the psychosocial mechanisms triggered by economic inequality (Heffetz 2011; Sweet 2011; Hicks and Hicks 2014; Bertram-Hümmer and Baliki 2015; Nishi et al 2015). Second, from an operational point of view, building the measure of relative deprivation upon an asset index while using income to measure absolute economic status helps reduce the correlation between the two variables used to capture these twin dimensions of economic status. Indeed, our main measure of relative deprivation is only weakly correlated with absolute economic status (). This helps in disentangling their independent associations with ENEM scores, and reduces potential multicollinearity problems.

Empirical Approach
In this study, we use multilevel models to investigate the relationship between ENEM test scores and both absolute and relative standards of living. Multilevel models are specifically designed to handle data that is nested within higher-level units – in our case students within schools. In our models, the fixed part of the model (first level) is the pupils who took the ENEM test, while the schools in which the pupils are enrolled represent the random effects part (second level). Using this approach allows us to account for the fact that pupils who attend the same school are likely to share similar experiences and characteristics, such as school resources and the quality of teaching, since multilevel models explicitly account for the variation in potential school-level unobservables. Formally, the model we estimate is:

 			(1)

Where ,  and  are, respectively, the ENEM score, income, and relative deprivation status of student i in school s.  is a rich set of controls that include i) student demographics: age, sex, race, marital status, and disability status; ii) household characteristics: whether at least one of their parents has university-level education; and iii) school characteristics: whether the school is under federal, state, municipal, or private administration, the average school ENEM score, average class size, and the approximate number of hours that students spend in school. Finally, we include the size of the municipality in which the school is located as well as region and year fixed effects.  is a school level random effect which allows us to control for unobserved variables at school level. The main coefficients of interest are  and , while  is the student-level error term.

We estimate stepwise regressions to investigate the extent to which the main results are driven by specific student characteristics (Table 2 and 3 below). We next split the sample by income quartiles and run regressions models for each of them, as well as a separate model where relative deprivation is interacted with income quartiles (Table 4 below). This helps not only to examine the robustness of our results, but to also shed light on how the relationship between relative deprivation and ENEM scores may be heterogeneous across the income domain. In all models we use standard errors clustered at school level.

It is also a relevant question as to whether our results merit causal interpretation. The ENEM data are a series of repeated cross-sections, and as with any investigation into the relationship between pupils’ socioeconomic background and their educational outcomes, the key variables of interest – in our case absolute and relative measures of economic status – are to some extent correlated. While the large size of our dataset counters the loss of efficiency due to this correlation and enables estimation of precise point estimates, our results are subject to standard limitations around causal interpretation, and specifically potential omitted variable bias. For instance, educational attainment is dependent at least in part on students’ own and their parents’ motivation, and the use of aids such as private tuition, none of which variables are present in the dataset. Variables such as household income and parental education are only partial proxies for these. Equally, potential school-level omitted variables include teacher quality and motivation, school resources and so on. Thus, the evidence we present is primarily correlational. By interpreting our findings in light of the literature, our intention is to highlight potential causal relationships as well as potential underlying causal mechanisms – whilst recognising our inability to formally test for them empirically with our data.  


4. Results

Table 1 presents descriptive statistics of the variables used in our estimations. The average ENEM score is 514 and a standard deviation of 74 points. The average age of students in our sample is 17 years, 58% are female and 0.13% declared a physical or mental disability. Almost all students are single and around a quarter come from households in which at least one parent has university-level education. Most of the individuals in our sample are either white (44.16%) or mixed race (42.83%), 10.77% are black and 2.23% Asian. Looking at school-level variables, most schools are urban (97.4%) with an average class size of approximately 33 pupils. In most schools (84.95%), students spend around 4 to 8 hours in school per day. 75% are managed by the State and only 0.72% by the municipality; federal schools make up 2.65% of our sample and private schools around one fifth.

Table 2 presents the results from our multilevel mixed effects models using the Yitzhaki index as our measure of relative deprivation. In all models, the dependent variable is the standardised average ENEM score and therefore coefficient magnitudes are to be interpreted in terms of standard deviations. We present models with income alone, either in continuous form (1) or as a categorical variable (5), a model with just relative deprivation (2), models with both income and relative deprivation and no other regressors (3) and (6), and finally our full models (4 and 7) controlling for individual, household, and school characteristics as well as year and regional dummies. Table 3 presents the above models using the Esposito index as an alternative measure of relative deprivation in order to examine the robustness of results to the functional form of the relative deprivation index – results are confirmed across all models. Below, we contextualise our results by providing a discussion of what the sizes of our coefficients mean in the context of ENEM score cut-offs for university admission. 

Table 2 shows that both income and relative deprivation are independent and important predictors of ENEM scores. Both measures are highly statistically significant (p<0.001) in models (1) and (2), and remain so when they are jointly introduced in the same regression (3 and 6), as well as when also adding other controls (4 and 7). The Bayesian information criterion (BIC) is also lower (i.e. better) for models where both measures are present versus those with only one of them; this is a further indication that both variables contribute meaningfully to explain exam scores, since the BIC is a measure of goodness of fit which penalises models for the inclusion of additional regressors. Whilst, as expected, the coefficients of income and relative deprivation decrease when they are jointly employed compared to when they are introduced by themselves, they remain relatively strong. In the following paragraphs we discuss size effects and provide an estimate of the concrete implications such effects may have in terms of shaping university admission.

[bookmark: _Hlk208779777]Income is always positive and statistically significant (p<0.001). Looking at model (4), an increase of one unit (one category) in income is associated with an increase in the ENEM score of around 0.020 SD. Our measures of relative deprivation are always statistically significant and negative (p<0.001). According to model (4), an increase of one point in the Yitzhaki index is independently associated with a decrease of about 0.068 SD average ENEM score. Figure 1, based on model (4), displays these relationships graphically. The dotted line plots the estimated relationship between income and ENEM scores whilst the solid line does so for relative deprivation. The figure shows that the difference between a student with the lowest level of income and one with the highest level of income is about 0.31 SD, or about 23 ENEM points (the two extremes of the curve). With regards to the relative deprivation curve, the difference between a student at the bottom of the relative deprivation index (viz. at the top of the wealth distribution within their reference group) and one with the highest level of relative deprivation is around 0.55 SD or just over 40 ENEM points. These relationships have similar patterns across all our models.

The estimated coefficients from our control variables shed light on interesting socio-demographic relationships. Compared to Black students, students of Mixed race, Asians, and Whites, all score higher (with higher coefficients in this order). Female students score, on average, 0.06 SD (5 points) less than male students. The demographic characteristic with the largest coefficient is whether the student has a physical or mental disability, which is associated with an ENEM score about 0.26 SD (20 points) lower than the average. Consistent with the literature, students who have at least one parent with university-level education have higher scores than students who do not. Our measures of school quality also perform consistently with the literature and stylised facts pertaining to Brazil. Students in federal schools perform the best, class size is negatively associated with test scores, and there seems to be an inverse U-shaped relationship between the time students spend in school hours and their test scores, although these coefficients are not always statistically significant. We also estimate models (1)-(7) using State as an alternative reference group for the two relative deprivation measures (Yitzhaki and Esposito), and find that our results remain qualitatively unchanged. These results are available upon request. 

We can apprehend the magnitude of these effects through a simple back-of-the-envelope exercise involving ENEM cut-off scores for university admissions. Our data spans 2012-18, and appendix A presents the ENEM admission cut-off scores for some of the most popular courses in the year 2018, which we requested from Ministry of Education via the Freedom of Information Law. As mentioned above, based on model (4) the achievement gap between the students with the lowest and highest levels of relative deprivation is 0.55 SD or roughly 40 ENEM points. This could amount to the difference between being admitted to study medicine at a university ranked at the 10th percentile versus one ranked at the 95th percentile, or between landing admission at a median-ranked university to study economics (which has lower cutoffs) instead of being able to study civil engineering (which has higher cutoffs). Our results also show that the difference between the lowest and highest income students is around 23 ENEM points (0.31 SD) which could mean the difference between being able to apply to law (which has lower cut-offs) versus odontology or civil engineer (with higher cut-offs) at most universities. With regards to the gender achievement gap of 0.06 SD or 5 ENEM points to the detriment of females, this could constitute the difference between being able to study odontology (which has lower cutoffs) instead of civil engineering (which has higher cutoffs) at a university ranked at the 40th percentile. These results add to the literature looking at access to education as a function of income and relative deprivation. For example, Esposito and Villaseñor (2017) find that in Mexico there is an 11.5% difference in enrolment rates between the most and least relatively deprived high school students. For Brazil in particular, Carvalhaes et al (2023) find that those in the richest income stratum are 46% more likely to access higher education compared to those in the lowest one. In contrast to this literature however, our findings focus on how the mechanisms of socioeconomic disadvantage can shape access to higher education at university: not the binary of access itself, but rather the key metric – ENEM scores – that determines which courses students can enrol on and at which university, both of which have lifelong implications for earnings and intergenerational mobility. 

Table 4 presents the results from income-quartile analysis with two purposes. First, we test whether the results for income and relative deprivation obtained in the models discussed above using the full sample are also confirmed within each quartile. To this end, we estimate the model described by equation (1) within subsamples by income quartile (models 8 – 11). Second, we investigate heterogeneity in the relationship between relative deprivation and ENEM scores at different levels of income by interacting the categorical variable for income quartile with relative deprivation (model 12). Income and relative deprivation display the expected signs across all models, confirming that these relationships are observed across the full income distribution. The interactions in model (12) suggest that while being in a higher income quartile is associated with better ENEM scores compared to being in the bottom quartile, relative deprivation status matters more with higher income. This pattern is visualised in figure 2, which shows that the slope of ENEM scores across the relative deprivation domain is steeper the higher the income quartile. Whilst students in the top income quartile score almost 0.24 SD (20 points) more than those in the bottom quartile when relative deprivation is low, this gap almost vanishes at the highest levels of relative deprivation. The observed greater importance of relative economic status at higher levels of income is in keeping with Maslow’s (1943) notion of a hierarchy of needs, whereby relativist concerns would be considered ‘luxury goods’ more prevalent at higher standards of living; it is also in line with the empirical findings of Didier (1995) and Ravallion and Lokshin (2010), who found the effects of relative deprivation to be stronger at higher incomes.

5. Discussion and conclusion

This paper contributes to the education and international development literatures by zooming into the economic source of educational inequalities. Rather than understanding economic status as a monolith, we see it as comprised of an absolute and a relative facet and we disentangle the role of each facet as a determinant of educational attainment. Based on the analysis of large data from seven waves of Brazilian high-stakes exams (N~8 million), our findings indicate that absolute and relative economic status are related to educational achievement independent of one another. Our full models show that an increase in one category of income correlates, on average, to a higher ENEM score by 0.020 standard deviations. A one-unit increase of relative deprivation, by contrast, is correlated with a decrease of 0.068 standard deviations. Although we cannot test the underlying mechanisms directly due to the lack of psychological variables in the data, our results suggest that beyond the well-studied material pathways related to hardship and the affordability of education, economic status may also affect educational attainment through its role in shaping relative comparisons – comparisons that have been argued in the literature to shape self-esteem, aspirations, motivation, stress and identity via psychosocial pathways. Both facets of economic status should therefore be considered as possible sources of educational inequalities.
To the best of our knowledge, the only comparable previous analysis looked at school enrolment using demographic data, whereas this paper employs more nuanced data from a large-scale high-stakes exam which is key for university admission. The richness of our data also enables a deeper reading of the ways in which absolute and relative economic status are related to educational attainment. We showed how economic status – whether having a certain level of income or holding a certain place in the economic hierarchy – is associated with inequalities in exam results which in turn can have concrete implications for future life opportunities, as these can lead to very different portfolios of options in terms of university admission. In addition, our finding that relative deprivation matters more at higher levels of (absolute) income points to a pervasive role of economic inequality – potentially offsetting educational gains afforded by high income if the student is in a school with wealthier peers.
Acknowledging that there are two dimensions to the economic sources of educational inequalities, and that the two are related, suggests that scholars, policymakers and educators ought to place greater emphasis on the role and nature of socioeconomic disparities. Targeted interventions should aim to reduce inequalities in access to quality education across socioeconomic groups, support out-of-school learning opportunities, strengthen family and community engagement, and address material hardship-related barriers to education. Key recommendations include increasing equitable school funding, attracting and retaining effective teachers in underserved schools through incentives, and conducting regular equity audits of school policies and practices. Schools should develop strategies to promote inclusive milieus that reduce the negative effects of visible economic inequality, support disadvantaged students who might be particularly vulnerable to relative deprivation, foster socialisation and reduce social exclusion in the classroom. Teachers may benefit from professional development courses focused on equity and culturally responsive pedagogy, and designed to manage economically heterogeneous student populations, promote positive peer interactions among different socioeconomic classes, and provide emotional support.
Further research is needed to explore the distinct roles of absolute and relative economic status as sources of educational inequalities in other geographical contexts, as well as for other age groups and educational outcomes. While we used data from a very important exam taken by millions of students in Brazil every year for which participation has expanded considerably over time, participation is still lower amongst the poorest: by missing the very bottom of the distribution, our evidence may therefore underestimate the educational effects of economic status.
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