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ABSTRACT

Introduction. Inferential reasoning (IR) is a major component of intelligence, which comprises many different
cognitive processes such as perception, memory, and logic. Many studies have proposed that socioeconomic
status (SES) has a negligible association with IR, but more recent findings suggest that they may have a
higher association when evaluating group instead of individual SES. Objective. The aim of this study is to test
the effects of both individual (students) and group (schools) socioeconomic status on IR, comparing different
countries of Latin America. Method. The sample was composed of 2 358 students aged 14 and 15 years from
52 different schools (44% public) of five Latin American countries (Argentina, Brazil, Chile, Colombia, and
Peru). Participants took part in an inferential reasoning test and answered a socioeconomic questionnaire.
Results. SES student showed a small positive correlation with IR (r= .10, p <.001), while SES school had a
more pronounced effect on IR (F [2, 1944] = 74.68, p < .001, np2 =.07), with higher IR at schools with higher
SES. A significant difference of IR between countries (F [4, 1976] = 20.68, p < .001, r]p2 =.04), was also found
with Peru showing the highest mean. Peru was the country with the higher percentage of private schools in
the present study. A multilevel model was fitted using individual and group SES as predictors. Discussion
and conclusion. Our findings showed that group SES have a higher predictive value of IR when compared
to individual SES. This result suggests that individuals with low SES can benefit from studying on higher SES
schools. Future research and the importance of public policies are discussed.

Keywords: Inferential reasoning, intelligence, socioeconomic factors, Latin American, schoolchildren.

RESUMEN

Introduccién. El razonamiento inferencial (IR) es un componente importante de la inteligencia que compren-
de diversos procesos cognitivos, como la percepcion, la memoria y la I6gica. Muchos estudios han propuesto
que el nivel socioeconédmico (NSE) tiene una baja asociacion con IR, pero hallazgos mas recientes sugieren
que el NSE del grupo puede tener mayor asociacion que el NSE individual con el IR. Objetivo. El objetivo de
este estudio es investigar los efectos del nivel socioeconémico individual (estudiantes) y de grupo (escuelas)
sobre el IR, haciéndose comparaciones entre diferentes paises de América Latina. Método. La muestra es-
tuvo compuesta por 2 358 estudiantes con edades comprendidas entre los 14 y los 15 afos, de 52 escuelas
diferentes (44% publicas), de cinco paises de América Latina (Argentina, Brasil, Chile, Colombia y Peru). Los
participantes fueron evaluados con una prueba de razonamiento inferencial y un cuestionario socioeconémi-
co. Resultados. EI NSE individual mostré una pequefia correlacion positiva con IR (r=.10 p <.001), mientras
que el NSE de grupo tuvo un efecto mas pronunciado sobre IR (F [2, 1944] = 74.68, p < .001, r]p2 =.07) con
mayor IR en las escuelas con mayor NSE. También se encontrd una diferencia significativa de IR entre los
paises (F [4, 1976] = 20.68, p < .001, r]p2 =.04), con un promedio mas alto para Peru, el pais con mayor nu-
mero de escuelas particulares en el presente estudio. Se ajusté un modelo multinivel utilizando las variables
principales. Discusién y conclusion. Nuestros resultados demostraron que el NSE de grupo tiene un mayor
valor predictivo de IR en comparacion con el SES individual. Este resultado sugiere que los individuos con un
nivel socioeconémico bajo pueden beneficiarse de estudiar en escuelas con SES superiores. Se discuten las
futuras investigaciones y la importancia de las politicas publicas.

Palabras clave: Raciocinio inferencial, inteligencia, factores socioeconémicos, América Latina, escolares.
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INTRODUCTION

Since 2008, the British government has sponsored the Fore-
sight Project on Mental Capital and Wellbeing in order to
identify the characteristics of human capital needed to deal
with highly competitive economies in the world (Bedding-
ton et al., 2008). According to the committee of this project,
involving around 450 specialists from several knowledge
fields, mental capital refers to people’s cognitive abilities
and flexible learning, while wellbeing refers to the ability of
individuals in engaging productively and positively in their
community and finding strategies to develop their potential.
Both human capital and wellbeing are individual psycholog-
ical factors related and developed during the childhood and
adolescence. They serve as the cornerstones of quality of life
in adulthood. The goal of the British project is to identify
the new skills developed in lifelong due to new technology
and work in the information age (UK Government Office
for Science, 2016). In order to achieve this goal, the current
skills in the UK population will be mapped and compared to
those that are needed over the next 10 or 20 years.

One of the most important human cognitive processes
is reasoning, which is at the core of intelligence (Jensen,
1998). Specifically, inferential reasoning is the cognitive
process whereby a person uses perception, thoughts, and as-
sertions to evaluate an information or to infer relationships
between elements and establish a conclusion (Sisto, 2006).
Inferential reasoning performance, measured in almost
all intelligence tests, has explained some of the variabili-
ty of school achievement performance, job performance,
and knowledge of daily events (Beier & Ackerman, 2001;
Gottfredson, 2002; 2006; Gottfredson & Deary, 2004; Kun-
cel, Hezlett & Ones, 2004; Neisser et al., 1996). The same
tendency has been found in mental health (Gottfredson &
Deary, 2004). For instance, participants of a Scottish psy-
chological assessment conducted in 1931 were cognitively
re-assessed at age 77. The results indicated that each de-
crease of IQ standard deviation resulted in a 12% increase
in the likelihood of psychiatric contact (Walker, McCon-
ville, Hunter, Deary & Whalley, 2002). Regarding general
health problems, data on 7476 participants in the US Na-
tional Longitudinal Survey of Youth 1979 indicated that in-
dividuals with a higher cognitive score were less likely to
suffer chronic lung diseases, heart problems, hypertension,
diabetes, arthritis/rheumatism, and emotional or psychiatric
problems (Der, Batty & Deary, 2009). These results are in
accordance with a longitudinal study conducted by Ciarro-
chi, Heaven, and Skinner (2012) with 420 adolescents. Ci-
arrochi et al. (2012) showed that cognitive abilities related
to verbal and math domains, independently of socio-eco-
nomic status and gender, were associated with good health
habits, such as delay in onset of cigarette smoking, less TV
watching, more physical exercise, and lower consumption
of stimulant drinks.
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Thus, results of cross-sectional, longitudinal, and epide-
miological cognitive studies are relevant for public policies.
Tracking cognitive skills, such as inferential reasoning, and
factors of influence, such as socioeconomic status (SES), is
a scientific challenge and a public health need. Unfortunate-
ly, there are no broad cognitive studies in Latin American.
Only specific (e.g., effect of age on cognition or normative
data for neuropsychological tests; Ashby-Mitchell, Jagger,
Fouweather & Anstey, 2015; Guardia-Olmos, Pero-Cebolle-
ro, Rivera & Arango-Lasprilla, 2015) and local studies (e.g.,
restricted to a single city or country; Flynn & Cas¢, 2012)
can be found. One major exception is the SLATINT project.

The SLATINT project

At the end of 2007, a team of Latin American researchers
designed and started a project called “Study of the Latin
American Intelligence” (SLATINT), whose goal was to map
cognitive abilities of students from Argentina, Brazil, Chile,
Colombia, Mexico, and Peru. One of the most important re-
sults found in this project was related to the impact of socio-
economic status of schools (SES school) on the intelligence
of students (Flores-Mendoza et al., 2015). These results chal-
lenged several studies that claimed that social factors have
little or null influence on cognitive performance (Colom
& Flores-Mendoza, 2007; Strenze, 2007). Specifically, the
study of Flores-Mendoza et al. showed that SES of schools,
instead of SES of students, was an important environmental
variable for explaining cognitive individual differences. The
hypothesis that school composition effects could surpass the
impact of individual SES is not new or original. In fact, the
effect of schools on the performance of students has frequent-
ly been studied since the famous Coleman report was pub-
lished (Coleman, 1966). Moreover, a recent study conducted
by Liu, van Damme, Gielen, and van Den Noortgate (2014)
employing multilevel mediation modeling has indicated that
students from the same family SES, but enrolled in schools of
different SES, had different school performance. Specifical-
ly, students enrolled in low SES schools had a lower school
performance than students enrolled in high SES schools. A
similar phenomenon could be observed in the field of cogni-
tive performance. The effect of SES of school can be stronger
than SES of student on cognitive individual differences. For
the present paper, this hypothesis was tested with an induc-
tive reasoning test named IR test, which was administered to
a sub-sample of the SLATINT project.

METHOD

Participants

The study sample was part of the SLATINT project, which
was initially composed by a sample of 4074 students. Only
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Figure 1. Flowchart of the data cleaning approach.

data from Latin American students aged 14 and 15 years
were analyzed. Data from Mexico was not considered due
to their reduced size (V= 66) and quality (data of the induc-
tive reasoning test came from just one private school). After
deletion of missing cases, the final sample was composed of
2358 students aged 14 and 15 years, enrolled in 52 schools
(44% public) of five Latin American cities (Rosario, Argen-
tina; Belo Horizonte, Brazil; Santiago, Chile; Bogota, Co-
lombia, and Lima, Peru). The systematic approach used to
obtain the final sample is showed in Figure 1.

The minimum number of students per country was
169 (Chile) and maximum of 639 students (Brazil). Table 1

presents descriptive statistics for individual variables such
as sex, age, individual socioeconomic status (SES Student)
and school variables, which included type of school (pub-
lic vs private) and socioeconomic status of schools (SES
School). Table 1 indicates a higher percentage of female
students, which is in accordance to a survey conducted by
the United Nations International Children’s Emergency
Fund (2016). This survey has verified higher high school
enrollment for females when compared to males in most
Latin American countries.

In our study, Chilean students represented the young-
est sample, and students from Peru and Argentina were the
oldest samples. Regarding type of schools, there were more
students in public (78%) than private schools in the Brazil-
ian sample, and Peru had conversely more students in pri-
vate schools (86%). This distribution is partially in accor-
dance with a survey conducted by the Comision Economica
para América Latina y el Caribe (Arcidiacono et al., 2014),
which found that Brazil has a higher percentage of public
schools and Peru a higher percentage of private schools.
However, in the case of Peru 59% of students were enrolled
in low and middle SES schools and had a lower mean in
their individual SES (M = 13.64). This reveals a character-
istic of the Peruvian educational system: there are also pri-
vate schools in poor areas. According to a Peruvian census
conducted by the Ministerio de Educacion de Peru (2016),
Lima city has 66.7% of its schools characterized as private,
and these schools enroll 49% of the total student population.
Thus, despite of individual SES of students, more private
than public schools in the Peruvian sample were expected.
However, in general, it is not possible to assert that the Lat-
in American samples analyzed in the present investigation

Table 1
Descriptive statistics of participant and school characteristics by country
Total Sample Argentina Brazil Chile Colombia Peru

Participant characteristics (n =2358) (n=429) (n=639) (n=169) (n = 640) (n=481)
Sex % % % % % %

female 52 51 53 50 54 49

male 48 49 a7 50 46 51
Age % % % % % %

14 59 53 61 83 62 52

15 41 47 39 17 38 48

M SD M SD M SD M SD M SD M SD

SES Student 1492 2.46 13.39 1.94 1558 247 16.58 1.92 15.75 2.38 13.64 1.78
RIN Score 12.06 3.19 12.41 2.89 11.20 3.32 12.06 2.92 12.01 3.04 13.04 3.24
School characteristics n=52 n=12 n=13 n=5 n=12 n=10
School type % % % % % %

public 44 50 78 38 30 13

private 56 50 22 61 70 86
SES School % % % % % %

low 26 21 21 31 30 29

middle 39 37 36 33 51 30

high 35 42 42 35 18 40

Note: School type and SES School refers to the percentage of students in the sample that attended the respective type of school.
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were representative of their countries. Therefore, caution is
required when interpreting these data.

Instruments and materials

Inferential Reasoning (IR). It is a test composed by 40 items
(Sisto, 2006). Each item presents a set of geometric figures
with one figure missing. Four alternative responses are of-
fered for sections A and B, and six alternatives for sections
C and D. All items have infit and outfit values between .70
and 1.30, which, according to the Rasch measurement mod-
el, means that the total of items have a good fit. For the pres-
ent study, a short version of the IR test was administered
using only even items, therefore the IR values range from 0
to 20. The test took around 15 minutes to complete.

The estimation of SES student was based on two sourc-
es: available resources within participants home (e.g., cable
TV, MP3 player, phone, computer, internet, videogames,
weekend magazine), and parents’ level of education. These
two sources are the same used by the Criterio Brasil for strat-
ification of social classes according to purchasing power. In
our study, each item of available resources in home repre-
sented one point. The lowest level of schooling of parents
(estimated as average from mother and father) was equiva-
lent to one point, and the highest one (university) accounted
for 4 points. The sum of points was the socioeconomic index
of the student, which could range from 0 to 20. SES schools
was an ordinal variable related to a classification (low, mid-
dle, and high) made by the responsible for data collection in
each country. Samples of schools from Peru and Brazil were
randomly selected. In the case of Peru, the researcher col-
laborated with technicians of the Ministerio de Educacion
(Ministry of Education). In the case of Brazil, the researcher
had access to the dataset produced by Soares and Andrade
(2006) regarding the distribution of socioeconomic levels
of schools located in the Belo Horizonte city, which permit-
ted the random selection of Brazilian schools for the present
study. Samples from Chile, Argentina, and Colombia were
non-probabilistic; i.e., researchers of these countries select-
ed schools based on their knowledge of the infrastructure
of each school and the socioeconomic characteristics of the
neighborhood where it was located. At least two schools
representative from each socioeconomic stratum (low, mid-
dle, and high SES) were required. In order to render validity
to the socioeconomic classification of the selected schools
of Chile, Argentina, and Colombia, researchers were asked
to complete a questionnaire with items concerning sanitary
and urban conditions of the neighborhoods (e.g., waste col-
lection system, drainage system, public street lighting, pres-
ence of paved streets) where each school was located. Items
regarding school environment (e.g., school instruction time,
class size, mathematic instruction time, presence of com-
puters) also composed the questionnaire. The points accu-
mulated by each item were summed and produced a total
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score. This questionnaire was filled one year after finishing
the data collection. Unfortunately, the Argentinian research-
er could not collect information to report. The correlation
between the total score of the questionnaire and the SES
school classification was .72 (p = .05) for Chilean schools
and .63 (p = .03) for Colombian schools, which indicated
good validity of the classifications made by the research-
ers. In the case of Argentina, the correlation obtained of .74
between SES individual and SES school was considered as
evidence of good validity.

Procedure

The Ethical Committee of the Universidade Federal de
Minas Gerais-Brazil approved the SLATINT project (N.
263/07). The SLATINT study was conducted during the pe-
riod 2007 to 2011 (80% of the data were collected during
2008 and 2009), and it was designed to administrate two
cognitive measures to the total sample in one session. Oth-
er measures, such as the IR test, were administered to a
sub-sample of each country in a second session. The reason
for testing a sub-sample was related to logistic constraints
of the participant schools. The IR test was conducted in
classrooms by psychology students trained by the respon-
sible of data collection in each country.

Statistical analyses

A multilevel linear model was used to test the effects of
individual and group SES on IR performance. Multilevel
analysis is necessary when data are nested (as in the current
study), because within-groups observations are correlated,
and the underlying structure of the factors may vary from
one level of analysis to the next (Raudenbush & Bryk,
2002). In our study, this modelling approach allowed for
the examination of the effects of interest at individual lev-
els, and between other levels of spatial aggregation (e.g.,
schools and countries). Analyses were conducted using R
statistical software packages (R Development Core Team,
2016). The package Ime4 was used to fit multilevel models
(Douglas, Martin, Ben & Steve, 2015).

A bottom-up model building strategy was used, which
started with the simplest possible model and proceeded by
adding and testing new parameters (Hox, Moerbeek & van
de Schoot, 2010). Students SES was centered around the
grand mean and categorical variables were dummy coded.
Initially an intercept-only model was used as baseline, fol-
lowed by a model including the lower level (SES Student)
and high level (SES School and School Type) explanatory
variables.

In the next step intercepts were allowed to vary between
different schools and between the five countries. Finally, a
model allowing for random effects between schools and
countries was tested, but no significant evidence that random
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Figure 2. Effect of SES School on IR by country.

slopes improved the model was found. Therefore, the final
model is as follows:

b. €

Y, =B, + B, (SES Student) + B,| (SES School) + B, (School Type) + b, ,, +b,  +€

1.jfil *
Where i denotes participant, j [i] denotes group level for
school and £ [i] denotes group level for country, B indicates
a fixed-effect coefficient and b indicates a random variable.
b, = N(0,0,
b, = N(0,0
€= N(0,0°

RESULTS

Analysis of variance revealed a significant difference of IR
between countries (F [4, 1976] =20.68, p <.001, np2 =.04),

with Peru showing the highest mean, followed by Argenti-
na and Chile (Table 1). There was also a significant effect
of school types on IR (¢ [1734] = 12.63, p <.001, d = .58),
with private schools showing highest IR scores (M = 12.85,
SD = 2.93) when compared to public schools (M = 11.05,
SD =2.93).

Similarly, SES School had a significant effect on IR (¥
[2, 1944] = 74.68, p < .001, n * = .07), with higher IR at
schools with higher SES, when compared to medium and
low SES schools. Analysis of contrasts revealed a more pro-
nounced difference from low to medium when comparing to
the difference from medium to high (Figure 2). There was
a significant but negligible effect of sex on IR favoring fe-
males (2 [1910] =2.86, p <.001, d = .12).

Table 2 presents the final model coefficients for the ef-
fects of SES Student, SES School, and Type of School on IR.

Table 2
Multilevel estimates for models predicting IR
Null Model Final Model
Estimate SE t Estimate SE t

Intercept 12.09 .07 164.75 10.53 .38 27.50
SES student .04 .03 1.13
SES school (Low = 0)

Middle 1.60 42 3.75

High 1.74 A7 3.66
School type (Public = 0)

Private .64 .40 1.59
-2 log-likelihood -4815.90 -4662.53
AIC 9635.81 9340.92
BIC 9646.88 9385.22

salud mental Vol. 40, No. 5, septiembre-octubre 2017
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Figure 3. Effect of SES Student on IR by country.

Both SES Student and SES School had a positive association
with IR, with SES School yielding a highest contribution to
the model. Indeed, analysis of covariance between SES Stu-
dent and IR revealed a small correlation (» = .10, p <.001).
Chile showed the smallest correlation when testing this same
analysis for each country (r = .04, p = .63), and other coun-
tries correlations ranged from .17 to .22 (all p <.001; Figure
3). Despite these differences, adding a random slope coeffi-
cient to the multilevel model based on country did not im-
prove the model. However, there is a significant variation of
intercepts between different schools and different countries.
Possible interactions between the effects of SES student and
SES school on IR were tested, but no significant evidence of
difference was found.

DISCUSSION AND CONCLUSION

As described at the beginning of this paper, the new chal-
lenges for public policies in the world are to gather infor-
mation about the cognitive skills of the population and to
identify at what level they are and factors that affect them.
In this direction, the present study, which is part of the SLA-
TINT project, shows results about inferential reasoning in
samples of students from five Latin American countries.
Inferential statistics indicated significant mean dif-
ferences between private and public schools, which is an
unsurprisingly result for the educational system of Latin
American. In addition, there were significant IR mean dif-
ferences among countries, with the highest mean for the Pe-
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ruvian sample and the lowest mean for the Brazilian one.
However, this result should be analyzed with caution, given
that the Peruvian sample had the highest proportion of pri-
vate school students (86%) while the Brazilian sample had
the smallest (22%). A surprising result was that females and
males did not have different performances on IR. Usually,
the literature regarding reasoning tasks has presented sig-
nificant mean differences favoring males (Voyer, Voyer &
Bryden, 1995). However, new studies have pointed out a
reduction of these cognitive sex differences in the last years
(Miller & Halpern, 2014). Considering that the Brazilian
normative study for the IR test has also presented a slight
female superiority, it is necessary to continue to track this
tendency in the next decades (Sisto, 2006).

The multilevel analysis, which does not assume inde-
pendence among variables, indicated the most important re-
sult: SES school was the best predictor of IR performance
instead of SES student. This result was found in both the
total sample and in each sub-sample. Furthermore, the cog-
nitive performance of low SES school students was very far
from students from other schools. The cognitive difference
between students from middle and high SES schools was
less pronounced. In this regard, it could be said that low SES
schools cover students from low SES families, and high
SES schools cover students from high SES families, and, for
this reason, aggregated scores (SES schools) could inflate
the correlation coefficients between SES schools and intel-
ligence. However, the correlation between SES student and
SES school in our study was not high (= .42, p <.001). This
moderate association means that there was certain indepen-
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dence in our samples between the social economic status of
schools and the socioeconomic status of their students.

Our results corroborate those obtained by Flores-Men-
doza et al (2015) and studies such as the one by Duar-
te, Bos, and Moreno (2010) regarding Latin American
school performance. In that study, only 1.7% of the school
achievement variance was explained by variability in so-
cioeconomic status of students within the school (individ-
ual SES), while 49.2% of the variance was explained by
socioeconomic characteristics of schools (or SES-school).
Specifically, Duarte, Bos, and Moreno found that students
from Brazil, Uruguay, Colombia, and Peru had a higher
percentage of the changes in their score influenced by be-
tween-school variation (78.9%; 76.6%; 70.6%, and 60.0%,
respectively).

Why SES school, and not SES student, was a better pre-
dictor of cognitive differences? SES student means available
resources within their home, and SES school means avail-
able conditions out of home. In our study, SES school cov-
ered not only school conditions; also, it covered neighbor-
hood conditions where the school was located. In this sense,
our study showed that students, independently of their fam-
ily social economic status, may benefit from high quality of
school environment for their cognitive development.

In this regard, Jargowsky and El Komi (2011) con-
ducted a study concerning the effect of school context and
neighborhood on student performance in Texas, USA. Us-
ing different criteria for measuring the school environment
(e.g., percent of students eligible for free and reduced price
lunch; turnover; average math and reading scores; percent
of children in married couple families; percent of adults
who were college graduates), the authors identified a strong
effect of school context, and a little, but significant, effect of
neighborhood on student performance. Obviously, it is not
possible to compare the narrow variability of school envi-
ronment in USA with the broad variability of school envi-
ronment present in Latin America. However, the message
is the same: the environment can overcome the limitations
within family and positively influence the cognitive devel-
opment of students.

Inferential reasoning is a psychological resource related
to logical thinking, which allows individuals to choose the
best options; allows dealing with new marketplaces chal-
lenges, and achieving longtime health. In this sense, some
governments, especially from developed countries, have
begun to track the cognitive conditions of their populations.
Studies based on the social conditions of the students have
shown a small effect of environment on cognitive perfor-
mance. However, our study presented that environment,
based on school’s context, has a moderate effect on the
cognitive performance of students. This is good news for
governmental policies, but at the same time, it is a great
challenge to improve school’s environment, especially in
developing countries.

salud mental Vol. 40, No. 5, septiembre-octubre 2017

This cross-sectional study is a preliminary investiga-
tion regarding cognitive skills (specifically inferential rea-
soning) of Latin American students. We recognize that the
samples used were non-representative of their countries and
future studies could overcome this limitation. However, in
this era of increasing technological complexity and serious
consequences for our populations, we consider that, despite
family background differences, the results obtained regard-
ing the strong effect of components of school on inferential
reasoning deserve some attention from governmental insti-
tutions.
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