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Abstract. HLM model fit was used to determine the relationship of the country level
economic variables of GDP and the GINI Index to 2012 student PISA reading, math, and
science achievement, along with individual SES, country SES mean, and country SES
inequality. For all achievement areas the complete model of all variables represented the
best fit. The significant predictors in the models were country SES inequality and student
SES. This suggested a less direct relationship to achievement for the economic indicators
of GDP and GINI, and demonstrated the significance of SES inequality related to student
achievement.
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1.

Introduction

The relationship between economics and education could be considered reciprocal. In
general, the better the economics, the higher the student achievement; and the better education
level, the better the economic condition. When it comes to student achievement, money matters.
The relationship between the Socio-Economic Status (SES) and academic achievement of a
student is well established (Duncan & Brooks-Gunn, 2000). Money may not only buy happiness,
it can also give a pretty good leg up on a decent education. It is not surprising that poorer
countries do not do as well academically as wealthier ones (OECD, 2010). Simply put, richer
countries have more money for schools and other resources that can promote learning. Students
score higher on tests of achievement when they have more resources available, whether resources
are measured at the country, school, or individual level (Chiu & Khoo, 2005). The effects of
poverty on academic achievement have been noted in the United States (Battle, 2002; Chervin et
al., 2003), Portugal (Bastos, Fernandes, & Passos, 2009), Africa (Appiah & McMahon, 2002),
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Brazil (da Cunha, Andrea Jimenez, Rus Perez, & de Andrade, 2009), as well as in other countries
around the world (Chiu, 2007). Some studies give evidence that the socioeconomic status of a
student is more predictive of academic achievement than family configuration (Battle, 2002), or
race (Battle & Pastrana, 2007). Some show an effect of immigrant status above and beyond SES
(Greene, Hynes, & Doyle, 2011), although others suggest that these factors, along with low
income and education level, and material deprivation, comprise low family socioeconomic status
(Huston & Bentley, 2010). What is unclear is why some developed countries with higher overall
SES, such as the United States, have poorer overall academic performance than some less
developed countries, such as the case of Singapore, Thailand (Marchant & Finch, 2014).
Although in education SES, wealth, and poverty are considered for their influence on
student achievement, in economic circles education is considered a driver for financial success
(Appiah & McMahon, 2002; Baldwin & Borrelli, 2008; Bornschier, Herkenrath, & Konig, 2005;
Jamison, Jamison, & Hanushek, 2007) and economic, political, and social stability (Kim, 1996;
Thyne, 2006). For instance, the positive effects of education on economic growth include the
adoption of new technologies (Lin, 1991), health literacy (Kickbusch, 2001), higher wage levels
(Hill, 2001), and better human capital in industry (Tsai, Hung, & Harriott, 2010).
Caldas and Bankston (1997) offer peer family social status as a possible explanation for
some of this. They found that students whose classmates were of higher SES performed better
academically, likely because schools with more high-SES students typically have more resources
available to students than those that do not (Chiu & Khoo, 2005). This begins to explain the effect
of a country’s level of income inequality on students’ academic achievement. A likely source of
the difference in student achievement in countries, irrespective of SES, is the degree to which
income equality is a factor in that country. Though there is a dearth of research directly tying the
two together, there are studies showing a greater effect of economic instability on a nation’s poor
than on that nation’s higher SES constituents (Elliott, 2013). In spite of study findings to the
contrary showing that family and demographic characteristics and income inequality of students
within a school explain a large portion of the effect (Beck & Muschkin, 2012; Caldas &
Bankston, 1997) and those suggesting that much of the race gap in achievement remains
unexplained (Beck & Muschkin, 2012; Dixon-Roman, Everson, & McArdle, 2013), inequality
has been shown to have an effect in other regards. In terms of physical health of individuals,
countries with greater inequality have poorer health and shorter life expectancy (De Vogli,
Mistry, Gnesotto & Cornia, 2005; Kondo, Sembajwe, Kawachi & van Dam, 2009), including
higher rates of infant mortality (Hales, Howden-Chapman, Salmond, Woodward, & Mackenbach,
1999). Countries with high income inequality also experience more violence (Poveda, 2011;
Shihadeh & Steffensmeier, 1994), including homicides (Kawachi, Kennedy & Wilson, 1999) and
higher incidence of bullying (Due et al., 2009). Mental health also decreases with income
inequality (Black & Krishnakumar, 1998). Higher rates of depression in women (Pabayo, R.,
Kawachi, I., & Gilman, S.E., 2013), incidences of schizophrenia (Burns, Tomita, Kapadia, 2013),
and increase in drug-related deaths (Najman, Toloo, & Williams, 2008). Further, although there
may be a lack of research directly correlating income inequality and academic achievement, there
is quite a bit of research tying the aforementioned effects of inequality to problems in academic
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achievement (Attar, Guerra, & Tolan, 1994; Black & Krishnakumar, 1998; Margolin & Gordis,
2000; Rutter, 1981).
The current study looks at the relationship of economic indicators, measures of SES, and
inequality to student achievement.
2.
2.1.

Method
PISA

Of the 71 countries in the 2012 Programme for International Student Assessment (PISA)
database, 54 countries had complete data including the two additional economic indicators of
GDP and GINI. The countries included in the analyses were: Albania, Argentina, Australia,
Austria, Belgium, Brazil, Bulgaria, Canada, Chile, Colombia, Croatia, Czech Republic, Denmark,
Estonia, Finland, France, Germany, Greece, Hong Kong-China, Hungary, Indonesia, Ireland,
Israel, Italy, Japan, Jordan, Kazakhstan, Korea, Latvia, Lithuania, Luxembourg, Mexico,
Montenegro, Netherlands, New Zealand, Norway, Peru, Poland, Portugal, Qatar, Romania,
Russian Federation, Serbia, Singapore, Slovak Republic, Slovenia, Spain, Sweden, Switzerland,
Thailand, Tunisia, Turkey, United Kingdom, United States of America, and Uruguay
In addition to achievement scores for reading, math, and science, the PISA SES Index
was used in three ways. The PISA SES index is derived from a factor analysis of variables that
include parent education and occupation, and possessions in the home (mean = 0, standard
deviation = 1). The individual student’s SES Index was used, as well as the country SES mean for
the students. The standard deviation for each country’s SES was included as a measure of SES
inequality related to the distribution of SES.
2.2.

Economic Indicators

Gross Domestic Product (GDP) is defined by the Worldbank as “the sum of gross value
added by all resident producers in the economy plus any taxes and minus any subsidies not
included in the value of products.”
GINI index, according to the World Bank website, is a measure of how unequally income
or consumption expenditure is distributed among households/individuals.
3.

Analyses

Three Hierarchical Linear Model (HLM) analyses were conducted to determine the
model that best predicts achievement on each 2012 PISA subtests (i.e., mathematics, reading, and
science). HLM is a statistical tool that is similar to regression, as it predicts the outcome of
dependent variables from one or more predictors. The defining difference between HLM and
regression is that HLM can account for multilevel data (e.g., student and school), which
eliminates the violation of independence when multilevel data is used in a regression analysis. An
HLM analysis was used, as both individual level student data and country level data were
included. The three HLM models used to predict PISA achievement included 1) PISA
achievement predicted from country GDP and country GINI, 2) PISA achievement predicted
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from country GDP, country GINI, country SES (mean SES), and country SES inequality (SES
standard deviation), and 3) PISA achievement predicted from student individual SES, country
GDP, country GINI, country SES, and country SES inequality.
4.
4.1.

Results
Mathematics

In Model 1 for mathematics, both GDP and GINI were significant predictors of
mathematic achievement (see Table 1). However, Model 2 suggested that the impact GDP and
GINI had on mathematic achievement was mediated by country SES inequality. This was
indicated by GDP and GINI no longer being significant predictors of achievement when country
SES inequality was included in the model. While the first two HLM models provide information
about mathematics achievement, model 3 was the model that best fit the data, as it had the lowest
AIC and BIC. Thus, model 3 will be explained in further detail.
Model 3 predicted mathematic achievement from student SES, GDP, GINI, country mean
SES, and country SES inequality. Consistent with Model 2, GDP and GINI were no longer
significant predictors of math achievement, again suggesting that country SES inequality
mediated the impact of GDP and GINI. Further, this model showed that student SES and country
SES inequality were significant predictors of mathematic success. The results suggested that
country SES inequality was the strongest predictor of mathematic achievement, indicated by a
higher coefficient (see Table 1), and scores would be most related to this variable. Specifically, as
country SES inequality increased by 1 standard deviation, mathematic scores decreased by 138.97
points. The second most important predictor of mathematic achievement was the student
individual SES. Unlike country SES inequality, student SES had a positive impact on mathematic
achievement. That is, as student SES increases by one standard deviation, the student’s
mathematics score increased by 30.31 points.
4.2.

Reading

The results for reading were similar to the results for mathematics. Model 1 for reading
showed that GDP and GINI were significant predictors of reading achievement (see Table 1).
However, as Model 2 incorporated country mean SES and country SES inequality, GDP and
GINI were no longer significant predictors. Due to country SES inequality being the only
significant predictor in Model 2, this suggested that country SES inequality mediated the
relationship between reading achievement and the Model 1 predictor variables. Similar to the
results of mathematics, Model 3 for reading fit the data the best, with this model having the
lowest AIC and BIC compared to Models 1 and 2. As a result, model 3 will be discussed further.
Model 3 was used to predict reading achievement from student SES, GDP, GINI, country
mean SES, and country SES inequality. Similar to Model 2, GDP and GINI were not significant
predictors of reading achievement in Model 3. Again, due to country SES inequality being a
significant predictor of reading scores this suggested that country SES inequality mediated the
relationship between the Model 1 predictors and reading achievement. Within Model 3 there were
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two significant predictors in Model 3: country SES inequality, and individual student SES.
Country SES inequality was the strongest predictor of reading achievement, as the predictor had
the highest coefficient (see Table 1). The results for country SES inequality show that as this
predictor increased by one standard deviation, reading scores decreased by 104.15 points. Student
SES was the second most important predictor of reading achievement. Specially, the results
suggest that when student individual SES increased by one standard deviation, reading score
increases of 29.1.
4.3.

Science

Science achievement also showed similar results to those found in mathematic and
reading achievement. Model 1 showed that GDP and GINI were significant predictors of science
(see Table 1). However, when Model 2 entered country SES mean and country SES inequality,
the Model 1 predictors were no longer significant. The significance of country SES inequality
suggested that it mediated the relationship between the Model 1 predictors (GDP and GINI) and
science achievement. The final model, Model 3, best fit the data and had the lowest AIC and BIC.
Model 3 predicted science achievement from student SES, GDP, GINI, country mean
SES, and country SES inequality. Consistent with Model 2, both GDP and GINI were no longer
significant predictors, whereas country SES inequality was a significant predictor. This suggested
that country SES inequality mediated the relationship between the Model 1 predictors and science
achievement. Additionally, country SES was the strongest predictor of science achievement, as it
has the highest coefficient. The results suggest that as country SES inequality increased by one
standard deviation, science achievement decreased by 132.31 points. The only other significant
predictor of science achievement was student level SES. The results indicated that as student SES
increased by one standard deviation, science achievement increases by 28.78.
5.

Discussion

As previously noted, the relationship between economics and education is considered
reciprocal, and HLM is a correlational approach. This suggests that without strong theory or
extraordinary circumstances, causal interpretations are inappropriate. This means that poor
achievement may be resulting in higher country SES inequality, rather than country SES
inequality leading to lower achievement.
Although lower SES students do better in wealthier countries than in poorer countries, a
nation’s wealth seems to most benefit the educational achievement of the wealthy (Marchant &
Finch, 2014). This exacerbates inequality in education and SES. This was reflected in the strength
of country SES inequality as a predictor of achievement (over three times stronger than the
student’s own SES for math and science).
Country GDP and GINI may be too removed from the student situation to have a strong
direct relationship to student achievement. Researchers using these variables are likely to
underestimate economic and inequality factors on student achievement. GDP did a better job of
reflecting overall parent SES than GINI did at reflecting the economic inequality faced by
students. Although country economic indicators are not the same thing as family SES, looking at
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the nature of SES of the collective parents of a country is a much more viable measure of
economics related to student achievement. It also allows for consistent comparisons across levels
rather than the lack of congruency of internal and external measures of income or SES (Chudgar
& Luschei, 2009)
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Table 1. HLM Results for All PISA Subtests

Mathematics
Predictors

Reading

Science

Coef.

SE

T-ratio

Coef.

SE

T-ratio

Coef.

SE

T-ratio

GDP

2.56

.001

2025.7**

2.44

.001

1890.88**

2.69

.001

2141.80**

GINI

-2.41

.002

-1013.9**

-1.75

.002

-724.815**

-2.01

.002

-853.50**

GDP

.27

44.11

.845

.18

.24

.783

.22

.26

.87

GINI

.37

.31

.470

.82

.63

1.30

.56

.68

.83

28.67

.79

1.15

41.81

21.29

1.96

36.28

23.14

1.57

-146.29

24.9

-3.32*

-108.69

36.42

-2.98*

134.55

37.05

-3.63*

SES

30.31

.02

1812.17**

29.10

.02

1664.95**

28.78

.02

1720.81**

GDP

.22

.31

.724

.16

.23

.70

.21

.25

.84

GINI

.42

.78

.538

.84

.62

1.36

.57

.66

.86

.98

24.7

.040

14.49

21.05

.68

8.75

22.84

.38

-138.97

.02

-3.19**

-104.15

36.05

-2.89*

132.31

36.04

-3.67*

Model 1

Model 2

SES
Mean
SES SD
Model 3

SES
Mean
SES SD

Note. * < .05, ** < .01

