
P
os
te
d
on

11
J
u
n
20
20

—
C
C
-B

Y
4.
0
—

h
tt
p
s:
//
d
oi
.o
rg
/1
0.
31
12
4/
ad

va
n
ce
.1
24
59
47
0.
v
1
—

T
h
is

is
a
p
re
p
ri
n
t.

V
er
si
on

of
R
ec
or
d
av
ai
la
b
le

at
h
tt
p
s:
//
d
oi
.o
rg
/1
0.
10
07
/s
10
26
0-
02
1-
00
56
3
-9

Studying the relationship between anxiety and school achievement:

evidence from PISA data

Antonella D’agostino1, Francesco Schirripa Spagnolo2, and Nicola Salvati1

1Affiliation not available
2Dipartimento di Studi Aziendali e Quantitativi

June 11, 2020

Abstract

We analyze the PISA 2015 data for Italy using an M-quantile multilevel approach. This papers offers a complete overview

of the relationship between test anxiety and school performance by studying how anxiety affects the performance of students

along the overall conditional distribution of mathematics, literature and science scores.
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Abstract

Using the PISA 2015 data for Italy, this paper o�ers a complete

overview of the relationship between test anxiety and school perfor-

mance by studying how anxiety a�ects the performance of students

along the overall conditional distribution of mathematics, literature

and science scores. We aim to indirectly measure whether higher goals

increase test anxiety, starting from the hypothesis that high-skilled

students generally set themselves high goals. We use an M-quantile re-

gression approach that allows us to take into account the hierarchical

structure and sampling weights of the PISA data. There is evidence of

a negative and statistically signi�cant relationship between test anxi-

ety and school performance. The size of the estimated e�ect is greater

at the upper tail of the distribution of each score than at the lower

tail. Therefore, our results suggest that high-performing students are

more a�ected than low-performing students by emotional reactions to

tests and school-work anxiety.

Keywords: Test anxiety, School achievement, M-quantile regression,

Sampling weights, Multilevel modelling

1 Introduction

Anxiety is an unpleasant emotional experience that any person can encounter
in his/her life (Gregor, 2005). Generally, anxiety is de�ned by psychologists
as a feeling of tension, fear or apprehension that excites the body system
above normal functioning capacity and negatively impacts individual perfor-
mance (Coon and Mitterer, 2008).
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Test anxiety, in particular, refers to the speci�c issue of anxiety related to
achieving high test scores in educational careers (Chapell et al., 2005; Miller
and Bichsel, 2004). Since test scores are crucial for student evaluation at
school, test anxiety has become a universal issue in contemporary society.
Empirical evidence has shown an inverse relationship between test anxiety
and school achievement (see, among others, Everson et al., 1991; Nadeem
et al., 2012). More speci�cally, Syokwaa et al. (2014) stressed �...when a
student is too anxious, his/her concentration tends to focus too much on
his/her anxiety build-up process to the extent that he/she loses focus of the
task at hand �. Other researchers also stated that performance goals interfere
with test anxiety, namely, higher goals increase test anxiety due to the fear
of failure (Elliot et al., 1999; Carver and Scheier, 1994; Kandemir, 2013).
Despite the relevance of this issue, in Italy, a comprehensive study at the
national level that attempts to assess and measure the impact of test anxiety
on school performance is still lacking. There are some empirical studies at
the local level, and most of them refer to math anxiety, which is a distinct
subtype of anxiety that can be experienced even in the absence of both gen-
eral and test anxiety (Hembree, 1990; Cargnelutti et al., 2017). As stressed
by Ramirez et al. (2013), a measure of math anxiety is not related to chil-
dren's other learning abilities, such as reading achievement; consequently, it
cannot be considered a proxy for general academic anxiety. For this reason,
the general index of anxiety provided in the 2015 wave of the Programme for
International Students Assessment (PISA) survey (OECD, 2016a) allows us
to overcome this limitation common to previous studies and provide a more
complete overview of the relationship between anxiety and school perfor-
mance by studying how that index a�ect the students' score in three areas
of study, namely, math, science and reading. Moreover, even if there are
several empirical studies at the international level in this framework, the
research in the �eld is mainly focused (albeit with some exceptions; see, for
example, Satake and Amato (1995) or Ramirez et al. (2013)) on assessing the
e�ect of anxiety on math performance using standard regression approaches
or simple hypothesis testing, with the �ndings valid mainly around the cen-
tre of the distribution of math scores. As a consequence, these �ndings do
not allow us to distinguish the di�erent e�ects that test anxiety may have
among high-performing and low-performing students.

Therefore, starting from these premises, the objective of this paper is
twofold. First, our aim is to deeply investigate the relationship between test
anxiety and school performance (measured by the scores obtained in math,
science and literature) in Italy, controlling for other individual and contex-
tual factors (such as school environment) that are also recognised to have
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an in�uence on school performance (see, among others, Agasisti and Vitta-
dini, 2012; Azzolini et al., 2012; Bratti et al., 2007; Longobardi et al., 2018;
Masci et al., 2016; Matteucci and Mignani, 2014). Second, we empirically
test whether the negative impact of test anxiety increases as students' skill
increases. In this manner, we indirectly also measure whether higher goals
increase test anxiety, starting from the hypothesis that high-skilled students
generally have high goals. To this end, we implement an M-quantile regres-
sion model that is well suited to the study of this relationship, as explained
later in Section 3.3. In particular, we use the W-MQRE regression introduced
by Schirripa Spagnolo et al. (2020), which allows us to take into account the
hierarchical structure and sampling weights of PISA-OECD 2015 data.

The �ndings represent an attempt to generalize the relationship between
test anxiety and school performance at the Italian national level. They
quantify the e�ect of test anxiety along the overall conditional distribution
(namely, at di�erent student skill levels once other crucial individual and
contextual factors are controlled for) of math, literature and science scores.

In summary, this analysis also attempts to contribute to the current
literature by addressing an obstacle that might undermine students' lifelong
learning and thus can help inform the implementation of speci�c educational
actions aimed at reducing the negative impact of test anxiety. The remainder
of the paper is organized as follows. In the next section, we review the main
�ndings on the relationship between test anxiety and test scores. A general
description of the data, variables and methods is provided in Section 3. The
main results are discussed in Section 4. Some �nal remarks are given at the
end of the paper.

2 Literature review

In the last decade, numerous studies have investigated the relationship be-
tween the level of test anxiety and student performance. These studies have
mainly focused on a speci�c issue of anxiety known as math anxiety, which
refers to some form of discomfort observed while students work on math-
ematical problems (Mutodi and Ngirande, 2014; Dowker et al., 2016). In
fact, anxiety is recognised as one of the most important predictors of stu-
dent performance, with a negatively e�ect on student achievement. This
negative relationship was con�rmed in a meta-analysis study by Hembree
(1990), who focused on math anxiety and concluded that a higher level of
math anxiety decreases performance in mathematics. Other, more recent
papers have also focused on math anxiety. McDonald (2001) reviewed the
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literature on the e�ects of test anxiety on children in compulsory education
and found that test anxiety is widespread among students; therefore, this
issue relates to substantial detrimental e�ects on test performance.

In addition, Núñez-Peña et al. (2013), among others, demonstrated that
math anxiety is the most in�uential factor in explaining the lower perfor-
mance of students in a speci�c course at the University of Barcelona; these
authors also showed that students who failed the course had higher mathe-
matical anxiety than those who passed the course. Núñez-Peña et al. (2016)
con�rmed this negative relationship when concentrating on gender di�er-
ences, showing that females had a higher level of test anxiety than males but
that the gender di�erence in anxiety does not a�ect exam grades.

The gender issue was also studied by Devine et al. (2012) and Jolejole-
Caube et al. (2019). In the �rst study, the results demonstrated among a
sample of British secondary school children that the levels of math anxiety
and test anxiety were higher for girls than for boys, while regression analyses
demonstrated that math anxiety was a signi�cant predictor of performance
for girls but not for boys. In the latter study, the authors implemented
an empirical analysis in the Philippines during the second quarter of the
2017�2018 school year. They found a statistically signi�cant negative asso-
ciation between learners' level of anxiety and mathematics performance, and
this association was stronger for male learners than for their female counter-
parts. However, Payne et al. (1983), in a sample of students in US, found
that the correlation between test anxiety and performance in science was the
same for girls and boys.

Furthermore, Van Mier et al. (2019) studied the relation between math
anxiety and math performance in young children in the Netherlands and
found that math anxiety was more pronounced in women than in men. A
more general study by Syokwaa et al. (2014) con�rmed a negative relation-
ship between anxiety level and academic achievement in select secondary
schools in Kenya. Nadeem et al. (2012) obtained the same results for a sam-
ple of Pakistani students. Martin£i¢ (2019) studied the relationship between
math anxiety, math attitudes and math performance by comparing Italian
and Croatian 3rd and 5th graders. Although the overall negative relation-
ship between achievement and anxiety has been well established (see also
Zhang et al., 2019), some studies asserted that anxiety might have more se-
rious consequences for high-achieving students because these students likely
have higher expectations and/or higher potentialities. Satake and Amato
(1995) found an inverse relationship between math anxiety and achievement
among Japanese elementary-school children; moreover, they showed that
high achievers reported higher levels of anxiety than low achievers because
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high achievers are under great pressure to enter more prestigious middle
schools.

More recently, the work of Ramirez et al. (2013) explored the relationship
between math anxiety and math achievement among �rst- and second-grade
schoolchildren in the United States, �nding a negative relationship between
math anxiety and math achievement only among children with high work-
ing memory, likely to also be the students who had the greatest potential
for high achievement. Furthermore, Kandemir (2013) found in a sample of
students preparing for university exams in Ankara that anxiety increases as
perfectionist characteristics and performance goals increase.

Regarding Italy, to the best of our knowledge, empirical evidence on this
issue is quite limited and basically related to speci�c local contexts. The
relationship between school performance and anxiety has been studied by
Mazzone et al. (2007), who analysed a sample of children and adolescents
attending elementary and high school in the city of Catania. The �ndings
showed that children with a high level of anxiety are more likely to have insuf-
�cient school grades than children with a low level of anxiety, and this e�ect
is much more signi�cant among high school students. Hill et al. (2016) con-
�rmed the negative relationship between math anxiety and students' math
performance in a sample of approximately one thousand students attending
primary and secondary school. Passolunghi et al. (2016) showed that sixth-
and eighth-grade students who had high math anxiety levels also had lower
mathematics achievement and lower scores on working memory performance
than children with low levels of math anxiety. Cargnelutti et al. (2017) stud-
ied whether anxiety is related to math performance among young students
using a longitudinal study of children in Grades 2 to 3 in Italy.

However, all the previously mentioned studies have common traits, namely,
in addition to the anxiety-performance relationship being analysed in a lo-
cal context, it is also assessed only for a single institution or for a small
group of schools or universities. Consequently, the studies often cannot
provide a complete overview of the phenomenon at a national level. Re-
cently, the wide-ranging discussion and debate on the relationship between
educational performance and anxiety have been addressed using the PISA
survey. However, the existing papers on this issue have studied anxiety re-
lated to mathematics because until 2012, only a math anxiety index (that
is, students' feelings of helplessness and stress when dealing with mathe-
matics) was measured. In particular, Lee (2009) studied how three math
self-constructs (math self-concept, math self-e�cacy, and math anxiety) af-
fect math performance across 41 PISA 2003�participating countries. The
�ndings stressed that in European countries, the association between math
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anxiety and mathematics performance was higher than in Asian countries.
Thien and Ong (2015) analysed the e�ects of a�ective characteristics (mo-
tivation, self-e�cacy and anxiety) on math performance in Malaysia and
Singapore using PISA 2012 data. They found that mathematics anxiety had
a signi�cant and negative e�ect in both countries.

Kalaycioglu (2015) used structural equation modeling to study the pre-
dictors of mathematics achievement on a sample of students from England,
Greece, Hong Kong, the Netherlands, Turkey, and the USA who partici-
pated in PISA 2012. She found that the relationship between math anxiety
and mathematics achievement was signi�cant only in countries that had low
mathematics achievement (Turkey, Greece, and the USA). Foley et al. (2017)
found that students reporting higher levels of math anxiety had lower lev-
els of math performance than their peers who reported lower levels of math
anxiety. Moreover, they also found that countries with higher scores had
lower levels of country-level math anxiety. Finally, OECD (2013a) reported
that anxiety was associated with a higher decrease in performance among
high-skilled students than among low-skilled students.

3 Data, variables and method

3.1 Data

The data used for this study come from the 2015 wave of the Programme for
International Student Assessment (PISA). This survey is promoted by the
Organisation for Economic Co-operation and Development (OECD), and it
was �rst performed in 2000 and then repeated every three years to test the
knowledge of 15-year-old students around the world in reading, science and
mathematics. Over the past decade, PISA has become the most important
and largest survey for evaluating the quality, equity and e�ciency of school
systems. In 2015, approximately 540,000 students completed the assessment,
representing approximately 29 million 15-year-old students in the schools of
the 72 participating countries and economies. In particular, our analysis is
based only on students enrolled in public upper-secondary schools in Italy,
corresponding to the 3rd level of the International Standard Classi�cation of
Education (ISCED). This choice is determined by the fact that the upper-
secondary level of education is considered a crucial indicator of the output
of the educational system of a country (OECD, 2003). The data are char-
acterized by a hierarchical structure (Goldstein, 2011). Consequently, our
estimation sample is composed of 7142 students with non-missing response
variables and covariate information. The 7142 students are grouped into 283
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schools.

3.2 Variables

The empirical analysis was based on non-experimental, exploratory corre-
lational models. The aim was to study the relationship between a main
predictor variable (the test anxiety indicator) and three response variables
measuring math, reading and science achievement, controlling for other pre-
dictor factors that have a known in�uence on academic achievement. In this
section, we describe in detail the variables used.

The response variables in this paper are the student scores in mathemat-
ics, science and reading. In PISA 2015, 10 predictions of the student score,
known as plausible values (PV), are provided (for more details about the
methodology, see OECD, 2017). We analyse all plausible values by using
multiple imputation (MI) formulas (Rubin, 2004) to obtain correct standard
errors.

The main predictor of this study is the index of schoolwork anxiety pro-
vided in the 2015 PISA data. This index was computed by measuring stu-
dents' cognitive and emotional reactions to schoolwork and testing. First,
students were assessed through the following 5 statements: �I often worry
that it will be di�cult for me to take a test�; �I worry I will get poor grades
at school�; �I feel very anxious even if I am well prepared for a test�; �I
get very tense when I study for a test�; and �I get nervous when I do not
know how to solve a task at school�. Answers were measured on a four-point
Likert scale with the following categories: strongly agree, agree, disagree or
strongly disagree. Second, the item response theory (namely, the general-
ized partial credit model (GPCM); cf. OECD, 2017) scaling methodology
was used to construct the �nal index of anxiety. The index is standardized
to have a mean of 0 and a standard deviation of 1 across OECD countries.
Positive values indicate that students had higher levels of schoolwork-related
anxiety than the average student across OECD countries, and negative val-
ues indicate that students reported lower levels of anxiety than the average
student (OECD, 2016b). In our sample, the average level of anxiety is equal
to 0.48 (cf. Table 1), which is higher than that of other OECD countries
(OECD, 2016b). As control variables, we used i) gender (ref. male); ii)
immigration status (ref. native, namely, students whose mother or father
(or both) were born in the country where the PISA test is administered);
iii) grade repetition (ref. no repeated grades at any level); iii) arriving late
to school (ref. no late arrival to school in the two weeks before the test);
iv) socio-economic status; v) proxy for ambition level of the student (ref.
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not ambitious); vi) the type of school (lyceums vs other schools); and vii)
the region (North (baseline) vs South). Both theoretical and empirical con-
siderations drove the choice of this set of control variables. The empirical
considerations are mainly related to avoiding multicollinearity issues in the
regression models, while the theoretical considerations may be summarized
as follows. Gender di�erences in school performance in Italy have been con-
�rmed by several studies (see, among others, Grilli et al., 2016; Bratti et al.,
2007; Giambona and Porcu, 2015; Contini et al., 2017); in particular, boys
tend to outperform girls in mathematics and science, whereas girls tend to
outperform boys in reading (Invalsi, 2016). It is also interesting to note
that we also tested whether the interaction term between gender and text
anxiety was signi�cantly di�erent from zero across quantiles. However, we
did not �nd any signi�cant e�ect; therefore, we did not include this term
in our model. The educational integration of immigrant children is a fun-
damental step for the economic assimilation of immigrants in host societies
(Schneeweis, 2011). However, PISA data reveal that children with an im-
migrant background face enormous challenges in school, and in particular,
Azzolini et al. (2012) demonstrated that in Italy, a highly signi�cant gap
between immigrants and native students persists even after controlling for
family-level variables and allowing for school random e�ects. Ever since the
report of Coleman et al. (1966), educational researchers have acknowledged
the importance of students' socio-economic status in determining their ed-
ucational achievement. In our analysis, we include the index of economic,
social and cultural status (ESCS) as measured in PISA.

The ESCS scale has been transformed such that zero is the score of an
average OECD student and one is the standard deviation across equally
weighted OECD countries. Higher values indicate a higher socio-economic
status (OECD, 2016b). The average ESCS value in Italy is negative, high-
lighting a worse socio-economic condition than the OECD average. We also
control for grade repetition among students. Indeed, retained students are
more likely to drop out, stay longer in the school system, and spend less time
in the labour force (OECD, 2013b). Additionally, students who arrive late
to school may miss out on learning opportunities, negatively a�ecting their
performance (OECD, 2013a). The aspirations and expectations of students
may in�uence their school achievement (Khattab, 2015; Gorard et al., 2012).
As a proxy for students' ambition, we considered whether they wanted to
achieve top grades in most of the courses they were attending (no (baseline)
or yes).

Many studies (see, among others, Agasisti and Vittadini, 2012; Bratti
et al., 2007; Checchi, 2004) have demonstrated that students attending schools
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located in Northern and Central Italy perform better than those in Southern
regions. The type of school is another determinant of student achievement
(see, among others, Bratti et al., 2007). On the basis of the kind of education
provided, the type of school has been recoded into two categories: lyceums
(baseline), which provide academically oriented education, and other types
of schools, which provide technically oriented education.

Moreover, we add in the model the school mean of the following individual-
level variables: gender, immigration status, grade repetition, arriving late at
school, and socio-economic status. However, we do not include the school
mean of the index of schoolwork-related anxiety and the school mean of the
proxy for ambition because they are not signi�cant in all quantiles on the
three scores. These variables can be viewed as proxies of the social context of
the school and allow us to estimate peer e�ects, namely, how the student is
a�ected by the characteristics of other pupils in the same school (Schneeweis
and Winter-Ebmer, 2007; Dumay and Dupriez, 2008).

Table 1 describes the sample by reporting descriptive statistics for the
outcomes and regressors.
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Table 1: Descriptive statistics of the outcome variable and covariates

Variable Min 1stQ Median Mean 3rdQ Max.

SCIENCE 120.42 425.73 493.28 489.48 544.69 803.30
MATHEMATICS 140.80 432.16 498.19 496.39 560.72 822.64
READING 168.38 435.94 500.51 496.14 560.97 775.59
ESCS -2.99 -0.70 -0.04 -0.05 0.66 3.56
Anxiety index -2.51 -0.08 0.52 0.48 1.05 2.55
Female 0.51
Immigrant 0.07
Grade repetition 0.13
Lack of punctuality 0.35

South Italy 0.44
Lyceum 0.42
Mean gender 0.50
Mean Immigrant status 0.09
Mean Grade repetition 0.16
Mean Lack of punctuality 0.36
Mean ESCS -0.20

Number of units 7142
Number of clusters 283

3.3 Methods

Educational data have a natural hierarchical structure, namely, pupils are
nested into schools. This data structure creates dependence between observa-
tions (students) belonging to the same group (i.e., schools), and econometric
models must take into account such dependence to obtain reliable results.
In particular, failing to recognise a hierarchical data structure involves the
underestimation of the standard errors of regression coe�cients, leading to
overstatements of statistical signi�cance. For this reason, empirical studies
based on PISA usually use multilevel modelling (Goldstein, 2011; OECD,
2013c).

However, classical multilevel models estimate an average relationship be-
tween the output variable and the explanatory variables. In other words,
classical multilevel models allow us to estimate only the average e�ect of
anxiety on students' achievement in math, literature and science. For this
reason, in this paper, we use the M-quantile random e�ects regression model
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(MQRE-2L) proposed by Tzavidis et al. (2016) and adapted to complex sur-
vey designs by Schirripa Spagnolo et al. (2020), henceforth model W-MQRE.
The W-MQRE allows us to estimate the e�ect of test anxiety at di�erent
quantiles and therefore to test whether anxiety has a greater impact on high-
performing than on low-performing students.

Therefore, we have a two-level population with M schools (clusters) and
Nj level-1 units (students) within the jth school. Suppose that the whole
population is not observed and the sampled data are selected with the fol-
lowing two-stage sampling design: at the �rst stage, m schools are selected
with inclusion probabilities πj , j = 1, . . . ,M , and at the second stage, n
students are selected within the jth sampled school with conditional proba-
bilities π(i|j), i = 1, . . . , Nj .

Let yij be the response variable for the ith student and the jth school.
Three di�erent M-quantile random intercept models are estimated using the
math, reading and science scores as follows:

MQyij (q|xij ,γj ;ψ) = IijβI;ψq + xTijβψq + zTj αψq + γj + eij , (1)

where Iij is the anxiety indicator, βI;ψq is the associated regression coe�cient
at each M-quantile q, xTij is the covariate-vector of the previously described

student-level control variables, zTj is the vector of school-level covariates, βψq
and αψq are the vectors of the regression parameters for each M-quantile q,
q ∈ (0, 1), and for a chosen in�uence function ψq for student- and school-
level variables, γj is the vector of group-speci�c random e�ects and eij is
the individual random e�ect.

Interpretation of the regression coe�cients is straightforward: each pa-
rameter estimates the change in a speci�ed q-quantile of the target variable
produced by a one-unit change in the corresponding covariate (the others are
�xed). In the following, we estimate an M-quantile random intercept model
with random intercepts at the school level and with the student- and school-
level weights provided in the PISA 2015 database. The model is estimated
for each score separately.

Robust prediction of random e�ects at the school level was proposed in
Schirripa Spagnolo et al. (2020) following the idea of Tzavidis et al. (2016)
based on the modi�ed Fellner equation Fellner (1986).
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4 Results

We �t three W-MQRE regression models using the math, reading and sci-
ence scores as dependent variables. The results of the estimated models are
presented in Tables 2, 3 and 4. Figure 1 instead summarizes in a graph
the estimated coe�cients of the anxiety index at each quantile for the three
di�erent scores.
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Figure 1: Estimated e�ect of the anxiety index on mathematics (blue line),
science (green line) and reading (red line)

When student- and school-level variables are controlled for, the general
measure of anxiety remains very large across the whole distribution and has
a signi�cant and negative e�ect on student achievement regardless of the
subject. Moreover, the impact of anxiety is higher at the upper tail of each
score distribution than at the lower tail. Therefore, the results obtained sug-
gest that high-performing students are more a�ected by emotional reactions
to tests and school-work anxiety than low-performing students. The �nd-
ings, therefore, con�rm what has been previously stressed by the literature
in this framework, as we highlighted in Section 2. However, some di�erences
among the three scores exist. First, the anxiety coe�cients for math and
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science show faster decreases than those observed for reading. In general,
the three lines do not appear to be parallel, even if the estimated coe�cients
in reading are always lower than those in math and science. Nevertheless, as
expected, the pro�les for math are very similar to those observed for science
at each quantile. Accordingly, it seems reasonable to conclude that the e�ect
of anxiety on reading is lower along the entire score distribution. In other
words, underachievers and higher achievers in reading are less di�erentiated
in terms of their general measures of anxiety, whereas in quantitative sub-
jects (math and science), students appear to be more di�erentially in�uenced
by anxiety.

The e�ects of the control variables (see Tables 2, 3 and 4) are as expected
and o�er further interesting results that we comment on here only brie�y,
as they are not the main focus of our analysis. Males outperform females
in mathematics and science, while they underperform in reading relative
to females. Therefore, even if individual- and school-level characteristics
are controlled for, the gender gap in favour of boys is larger among good
students in math and poor students in reading. As we expected, native
students perform better than migrants on all three scores. The di�erence is
signi�cant at each quantile on mathematics and reading scores and increases
as we move from the lowest to the highest quantile. Moreover, both the
grade repetition and arriving late at school variables have a negative impact
on school performance. However, the e�ect of socio-economic status varies
across the three scores and is not always signi�cant at each quantile. The
results also con�rm the gap between students attending schools located in
the North and the South of Italy. The coe�cient associated with the macro
region is always signi�cantly di�erent from zero, and the e�ect size is greater
along the mathematics distribution than for the other two scores.

Furthermore, the type of school has a determinant role. The e�ect of the
share of females is negative at the upper parts of the conditional distribution
of mathematics and science. The share of immigrants has a negative and de-
creasing e�ect on math and science, while the e�ect increases on reading
score. The share of retained students (i.e., the average value of grade repeti-
tions at the school level (�Mean repeat a grade�)) does not a�ect performance
in reading and science, but it negatively a�ects high-performing students in
mathematics. The share of negligent students (i.e., the variable �Mean ar-
riving late�) has no impact on the low-achieving students. The e�ect of the
school mean of socio-economic status is positive along the conditional distri-
bution of the scores, and its decreasing e�ect suggests that low-performing
students can improve their performance in more equal mixed schools.

The between-school and between-student variability, σ2γq and σ
2
εq , respec-
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Table 2: Results � Weighted-MQRE model for science scores

Results for the following value of q:

Variable 0.1 0.25 0.5 0.75 0.9

Intercept 468.94∗∗∗ 502.39∗∗∗ 543.14∗∗∗ 584.13∗∗∗ 619.39∗∗∗

Gender −14.81∗∗∗ −14.71∗∗∗ −15.43∗∗∗ −17.06∗∗∗ −16.38∗∗∗
Index of anxiety −6.75∗∗∗ −7.47∗∗∗ −8.77∗∗∗ −10.45∗∗∗ −11.98∗∗∗
Immigrant status −6.75 −10.42 −13.88∗∗ −15.24∗∗ −16.58∗
Repeat a grade −36.26∗∗∗ −37.22∗∗∗ −34.88∗∗∗ −29.69∗∗∗ −27.97∗∗∗
Arriving late −11.53∗∗∗ −11.45∗∗∗ −12.02∗∗∗ −13.97∗∗∗ −15.52∗∗∗
ESCS 1.78 3.22 4.37∗ 5.69∗∗ 7.49∗∗∗

Ambition 4.55 5.56 7.03 8.80∗ 10.30∗

Mean gender −9.36 −21.76 −37.66 −47.39∗∗ −52.83∗∗∗
Mean immigrant status −81.45∗∗∗ −60.30∗∗ −50.25∗∗ −54.32∗∗ −66.29∗∗
Mean repeat a grade −42.68 −43.75 −44.71 −47.21 −49.40
Mean arriving late −34.02 −38.23∗ −43.17∗∗ −44.62∗∗ −46.51∗∗
Mean ESCS 60.19∗∗∗ 54.45∗∗∗ 45.67∗∗∗ 36.70∗∗ 29.05∗∗

Lyceums 19.85 26.26∗ 32.35∗∗ 33.85∗∗∗ 33.37∗∗∗

South Italy −29.59∗∗∗ −30.26∗∗∗ −33.58∗∗∗ −36.95∗∗∗ −40.36∗∗∗

σ2
ε 1451.59 3138.81 4553.16 2964.38 1283.87
σ2
γ 169.46 523.34 788.27 400.90 111.25

ICC 0.10 0.14 0.15 0.12 0.08
∗∗∗ p < 0.01; ∗∗ p < 0.05; ∗ p < 0.1

tively, tend to display an inverted-U curve for all scores. The proportion of
variance explained by clustering, measured by the intraclass correlation coef-
�cient (ICC), tends to be higher in the middle of the outcome distributions,
with schools explaining less of the variability in the performance of low- and
high-achieving students and explaining more of the variability for students
in the middle of the distribution.

5 Conclusions

This exploratory-correlational study conducted with data from PISA 2015
and based on the W-MQRE regression model proposed by Schirripa Spag-
nolo et al. (2020) used student performance as the response variable and
anxiety index as the main explanatory variable. Other individual and school
characteristics are used as control factors in the econometric model. This
analysis allows us to elucidate that anxiety plays a crucial role in test scores
regardless of the speci�c area of study, and it negatively impacts individ-
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Table 3: Results � Weighted-MQRE model for mathematics scores

Results for the following value of q:

Variable 0.1 0.25 0.5 0.75 0.9

Intercept 478.84∗∗∗ 509.82∗∗∗ 547.67∗∗∗ 588.33∗∗∗ 625.68∗∗∗

Gender −15.12∗∗∗ −16.58∗∗∗ −18.04∗∗∗ −18.46∗∗∗ −17.98∗∗∗
Index of anxiety −6.09∗∗ −5.89∗∗ −6.51∗∗ −8.61∗∗∗ −10.71∗∗∗
Immigrant status −17.30∗ −16.84∗∗ −17.00∗∗ −16.48∗∗ −16.80∗∗
Repeat a grade −45.39∗∗∗ −45.92∗∗∗ −45.95∗∗∗ −43.74∗∗∗ −40.29∗∗∗
Arriving late −9.32∗ −8.38∗∗ −8.75∗∗ −10.73∗∗∗ −12.28∗∗∗
ESCS 3.32 4.08 4.96∗∗ 6.43∗∗ 8.55∗∗∗

Ambition 11.70∗ 11.59∗∗ 12.35∗∗ 14.89∗∗∗ 17.50∗∗∗

Mean gender −21.39 −26.30 −36.55 −49.49∗∗ −59.01∗∗∗
Mean immigrant status −90.52∗∗ −78.43∗∗ −56.40∗∗ −55.82∗ −67.69∗
Mean repeat a grade −62.76∗ −58.34∗ −62.84∗∗ −66.36∗∗ −70.26∗∗
Mean arriving late −33.69 −30.83 −31.30 −34.73 −40.58∗
Mean ESCS 56.17∗∗∗ 53.85∗∗∗ 48.36∗∗∗ 40.55∗∗∗ 34.84∗∗

Lyceums 19.83 23.07∗ 27.02∗∗ 31.04∗∗∗ 33.20∗∗∗

South Italy −31.83∗∗∗ −32.29∗∗∗ −33.00∗∗∗ −35.10∗∗∗ −37.67∗∗∗

σ2
ε 1586.82 3395.88 4607.88 2974.57 1392.40
σ2
γ 147.93 468.38 728.39 386.58 124.70

ICC 0.09 0.12 0.14 0.12 0.08
∗∗∗ p < 0.01; ∗∗ p < 0.05; ∗ p < 0.1

ual performance. In this respect, the negative e�ect of anxiety on academic
achievement is con�rmed. This study adds to the existing literature in this
framework not only by assessing the e�ect of a general measure of anxi-
ety on math, reading and science scores; the results further highlight that
anxiety has a greater impact on good students. Indeed, as a�rmed by Zei-
dner (1998), test anxiety cannot be explained by a lack of e�ort or poor
exam performance because conscientious and highly motivated students also
su�er from its debilitating impact. Consequently, it is reasonable that high-
performing students are more worried about achieving poor grades and have
a greater fear of failure than low-performing students. The logical conclu-
sion is that anxiety likely leads to underestimation of the true ability of good
students. In this respect, a deeper examination of such phenomena should
be addressed in the future. As asserted by Kandemir (2013), test anxiety
increases with the increase in perfectionist characteristics and performance
goals. Coping with anxiety is essential to improving individual performance;
moreover, considering that anxiety impacts good students more, reducing
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Table 4: Results � Weighted-MQRE model for reading scores

Results for the following value of q:

Variable 0.1 0.25 0.5 0.75 0.9

Intercept 444.72∗∗∗ 477.90∗∗∗ 518.58∗∗∗ 559.38∗∗∗ 594.71∗∗∗

Gender 9.43∗ 10.54∗∗ 10.07∗∗∗ 8.93∗∗ 8.82∗

Index of anxiety −5.03∗∗ −5.73∗∗∗ −6.43∗∗∗ −7.93∗∗∗ −9.99∗∗∗
Immigrant status −23.15∗ −24.67∗∗ −26.03∗∗∗ −27.56∗∗∗ −31.05∗∗∗
Repeat a grade −43.34∗∗∗ −44.12∗∗∗ −42.39∗∗∗ −37.38∗∗∗ −32.23∗∗∗
Arriving late −11.32∗∗∗ −11.75∗∗∗ −11.89∗∗∗ −12.99∗∗∗ −14.49∗∗∗
ESCS 7.63∗∗∗ 7.95∗∗∗ 8.21∗∗∗ 8.91∗∗∗ 9.69∗∗∗

Ambition 5.95 6.82 7.20 8.95∗ 10.57∗

Mean gender 10.66 3.75 −6.72 −16.00 −20.58
Mean immigrant status −82.70∗∗ −70.77∗∗ −75.63∗∗ −91.69∗∗∗−102.69∗∗∗
Mean repeat a grade −33.24 −39.72 −41.25 −39.08 −39.27
Mean arriving late −37.47 −37.83 −40.61∗ −40.34 −39.96
Mean ESCS 52.72∗∗∗ 47.66∗∗∗ 40.81∗∗∗ 33.83∗∗ 29.51∗∗

Lyceums 27.01∗∗ 29.20∗∗ 31.69∗∗ 32.00∗∗∗ 30.45∗∗

South Italy −26.01∗∗∗ −27.47∗∗∗ −29.51∗∗∗ −31.01∗∗∗ −32.28∗∗∗

σ2
ε 1522.65 3249.36 4644.57 3104.95 1426.72
σ2
γ 150.19 461.56 736.30 445.29 163.13

ICC 0.09 0.12 0.14 0.13 0.10
∗∗∗ p < 0.01; ∗∗ p < 0.05; ∗ p < 0.1

the level of anxiety may improve the general educational performance of a
country overall. Teachers are key in reducing anxiety. It is fundamental for
teachers to recognise that anxiety has a larger e�ect on the best-performing
students and to give them adequate support to lessen it. More important
than o�ering individual help is building good relationships with all students
and improving the school environment. Additionally, parents can help chil-
dren manage anxiety by encouraging them to have more faith in their ability
to accomplish school tasks (OECD, 2016b).
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