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Resilience, understood as the human capacity to overcome 
or adapt to adverse situations, has been widely studied in recent 
years (Agasisti & Longobardi, 2017; OECD, 2010; OECD, 
2011b; OECD, 2018) and has become particularly important 
in the current COVID-19 pandemic. In educational research, a 
student is considered academically resilient if, despite coming 
from an unfavorable socioeconomic or cultural background, 
they perform much better than their initial circumstances might 
suggest (Agasisti et al., 2018; García-Crespo et al., 2019a; García-
Crespo et al., 2019b; OECD, 2010; OECD, 2011a; OECD, 2011b; 

Servicio de Evaluación Educativa, 2017). Resilience has been 
linked to academic performance and other areas of life (Heckman 
& Rubinstein, 2001). Resilient students have more opportunities 
to develop their potential, greater likelihood of social growth, and 
lower risks of poverty (OECD, 2016). One way of increasing equity 
in education systems comes from supporting and strengthening 
academic resilience (Agasisti et al., 2016). However, resilience 
can be associated with academic failure and socioeconomic 
disadvantage, Coronado & Paneque (2016) proposed a revision to 
improve resilience in the face of failure and social disadvantage. 
Edwards & Ashkanasy (2018) adapted a fi ve-level emotion model 
and explored the potential role of emotions in experiences of 
academic failure to build resilience.

Various studies have explored the personal and school variables 
that encourage students’ academic or educational resilience. 
With regard to personal and family variables, Erberber, et al. 
(2015) using data from 28 countries participating in the Trends 
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Background: Academically resilient students are those who exhibit high 
performance starting from a disadvantaged socioeconomic situation. This 
study aims to identify the personal, school, and national factors that are 
associated with that resilience in the European Union (EU). Method: 
The sample comprised 96556 fourth grade students from 21 EU countries 
participating in TIMSS-2019. Two three-level logistic regression models 
were specifi ed for the overall sample. Results: The EU has an average of 
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Those countries with higher proportions of low-performing students had 
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member states are able to largely compensate for unfavorable starting 
positions; fundamentally, policies of a social nature such as support for 
immigrant students, families, or schools.
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Resiliencia Académica en Matemáticas y Ciencias: Datos de Europa 
TIMSS-2019. Antecedentes: el alumnado académicamente resiliente 
es aquel que obtiene un alto rendimiento partiendo de una situación 
socioeconómica desaventajada. Esta investigación pretende identifi car 
los factores personales, escolares y nacionales que están asociados a la 
resiliencia académica en la Unión Europea (UE). Método: la muestra fue 
de 96.556 estudiantes de 4º grado de 21 países de la UE participantes en 
TIMSS-2019. Para el conjunto de la muestra se ajustaron dos modelos de 
regresión logística multinivel de tres niveles. Resultados: la UE tiene un 
promedio de 25,67% de alumnado resiliente en matemáticas y 24,16% en 
ciencias. La confi anza de los estudiantes y haber realizado tareas lingüísticas 
previas a la escuela son las variables con mayor poder predictivo después de 
tener en cuenta el género y los antecedentes inmigrantes de los estudiantes. 
Los países europeos analizados compensan en buena medida la situación 
doblemente desaventajada del alumnado inmigrante. Aquellos países que 
poseen un mayor porcentaje de alumnado con bajo rendimiento tienen 
menos estudiantes resilientes. Conclusiones: las políticas educativas de 
los estados miembros de la UE son capaces de compensar en gran medida 
las situaciones desfavorecidas de partida. Fundamentalmente aquellas de 
carácter social como el apoyo al alumnado inmigrante, a la familia o las 
instituciones educativas.
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in International Mathematics and Science Study (TIMSS) 2011, 
found that the variables most strongly associated with resilience 
were enjoying mathematics, absence of bullying at school, and 
academic expectations. Using an Asian sample from TIMSS 
2011, Sandoval & Białowolski (2016) reported that the variables 
with the greatest possibilities for resilience were positive student 
attitudes towards mathematics and time spent on mathematics 
in the home. Recently, using data from 4th grade students from 
18 European participants in TIMSS 2015 and the Progress in 
International Reading Literacy Study (PIRLS) 2016, Cordero & 
Mateos-Romero (2021) reported that the factors most associated 
with resilience were the skills learned by students before starting 
school and the socioeconomic levels of their peers. Using data 
from the Programme for International Student Assessment (PISA) 
2015 and 2018 from Spain, Greece, and Italy, Gabrielli et al. (2021) 
reported that beliefs in self-effi cacy, a positive family environment, 
and language attitudes at home was associated with resilience in 
students from immigrant backgrounds. Furthermore, for this group, 
the “double origin gap” (socioeconomic and migratory) makes 
them more dependent on the school environment than their native 
peers. Gender does not seem to be associated with resilience, except 
in the study by Clavel et al. (2021), using science data from PISA 
2015 and samples from Southeast Asia. They found that boys were 
more likely to be resilient in Macao and Singapore. In any case, the 
literature review by López-Zambrano et al. (2021) concluded that 
the evaluation data and the data from student interactions with the 
learning environment were the most important variables for early 
predictions of academic success.

The teaching and educational environment has also been shown 
to be a key element in increasing the likelihood of academic 
resilience (García-Crespo et al., 2021). Erberber et al. (2015) found 
that schools’ interest in students’ academic success, provision of 
educational resources, a safe, orderly school climate, and school 
discipline were the school-related variables that were most strongly 
associated with the condition of academic resilience. Sandoval & 
Białowolski (2016) reported that the chances of academic resilience 
were greater in schools with lower rates of bullying and higher 
levels of teacher expectations of student performance. Caprara et 
al. (2003), Klassen et al. (2013), and Tschannen-Moran & Hoy 
(2001) reported a positive effect between teachers’ job satisfaction 
and student academic performance, which indicates that some 
characteristics of the teachers may increase the likelihood of 
resilience.

As the above indicates, there is relatively abundant evidence 
about the personal and school factors associated with academic 
resilience. Comparatively little is known, however, about the 
relationship between academic resilience and the characteristics of 
national education systems and their educational policies. Supra-
national co-operative organizations have established Sustainable 
Development Goals (UNESCO, 2021) and Education and Training 
2020 targets (European Comission, 2020), but there is hardly any 
evidence about whether indicators of educational policy increase 
the probability of academic resilience.

In this context, the present study has two main objectives. The 
fi rst is to determine the prevalence of academically resilient students 
in mathematics and science in the European Union countries. The 
second is to analyze the individual, school, and national factors that 
are associated with the condition of resilience, either reinforcing 
it or weakening it. Understanding these two issues raised by our 
objectives is key in being able to improve the effectiveness of 

European education systems. To the best of our knowledge, this 
is the fi rst study to examine the relationship between how well 
countries have met the Education and Training 2020 targets and 
the resilient students that there are in those countries. In summary, 
with this study we aim to shed light on the current situation of 
resilience in mathematics and science and its contextual predictors, 
as well as quantitatively estimating the efforts of countries to 
achieve the European Commission’s objectives for 2020. 

Method

Participants

The participating population was defi ned as students in the 4th 
grade of compulsory education in the 22 European Union countries 
participating in TIMSS 2019. The sample was made up of 96,556 
students with a mean age of 10.24 years (s.d. 0.48) from 5,714 
classes in 3,794 schools. The study also used responses from 
teachers (5,649 mathematics teachers and 5,487 science teachers) 
and 3,665 questionnaires completed by school principals (table 1).

Students were selected by two-stage stratifi ed cluster sampling 
(Martin et al., 2020). Schools were selected in the fi rst stage with 
a probability proportional to their size, and within the schools, the 
second stage was full class-groups which made up the clusters 
in TIMSS 2019. The data from the Netherlands was excluded as 
information from the family questionnaire was not provided, and 
so prevented the students’ socioeconomic indicator from being 
determined, which was essential for the study to identify resilient 
students. 

Instruments

Variables for Determining Academically Resilient Students

Mathematics and Science test. The test booklets for Mathematics 
and Science were produced following the framework established by 
Mullis & Martin (2017). The full bank of items is composed of 
32 item blocks (16 for each subject) with approximately 10 items 
in each. The items, which were binary and partial credit, were 
distributed over 14 models of test booklet using a partially balanced 
incomplete matrix design (Fernández-Alonso & Muñiz, 2011). 
Each student completed a test booklet with approximately 40 items 
containing two blocks for each subject. Five plausible values per 
student were used for each Item Response Theory (IRT) scale with 
a mean of 500 and standard deviation of 100 (Martin et al., 2020).

Home Resources for Learning Normalized Index (HRLN). 
The HRLN index was constructed using IRT methodology from 
the responses to two items in the Student Questionnaire (Number 
of books in the home and Number of home study supports) and 
three items from the Home Questionnaire: Number of children’s 
books in the home, Highest level of education of either parent; and 
Highest level of occupation of either parent (Martin et al., 2020; 
Mullis et al., 2020). The HRLN index is expressed in standardized 
points (Z) for the EU as a whole. Table 2 shows the mean and 
standard error for the index by country.

Predictors of Academic Resilience 

Thirty-one variables were included in the prediction of 
academic resilience: 11 related to students, one related to families, 
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nine related to teachers, four related to school principals (Mullis et 
al., 2020), and six related to country (European Comission, 2020). 
These variables, classifi ed at the student, classroom, and country 
level, are as follows: 

Student variables (Level 1): 
Gender: (0-Female and 1-male)
Immig: (0-Native and 1-immigrant)
Bullying: Student Bullying. TIMSS asked students about how 

often they experienced various bullying behaviors by their school 
peers. High values in this index indicate an absence of bullying.

M_Like: Students Like Learning Mathematics and S_Like: 
Students Like Learning Science. The scales cover students’ 
attitudes toward mathematics/science and studying mathematics/
science. High values in this index indicate more positive attitudes 
towards mathematics and science and learning them.

M_Confi dent: Students Confi dent in Mathematics and S_
Confi dent: Students Confi dent in Science. These scales measure 
how well students think they can do mathematics or science. 
Greater self-confi dence is measured with higher values in this 
index.

M_Clarity: Instructional Clarity in Mathematics Lessons and 
S_Clarity: Instructional Clarity in Science Lessons. Students were 
asked about aspects such as whether they know what their teacher 
expects them to do, whether their teacher is easy to understand, or 
has clear answers to their questions. Students who perceive more 
clarity in their teachers’ expectations have higher scores in this 
scale.

Task_Literary: Could Do Literacy Tasks When Beginning 
Primary School and Task_Numeracy: Could Do Numeracy Tasks 
When Beginning Primary School. Students were scored according 
to their parents’ answers about how well they could do some Early 
Literacy and Numeracy Tasks such as read some words, write 
letters of the alphabet, or count by themselves when they began 
primary school. Students who were able to do more tasks before 
beginning primary school have higher scores in these scales.

Table 1
Study Sample Data (by Country and EU Total)

Country Schools Classes Students Math teachers Science teachers Principals

Austria 193 302 4464 303 303 192

Belgium (Fl.) 147 256 4655 283 276 138

Bulgaria 151 211 4268 209 210 151

Croatia 153 263 3785 263 263 151

Cyprus 151 236 4062 229 168 147

Czech Republic 152 263 4692 264 257 151

Denmark 166 195 3227 190 190 145

Finland 158 316 4730 326 317 158

France 155 300 4186 300 300 151

Germany 203 211 3437 216 218 189

Hungary 149 252 4571 252 249 144

Ireland 150 231 4582 231 231 150

Italy 162 229 3741 229 229 159

Latvia 154 211 4481 203 189 152

Lithuania 207 250 3741 249 250 202

Malta 98 226 3630 210 209 98

Netherlands 112 182 3355 182 182 79

Poland 149 269 4882 225 189 149

Portugal 181 314 4300 314 314 181

Slovak Republic 157 269 4247 268 251 156

Spain 501 504 9555 509 514 487

Sweden 145 224 3965 194 178 135

Total UE 3794 5714 96556 5649 5487 3665

Table 2
Home Resources for Learning Normalized Index

Mean Standard error

Austria 0.04 0.03

Belgium (Fl.) 0.13 0.03

Bulgaria -0.58 0.06

Croatia -0.36 0.03

Cyprus 0.23 0.03

Czech Republic 0.16 0.02

Denmark 0.46 0.02

Finland 0.40 0.02

France 0.14 0.04

Germany 0.18 0.03

Hungary 0.04 0.04

Ireland 0.34 0.03

Italy -0.45 0.04

Latvia 0.06 0.03

Lithuania -0.10 0.03

Malta 0.17 0.02

Poland 0.05 0.03

Portugal -0.18 0.03

Slovak Republic -0.17 0.05

Spain -0.07 0.03

Sweden 0.42 0.05
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Family variables (Level 1):
Perceptions: Parents Perceptions of Their Child’s School. 

TIMSS 2019 asked students’ parents about the extent to which 
they were satisfi ed that their child’s school promoted academic 
standards and fostered a positive school climate. Higher scores in 
this scale indicate the students’ families being more satisfi ed with 
the school.

Teacher variables (Level 2)
M_Emphasis and S_Emphasis: School Emphasis on Academic 

Success-Mathematics and Science Teachers. This index collects 
information about the school’s expectations towards academic 
achievement. Higher expectations are refl ected in higher scores in 
this index.

M_Safe_Orderly and S_Safe_Orderly: Safe and Orderly 
Schools-Mathematics and Science Teachers. Students’ teachers 
were asked how much they agreed or disagreed with a set of 
statements on the Safe and Orderly School scale. High scores in 
this scale are associated with safer schools.

M_JobSatisfaction and S_JobSatisfaction: Mathematics and 
Science Teacher Job Satisfaction. The TIMSS 2019 Teachers’ 
Job Satisfaction scale is based on teachers’ responses to questions 
about how they feel about being a teacher. Greater teacher job 
satisfaction means higher scores in the scale.

M_Limited_St_Not_Ready and S_Limited_St_Not_Ready: 
Classroom Mathematics/Sciences Teaching Limited by Students Not 
Ready for Instruction. The scale presents teachers’ answers about the 
extent to which their classroom teaching is limited by students not 
being ready to learn (i.e., lacking prerequisite knowledge or skills, 
lacking basic nutrition, being sleep deprived, or having learning 
impairments ). Teachers who report their teaching not being affected 
by these limitations score more highly in this index. 

S_Science_Investigation: Teachers Emphasis on Science 
Investigation. Those teachers whose students participate more 
frequently in activities related to scientifi c investigation and 
experiments have higher scores in this index.

Principal variables (Level 2)
M_Shortage and S_Shortage: Instruction Affected by Math/

Science Resource Shortages. The scale presents principals’ answers 
about the extent to which school teaching is limited by resource 
shortages. Principals who report resource shortages as not being a 
problem for teaching have high scores in this index.

Sc_Discipline: School Discipline-Principal. TIMSS 2019 
asked school principals for their perceptions about the extent that 
discipline, disorder, and bullying behaviors were problems in their 
school. Higher values in the scale indicate principals who do not 
see these problems in their schools.

Enter_Lit_Num_Skills: Students Enter with Literacy and 
Numeracy Skills. This index measures the percentage of students 
who begin primary education with literacy and numeracy skills. 
Schools with higher percentages of students with those skill have 
higher scores in this scale.

Country variables (Level 3)
U_Mat19 and U_Sci19: Underachievement in mathematics/

science in the digital age. The share of low-achieving students in 
reading, mathematics and science should be less than 15%.

EarlyLeavers: Early leavers from education and training. The 
indicator is defi ned as the percentage of the population aged 18-

24 with at most lower secondary education and who were not in 
further education or training during the last four weeks preceding 
the survey. The share of early leavers from education and training 
should be less than 10%. 

Employment2019: The employment rate of recent graduates, 
2010-2019. The share of employed graduates (20-34 year-olds) 
having left education and training 1-3 years before the reference 
year should be at least 82%.

Adultlearning2016: Adult (aged 25-64) participation in learning, 
4-week reference period, 2010 and 2019. An average of at least 
15% of adults should participate in lifelong learning.

Tertiary: Tertiary educational attainment (30-34). The share of 
30-34 year-olds with tertiary educational attainment should be at 
least 40%.

Using IRT partial credit scaling, the variables were transformed 
to a scale with a central point of 10, corresponding to the average 
from all the countries participating in the TIMSS 2019. The units 
of the scale were chosen so that two points on the scale would 
correspond to the logit standard deviation in all countries (Martin 
et al., 2020; Mullis et al., 2020). For the statistical analysis in this 
study, all of the variables in level 1, except Gender and Immig, 
and the variables in level 2 were standardized with a mean 
of 0 and standard deviation of 1 for all of the participating EU 
countries. The level 3 variables were left as percentages (European 
Comission, 2020).

Procedure

TIMSS 2019 was applied following the standards of the 
International Association for the Evaluation of Educational 
Achievement (IEA) (Martin et al., 2020). Each student completed 
a booklet of cognitive items in two 36-minute sessions split by a 
30-minute break. They then completed the context questionnaire. 
In addition, the Home Questionnaire was given to families, the 
Teacher Questionnaire was given to math and science teachers, and 
the School Questionnaire was completed by the school principals 
(Martin et al., 2020).

Data Analysis

The fi rst study objective required the identifi cation of 
academically resilient students in mathematics or science. For 
this study, students were considered resilient if they met two 
conditions; being socioeconomically disadvantaged and having a 
score in mathematics or science above the third quartile of the EU 
as a whole, once the individual HRLN was discounted. Students 
were considered socioeconomically disadvantaged if their score in 
the HRLN index was below the fi rst quartile for their country. Once 
academically resilient students were identifi ed, the percentages of 
this group were calculated by country and for the EU as a whole.

To pursue the second objective, analyzing the infl uence of 
the predictor variables on resilience in mathematics or science, 
multilevel logistic regression models were used (Cohen et al., 
2013; Gelman & Hill, 2006; Snijders & Bosker, 2012), which 
appropriately model the variability of the data in the sampling 
designs of international large-scale assessments (De la Cruz, 
2008; Iñiguez-Berrozpe & Marcaletti, 2018), while at the same 
time avoid the use of the replicated weightings in the TIMSS 
2019 database (Fishbein et al., 2021). Two models were specifi ed 
for the set of EU countries (one for each subject evaluated) with 
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three levels: student, school, and country. Analysis of the models 
considered the following parameters for each predictor: magnitude 
and regression coeffi cient; p-value of the coeffi cients or level 
of marginal signifi cance of the variable; and odds ratio and its 
confi dence interval (García-Crespo et al., 2019a). The models 
were specifi ed with HLM6© and the cases were weighted with the 
original school and student weightings. These weightings, which 
refl ect the probability of selecting the students and school in the 
study, allow proper reproduction of the population size and enhance 
the representativeness of the results (Rutkowski et al., 2010).

Missing contextual data was recovered using the linear trend 
process from the Missing Value Analysis module in SPSS, taking 
the class the student belonged to as segmentation (Fernández-
Alonso et al., 2012). 

Results

Resilient Students in Mathematics and Science in European Union 
Countries

Responding to the fi rst study objective, Table 3 shows the 
percentage (and standard error) of academically resilient students in 
mathematics and science by country along with the EU average. 

Table 3 shows that the percentages of academically resilient 
students in mathematics varied by country from 8.34% in France 
to 37.23% in Latvia. Only France (8.34%) and Spain (19.89%) had 
less than 20% resilient students in mathematics. In science, the 
percentages of resilient students varied between 39.13% (Finland) 
and 8.07% (France). If we take 20% as a limit, below which there 
is a low percentage of resilient students, six countries were below 

that: France (8.07%), Belgium (Fl.) (10.93%), Malta (13.95%), 
Austria (16.79%), Cyprus (19.58%) and Ireland (19.76%). The 
average proportion of resilient students in the EU countries that 
participated in TIMSS 2019 was 25.67% in mathematics and 
23.16% in science.

Factors Associated With Academic Resilience

Tables 4 and 5 show the regression coeffi cients for the 
predictors, together with the p-value and the odds ratio with the 95% 
confi dence intervals for the regressions with criterion variables of 
mathematics and science resilience. They allow the identifi cation 
of which factors, for each of the three levels examined, had greatest 
association with the criterion variables.

Table 6 gives a graphical indication of the effect of the variables 
on the probability of being resilient. It indicates whether the 
predictor variable has a positive effect (increases the probability) 
using  if it is statistically signifi cant at 99% (0 ≤ p-value ≤ .01), 

 if it is statistically signifi cant at 95% (.01 ≤ p-value ≤ .05) and 
 if it is statistically signifi cant at 90% (.05 ≤ p-value ≤ .10). If 

the variable has a negative effect (reduces the probability), that is 
indicated by  if it is signifi cant at 99%,  if it is signifi cant at 
95%, or  if it is signifi cant at 90%.

The resulting estimates show that, once immigration status and 
gender are discounted, the variable with the greatest predictive 
capacity is having carried out basic reading tasks at home before 
starting primary education, increasing the probability of resilience 
by 26.7 percentage points in mathematics and 10.4 in science; 
values similar to those provided by the parents’ perception of the 
school (23.4% in mathematics and 18.7% in science). Looking 
at the results for the variables in Level Two of the analysis, we 

Table 3 
Percentage of Academically Resilient Students in Mathematics and Science in 

TIMSS 2019 by Country and for the EU Overall

Mathematics Science

Percentage pct_se Percentage pct_se

Austria 30.14 1.60 16.79 1.53

Belgium (Fl.) 27.16 1.56 10.93 1.18

Bulgaria 28.35 4.65 24.97 3.68

Croatia 23.54 1.97 31.89 2.30

Cyprus 28.65 1.65 19.58 1.35

Czech Republic 29.71 1.98 29.69 1.81

Denmark 27.72 2.54 21.00 2.06

Finland 25.53 1.61 39.13 2.02

France 8.34 1.23 8.07 1.12

Germany 25.07 2.09 23.14 2.00

Hungary 20.54 1.68 26.25 2.00

Ireland 32.56 1.78 19.76 1.65

Italy 32.15 2.28 26.79 1.91

Latvia 37.23 2.50 37.43 2.19

Lithuania 27.41 1.83 25.99 1.76

Malta 21.03 1.57 13.95 1.35

Poland 22.52 1.56 31.07 1.89

Portugal 30.87 1.68 22.45 1.44

Slovak Republic 20.32 1.91 25.00 2.27

Spain 19.89 1.57 25.83 1.92

Sweden 20.28 2.02 27.74 1.98

Average EU 25.67 1.96 24.16 1.87

Table 4
Summary of Results in Mathematics of Multilevel Binary Hierarchical Logistic 

Analysis for the European Union

Mathematics Coeffi cient p-value
Odds 
Ratio

Confi dence 
Interval

Level 1
Gender
Immig
Bullying
M_Like
M_Confi dent
M_Clarity
Task_Literary
Task_Numeracy
Perceptions

0.34
0.87
0.04
0.07
0.24
-0.08
0.14
0.03
0.21

0.01
0.01
0.02
0.01
0.01
0.01
0.01
0.06
0.01

1.405
2.377
1.037
1.069
1.267
0.919
1.146
1.033
1.234

(1.324,1.491)
(2.186,2.584)
(1.006,1.069)
(1.028,1.112)
(1.221,1.314)
(0.888,0.950)
(1.106,1.188)
(0.998,1.069)
(1.195,1.274)

Level 2
M_Emphasis
M_Safe_Orderly
M_JobSatisfaction
M_Limited_St_Not_Ready
M_Shortage
Sc_Discipline
Enter_Lit_Num_Skills

-0.21
0.09
-0.01
-0.04
0.04
-0.02
-0.05

0.01
0.01
0.73
0.03
0.02
0.42
0.02

0.811
1.096
0.993
0.960
1.042
0.985
0.947

(0.777,0.847)
(1.050,1.144)
(0.956,1.032)
(0.926,0.996)
(1.006,1.079)
(0.948,1.023)
(0.906,0.989)

Level 3
U_Mat19
EarlyLeavers
Employment2019
Adultlearning2016
Tertiary

-0.06
0.01
-0.01
-0.02
-0.01

0.01
0.93
0.08
0.01
0.03

0.944
1.001
0.994
0.984
0.989

(0.935,0.953)
(0.979,1.024)
(0.987,1.001)
(0.978,0.990)
(0.979,0.999)
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fi nd that schools with a good educational environment increased 
the resilience possibilities of their students by approximately 10 
percentage points in both mathematics and science. It is important 
to note the impact of variables that measure emphasis on academic 
success and whether there are limits for teaching when students do 
not have a favorable academic level. In these cases, those schools 
that have students with educational defi ciencies, but that do not 
emphasize academic success as their main value, were capable 
of achieving a higher percentage of resilient students in both 
mathematics and science, with percentages between an additional 
10% and 20 %. To conclude, and focusing on the three levels of 
analysis, those countries with the highest percentages of students 
at low performance levels had 5.6% fewer resilient students in 
mathematics and 6.3% less in science.

Discussion

This study had two objectives. Estimate the percentage 
of academically resilient students in the EU and identify the 
individual, school, and national factors most strongly associated 
with academic resilience. 

In terms of the fi rst objective, the average percentages of 
academically resilient students in mathematics and science in the 
participating EU countries were similar (25.67% mathematics 
and 24.16% science), in line with the average seen in reading 
competence in PIRLS 2016 (García-Crespo et al., 2019a). 
However, there was notable variation between countries, with a 
wider dispersion in the percentages between countries in science 
than in mathematics. Although in some countries, more than 
30% of students were resilient (Latvia, Ireland, Italy, Portugal 
and Austria in mathematics, and Finland, Latvia, Croatia and 
Poland in science), in France, the percentage of academically 
resilient students was close to 8% in both subjects. In addition, the 
percentages of academically resilient students might be expected 
to be similar in the two subjects, and as Table 3 shows, while there 
are countries where that was the case, such as the Czech Republic 
(29.71% and 29.69%) and Latvia (37.23% and 37.43%), in other 
countries there were notable differences, such as Belgium (FL.) 
(27.16% and 10.93%) and Poland (22.52% and 31.07%). In 
this regard, one future line of research would be to analyze the 
variables that have greatest impact on being academically resilient 
in each subject by country and identify what led to these situations 
in these countries.

In terms of the second objective, the data offer a consistent 
picture: academic resilience is a multidimensional phenomenon 
that seems to be associated with sociodemographic, family, 
personal, school, and educational policy factors (Erberber et al., 
2015; Sandoval & Białowolski, 2016). The student demographic 
variables demonstrated the greatest effect. Boys were more 
likely to be resilient in both subjects (40 percentage points more 
in mathematics and 25 in science), something not observed by 
Sandoval & Białowolski (2016), but which was reported by Clavel 
et al. (2021). Nonetheless, García-Crespo et al. (2019a) found that 
girls were more likely to be resilient than boys in reading. These 
results may be due to the gender gap in STEM (Science, Technology, 
Engineering and Mathematics) subjects and language skills as seen 
in the results from boys (503 points in mathematics and 493 in 
science) and girls (499 points in mathematics and 489 in science) 
in TIMSS 2019 (Mullis et al., 2020) and in PIRLS 2016 (boys 
501 points and girls 520) (Mullis et al., 2017). The data show that 

Table 5
Summary of Results in Science of Multilevel Binary Hierarchical Logistic 

Analysis for the European Union

Science Coeffi cient p-value
Odds 
Ratio

Confi dence 
Interval

Level 1
Gender
Immig
Bullying
S_Like
S_Confi dent
S_Clarity
Task_Literary
Task_Numeracy
Perceptions

0.22
0.60
0.08
0.02
0.04
0.02
0.10
-0.02
0.17

0.01
0.01
0.01
0.39
0.06
0.20
0.01
0.16
0.01

1.247
1.822
1.089
1.018
1.036
1.023
1.104
0.976
1.187

(1.177,1.320)
(1.667,1.992)
(1.057,1.121)
(0.978,1.059)
(0.998,1.076)
(0.988,1.058)
(1.066,1.144)
(0.944,1.009)
(1.151,1.224)

Level 2
S_Emphasis
S_Safe_Orderly
S_JobSatisfaction
S_Limited_St_Not_Ready
S_Science_Investigation
S_Shortage
Sc_Discipline
Enter_Lit_Num_Skills

-0.20
0.09
0.02
-0.08
0.07
-0.01
0.03
-0.01

0.01
0.01
0.43
0.01
0.01
0.41
0.17
0.71

0.818
1.095
1.015
0.922
1.067
0.985
1.027
0.992

(0.783,0.854)
(1.048,1.145)
(0.977,1.055)
(0.888,0.956)
(1.031,1.105)
(0.952,1.020)
(0.989,1.066)
(0.949,1.036)

Level 3
U_Sci19
EarlyLeavers
Employment2019
Adultlearning2016
Tertiary

-0.06
0.01
0.01
-0.02
-0.01

0.01
0.78
0.93
0.01
0.02

0.937
1.003
1.000
0.984
0.988

(0.927,0.947)
(0.979,1.028)
(0.992,1.007)
(0.977,0.991)
(0.978,0.998)

Table 6
Effect of the Variables on the Probability of Being Resilient

Mathematics Science

Level 1

Gender

Immig

Bullying

Like

Confi dent

Clarity

Task_Literary

Task_Numeracy

Perceptions

Level 2

Emphasis

Safe_Orderly

JobSatisfaction

Limited_St_Not_Ready

Science_Investigation

Shortage

Sc_Discipline

Enter_Lit_Num_Skills

Level 3

Underachievement

EarlyLeavers

Employment2019

Adultlearning2016

Tertiary

Note: = statistically signifi cant at 99%,  = statistically signifi cant at 95%,  = 
statistically signifi cant at 90%. The up arrow means the effect is positive. The down arrow 
means the effect is negative. No value means the effect is not statistically signifi cant
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immigrant students demonstrate higher proportions of resilience 
than native students (130 percentage points more in mathematics 
and 82 in science), which is consistent with the conclusions from 
Gabrielli et al. (2021) and validate the need for specifi c strategies 
in schools to encourage the inclusion of migrants and to reduce 
their vulnerability. Nevertheless, it is important to consider that 
it is reasonable to expect a higher proportion of students who are 
immigrants to be resilient according to the defi nition used here 
since it is more likely that immigrant students are overrepresented 
in the bottom quarter of socio-economic background. The same 
happens for boys, who are usually overrepresented in the top 
quarter of STEM high performers.

Another interesting interpretation of these fi ndings is that 
the effect of some of the remaining variables in the model is 
statistically signifi cant even after accounting for gender and 
immigrant background. For instance, being able to perform literacy 
tasks at the beginning of primary school and positive parental 
perceptions of children’s schools was positively associated with 
academic resilience, both in mathematics (increases of 15% and 
23% respectively) and science (10% and 19%) which underscores 
the fact that the family environment and early stimulation are 
key for increasing the chances of resilience (Cordeo & Mateos-
Romero, 2021; Martín-Lagos, 2018; OECD, 2018). The 
statistically signifi cant affective-emotional factors included self-
confi dence, which predicted increases of 27% in mathematics 
and 4% in science, and enjoying mathematics (increase of 7%), 
which is consistent with the evidence reported by Jacob (2002) and 
Waxman et al., (1997).

Amongst the school-related factors, it is notable that schools 
perceived as safe environments by the teachers increased the 
percentage of resilience by 10 percentage points in both subjects. 
This was confi rmed by the students’ perceptions, when students did 
not perceive bullying, the likelihood of resilience increased by 4% 
in mathematics and 8% in science. This is consistent with the results 
reported by Erberber et al. (2015) and García-Crespo et al. (2019b). 
At this second level of analysis, there was a higher percentage of 
resilient students in schools reporting that students do not enter 
with literacy and numeracy skills (5 %) and classroom teaching 
limited by students not ready for instruction (4 %) at the same time 
as instruction not affected by resource shortage (4 %). This seems 
to indicate that, despite the initial limitations with regard to the type 
of student, schools where the teaching processes are not affected 
by scarce resources are able to increase the percentage of resilient 
students. Yeung & Li (2021) concluded something similar, stating 
that when disadvantaged students’ own resources or those of their 
families do not help them cope with adversity or increase their 
chances of success, school resources are very important for their 
academic success. In addition with regard to teachers, Waxman 
et al. (2003) stated affective relationships, high expectations, and 
opportunities to participate and contribute help to increase the 
probability of resilience. Delpit (1996) made contributions along 
similar lines, indicating that teachers’ high expectations could 
structure and guide students’ behaviors and challenge students 
beyond what they believe they are capable of. To fi nish off the 
school variables, it is important to note that, although Erberber et 
al. (2015) reported a positive relationship between resilience and a 
school’s interest in students’ academic success, the results from the 
present study are the opposite. One possible explanation, although 
it would be a future line of research, is that instead of schools with 
larger numbers of disadvantaged students focusing their interest 

on students’ fi nal achievement or excellence, they focus on the 
students achieving basic competencies, as once that is done, they 
will be more likely to be resilient. Another variable that suggests 
a new line of study is that measured by Instructional Clarity in 
Mathematics Lessons which seems to be negatively related to the 
condition of academic resilience in mathematics, and merits a 
more thorough analysis.

Finally, the country-level analysis (level 3 variables) allowed 
us to relate the level of achievement of the 2020 Objectives 
and the percentage of resilient students. The most important 
indicator was the percentage of low-achieving students, which 
was negatively related to academic resilience. The data indicate 
that in both subjects, the greater the percentage of underachieving 
students, the lower the proportion of resilient students, reaching 
6 percentage points difference in both mathematics and science. 
The percentage of the population aged between 30 and 40 with 
higher education and the percentage of the adult population (aged 
25-64) participating in educational or training activities exhibited 
signifi cant negative effects, albeit with a very low impact (less than 
2% of resilient students). This indicates that countries which have 
reached higher levels of achievement in these key indicators have 
a marginally lower percentage of resilient students.

In short, the results from this study indicate that investing in 
educational policies aimed at increasing student confi dence in 
STEM subjects would likely increase the rates of resilience, as 
would investing in policies for reducing the gender gap in science-
technology. It is also important to encourage family support, 
fundamentally by engaging in literacy tasks when beginning 
primary school. In the light of the results, policy makers could 
benefi t students by acting directly on schools, aiming to achieve 
safer learning environments which have the necessary resources 
for the teaching-learning process and in which the students feel 
safe and secure, reducing bullying at school as far as possible. This 
would very likely lead to a reduction in the percentage of low-
achieving students and increase the chances of socioeconomically 
disadvantaged students being resilient. In addition, intervening in 
these contexts has shown that educational systems can compensate 
for the initial disadvantages of immigrant students.

In line with previous research, these fi ndings highlight 
the incremental effects of individual and affective variables 
on academic outcomes, even after accounting for family and 
background characteristics (Noftle & Robins, 2007; OECD, 2021a; 
OECD, 2021b; Suárez-Álvarez, Fernández-Alonso & Muñiz, 
2014). Ultimately, fostering resilient students and educational 
systems relies heavily on combining policy, research, and practice. 
Bridging these gaps is essential to help policy makers make 
informed decisions, support teachers in daily practice, and enable 
children and adolescents to reach their potential (Suárez-Alvarez 
et al., 2020)

All of the results in this study are limited by the nature of the 
TIMSS study, which lacks student-variables such as cognitive 
ability and other, non-cognitive, skills which could be associated 
with resilience (Santos et al., 2018). It would also be useful to 
analyze whether these predictors of resilience remain signifi cant 
over time or for other sets of countries with different sociocultural 
characteristics. In addition, the TIMSS study lacks a proper 
measure of teachers’ self-effi cacy according to student perceptions, 
according to the proposal from Lera et al. (2021). Finally, defi ning 
socioeconomically disadvantaged students using home-based 
resources may create problems of non-invariance across time 
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remain signifi cant as certain traditional cultural possessions, such 
as books, may become less indicative of socioeconomic status 
(Avvisati, 2020). Together with the suggestions made previously 
in this study, these are potentially interesting directions for future 
research.
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