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RESUMEN (en espafiol)

Antecedentes: El contexto sociocultural de los estudiantes tiene una influencia
significativa en su rendimiento académico, como lo indica la literatura especializada en
este tema. Esta Tesis Doctoral se centra en estudiantes con desventajas socioculturales.
Los estudiantes resilientes academicamente son aquellos que a pesar de tener
condiciones socioecondémicas desfavorables, logran buenos resultados académicos,
rindiendo mucho mejor de lo esperado. El principal objetivo de esta Tesis Doctoral es
identificar los determinantes de la resiliencia educativa en Lectura, Matematicas y
Ciencias en Europa y Asia Oriental y Sudoriental. Método: Se utilizaron los resultados
de los estudios PIRLS 2016 y TIMSS 2019 de los estudiantes de 4 ° grado de los paises
miembros de la Union Europea que participaron en estos estudios y los estudiantes de
15 afios del programa PISA 2015 de Asia oriental y sudoriental. Estos datos son los méas
actualizados y permiten una evaluacion a gran escala de diferentes paises y sus sistemas
educativos. Con el fin de escalar a los estudiantes segin su nivel socioeconémico, se
desarroll6 un Indice Social, Econémico y Cultural (ISEC). El rendimiento académico se
evalud a través de pruebas de comprension lectora, matematicas y ciencias. Se utilizé un
modelo logistico, un modelo logistico jerarquico de dos niveles y un modelo logistico
jerarquico de tres niveles, con variables del alumno como sexo, antecedentes escolares o

caracteristicas personales y familiares para el nivel uno, variables propias de las
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escuelas como clima escolar para el nivel dos, y las metas ET2020 para el nivel tres.
Resultados: Se encontraron diferencias significativas entre paises europeos en cuanto a
la proporcion de estudiantes resilientes y de bajo rendimiento. La confianza del
estudiante, haber realizado actividades de alfabetizacion temprana y un clima escolar
favorable aumenta en gran medida la probabilidad de que un estudiante sea
académicamente resistente. Los factores relacionados con la ensefianza que mejor
predecian la resiliencia eran mantener el orden en el aula, un entorno escolar seguro y
ordenado y una ensefianza centrada en la comprension y la reflexion. Los paises
europeos analizados compensaron en gran medida la situacion de doble desventaja de
los estudiantes inmigrantes. Los paises con proporciones mas altas de estudiantes de
bajo rendimiento tenian menos estudiantes resilientes. Conclusiones: Las caracteristicas
personales de los estudiantes y las condiciones familiares son fundamentales para que
los estudiantes sean considerados resilientes o de bajo rendimiento. Las politicas
educativas en los estados miembros de la UE pueden compensar en gran medida las
posiciones de partida desfavorables; fundamentalmente, politicas de caracter social
como el apoyo a estudiantes inmigrantes, familias o escuelas. Se proponen algunas
ideas para orientar la politica educativa para compensar las anteriores desventajas

socioecondmicas de los estudiantes, y asi mejorar su resiliencia.
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RESUMEN (en Inglés)

Background: The socio-cultural context of students has a significant influence on their
academic performance, as indicated by the specialist literature on this subject. This
Doctoral Thesis focuses on students with socio-cultural disadvantages. Academically
resilient students are those who despite having unfavourable socioeconomic conditions,
achieve good academic results, performing much better than expected. The main
objective of this Doctoral Thesis is to identify the determinants of educational resilience
in Reading, Mathematics and Science in Europe and East and South-East Asian.
Method: The PIRLS 2016 and TIMSS 2019 studies 4th grade student results were used
from the European Union member countries that participated in this studies and the
PISA 2015 program 15 years old students from East and South-East Asian. This data is
the most up-to-date and allows for a large-scale evaluation of different countries and
their education systems. In order to scale the students according to their socioeconomic
level, a Social, Economic and Cultural Index (SECI) was developed. Academic
performance was assessed through a reading comprehension, mathematics and science
tests. A logistic model, two-level hierarchical logistic and three-level hierarchical
logistic model were used, with student variables such as sex, school history, or personal
and family characteristics for level one, variables specific to schools such as school
climate for level two, and ET2020 goals for level three. Results: Significant differences
were found between European countries in terms of the proportion of resilient and low
performing students. Student confidence, having done early literacy activities and a
favorable school climate greatly increases the likelihood that a student will be
academically resilient. The teaching-related factors best predicting resilience were
keeping order in the classroom, a safe and orderly school environment, and teaching

focused on comprehension and reflection. The European countries analyzed largely
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compensated for the doubly-disadvantaged situation of immigrant students. Those
countries with higher proportions of low-performing students had fewer resilient
students. Conclusions: Students’ personal characteristics and family conditions are
instrumental in students being considered resilient or low performers. The educational
policies in the EU 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. Some ideas are proposed to guide educational policy to
compensate for the previous socioeconomic disadvantages of the students, and thus

improve their resilience.

SR. PRESIDENTE DE LA COMISION ACADEMICA DEL PROGRAMA DE DOCTORADO
EN EDUCACION
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1. Introduccion

Consultada la Real Academia Espafiola (RAE) por el término resiliencia esta
determina que proviene del inglés resilience y este a su vez es un derivado del latin
resiliens, -entis, participio de presente activo de resilire “salto hacia atras, rebotar”. Y, lo
define como “Capacidad de adaptacion de un ser vivo frente a un agente perturbador o un
estado o situacidén adversos”. La resiliencia es una construccion compleja y puede
definirse de una manera diferente en el contexto de individuos, familias, organizaciones,
sociedades y culturas (Southwick et al. , 2014). Adicionalmente, Southwick et al. (2014)
proponen que este constructo debe abordarse desde una perspectiva de maltiples niveles
incluyendo variables genéticas, de desarrollo, demogréaficas y sociales entre otras. A pesar
de que la condicion de resiliencia se puede considerar en un amplio conjunto de

situaciones, en esta Tesis Doctoral nos restringiremos al ambito educativo y académico.

La literatura educativa existente considera distintos aspectos para identificar la
resiliencia académica de un estudiante. El primero de ellos, se centra en la motivacion
como capacidad psicoldgica del estudiante para hacer frente a los contratiempos, la
presion del estudio o al estrés en el entorno escolar que permita a este obtener logros
académicos (Martin, 2002). Masten & Ciccheti (2016) destacan ademas de los procesos
genéticos y neurobioldgicos, los procesos de resiliencia que involucran a familias,
escuelas, pares, cultura y otros sistemas socioecoldgicos. No obstante, la definicion mas
extendida es aquella que caracteriza al estudiante académicamente resiliente como aquel
que a pesar de provenir de un contexto socioeconémico y cultural desaventajado obtiene
un rendimiento muy por encima del que seria esperable por su condicion inicial (Agasisti
et al., 2018; Garcia-Crespo et al., 2019a; OECD, 2010; OECD, 2011a; OECD, 2011b;

OECD, 2018b). Que un estudiante consiga ser resiliente, es decir, que se sobreponga a su
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situacion desfavorecida de partida y obtenga un buen rendimiento académico, no solo le
permitira obtener ventaja académica sino que conseguira tener mas oportunidades para
desarrollar su potencial, mayores probabilidades de crecimiento social y menor riesgo de
pobreza (OECD, 2016b). Agasisti et al. (2016) en su trabajo School factors helping
disadvantaged students to succeed: Empirical evidence from four Italian cities
encuentran en la potenciacion de la resiliencia académica un modo para incrementar la

equidad en los sistemas educativos.

Las investigaciones en torno a la resiliencia académica analizan a los estudiantes y
sus contextos (Henderson & Milstein, 2003), a las familias (Henry et al., 2015), a los

profesores y las escuelas (Day & Gu, 2013) y a los equipos directivos (Steward , 2014).

1.1. Caracterizacion de resiliencia

Atendiendo a la definicion de resiliencia académica expuesta anteriormente y
enunciada como la capacidad que tiene un estudiante con antecedente sociales,
econdmicos y culturares desaventajados para obtener un alto rendimiento académico. En
primer lugar, tendremos que definir el indice social econdmico y cultural y como se
construye, y en segundo lugar determinar que se entiende por alumno desaventajado

segun este indice.

1.1.1. Indice Social Econémico y Cultural (ISEC)

Existen varias vias para construir el indice Social Econémico y Cultural (ISEC), la
mas extendida consiste en utilizar un procedimiento de reduccion de variables basado en

el andlisis por componentes principales (PCA).

Para construir el ISEC se utilizan los siguientes indicadores (OECD, 2017b):
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e Indicador de educacion de los progenitores. Los indices de educacion de los
progenitores se codifican teniendo en cuenta los niveles educativos en las
siguientes categorias: (0) (No acabd la educacién primaria), (1) CINE 1
(educacion primaria), (2) CINE 2 (primer ciclo de secundaria), (3) Nivel
CINE 3B o 3C (formacién profesional/secundaria superior preprofesional),
(4) CINE 3A (secundaria superior general) y / o CINE 4 (postsecundaria no
terciaria), (5) CINE 5B (educacion terciaria profesional) y (6) CINE 5A y /
o CINE 6 (estudios terciarios y de posgrado de orientacion tedrica). El
indicador de educacién de los progenitores serd el indice de nivel educativo
mas alto de los progenitores que corresponde al nivel CINE mas alto de
cualquiera de los mismos.

¢ Indicador de ocupacion de los progenitores. Las ocupaciones se codifican
en codigos ISCO de cuatro digitos y luego se asigna al indice
socioecondémico internacional de estatus ocupacional (ISEI) (Ganzeboom &
Treiman, 2003). El indicador ocupacional sera el indice mas alto de los
progenitores que corresponde al ISEI mas alto de cualquiera de los mismos.

e Posesiones del hogar. Los estudiantes informan de la disponibilidad de un
conjunto de posesiones en el hogar, con las respuestas se construye un indice

e Libros en el hogar. El estudiante informa sobre el nimero de libros en el

hogar.

La razon fundamental para utilizar estas cuatro componentes fue que, por lo general,
se consideraba que el estatus socioecondmico se basaba en la educacion, el estatus
ocupacional y los ingresos. Dado que no se dispone de una medida de ingresos directa a
partir de los datos, la existencia de articulos del hogar se ha utilizado como un sustituto

de la riqueza familiar (OECD, 2017b).
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Con el procedimiento de analisis por componentes principales (PCA) se conserva
la informacion aportada por los indicadores iniciales en una unica componente principal
que llamaremos ISEC. El objetivo del PCA es reducir la dimensionalidad del conjunto de
datos e identificar nuevas variables significativas subyacentes. Asi, este método es idoneo
para construir el indice social, econdémico y cultural, pues se recoge en una Unica variable
la informacion de todas las variables que la componen (Suérez-Alvarez et al., 2018;
Villegas et al., 2018). EI PCA forma nuevas variables, llamadas componentes principales,
en orden decreciente de importancia. Estas variables no estaran correlacionadas, la
primera de ellas explica lo maximo posible la variabilidad en los datos, y las subsiguientes
lo méximo de la variabilidad restante. En el caso de la construccion del ISEC, las variables
originales se comportan como un modelo esencialmente unidimiensional y en la forma

en que se enuncia a continuacion.

Si X es una observacion de una poblacion con media p y matriz de varianzas-

covarianzas Y, se define la primera componente principal como:

y=a - (x—p

donde a se elige para que la varianza de a’ - (x — p) se maximice para todos los vectores
atales que a’ - a = 1. Se puede demostrar que este maximo valor de la varianza es igual
al autovalor mas grande de Y, que se denotara A1. Este maximo ocurre cuando a es el

autovector de Y correspondiente al autovalor A1 y que verificaque a’ - a = 1.

Utilizando el ISEC como medida del indice socioeconomico y cultural, diremos que
un alumno es desfavorecido o desaventajado cuando su ISEC individual tome un valor
por debajo del primer cuartil del ISEC de su pais, es decir, se encuentre entre el 25% con

menor puntuacion en el indicador.
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Una vez caracterizado el estudiante como desaventajado socioeconOmica Yy
culturalmente, el siguiente paso es definir que se entiendo por alto rendimiento
academico. Para ello se ha de estudiar como se mide dicho rendimiento académico en las

evaluaciones educativas a gran escala que se han usado en esta Tesis Doctoral.

1.1.2. Rendimiento académico segun las evaluaciones a gran escala

Las evaluaciones educativas a gran escala no asignan puntuaciones directas
(estimadores puntuales) a los alumnos y las alumnas participantes, estiman puntuaciones
usando la teoria de respuesta al item (TRI) por medio de una escala en la que posiciona
tanto la dificultad del item como la habilidad del alumnado (Martin et al., 2017; Martin
et al., 2020; OECD, 2017b). Para cada estudiante se construye una distribucion a
posteriori de la destreza de los mismos a partir de la que se calculan valores aleatorios
(habitualmente cinco), denominados valores plausibles. Con este procedimiento se
consigue mejores parametros poblacionales que los obtenidos por los procedimientos de
méaxima verosimilitud o por métodos Bayesianos a posteriori (von Davier et al., 2009).
Adicionalmente a los valores plausibles asociados a cada estudiante se le incluye el peso
que se calcul6 en la fase de muestreo con el fin de que los calculos que se hagan en los

analisis posteriores representen a todo el alumnado del pais o region.

En cada primer ciclo de evaluacion de Progress in International Reading Literacy
Study (PIRLS), Trends in International Mathematics and Science Study (TIMSS) o
Programme for International Student Assessment (PISA) se fijo la referencia central
(escala continua) de conveniencia en 500 puntos y con desviacion tipica 100 puntos
(Martin et al., 2017; Martin et al., 2020; OECD, 2017b). Este punto de referencia se ha
mantenido constante a lo largo de los distintos ciclos y sirve para situar los promedios de
los paises y regiones participantes. El valor de 500 puntos es, por tanto, una referencia

con la que es posible hacer comparaciones entre los paises.
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Para todos los estimadores se calcula la varianza de los mismos y, por lo tanto, los
errores tipicos. Para ello, PIRLS y TIMSS emplean un procedimiento de remuestreo de
tipo Jackknife Repeated Replication (JRR) (Martin et al., 2017; Martin et al., 2020),
mientras que PISA utiliza un remuestreo tipo Fay (Balanced Repeated Replication, BRR)
(OECD, 2017b), ambos consistentes en obtener multiples muestras a partir de la original,
y calcular el parametro de interés para cada una de las muestras replicadas, ademas de
para la muestra completa. La variabilidad entre las replicaciones resultantes es el

estimador del error tipico del estadistico objeto de estudio.

Las puntuaciones obtenidas con esta metodologia nos servirdn como medida de

rendimiento del alumnado para identificar al estudiante resiliente.

1.1.3. lIdentificacion de alumnado resiliente

Puesto que no existe una unica forma de definir la condicion de resiliencia,
tampoco existe un Unico procedimiento para determinar si un estudiante es o no resiliente.
En esta Tesis Doctoral, se ha determinado que un estudiante es académicamente resiliente
si tiene un ISEC que se encuentra ubicado por debajo del primer cuartil dentro de su pais
y con un desempefio por encima del tercer cuartil del desempefio global de los paises
analizados, una vez que se ha considerado el efecto del ISEC (Garcia-Crespo et al., 2019a;
OECD, 2011b; OECD, 2018b).

Analiticamente se seguiran tres pasos para caracterizar al alumnado resiliente
(Clavel et al., 2021; Garcia-Crespo et al., 2019b):

1. Identificacién de los estudiantes desaventajados por su ISEC. Es decir
aquellos ubicados en el primer cuarto (es decir, por debajo del Q1,
percentil veinticinco) del indice ISEC dentro de sus paises.

2. Calculo del rendimiento esperado del estudiante una vez descontado su

ISEC, para conocer la relacion internacional ISEC-desempefio.
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3. El rendimiento residual del estudiante se obtiene comparando el
desempefio real de cada estudiante con el desempefio predicho por la
relacion internacional ISEC-desempefio.

Los estudiantes con resiliencia académica se identifican como aquellos cuyo
desempefio residual se encuentra entre el cuarto superior (es decir, por encima del Q3,
percentil setenta y cinco) del desempefio residual de los estudiantes de todas las
economias.

Siguiendo esta estrategia de identificacion. Primero, se estimo la regresion lineal
por pais y la regresion promedio dentro de todos esos resultados estimados. La variable
dependiente son los valores plausibles (PV) en el rendimiento en cada competencia de
cada estudiante. La variable independiente sera el ISEC. Obteniéndose la siguiente
expresion analitica:

PV; =By + By - ISEC; + &;
donde &; son los errores aleatorios, que siguen una distribucién con media igual a cero y
varianza igual a 6%. Los coeficientes estimados se denotan como 3, y ;. Por lo tanto, el
desempefio esperado de los estudiantes dado su nivel de ISEC podria estimarse como:
E[PV;] = Bo + By - ISEC;

En el segundo paso, se estimo la regresion trasladada al tercer cuartil, desplazando

el centroide a una nueva posicion en el eje horizontal: el tercer cuartil de todos los paises

participantes, Q3PV. ElI modelo se convierte en:
@PVi = Q3py + P1 - ISEC; + &
Por tanto, el valor esperado es:

E[Q3pv,] = Q3py + By - ISEC;
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A partir de ahora, usamos E|[Q3py, | para obtener el punto de corte en funcion del
ISEC. Se califican como resilientes, a aquellos estudiantes con ISEC en el primer cuartil
de los estudiantes en su pais y que tienen un numero mayoritario de valores plausibles
por encima del valor esperado (E[()?,P,,i]) de acuerdo con sus ISEC.

Para ilustrar el procedimiento expuesto se presenta el caso de Espafia para los
datos del estudio PIRLS 2016 (Figura 1). La primera linea vertical corresponde con el
primer cuartil de ISEC en Espafia (-0,764). La linea con pendiente positiva es la recta de
regresion predictora del rendimiento en PIRLS 2016 por encima del tercer cuartil en

funcién del ISEC del estudiante.
Figura 1

Determinacion del alumnado resiliente en Espafia

El valor del intercepto de la recta es de 589,31 puntos, correspondiente con la
puntuacion del percentil 75 en comprension lectora para el conjunto de la UE suponiendo

ISEC 0.
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De este modo la ecuacion queda expresada en los siguientes términos:
y =589,31 + 29,342 * ISEC

Los puntos en el plano cartesiano representan casos individuales, y aquellos
ubicados a la izquierda de la linea vertical y, al tiempo se sitGan por encima de la recta de
regresion son identificados como estudiantes académicamente resilientes en comprension
lectora, esto es, su ISEC se encuentra en el primer cuarto de Espafia y su rendimiento es
superior al tercer cuartil de rendimiento global descontando el ISEC del alumno. En el

gréfico estos casos han sido presentados en gris oscuro.

1.2. Aspectos contextuales relacionados con la resiliencia

Inicialmente, Coleman et al. (1966) asociaron el rendimiento académico al
contexto socioeconémico del alumnado, hecho que se ha venido confirmado
independientemente de las culturas y sistemas educativos que se analicen (OECD,
2016a). Sucesivas investigaciones como los trabajos de Barragan et al. (2016) o Choi &
Calero (2013) apuestan por conocer los determinantes del rendimiento académico para
poder intervenir sobre el mismo y reducir la posibilidad de fracaso escolar. Por otro lado,
Mufioz-lzquierdo & Guzman (2010) y Barcaet al. (2012) determinan la influencialidad
del rendimiento por variables independientes de distintos origenes, pudiendo ser estas de
tipo personal, situacional o ambiental. Viniendo el rendimiento explicado por el conjunto

de ellas y no por ellas de manera independiente.

Sin embargo, también se ha demostrado que los antecedentes contextuales no son
decisivos, y que las caracteristicas personales y los procesos educativos presentan
importantes efectos sobre los resultados escolares (Enriquez et al., 2018; Grotberg, 1995).
En este contexto, el estudio de la resiliencia académica es un area pujante que suscita un

interés creciente en la investigacion educativa actual (Aldridge et al., 2015; Doll, 2013,
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Howard & Johnson, 2000; Matin, 2002; McTigue et al., 2009; Steward et al., 2004;

Yeager & Dweck, 2012).

Siguiendo la clasificacién que sefialan Choi & Calero (2013), indicando que la
capacidad de resiliencia del alumnado proviene de la interaccion entre variables
personales, familiares y escolares, se analizaran en los siguientes apartados las variables
que se han utilizado en el andlisis de resiliencia de esta Tesis Doctoral. Complementando
esta informacion con los objetivos que han establecido las instituciones de cooperacién
supra-nacional: Sustainable Development Goals (SDG) (UNESCO, 2021) y Education

and Training 2020 targets (ET 2020) (European Comission, 2020).

1.2.1. Variables individuales del alumno

La resiliencia académica estd fuertemente conectada con las caracteristicas de
personalidad de los estudiantes, tales como las variables socioafectivas, el autoconcepto,
las expectativas académicas, las atribuciones causales o la confianza en la propia
capacidad (Erberber et al., 2015; Garcia-Crespo et al., 2019a; Martin & Marsh, 2003;
Vaknin-Nusbaum et al., 2018; Veas et al., 2017; Waxman et al., 1997). Asimismo, existe
un amplio consenso entre los investigadores en que la resiliencia académica estd muy
vinculada a variables motivacionales, tales como el esfuerzo, la persistencia, la fortaleza
personal, la capacidad de trabajo autbnomo, el afan por aprender, y el gusto por la lectura
(Jacob, 2002; Kobasa et al., 1982; Martin & Marsh, 2003; VVaknin-Nusbaum et al., 2018;

Veas et al., 2017).

Con datos de 28 paises participantes en TIMSS 2011, la expectativa académica
del estudiante y el gusto por las matematicas fueron las variables con mayor impacto
sobre la resiliencia que encontraron en el entorno individual Erberberet al. (2015). Con el

mismo estudio, pero con una muestra de paises asiaticos, Sandoval & Bialowolski (2016),
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sefialaron que la variable individual mas relevantes a la hora de analizar la resiliencia era
la actitud positiva del estudiante hacia las matematicas. En uno de sus ultimos estudios
Cordero & Mateos-Romero (2021), con datos de 18 paises europeos participantes en
TIMSS 2015 y en PIRLS 2016 obtuvieron que los factores que mas contribuyen a la
resiliencia eran las habilidades aprendidas por los estudiantes antes de comenzar la
escuela y el nivel socioecondmico de sus comparfieros. Gabrielli et al. (2021) con los datos
de PISA 2015 y PISA 2018 de Espafia, Grecia e Italia estimaron que la autoeficacia y las
actitudes lingisticas en el hogar favorecen la condicién de resiliencia entre los
estudiantes de origen inmigrante. En cuanto al género de los estudiantes, en un trabajo
con datos de ciencias de PISA 2015 y muestras del sudeste asiatico, Clavel et al. (2021),
encontraron que los chicos tenian méas probabilidad de resiliencia académica en ciencias

en Macao o Singapur.

La familia es el primer contexto de interaccién, siendo evidente que ha de producir
un efecto directo en el desarrollo infantil afectando en las caracteristicas personales y en
el rendimiento académico del nifio, apareciendo asociado al incremento de probabilidad
de alcanzar la resiliencia académica. Kirjavainen y Loikkanen (1998), con una muestra
finlandesa, y Feinstein y Symons (1999), con datos del Reino Unido, sefialaron el efecto
positivo de la implicacién e interés de las familias por la educacion de sus hijos. Las
expectativas académicas de los progenitores se han mostrado como un predictor capital
de los resultados educativos (Martin-Lagos, 2018). Fernandez-Alonso et al. (2017)
encuentran que los estudiantes cuyos progenitores presentan un perfil de implicacion
familiar mas distal o indirecto tienden a presentar mejores resultados que los que
provienen de hogares con un estilo mas controlador. Sandoval & Bialowolski (2016)
encontraron que el tiempo dedicado a las matematicas en el hogar tienen un efecto

positivo entre los estudiantes de Singapur. Li (2017), utilizando una muestra de
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estudiantes chinos que participaron en el examen de ingreso a la universidad, encontro
que la supervision de los padres, y la participacion y reconocimiento de la escuela
fomentan la resiliencia. Estudios como el de Cheung et al., (2014) y Gabrielli et al. (2021)
observan que aquellos alumnos que tenian apoyo familiar, tendian a un mejor bienestar

psicoldgico, y tenian mas posibilidades de ser resilientes.

A la vista de estos antecedentes, en esta Tesis se ha decidido trabajar con un
amplio conjunto de variables individuales y familiares del estudiante, tanto en Educacion

Primaria, como en Educacién Secundaria, dichas variables se detallan a continuacion.

1.2.1.1.  Variables relativas al estudiante
e Género: 0- Femenino y 1- Masculino
e El estudiante asistio a preescolar: 0- Menos de 2 afios y 1- Dos afios 0 mas

e Condicién de inmigrante: 0-Nativo y 1- Inmigrante

Las variables continuas se construyeron utilizando la escala de crédito parcial de la
TRIy los valores del indice corresponden a estimaciones de maxima verosimilitud (WLE)
(Martin et al., 2017; Martin et al., 2020; Mullis et al., 2020; Mullis et al., 2017; OECD,
2017b). Para los andlisis de este trabajo se estandarizaron con media 0 y desviacion
estandar de 1. Las variables restantes del contexto del estudiante y la familia fueron las

siguientes:

e Sentido de pertenencia a la escuela. Se pregunt6 a los estudiantes cuanto estaban
de acuerdo con cinco afirmaciones sobre su actitud hacia la escuela, tales como el
gusto por estar en su escuela o si se siente seguro en la misma.

e Bullying estudiantil. Se preguntd a los estudiantes sobre la frecuencia con la que
experimentaron diversos comportamientos de intimidacién por parte de sus

compafieros de la escuela.
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Participacion en las clases de lectura. Los estudiantes fueron calificados de
acuerdo con su grado de acuerdo con nueve afirmaciones relacionadas con su
compromiso de lectura (por ejemplo, me gusta lo que leo sobre la escuela, mi
profesor me da cosas interesantes para leer, o sé lo que mi profesor espera de mi).
Gusto por la lectura. Se construyé un indice teniendo en cuenta su grado de
acuerdo con ocho afirmaciones y la frecuencia con la que realizaron actividades
de lectura fuera de la escuela en las que se les preguntaba sobre si les gustaba
hablar de lo que leian, si leer es aburrido o si disfrutan leyendo.

Gusto por aprender matematicas y ciencias. Las escalas cubren las actitudes de
los estudiantes hacia las matematicas/ciencias y el estudio de las mismas.
Confianza en la lectura. Los estudiantes fueron calificados de acuerdo con su
grado de acuerdo con seis afirmaciones sobre su autoconfianza en la lectura (por
ejemplo, generalmente me va bien en lectura, leer es facil para mi o simplemente
no soy bueno para leer).

Confianza en matematicas y ciencias. Estas escalas miden cémo de bien los
estudiantes piensan que pueden hacer matematicas o ciencias.

Actividades de alfabetizacién temprana antes de la escuela. Los estudiantes fueron
calificados de acuerdo con la frecuencia con la que sus padres realizaron nueve
actividades con ellos en casa: leer libros, contar historias, cantar canciones, ...
Tareas de alfabetizacion temprana. Los estudiantes fueron calificados de acuerdo
con las respuestas de sus padres sobre como de bien sus hijos podian hacer seis
tareas: reconocer la mayoria de las letras del alfabeto, leer algunas palabras, leer
oraciones, leer una historia, escribe las letras del alfabeto y escribe algunas

palabras.
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Claridad de instruccidn del profesorado en lecciones de matematicas y de ciencias.
Se pregunto a los estudiantes sobre aspectos tales como si saben lo que su profesor
espera que hagan, si su profesor es facil de entender o tiene respuestas claras a sus
preguntas.

Tareas numéricas tempranas. Los estudiantes fueron puntuados de acuerdo con
las respuestas de sus padres sobre como de bien podian hacer algunas tareas

numeéricas, como contar por si mismos cuando comenzaron la escuela primaria.

1.2.1.2. Variables relativas a las familias

1.2.2.

Percepciones de los progenitores sobre la escuela de sus hijos. Los estudiantes
fueron calificados en esta escala de acuerdo con las respuestas de sus padres a seis
afirmaciones sobre la escuela, en el sentido de si la escuela de su hijo hace un
buen trabajo incluyendo a la familia en la educacion de su hijo, si la escuela
proporciona un entorno seguro o si la escuela de su hijo se preocupa por el
progreso del mismo.

Gusto por la lectura de los progenitores. Los estudiantes fueron calificados en esta
escala de acuerdo con las respuestas de sus padres a ocho afirmaciones sobre la
lectura, asi como la frecuencia con la que leen por placer. Algunas de ellas fueron:
1 (Leo solo si tengo que hacerlo), 2 (Me gusta hablar de lo que leo con otras

personas), 3 (Me gusta pasar mi tiempo libre leyendo) ...

Contexto escolar

A finales de los afios 70, Rutter (1979) presentd al entorno escolar como factor

determinante en la resiliencia de los estudiantes. Posteriormente, Henderson & Milstein

(2003) afirmaron que los centros educativos deben fomentar la resiliencia para que todos

los estudiantes, mediante la creacion de relaciones de afecto y apoyo, que aumenten la
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Teniendo en cuenta lo expuesto, en esta Tesis Doctoral se ha utilizado un
sustancial nimero de variables del contexto escolar y del docente con el fin de determinar
el impacto que tienen sobre la condicion de resiliencia en lectura, matematicas y ciencias,
y corroborar lo observado en las investigaciones previas u obtener nuevas lineas de

investigacion.

Solo se ha utilizado una variable dicotémica, la relativa al género del docente, el
resto son variables continuas que se construyeron utilizando la escala de crédito parcial
de la TRI1 y los valores del indice corresponden a estimaciones de maxima verosimilitud
(WLE) (Martin et al., 2017; Martin et al., 2020; Mullis et al., 2020; Mullis et al., 2017;
OECD, 2017b). Para los andlisis de este trabajo se estandarizaron con media 0 y
desviacion estandar de 1. Las variables del contexto del centro escolar y los docentes

fueron las siguientes:

1.2.2.1. Variables relativas al centro

Instruccidon afectada por la escasez de recursos. La escala presenta las respuestas
de los directores sobre la medida en que la ensefianza escolar esté limitada por la

escasez de recursos.

e Disciplina escolar. Se pregunt6 a los directores de los centros educativos sus
percepciones sobre hasta qué punto la disciplina, el desorden y los

comportamientos de intimidacion son problemas en su centro.

e Acceso a la escuela de los estudiantes con habilidades de lectura y numéricas
basicas. El indice mide el porcentaje de alumnado que accede a la educacién

primaria con destrezas de lectura y numéricas.

e Enfasis escolar en el éxito académico. El indice mide aspectos como la

comprension de los maestros de las metas curriculares de la escuela, el grado de
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confianza en si mismos. También el profesor desempefia un papel critico en la creacion
de entornos que fomenten la resiliencia de los alumnos (Coburn & Nelson, 1989):

Proporcionando confianza, atencidn, empatia, disponibilidad, respeto, modelo personal

La investigacion educativa, en una primera linea de trabajo, ha acumulado
bastantes evidencias que relacionan el contexto de aprendizaje de los centros con la
resiliencia académica. Asociado al entorno de centro Erberber et al., (2015) y Sandoval
& Bialowolski (2016), estimaron que entre los factores con mayor impacto sobre la
resiliencia en matematicas y ciencias se encuentran las expectativas docentes sobre el
rendimiento de los estudiantes, el interés del centro por el éxito académico, ausencia de
acoso escolar, el clima de seguridad, la disciplina del centro, y la cantidad de recursos
educativos disponibles. En cuanto a una segunda linea de investigacion, se han
encontrado resultados muy consistentes sefialando al profesorado como un factor clave
en la resiliencia académica (Barber & Mourshed, 2009; Darling-Hammond et al., 2017;
Hattie, 2009; OECD, 2005; OECD, 2018a). Si bien, el concepto de calidad docente es
multidimensional (Fauth et al., 2014; Kane & Cantrell, 2010; Kunter & Voss, 2013;
Wagner et al.,, 2013), las investigaciones han conseguido agrupar un conjunto de
practicas, estrategias y metodologias que permiten aumentar la motivacion del alumnado,
y mejorar sus resultados de aprendizaje (Baumert et al., 2010; Creemers & Kyriakides,
2008; Hattie, 2009; Isac et al., 2015; Kunter et al., 2013; Lavy, 2016; Nilsen &
Gustafsson, 2016; O'Dwyer et al., 2015; Rjosk, et al., 2014). Variables propias del
profesorado como la satisfaccion laboral pueden ejercen igualmente un papel relevante
en su docencia, y trasladarse al rendimiento academico de los estudiantes (Caprar et al.,

2003; Klassen et al., 2013; Tschannen-Moran & Hoy, 2001).
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éxito de los maestros en la implementacion del plan de estudios de la escuela o las
expectativas de los maestros para el rendimiento de los estudiantes.

Escuela segura y ordenada. Los estudiantes fueron puntuados de acuerdo con el
grado de acuerdo de sus maestros con ocho declaraciones en la escala de escuela
segura y ordenada. Algunos de estos aspectos fueron: 1 (Esta escuela esta ubicada
en un vecindario seguro), 2 (Me siento seguro en esta escuela), 3 (Las politicas de
seguridad de esta escuela y las practicas son suficientes), 4 (Los alumnos se
comportan de forma ordenada), 5 (Los alumnos son respetuosos con los

profesores), ...

1.2.2.2.  Variables relativas al docente

Género: 0- Femenino y 1- Masculino

Satisfaccion laboral docente. La escala se construy6 de acuerdo con la frecuencia
con la que los maestros respondieron positivamente a las cinco afirmaciones en la
escala de satisfaccion laboral del maestro: Estoy contento con mi profesion como
maestro, encuentro mi trabajo lleno de significado y propésito, estoy
entusiasmado con mi trabajo, mi trabajo me inspira y estoy orgulloso del trabajo
que hago.

Limitacion de la ensefianza en el aula por estudiantes con limitaciones para
aprender. Los estudiantes fueron puntuados de acuerdo con las respuestas de sus
maestros sobre siete caracteristicas de sus estudiantes que podrian limitar la forma
en que ensefian su clase en la escala de instruccién en el aula limitada por las
caracteristicas del estudiante. Estas caracteristicas no eran tnicamente referentes
a carencias de conocimientos o habilidades previas, sino también si los estudiantes

sufren de falta de nutricion basica o no duermen lo suficiente.
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Enfasis de los profesores en la investigacion cientifica. El indice mide la
frecuencia de participacion en actividades relacionadas con investigaciones y
experimentos cientificos.

Formacion bésica del profesorado. Los estudiantes fueron puntuados en esta
escala de acuerdo con las respuestas de sus maestros (En absoluto/Descripcion
general o introduccion al tema/Fue un area de énfasis) a cuatro afirmaciones sobre
su educacion y/o capacitacion formal, en qué medida durante sus estudios trataron
las siguientes areas: 1 (Lenguaje), 2 (Literatura), 3 (Pedagogia/ensefianza de la
lectura) y 4 (Psicologia educativa).

Formacion complementaria del profesor. Los estudiantes fueron calificados en
esta escala de acuerdo con las respuestas de sus maestros (En
absoluto/Descripcidn general o introduccion al tema/Fue un area de énfasis) a tres
afirmaciones sobre su educacion y/o capacitacion formal, en qué medida durante
sus estudios trataron las siguientes areas: 1 (Lectura de refuerzo), 2 (Teoria de la
lectura) y 3 (Métodos de evaluacion en lectura).

Interaccion del profesor. La escala se construyé de acuerdo con las respuestas de
los maestros a cuatro afirmaciones sobre tipos de interacciones con otros maestros
y con qué frecuencia las hacen.

Estrategias de rutina para la lectura. Los estudiantes fueron calificados en esta
escala de acuerdo con las respuestas de sus maestros a afirmaciones sobre
actividades de lectura consideradas rutinarias como leer en voz alta con los
estudiantes, pedir a los estudiantes que lean en voz alta y pedir a los estudiantes
que lean en silencio para si mismos y con qué frecuencia las realizan.

Estrategias sistematicas para la lectura. Los estudiantes fueron puntuados en este

indice de acuerdo con las respuestas de sus maestros a afirmaciones sobre
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actividades de lectura consideradas sisteméaticas como ensefiar a los estudiantes
estrategias para decodificar sonidos y palabras, ensefiar a los estudiantes nuevo
vocabulario sistematicamente, ensefiar a los estudiantes como resumir las ideas
principales y ensefiar estrategias de exploracion.

Uso de técnicas de lectura integral. Los estudiantes fueron puntuados en esta
escala de acuerdo con las respuestas de sus maestros a las siguientes afirmaciones
sobre la frecuencia con la que hacen cosas para ayudar a desarrollar las habilidades
de comprension lectora: 1 (Localizar informacion dentro del texto), 2 (Identificar
las ideas principales de lo que han leido) y 3 (Explicar o apoyar la comprension
de lo que han leido).

Uso de técnicas de lectura reflexiva. El indice se construy6 de acuerdo con las
respuestas de los maestros a seis afirmaciones sobre la frecuencia con la que hacen
cosas para ayudar a desarrollar estrategias de lectura: (por ejemplo, comparar lo
que han leido con las experiencias que han tenido, comparar lo que han leido con
otras cosas gue han leido, hacer predicciones sobre lo que sucedera a continuacion
en el texto que estan leyendo, ...).

Seguimiento de tareas. Los estudiantes fueron puntuados en esta escala de acuerdo
con las respuestas de sus maestros a tres afirmaciones sobre la frecuencia con la
que hacen lo siguiente con las tareas de lectura para su clase: 1 (Corregir las tareas
y dar retroalimentacion a los estudiantes), 2 (Discutir las tareas en clase) y 3
(Controlar si se completd o no la tarea).

Seleccion de lecturas adaptadas. Los estudiantes fueron calificados en esta escala
de acuerdo con las respuestas de sus maestros sobre con que frecuencia hacen lo
siguiente al ensefiar a leer a su clase: 1 (Proporcionar materiales de lectura que

coincidan con los intereses de los estudiantes), 2 (Proporcionar materiales que

Resiliencia Académica en las Evaluaciones Internacionales PIRLS, TIMSS y PISA | Introduccién 19



sean apropiados para los niveles de lectura de estudiantes individuales) y 3 (Dar

tiempo a los estudiantes para leer libros de su propia eleccion).

1.2.3. Otras variables de pais (Objetivos de Desarrollo Sostenible)

Los Obijetivos de Desarrollo Sostenible 2030 (Sustainable Development Goals

2030, SDG 2030) y la UNESCO determinan como objetivo 4 (UNESCO, 2021):

e Garantizar una educacién inclusiva, equitativa y de calidad y promover

oportunidades de aprendizaje durante toda la vida para todos.

La Unidn Europea dentro del marco estratégico para la cooperacion europea en el
ambito de la educacion y la formacion trabaja en un foro que permite a los Estados
miembros intercambiar las mejores précticas y aprender unos de otros. Producto de este
foro, la Comisién Europea (2020) presenta siete indicadores clave (The Education and
Training 2020 targets, ET2020) que aproximan el grado de consecucion de los SDG

2030. Los indicadores clave y sus objetivos son:

1. Abandono temprano de la educacion y la formacion. Reduccion por debajo del
10% del porcentaje de abandono de los estudios o la formacién entre 18 y 24 afios.

2. Titulados en Educacion Terciaria (30-34 afios). Como minimo un 40% de la
poblacion de entre 30 y 34 afios debe haber terminado alguna forma de educacion
superior.

3. Participacion en Educacion Infantil (> 4 afios). Integracion de al menos el 95% de
los nifios en la educacion preescolar.

4. Bajo rendimiento en las competencias basicas en la era digital. Reduccién a menos
del 15% del porcentaje de jovenes de 15 afios con aptitudes insuficientes en

lectura, matematicas y ciencias.
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5. Tasa de empleo de los graduados recientes. Al menos el 82% de los titulados
(personas de entre 20 y 34 afos que han terminado al menos el segundo ciclo de
ensefianza secundaria) debe tener un empleo en un plazo de no mas de tres afos
después de terminar los estudios.

6. Aprendizaje de adultos. Como minimo un 15% de la poblacién adulta debe
participar en actividades de formacion.

7. Movilidad. Al menos el 20% de los titulados superiores y el 6% de los jovenes de
entre 18 y 34 afios con un titulo de formacion profesional inicial debe haber

cursado algun periodo de estudios o formacion en el extranjero.

Para los andlisis se han desestimado los indicadores Participacion en Educacion

Infantil and Movilidad por su escasa variabilidad.

En todo caso, apenas existen evidencias sobre si los indicadores de politica

educativa aumentan la probabilidad de resiliencia académica.

1.3. Datos analizados

Las evaluaciones de los sistemas educativos constituyen una herramienta
fundamental para describir el desarrollo competencial del alumnado y el modo en que los
centros educativos ayudan en la mejora de los aprendizajes (Garcia Sanz, 2003). Debido
a su utilidad, cada vez mayor numero de paises participan en los estudios de comparacion
de sistemas de educativos promovidos por instituciones internacionales como la
Organisation for Economic Co-operation and Development (OECD), la International
Association for the Evaluation of Educational Achievement (IEA), o la European

Comission (EC), entre otras (Cordero & Manchon, 2014).

La participacion en las evaluaciones educativas a gran escala requiere una

explicacion de los resultados, una comparacion con los de otros paises evaluados y, como
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finalidad, facilitar la toma de decisiones en politicas publicas educativas con el objetivo

de mejorar el rendimiento de los estudiantes (Hambleton, 2002).

1.3.1. Evaluaciones internacionales

1.3.1.1. PIRLS 2016

PIRLS evalla en alumnado de 4° grado ( 4° de Educacién Primaria en Espafia),
esto es, nifios y nifias que llevan escolarizados 4 afios de ensefianza obligaoria, propdsitos
de lectura y procesos de comprension lectora (Mullis & Martin, 2015). Siguiendo el
marco teorico disefiado para la evaluacion por el TIMSS & PIRLS International Study
Center, Lynch School of Education, Boston College, y la IEA se elaboraron 16
cuadernillos empleando un disefio matricial incompleto parcialmente balanceado
(Fernandez-Alonso & Muhiz, 2011). A partir de una seleccidn de lecturas (cinco literarias
y cinco informativas) que toman el papel de estimulos, se elaboran los items, pudiendo

ser estos de:

e respuesta de opcion multiple (4 opciones de las cuales sélo una es correcta),
e respuesta construida (el estudiante responde con una frase), o
e respuesta semiconstruida (se debe completar con una palabra o una frase muy

corta).

La recogida de datos, tanto de los cuadernillos cognitivos como de los
cuestionarios de contexto de PIRLS 2016 se realiz6 segun los estandares previstos por la

IEA (Martin, Mullis, & Hooper, 2017) la siguiente estructura:
- Sesion 1: 40 minutos.
- Descanso: un maximo de 30 minutos.

- Sesidn 2: 40 minutos.
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- Cuestionario de contexto de alumnado: 30 minutos.

Durante las sesiones 1y 2 el estudiante respondié una serie de cuestiones sobre

una lectura literaria y otra informativa.

Al finalizar las sesiones de lectura, el estudiante respondid un cuestionario de
antecedentes. Ademas, la recogida de datos de complementa con un cuestionario del
hogar (Learning to Read Survey), un cuestionario de profesorado y un cuestionario de

centro.

1.3.1.2. TIMSS 2019

TIMSS evalla en alumnado de 4° grado las competencias matemaética y cientifica.
Los cuadernillos para evaluar Matematicas y Ciencias se elaboraron siguiendo el marco
tedrico establecido por el TIMSS & PIRLS International Study Center, Lynch School of
Education, Boston College, y la IEA (Mullis & Martin, 2017). El total de items esta
compuesto por 32 bloques (16 de cada competencia) con aproximadamente 10 items cada
bloque. Los items, de la misma tipologia de respuesta que en PIRLS, se distribuyeron en

14 modelos de cuadernillos.

La recogida de datos de TIMSS 2019 sigui6 los estandares de la IEA (Martin et al.,

2020), con una estructura similar a la de PIRLS:

- Sesién 1: 36 minutos.

- Descanso: un maximo de 30 minutos.

- Sesion 2: 36 minutos.

- Cuestionario de contexto de alumnado: 30 minutos.
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Durante las sesiones 1 y 2 (parte cognitiva) el estudiante se enfrenté a un
cuadernillo dividido en dos partes, una por competencia y sesion, respondiendo un total

de 40 items aproximadamente que contenia dos bloques de cada competencia.

Al finalizar las sesiones cognitivas (matematicas y ciencias), el estudiante
respondid un cuestionario de antecedentes. Ademas, la recogida de datos de complementa
con un cuestionario del hogar, un cuestionario de profesorado y un cuestionario de centro

(Martin et al., 2020).

1.3.1.3. PISA

El programa PISA en 2015 evalud a los jovenes de 15 afios de 72 paises con el fin
de confirmar qué saben y qué son capaces de hacer. PISA evalla tres competencias
consideradas troncales: ciencias, lectura y matematicas (MECD, 2016; OECD, 2017b).
En el ciclo de PISA 2015 la competencia principal fue ciencias, evaluando las siguientes
formas de conocimiento: biologia, geologia, fisica, quimica y tecnologia. Evalta la
competencia cientifica no solo desde el punto de vista formal (lo que aprende en la
escuela) si no también lo que ha adquirido de manera no formal e informal (lo que aprende

fuera del contexto escolar) (OECD, 2017a).

Al igual que las evaluaciones anteriores, las pruebas cognitivas de PISA se
organizan en unidades de evaluacion, y estas, en estimulos, asociados a ellos se
encuentran los items (relacionados con los estimulos o con informaciones previas) que
seran de respuesta maltiple, construida o semiconstruida. La prueba completa de ciencias
contenia 184 preguntas o items, organizadas dentro de unidades de evaluacion, que

aproximadamente supondrian seis horas de examen.

La recogida de datos de PISA 2015 siguid los estandares de la OECD (OECD,

2017b), con la siguiente estructura:
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Sesién 1: 60 minutos.

Descanso: un maximo de 30 minutos.

Sesién 2: 60 minutos.

Cuestionario de contexto de alumnado: 45 minutos.

Durante las sesiones 1y 2 cada estudiante contesto preguntas de ciencias, lectura
y matematicas. Todos los estudiantes dedicaron al menos sesenta minutos a las ciencias

en su prueba, lo que equivalia a 30 preguntas aproximadamente.

Al finalizar las sesiones cognitivas, el estudiante respondid un cuestionario de
antecedentes de treinta y cinco minutos y otro de diez minutos de familiaridad con las
tecnologias de la informacién y la comunicacion o de carrera educativa. Ademas, se
recogié un cuestionario del profesor de ciencias y un cuestionario de centro (OECD,

2017h).

1.3.2. Estructura de las bases de datos

Para seleccionar los estudiantes que realizaron la prueba en cada pais se llevo a
cabo un muestreo clasico de dos etapas (centros-alumnos) por conglomerados. Mas
concretamente el modelo usado fue el bietapico estratificado secuencial por
conglomerados (Martin et al., 2017; Martin et al., 2020; OECD, 2017b). Como paso
previo, cada pais determina qué estratos representan mejor la poblacion objetivo de cada
estudio.

Para cada estrato el procedimiento secuencial de seleccion de muestra fue el
siguiente:

1- Primera etapa de muestreo. Se seleccionan los centros secuencialmente y de

manera proporcional a su tamario (el tamafio del centro viene determinado por
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el nimero de estudiantes objetivo matriculados en el mismo). La probabilidad
de que un centro sea seleccionado es proporcional a su tamafio (centros
grandes tienen mas probabilidad de ser seleccionados que centros pequefios).
2- Segunda etapa de muestreo. En el caso de PIRLS y TIMSS, se seleccionaron
las clases (conglomerados) que debian participar dentro del centro. En el caso
de PISA, se seleccionaron 42 alumnos que cumplian 16 afios durante el curso
de aplicacién de la prueba independientemente de la clase o el curso en el que

estuvieran matriculados.

Una vez seleccionados los estudiantes que participaron en la prueba se asigné un
peso de estudiante y un peso de centro o clase, de esta manera cada alumno o centro se
representa a si mismo y a los de su entorno. La suma de los pesos de todos los estudiantes
de la prueba es igual al total de alumnado objetivo del estudio correspondiente. Estos
pesos, que reflejan las probabilidades de seleccidn de estudiantes y centros en el estudio,
permiten reproducir adecuadamente el tamafio poblacional y optimizan la

representatividad de los resultados (Rutkowski et al., 2010).

Para recuperar los datos perdidos se emple6 el procedimiento de tendencia lineal en
el punto que implementa el médulo Missing Value Analysis de SPSS, tomando como

segmentacion la clase a la que el alumno pertenece (Fernandez-Alonso et al., 2012).

1.4. Modelos matematicos utilizados

Los procedimientos de analisis derivados de los modelos generales clasicos
asumen que los casos son seleccionados mediante un muestreo aleatorio simple. Como se
indico en el apartado anterior, las evaluaciones educativas a gran escala (PIRLS, TIMSS
y PISA) emplean un disefio muestral complejo (estratificado bietapico secuencial por

conglomerados) donde los elementos muestrales no son independientes ya que los
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estudiantes (etapa 2/nivel 1 de analisis) dentro de una misma clase o centro (etapa 1/nivel
2 de analisis) son mas parecidos entre si que respecto de los estudiantes de otros centros
(De la Cruz, 2008; Garner & Raudenbush, 1991). La consecuencia es que los datos
recogidos de las evaluaciones educativas no cumplen el supuesto de independencia que
se requieren en las muestras aleatorias simples (Ifiiguez-Berrozpe & Marcaletti, 2018).
En los disefios anidados cada nivel de jerarquia tiene una variabilidad distinta y los errores
no son independientes, pero los procedimientos del modelo general lineal clasico no
tienen en cuenta esta interdependencia estadistica de los casos por lo que sus resultados

muy probablemente presentaran sesgo (Bryk & Raudenbush, 1992).

1.4.1. Regresion logistica

El primer modelo estadistico usado en esta Tesis Doctoral es la regresion logistica
binaria (Bernoulli 0-1), donde la variable de interés, variable dependiente, sera una
variable dicotémica ({0, No cumple la condicion}, {1, Cumple la condicion}) y las
variables predictoras, variables independientes, pueden ser continuas o discretas

(descritas en el apartado 1.2) (Kleinbaum & Klein, 2010).

El proceso de andlisis esta dirigido a comprobar las relaciones causales entre las
variables predictoras y la variable de interés, mas concretamente, a predecir en forma de
probabilidad que ocurra una categoria u otra en funcion de los valores que tomen las

variables independientes.

Analiticamente el modelo se presenta como sigue:

1

P[Y - 1/X1,X2, ...,Xk] - 1+ e(Bo—Bix1—B1x1——PBrXk)
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Se observa que se expresa como la probabilidad de que ocurra la condicion de

interés (Y=1) supuesto que el estudiante toma los valores:
(X1 =x1, X2 =Xo, ..., Xk = Xk).
Por tanto, el objetivo es calcular los coeficientes:
(Bo, B, B2, ..., Px),
gue mejor ajusten el modelo.

Para analizar el modelo estadistico usado, asi como la bondad de ajuste del mismo,

se tendran en cuenta los siguientes elementos:

1. R?de Cox vy Snell (CSR) v R? de Nagelkerke (NKR). Siendo Ls el valor de la

verosimilitud (probabilidad que tiene un modelo de haber generado unos
datos) del modelo saturado (con todas las variables) y Lo la verosimilitud del

modelo base (solo con la constante) la formulacion de los R? seran:

L
Rg‘ox =1- <L_:)>

2
o)

2
1= (Lo

2
RNagelkerke -

Estiman la parte de la varianza de la variable dependiente explicada por las
variables predictoras. Cuanto mas altos sean los valores de los R? mas

explicativos seran los modelos.

2. By susigno. Valores positivos para 3 indicaran impacto directo positivo de la
variable predictora sobre la variable dependiente, los valores negativos

indicaran impacto inverso.
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3. Odds (posibilidades). Indican la probabilidad de que ocurra la condicion de la

variable dependiente frente a que no lo haga:

odds= 2

l-p
4. Qdds ratio, dado por ef € (0, ). Permite comparar las odds de diferentes
valores de una variable independiente. Cuantifica el impacto existente, siendo
1 el valor que indicaria que j tiene impacto nulo. Cuanto mas separado de 1
mayor sera dicho efecto, bien en sentido directo (valores mayores que 1y que

pueden llegar a ) o inverso (valores menores que 1 y que pueden llegar a 0)

(Garcia-Crespo et al., 2019b).

5. Significatividad de p. Se usarén niveles de significacion al 1%, al 5% vy al

10%.

Para calcular los estimadores y sus errores es necesario utilizar las técnicas de
remuestreo mostradas en el apartado 1.1.2. Para PIRLS y TIMSS se emplea el método
JRR (Martin et al.; Martin et al., 2020), mientras que para PISA se utilizara un remuestreo
tipo Fay (BRR) (OECD, 2017b). Para la estimacion de los modelos construidos para esta
Tesis se ha utilizado el software IDBAnalyzer© que permite llevar a cabo analisis

utilizando réplicas.

1.4.2. Regresion logistica multinivel

Sin embargo el modelo que mejor se ajusta a la estructura de muestreo y datos de
esta Tesis Doctoral es el modelo de regresion logistica multinivel (Cohen et al., 2013;
Gelman & Hill, 2006; Merino Noé, 2017; Snijders & Bosker, 2012), que modelizan
adecuadamente la variabilidad de los datos en los disefios muestrales de las evaluaciones

educativas internacionales a gran escala (De la Cruz, 2008; Ifiguez-Berrozpe &
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Marcaletti, 2018), al tiempo que evitan el uso de las ponderaciones replicadas presentes

en las bases de datos (Fishbein et al., 2021).

Por todo ello, para analizar el impacto de las variables predictoras sobre la condicion
de resiliencia de los estudiantes se han utilizado modelos logisticos multinivel de efectos
fijos que recogen la estructura anidada de la muestra. Para la estimacion de los modelos
construidos para este trabajo se ha utilizado el software HLM6®© utilizando la
aproximacion de Laplace para la estimacion del modelo de Bernouilli (Raudenbush &
Bryk, 2002) que permite llevar a cabo analisis utilizando variables dependientes binarias

y niveles jerarquicos.
Las ecuaciones del modelo usado son:
Nivel 1 del modelo:
P[y=1/B]l=P
log [%] =00t o1 Xt taXet+azXs+osXst+ ...+ 0mXm
Nivel 2 del modelo:
a0 = Poo + Por-y1 + Poz-Y2 + Pos-y3 + Posays+ ... + Pon-Yn + Ro
Nivel 3 del modelo:
Boo = Yooo + Yo01-Z1 + Yo02-Z2 + Y003-Z3 + Y004:Z4 + ... + Yoop-Zp + Uoo
Ro~ N (0,0%,)
Uoo ~ N (0,05,,)
Donde:

e Y, representa la condicion o no de resiliencia.
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o (Xi=X1, X2=X2, .., Xk =Xk), (Y1=Y1, Y2 =VY2, ..., Yk =YK Y (Z1 = 21, Z2 = 25,
..., Zx = zx) corresponden con las variables del primer, segundo y tercer nivel de
analisis respectivamente.

e aij, son los coeficientes fijos para cada variable predictora del nivel 1.

e [oi, son los coeficientes fijos para cada variable predictora del nivel 2.

® yo0i, SON los coeficientes fijos para cada variable predictora del nivel 3.

® vooo, €S el intercepto de la regresion.

Para analizar el modelo estadistico usado se tendran en cuenta los siguientes

elementos:

1. By susigno.

2. Significatividad de . Se usarén niveles de significacion al 1%, al 5% vy al

10%.

3. Odds ratio, dado por e? € (0, ).
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2. Objetivos

Esta Tesis Doctoral tiene por objetivo general analizar qué variables del contexto
del estudiante potencian la condicion de resiliencia académica del mismo y cuantificar el
impacto de dichas variables. Para lograr este objetivo se construyé un modelo para
caracterizar la resiliencia y de este modo poder clasificar a los estudiantes como
resilientes o no resilientes. Una vez conseguido este hito, se hizo una revision exhaustiva
de las referencias bibliograficas que tratan la resiliencia académica y los antecedentes que
incrementan su probabilidad. Con posterioridad se profundiz6 en las evaluaciones
educativas internacionales a gran escala, pues seria la fuente de informacidn que se usaria
en los andlisis. De dichas evaluaciones se obtuvieron las variables de rendimiento y de
nivel socioeconomico y cultural que determinarian la resiliencia o no del estudiante.
Como paso final se seleccion6 un amplio conjunto de variables del contexto del alumno;
individuales, familiares, del entorno educativo y docente que fueron objeto de analisis
para identificar cuéles de ellas eran significativas y en qué medida sobre la condicion de

resiliencia. Para alcanzar el objetivo general se plantean cuatro objetivos especificos:

e Objetivo 1: Construir un procedimiento que sea capaz de identificar la
resiliencia o no de un estudiante.

e Objetivo 2: Estimar el porcentaje de alumnado resiliente de los paises
analizados.

e Objetivo 3: Identificar qué variables del contexto del estudiante son
significativas tanto positiva como negativamente sobre la condicion de
resiliencia.

e Objetivo 4: Estimar en qué medida las variables significativas tienen impacto

sobre la condiciodn de resiliencia.
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Trabajaremos sobre la hipotesis general de que si se identifica al alumnado
resiliente y qué variables hacen que lo sea se podran dictar politicas publicas de educacion
que reduzcan el fracaso escolar aumento la proporcion de alumnado resiliente. Se
plantean cuatro hipotesis especificas una para cada uno de los objetivos especificos

establecidos:

Hipdtesis 1: Si se consigue un procedimiento para identificar al alumnado
resiliente podremos clasificarlos de manera inmediata y evaluar su contexto
de un modo integral.

e Hipdtesis 2: Si se estima el porcentaje de alumnado resiliente de cada pais,
sera posible analizar sus politicas de educativas y evaluar cuales de ellas
incrementar la probabilidad de resiliencia.

e Hipdtesis 3: Si se identifican las variables que tienen impacto sobre la
condicion de resiliencia se podra incidir en ellas mediante politicas publicas y
mejorar los porcentajes de alumnado resiliente.

e Hipdtesis 4: Si se cuantifica el impacto de las variables significativas, se podra

también cuantificar en qué medida sera necesario incidir para conseguir mas

eficiencia en las politicas.

Resiliencia Académica en las Evaluaciones Internacionales PIRLS, TIMSS y PISA | Objetivos 33



3. Publicaciones

Los objetivos e hipotesis planteados se desarrollan con detalle en los cinco articulos
que se presentan, todos ellos publicados en revistas de Factor de Impacto JCR (Journal
Citation Reports). En el primer articulo Educational Resilience in Reading
Comprehension: Determinant factors in PIRLS-Europe (Garcia-Crespo et al., 2019b) se
propone un procedimiento para clasificar al alumnado resiliente y analizar variables
individuales y de centro que tengan impacto en la condicion de resiliencia en lectura en
la UE en 4° grado. El segundo articulo Resilient and low performer students: Personal
and family determinants in European countries (Garcia-Crespo et al., 2019a) pretende
contrastar como intervienen las variables individuales del estudiante para que este sea
resiliente o low performer (muy bajo rendimiento) en lectura en la UE en 4° grado. En el
tercer articulo Rising above their circumstances: what makes some disadvantaged East
and South-East Asian students perform far better in science than their background
predicts? (Clavel et al., 2021) se analiza el impacto de variables individuales (habilidades
cognitivas y no-cognitivas), familiares y del entorno escolar sobre la condicion de
resiliencia en alumnado de 15 de afios del Este y Sudeste asiatico. El cuarto articulo
Academic resilience in European countries: The role of teachers, families, and student
profiles (Garcia-Crespo et al., 2021) analiza un gran nimero de variables del maestro,
tanto individuales como de practica docente para conocer el impacto de la actividad
docente sobre la condicion de resiliencia. El quinto articulo Academic Resilience in
Mathematics and Science: Europe TIMSS-2019 data (Garcia-Crespo et al., 2022) analiza
variables individuales y centro que tengan impacto en la condicién de resiliencia en

matematicas y ciencias en la UE en 4° grado.
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3.1. Primer artituclo

Garcia-Crespo, F. J., Galian, B., Fernandez-Alonso, R., & Muiiiz, J.

(2019b). Educational resilience in reading comprehension: Deteminant

factors in PIRLS-Europe. Revista de Educacion, 384, 65-89.

doi:10.4438/1988-592X-RE-2019-384-413

El objetivo de este articulo es proponer un procedimiento analitico para clasificar
al alumnado resiliente y analizar mediante una primera aproximacion qué variables
individuales y de centro tienen impacto en la condicién de resiliencia en lectura en la UE
en 4° grado. La principal aportacion de este articulo a la Tesis Doctoral es encontrar el
procedimiento que permita clasificar al alumnado resiliente y una vision preliminar de las
variables que mayor relevancia tienen con respecto a la condicion de resiliencia y

contrastar los resultados con la literatura previa.

Factor de Impacto JCR 2020 = 1.057; Q4

Factor de Impacto 5 afios = 1.335
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Abstract

The socio-cultural context of students has a significant influence on their
academic performance, as indicated by the specialist literature on this subject.
This study focuses on students with socio-cultural disadvantages. Academically
resilient students are those who despite having unfavourable socioeconomic
conditions, achieve good academic results, performing much better than
expected. The main objective of this study is to identify the determinants of
educational resilience in Europe. The PIRLS 2016 study 4" grade student results
were used from the European Union member countries that participated in this
study. This data is the most up-to-date and allows for a large-scale evaluation of
different countries and their education systems. In order to scale the students
according to their socioeconomic level, a Social, Economic and Cultural Index
(SECD was developed. Academic performance was assessed through a reading

@ Funding: Ministry of Economy, Industry and Competitiveness, Reference PSI2017-85724-P.

Revista de Educacién, 384. April-jun 2019, pp. 65-89
Received: 16-05-2018  Accepted: | 1-02-2019

65



66
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comprehension test assuming that a good reading level will allow students to
achieve better results in other skills. A two-level hierarchical logistic model was
used, with student variables such as sex, school history, or personal and family
characteristics for level one, and variables specific to schools such as school
climate for level two. Differences were found between the different countries
of the European Union. Student confidence in reading and a favorable school
climate greatly increases the likelihood that a student will be academically
resilient. Some ideas are proposed to guide educational policy to compensate
for the previous socioeconomic disadvantages of the students, and thus improve
their resilience.

Key words: resilience, reading comprehension, PIRLS, hierarchical models,
academic performance, educational assessment

Resumen

El contexto socio cultural del alumnado influye notablemente en su
rendimiento académico, como indica una abundante literatura al respecto. Este
trabajo se centrard en el alumnado con desventaja socio cultural. El alumnado
académicamente resiliente es aquel que a pesar de tener unas condiciones
socioecon6micas desfavorables obtiene buen resultado académico, es decir, un
rendimiento muy por encima de lo esperado. El objetivo central del presente
trabajo es identificar los factores determinantes de la resiliencia educativa en
Europa. Se han utilizado los resultados del alumnado de 4° grado del estudio
PIRLS 2016 para los paises miembros de la Union Europea que participaron
en dicho estudio por ser estos datos los mas actuales que permiten comparar
mediante una evaluacion a gran escala a distintos paises y sus sistemas
educativos. Para escalar al alumnado segin su nivel socioeconémico se elabord
un Indice social, econémico y cultural (ISEC). El rendimiento académico
se evalu6 mediante una prueba de comprension lectora asumiendo que un
buen nivel competencial en lectura permitira al alumnado conseguir mejores
resultados en el resto de las competencias. Se utiliz6 un modelo jerarquico
logistico de dos niveles, usando variables asociadas al alumnado tales como el
sexo, historia escolar o caracteristicas personales y familiares, para el nivel 1,
mientras que para el segundo nivel se seleccionaron variables propias de los
centros educativos como el clima escolar. Se obtuvieron diferencias entre los
distintos paises de la Union Europea. La confianza del alumnado en la lectura
y un clima escolar favorable incrementan considerablemente la probabilidad de
ser académicamente resiliente. Se proponen algunas ideas para orientar sobre las
medidas en politica educativa para compensar las desventajas socioeconémicas
previas del alumnado y mejorar asi su resiliencia.

Palabras clave: resiliencia, comprension lectora, PIRLS, modelos jerarquicos,
rendimiento académico, evaluacion educativa
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Introduction

Modern educational systems periodically participate in evaluation
programs in order to check the quality of the education they offer (Garcia
Sanz, 2003). One of these programs is the Progress in International
Reading Literacy Study (PIRLS), a study backed by the International
Association for the Evaluation of Educational Achievement, which has
evaluated the reading comprehension of 4™ year primary students
every five years since 2001. Its objective is to gather information to
facilitate decision-making in educational policy that would improve
reading comprehension considering educational contexts (Ministerio de
Educacion, Cultura & Deporte, 2017). The product of these evaluations
which is probably most recognised are the student scores and competence
levels, which are interpreted with an expression that is comparable
or approximate to the participating countries’ and regions’ academic
performance (Cordero & Manchoén, 2014). However, the term academic
performance is controversial, as it is the final product of a process which
involves teachers, families, students and in fact the whole social, political
and cultural system surrounding the student (Lamas, 2015; Montes &
Lerner, 2011). Understanding the determinants of academic performance
is a necessary step towards being able to intervene and prevent school
failure (Barragan et al., 2016; Choi & Calero, 2013). Munoz-Izquierdo
and Guzman (2010) talk about the “elasticity” of performance because
they see it as being heavily influenced by various types of independent
variables which have been studied over time, reaching the conclusion
that it is “a complex, multidimensional factor which involves personal,
situational and environmental factors. No single variable alone can
explain it” (Barca, Mascarenhas, Brenlla & Moran, 2012, p. 373). Initially,
Coleman et al. (1966) associated academic performance with students’
socioeconomic contexts, and today this is being confirmed in all cultures
and educational systems (OCDE, 2016). However, it has also been
found that contextual background factors are not decisive, and that
personal and educational process characteristics have significant effects
on school results (Enriquez, Insuasty & Sarasty, 2018; Grotberg, 1995).
This background has led to the increased interest in recent years in the
study of academic resilience, the analysis of individual and school factors
that allow students from difficult cultural or economic backgrounds to
achieve good academic performances.
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The aim of this study is to determine which factors are most important
for academic resilience in reading comprehension. Resilience is “The
ability of a living being to adapt to a disruptive agent or an adverse
situation or state”, although the term is interpreted differently depending
on the context of its use (Carle & Chassin, 2004; Luthar, 2006). In
education, an academically resilient student is one who despite coming
from a disadvantaged social or family environment, achieves good
academic results (Servicio de Evaluacion Educativa, 2017). Resilience can
be taught and can be improved by the resources available to students from
their surroundings (Bernard, 1991), and is the product of the interaction
between attitudes, abilities and the family and contextual situation
(Manciaux, 2003; Rutter, 1993). Choi and Calero (2013) presented a
classic model in which the determinants of academic success operated
on three levels (individual, family and school) which may be of interest
when reviewing the available evidence about academic resilience. Jacob
(2002) associated resilience with certain individual characteristics such
as the capacity for attention, persistence, desire to learn, and ability to
work independently. In general, most research has indicated that resilient
students have robust personalities or personal fortitude (Kobasa, Maddi
& Kahn, 1982) and they stand out as being strong in their beliefs, being
positive about the future, having confidence in their abilities, and having
self-control, humour and autonomy (Gonzalez-Arratia & Valdez, 2007).
According to Waxman, Huang and Padron (1997) the characteristics
that differentiate the academically resilient student are: engagement
with reading and homework, high academic aspirations, good academic
self-concept, not having to repeat any school years, participation and
satisfaction. Student gender has been shown to be another individual
variable with differential effects on achievement (Moffitt, Caspi, Rutter &
Silva, 2001). Jacob (2002) found that girls exhibited higher mean scores
in variables associated with resilience: attention, persistence, interest in
learning, and ability to work alone. Kotliarenco, Caceres and Fontecilla
(1997) found that boys were usually less resilient than girls, who are better
able to adapt to adverse situations, something that seems to be confirmed
by the OECD (2018). However, the conclusions are not unanimous, as
Agasisti, Avvisati and Longobardi (2018) indicated that disadvantaged
girls were 9% less likely than boys from the same school to be resilient.

The family is the primary context of interaction, and it is evident
that it must have a direct effect on infant development, affecting
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personal characteristics and academic achievement. The positive effect
of interest and family involvement on education and learning has been
demonstrated by Kirjavainen and Loikkanen (1998), in a Finnish sample,
Feinstein and Symons (1999), with a UK sample, and by Fernandez-
Alonso, Alvarez-Diaz, Woitschach, Suarez-Alvarez and Cuesta (2017),
with Spanish data. Martin-Lagos (2018) showed that the likelihood
of getting better results was associated with high family educational
expectations. Kang (2007), with a South Korean population, highlighted
the role of the amount and quality of educational and cultural resources
available in the home. Grotberg (1995) asserted the effect of the home
on academic resilience as the family is the main protective factor for the
student being able to positively deal with adversity. Jadue, Galindo, and
Navarro (2005) indicated that this happens when families are concerned
about their children at the personal level, talking to their tutors, checking
homework and above all providing a stable environment of listening
and understanding. In contrast, these same researchers noted that
families with a low socioeconomic or cultural level were a risk because
of the lack of support for school tasks, little interest in their children’s
academic progress, family arguments, as well as poor understanding of
performance. In the light of these results, Mufioz and De Pedro (2005)
concluded that improving family participation in schools would improve
the chances of achieving academic resilience.

Sitting somewhere between family and school factors we find
attendance at pre-school education. The OECD (2018) noted that
schooling before the obligatory stage of education increases the chances
of being resilient. School is where students spend a large part of their
daily lives, therefore, as Jadue et al. (2005) indicated, it is in this context
that they can develop their capacity for resilience, being able to interact
with their peers. Agasisti et al. (2018) agreed that the school can make
efforts to encourage disadvantaged students to be resilient. For example,
schools with higher socioeconomic levels tend to have students who
are more likely to be resilient. This study also detailed the positive
relationship between school discipline and student resilience. Something
similar happens with teachers, whose role in the creation of surroundings
that encourage resilience is critical. If teachers are motivating, they can
positively influence the development of academic resilience, and on
the contrary, teachers with low expectations of their students, who are
demotivating and lack diverse methodologies can directly and negatively
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affect students (Jadue et al., 2005). Barragan et al. (2016) identified
leadership as one of the aspects that student achievement of objectives
most depends on, and Bettinger and Long (2005) indicated that the
teacher’s gender can influence achievement of educational goals and
mitigate disparities that may exist between students.

This study has two main objectives: a) identify resilient students in
terms of their Social, Economic and Cultural Index (SECI) and their results
in reading comprehension in the PIRLS 2016; and b) analyse which
factors predict resilience in reading comprehension in the educational
systems in the European Union.

Method

Participants

Fifty-nine countries and regions participated in PIRLS 2016 selecting
students by stratified two-stage sampling. Each country decided the
number and character of strata to best represent their population.
The two-stage model consisted of selecting schools with a probability
proportional to the size in the first stage and in the second stage selecting
the classes within the schools to participate. This study includes the 23
countries making up the European Union, although in practice there are
24 sample groups as Belgium separated the Flemish and French-speaking
populations. The final sample was 117,539 students from 4,324 schools
representing the school population in each country or region (Table 1)
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TABLE I. Sample of students and schools

Students Schools

Germany 3959 208
Austria 4360 150
Belgium (FI) 5198 148
Belgium (Fr) 4623 158
Bulgaria 4281 153
Czechia 5537 157
Denmark 3508 185
Slovenia 4499 160
Spain 14595 629
Finland 4896 151

France 4767 163
Hungry 4623 149
England 5095 170
Ireland 4607 148
Northern Ireland 3693 134
Italy 3940 149
Latvia 4157 150
Lithuania 4317 195
Malta 3647 95

The Netherlands 4206 132
Poland 4413 148
Portugal 4642 218
Slovakia 5451 220
Sweden 4525 154
Total 117539 4324

Procedure

The PIRLS 2016 test was applied by expert personnel not belonging to the
school. The test was given on one school day in two 40 minute sessions
with a break. Following the reading comprehension test, the students
were asked to complete a context questionnaire which took about 30
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minutes. The same day, questionnaires were given to the schools, the
teachers and the families (Martin, Mullis & Hooper, 2017).

Measuring Instruments

Reading comprehension test

The cognitive tests were created from within a theoretical framework
organised along two axes of specification: reading purposes and reading
comprehension processes (Mullis & Martin, 2015). The evaluation
stimuli are organised as a series of readings paired with multiple-choice
response items. The complete set of readings and items represent 8
hours of evaluation in total. In order to keep the evaluation time to 80
minutes the readings are spread over 16 different booklets following a
partially balanced incomplete block design (Fernandez-Alonso & Muiiz,
2011). The students scores in reading comprehension, which are used
as one of the criteria to determine academic resilience, are expressed
in a scale with a mean of 500 points and standard deviation of 100
points through five plausible values (Martin et al,, 2017), a method which
improves population parameters later obtained by maximum likelihood
procedures or Bayesian methods (von Davier, Gonzilez & Mislevy, 2009).

Social, economic and cultural index (SECI)

The socioeconomic level of students was evaluated using the SECI. This
indicator was created using an analysis of components which produced
a single score from the information from four groups of variables
from the context questionnaire: possessions in the home, books in the
home, highest academic qualifications of parents, and highest level of
employment of parents. The index is expressed in a normalised scale
with a mean of 0 and a standard deviation of 1 for the whole sample
(European Union) such that students with more socioeconomic and
cultural advantages would score more highly in the SECI and conversely,
more disadvantaged students would score lower. Evidence of validity for
the SECI and the other instruments used may be found in Martin et al.
(2017).

Revista de Educacién, 384. April-jun 2019, pp. 65-89
Received: 16-05-2018  Accepted: | 1-02-2019



Garcia-Crespo, f, Galidn, B, Femdndez-Alonso, R, Mufiiz, /. EDUCATIONAL ResILENCE IN ReADING COMPREHENSION: DETERMINANT FACTORS IN PIRLS-EuroPE

Students would be considered to be academically resilient if their
score in the SECI is in the lowest quartile for their country or region,
while at the same time, their result in the PIRLS 2016 is in the top quartile
of students evaluated in the European Union.

Figure 1 shows how the condition of academically resilient students
was determined in the case of Spain. The vertical line on the left marks
the first quartile of SECI in Spain (-0.764), while the positively sloped
line is the linear regression line predicting performance in PIRLS above
the third quartile based on student SECI scores. The intercept value of
the linear regression line is 589.31 points, which is the equivalent to
the 75% percentile scores in reading comprehension for the whole EU
supposing an SECI score of 0. The equation may be expressed as follows
Y =589.31 + 29.342 * SECI. The points on the Cartesian plane represent
individual cases; those on the left of the vertical line, and above the
regression line, are identified as resilient students, their SECI is in the
first quartile in Spain, and their performance is better than the third
quartile in achievement overall, once the SECI is discounted. In figure I,
these cases are in dark grey.

FIGURE 1. Determination of resilient students in Spain.
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Variables associated with resilience

Starting with the information in the context questionnaires, we selected
a broad mix of variables potentially associated with the condition of
resilience. These variables were organised in two levels of analysis. Level
1 collected the student variables such as sex, school history (attendance
at pre-school and early reading skill activities), individual characteristics
(enjoyment of reading, commitment to reading, reading confidence
and feeling of belonging at school), and family variables (enjoyment of
reading, family perception of school, and stimulation and encouragement
to read at home). Level 2 looked at three school variables: available
reading resources, school discipline and academic emphasis of the
school. The procedure for evaluation and construction of these variables
may be found in Mullis, Martin, Foy and Hooper (2017).

Data Analysis

As previously stated, PIRLS uses the method of plausible values. This
allows the fusion of Item Response Theory with latent regression
techniques in order to arrive at estimations of student performance which
ensure the accuracy of the distribution estimations for the population as
a whole or for sub-populations. Plausible values are not used to infer
individual performance but they do conserve the uncertainty relative to
each student. It is precisely this which means that additional analytical
procedures are needed to estimate student abilities. To produce consistent
estimations of the population statistics it is necessary to consider the
context questionnaires (Martin et al., 2017).

In order to avoid bias and to be consistent with the above, PIRLS uses
student and class background questionnaires to conserve the variability
of the data. This variability is essential to be able to apply the hierarchical
models in this study. The analysis procedures derived from the classical
general linear model (e.g. ANOVA and multiple regression) assume that
the cases are in a similar hierarchical order and are selected through
simple random sampling. However, it is rare for large scale educational
evaluations to comply with the supposed independence of data (Iniguez-
Berrozpe & Marcaletti, 2018). PIRLS 2016 uses a complex sample design
where the observations are not independent, as the students (level 1)
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from a similar class or school (level 2) are more similar to each other
than students from other classes or schools (De la Cruz, 2008). In nested
designs, each level of hierarchy has a different variability and the errors
are not independent, but the classical general linear model procedures
do not consider this interdependence of cases so their results may very
well be biased. Multilevel hierarchical models are specifically aimed at
the analysis of data that have this hierarchical structure and allow this
“design effect” problem to be corrected in those cases where there is no
independence.

The main statistical model in the family of multi-level hierarchical
models is the linear hierarchical model. This model is suitable for
continuous variables and for data with normally distributed random
effects in each level. In this study the dependent variable is binary ({0,
Not resilient}, {1, Resilient}), therefore it would not be realistic to assume
that the data complies with supposed normality. For that reason, we
used the binary multilevel logistic model (Bernouilli), where the variable
of interest only takes two values and which allows us to use various
types of predictor variables (continuous, discreet, binary, etc.) in all
analysis levels. The effects of the independent variables are presented as
probabilities, odds (possibilities) and odds ratios.

B Odds (possibilities) are a way of expressing the likelihood that
an event happens. It is a ratio of probabilities, the probability the
something happens over the probability that it does not: odds = n/
(1-m). It takes values in the interval (0,).

B Odds Ratios (OR) allow the comparison of the odds of different
values of an independent variable. Suppose that the odds of
someone having attended a pre-primary school being resilient
are 0.8, and the odds of someone who has not attended one are
0.4. The OR will be: 0.8/0.4=2, and indicates that a student who
attended pre-primary is twice as likely to be resilient as a non-
attendee. The OR quantifies and indicates the direction of the
relationship between the independent and dependent variables in
binary logistic regression. The following basic criteria should be
considered when interpreting OR values:

— An OR equal to 1 indicates that the likelihood of an event
happening is the same regardless of the value of the independent
variable.
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— If the OR is greater than 1, it indicates that the likelihood of the
event happening increases as the independent variable increases.

— If the OR is less than 1, it indicates that the likelihood of the
event decreases as the independent variable increases.

Assuming that the countries in the EU are a heterogeneous group and
have dissimilar education systems, one would expect that in each country
the independent variables would exhibit different effects on resilience.
As a consequence of that, we produced an independent model for each
country and obtained richer information from the available data. All of
the models are random intercepts produced with the HLMO6 software
using Laplace’s approximation for the estimation of the Bernoulli model
(Raudenbush & Bryk, 2002). The HLM6 model was chosen because it
allowed us to work with the plausible values in this model. As the PIRLS
2016 sample is probabilistic, the schools and students are weighted
according to their probabilities of selection such that these weightings
appropriately reconstruct the population sizes and proportions. We took
the variables SCHWGT and STUDWGT from the PIRLS 2016 database
which are the school weightings and student weighting in the school
respectively, and used them in all analyses to weight the results.

Missing data is common in this type of study, but this is particularly
concerning in additive designs as the lack of data in level 2 would mean
in practice missing the school and all students at that school in level 1.
While there are various methods for recovering missing data (Fernandez-
Alonso, Suarez-Alvarez & Muiiiz, 2012), on this occasion we used the
regression procedure which involves the SPSS Missing Value Analysis
module, noting whether the missing data was in level 1 or 2. If the
missing data was in the lower level, the school was used as the group
to perform the regression. If the missing data was a level 2 variable,
the regression was performed at country level. This gives an imputation
which is as close as possible to the record.

Results

Table II gives the SECI by country and the percentage of academically
resilient students in each country or region, together with the standard
errors of the estimated parameters. Overall in the EU the estimate is
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that 20.53% of students are resilient. Poland and Italy have the highest
proportion of resilient students, while Belgium (Fr) and Malta have the
lowest. The proportion of resilient students in Spain is statistically equal
to the EU proportion overall.

TABLE II. SECI and percentage of resilient students by country and region

Percentage of

SECI S.E. of SECI resilient S.E.of
students percentage

Germany 0.01 0.04 20 1.86
Austria 0.09 0.03 16.43 1.8
Belgium (Fl) 0.25 0.03 12.8 1.25
Belgium (Fr) 0.11 0.03 5.96 0.77
Bulgaria -0.24 0.06 27.48 34
Czechia 0.09 0.03 22.88 1.81
Denmark 0.65 0.03 17.45 1.56
Slovenia 0.16 0.03 22.09 1.9
Spain -0.02 0.03 20.93 I.1

Finland 0.49 0.02 32.76 1.95
France 0.01 0.03 11.88 1.21
Hungry 0 0.06 25.33 2.15
Ireland 0.23 0.03 36.23 1.9
Northern Ireland 0.34 0.03 36.9 2.03
Italy -0.45 0.04 40.57 1.88
Latvia 0.3 0.03 27.18 1.77
Lithuania 0.11 0.03 23.14 1.76
Malta -0.1 0.01 6.45 0.77
The Netherlands 0.45 0.03 19.23 1.85
Poland -0.04 0.03 42.22 22
Portugal -0.2 0.03 24.95 1.8
Slovakia -0.16 0.04 18.92 1.71
Sweden 0.66 0.03 18.8 1.6l
Total EU 0 0.01 20.53 0.29

Source: compiled by the researchers.
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Table III gives the results of the binary hierarchical logistic model by
country and region. In each case we show the most important estimations

associated with the variables of study, both level 1 (students) and level

2 (schools): coefficient, standard error of estimation of the coefficient,
p-value and odds ratio. The level of significance was set at 95% and
variables were significant for the model with a p-value below 0.05. The
statistically significant variables for the model in each country are marked

in grey and the odds ratios for those variables are in bold.

TABLE Ill. Summary of results of multilevel binary hierarchical logistic analysis

1G00

GRRS

GEAS

GDAS

SEX

HAPS

GSSB

GERL

GSLR

GSCR

HELA

HELT

HPCS

HPLR

Coefficient

-0.776

0.044

0439

0447

0.042

0275

0.167

-0.268

0.080

0593

0.184

-0.060

0016

0.179

S.E.

0254

0.135

0.157

0.160

0312

0218

0.126

0.134

0.167

0117

0.156

0.16l

0098

0.133

Germany

P-value

0.003

0.746

0.006

0.006

0.894

0.208

0.185

0.045

0631

0.000

0239

0.709

0.869

0179

Odds ratio

0.460

1.045

1.551

1.564

1.043

1317

1.182

0.765

1.083

1.809

1202

0942

1.016

1196

Coefficient

-1.240

0.023

0.604

0.007

0213

-0.173

-0.101

0210

-0.024

0.799

0.187

0031

-0.032

0.044

S.E.

0407

0.178

0273

029

0261

0.349

0.127

0.186

0.19%

0.107

0.157

0.132

0.120

0.154

Austria

P-value

0.003

0896

0.029

0981

0414

0620

0427

0.259

0.902

0.000

0233

0816

0.790

0.775

Odds ratio

0.289

1.024

1.829

1.007

0.808

0841

0904

0811

0976

2224

1.206

1.031

0.968

1.045

Coefficient

-2210

0.186

0231

-0.036

-0.546

0.730

0201

0014

0.065

0493

-0.072

-0.028

0.130

-0011

S.E.

0332

0.164

0.189

0.121

0.245

0353

0.150

0.150

0.099

0.109

0.090

0.129

0.124

0.104

Belgium (FI.)

P-value

0.000

0.259

0224

0.767

0.026

0.039

0.182

0924

0512

0.000

0424

0827

0.295

0918

Odds ratio

0.103

1.204

1.259

0.965

0.579

2.074

1222

1.014

1.067

1.638

0931

0972

1138

0989

Coefficient

2343

-0.281

0.533

0.181

-0.399

-0.056

-0.001

0485

0.668

0.050

0.035

-0.067

0218

S.E.

0227

0260

0.157

0.174

0301

0.158

0.159

0.160

0.143

0.179

0200

0.131

0.152

Belgium (Fr)

P-value

0.000

0.283

0.001

0299

0.185

0721

0.9%

0.003

0.000

0778

086!

0611

0.151

Odds ratio

0.096

0.755

1.704

1198

0671

0.945

0999

1.625

1.951

1.052

1036

0.936

1.244
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Bulgaria

Coefficient

-0.400

-0.061

0.366

0.005

-0.209

-0.076

-0.257

0.368

-0.240

0461

-0.099

0.225

-0.092

-0.102

S.E.

0.363

0.161

0221

0.158

0.253

0214

0.143

0113

0.109

0.122

0.087

0.114

0.170

0.148

P-value

0273

0.705

0.101

0977

0409

0722

0.073

0.002

0.028

0.000

0255

0.048

0.588

0491

Odds ratio

0670

0.941

1.442

1.005

0811

0927

0.774

1.445

0.786

1.586

0.906

1.253

0912

0903

Czechia

Coefficient

-1.840

-0.077

0.024

-0.059

0.170

0.948

0.285

-0.346

0.040

0627

-0.089

0.134

-0.118

0.280

S.E.

0272

0.136

0.132

0.166

0.190

0271

0.124

0.116

0.125

0.097

0123

0.103

0.109

0.098

P-value

0.000

0570

0.854

0.724

0371

0.001

0.022

0.003

0751

0.000

0472

0.19

0279

0.005

Odds ratio

0.159

0.926

1.025

0943

1.185

2580

1,330

0.708

1.040

1.873

0915

1.143

0.889

1323

Denmark

Coefficient

-3.164

0.099

0.183

-0.335

-0.052

1.387

0224

-0.121

0.167

0.776

-0.066

0276

0.079

-0.066

S.E.

0.651

0.122

0.172

0.176

0.353

0.642

0.136

0.193

0.204

0.133

0.165

0.131

0.108

0.153

P-value

0.000

0419

0289

0.058

0.884

0031

0.101

0531

0413

0.000

0.690

0.036

0463

0.667

Odds ratio

0.042

1.104

1.201

0715

0950

4.003

1.251

0.886

1.182

2173

0937

1317

1.083

0936

Slovenia

Coefficient

-0813

-0.190

0242

-0.088

-0.567

0.156

0245

-0.599

0258

0693

0.178

0.101

-0.193

0.073

S.E.

0325

0.169

0.188

0.114

0.237

0.294

0.138

0.154

0.159

0.107

0117

0.099

0.126

0.170

P-value

0014

0.265

0.200

0442

0.017

0.59

0.076

0.000

0.104

0.000

0.126

0.307

0.127

0.667

Odds ratio

0.444

0.827

1.273

0916

0.567

1.168

1.278

0.549

1.295

1.999

1195

1.106

0825

1.076

Spain

Coefficient

-1.291

0.060

-0.076

0.098

-0.028

0.058

0210

-0.089

-0.160

0598

0.146

0.334

-0.074

-0.080

S.E.

0.187

0.080

0.069

0.076

0.129

0.183

0.074

0.087

0.070

0.088

0.084

0.101

0.070

0.081

P-value

0.000

0458

0.276

0.197

0831

0.751

0.005

0.309

0.023

0.000

0.081

0.001

0.292

0318

Odds ratio

0.275

1.061

0927

1103

0973

1.060

1.234

0915

0.852

1.819

1157

1.396

0929

0923

Finland

Coefficient

-0816

-0.147

0.057

0.283

0015

-0.040

0.061

-0.133

0.268

0634

-0.135

0.527

-0.019

0033

S.E.

0215

0.129

0.121

0.122

0.170

0213

0.095

0.120

0113

0.114

0.116

0.088

0.112

0.102

P-value

0.000

0.257

0.635

0.021

0929

0.853

0522

0.266

0018

0.000

0248

0.000

0.865

0.745

Odds ratio

0.442

0863

1.059

1.327

1.015

0961

1.063

0875

1.308

1.885

0874

1.693

098l

1.034
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Coefficient

-1.468

0.037

-0.095

0440

-0.549

-0.118

0.026

0.090

-0.201

0671

-0.068

0.5%

0.039

-0.025

S.E.

0334

0.183

0222

0.181

0.298

0.350

0.162

0.138

0.129

0.101

0.149

0.153

0.130

0.170

France

P-value

0.000

0841

0.670

0016

0.065

0.736

0874

0513

0.120

0.000

0.650

0.000

0.767

0.885

Odds ratio

0.230

1.038

0910

1.553

0.578

0.889

1.026

1.094

0818

1,956

0935

1.814

1.039

0976

Coefficient

-0.755

-0.028

-0.030

0394

-0.373

0256

0.255

0.005

-0.099

0.774

-0.112

0.143

-0.136

-0.092

S.E.

0418

0.158

0.179

0.138

0.199

0338

0.099

0.108

0123

0.100

0112

0111

0.112

0.139

Hungary

P-value

0.073

0.860

0.866

0.006

0.060

0450

0010

0964

0423

0.000

0320

0.197

0223

0.508

Odds ratio

0470

0972

0.970

1,483

0.689

1291

1.290

1.005

0.906

2169

0894

154

0873

0912

Coefficient

-0.963

0276

-0.011

-0.003

-0.269

0280

0332

-0327

0.075

0.580

0.169

0.665

-0.049

-0.064

S.E.

0221

0.082

0.075

0111

0.171

0.199

0.112

0.110

0.129

0.101

0.116

0.120

0.114

0092

Ireland

P-value

0.000

0.001

0879

0977

0.117

0.159

0.004

0.004

0.559

0.000

0.148

0.000

0.666

0488

Odds ratio

0.382

1317

0989

0997

0.764

1323

1.393

0.721

1.078

1.787

1184

1.945

0952

0938

Coefficient

-0.521

-0.074

0.137

0.130

-0.245

0.141

-0379

0212

0803

-0.050

0.192

-0.053

S.E.

0.193

0.157

0.140

0217

0.185

0.144

0.112

0.121

0.102

0.103

0.131

0092

P-value

0.008

0638

0328

0.552

0.186

0.326

0.001

0.082

0.000

0.627

0.142

0.562

Northern Ireland

Odds ratio

0.594

0929

1147

1138

0.783

1152

0.684

1.236

2233

0951

1.212

0.948

Coefficient

-0.482

-0.094

0.128

0.181

0.150

0411

0200

-0.061

-0.204

0.665

-0.031

0.147

0112

0.033

S.E.

0315

0.173

0.175

0.089

0.151

0311

0.123

0.127

0.105

0092

0.099

0.103

0.088

0.094

Italiy

P-value

0.128

0.588

0.465

0.044

0321

0.187

0.104

0.633

0.052

0.000

0.754

0.153

0.203

0722

Odds ratio

0617

0911

1137

1.199

1.162

1.509

1222

0941

0816

1.944

0970

1.158

L1119

1.034

Coefficient

-0277

0016

0.241

0.195

-0.568

-0.236

0213

-0315

-0.139

0.721

-0.044

0.388

-0.113

0111

S.E.

0.487

0.100

0.165

0.137

0.235

0418

0.156

0203

0.138

0.144

0.106

0.149

0.110

0.151

Latvia

P-value

0.569

0870

0.146

0.158

0016

0573

0172

0.121

0314

0.000

0675

0010

0.306

0464

Odds ratio

0.758

1.016

1.273

1215

0.566

0.790

1238

0.730

0870

2058

0957

1.474

0893

0.895
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Lithuania

Coefficient

-1.406

0010

0.101

0.345

-0.383

0.258

-0019

0.031

-0343

0.654

-0.093

0.644

0.092

0.021

S.E.

0221

0.150

0.160

0.140

0.269

0.206

0.133

0173

0.143

0.122

0.144

0.151

0.151

0.118

P-value

0.000

0947

0530

0015

0.155

0211

089

0857

0017

0.000

0520

0.000

0542

0.858

Odds ratio

0.245

1.010

1.106

1.412

0.682

1.294

0.982

1.032

0.710

1.923

0912

1.904

1.09

1.021

Malta

Coefficient

-2.605

-0.140

0.110

0222

-0.395

0.117

0.021

0262

-0.063

0875

0.130

0249

-0.007

-0.101

S.E.

0513

0.162

0.187

0212

0.300

0421

0.132

0.181

0.140

0.118

0.147

0.168

0.270

0.148

P-value

0.000

0389

0.560

0299

0.188

0.782

0871

0.149

0651

0.000

0377

0.139

0.980

0496

Odds ratio

0.074

0.869

.16

0.801

0.674

0.890

1022

1.299

0939

2398

1139

1.283

0.993

0904

The Netherlands

Coefficient

-1.628

0.281

-0.049

0.032

-0.375

0379

0.240

-0.450

0486

0.503

0.144

029

-0.061

0259

S.E.

0416

0.174

0.171

0.176

0.262

0447

0.120

0.161

0.140

0.098

0.140

0.157

0.130

0.139

P-value

0.000

0.110

0.774

0.855

0.153

0397

0.044

0.006

0.001

0.000

0.305

0.058

0638

0.063

Odds ratio

0.196

1324

0952

1033

0.687

1461

1.272

0.638

1,625

1,653

1154

1.345

0.941

1295

Poland

Coefficient

-0.153

-0.267

0.064

0.383

-0.430

0.091

0.030

-0.051

-0.360

0612

-0.240

0519

0.108

0257

S.E.

0225

0.084

0.127

0.137

0.195

0237

0.125

0.147

0.132

0.105

0.116

0.158

0117

0.128

P-value

0498

0.002

0618

0.006

0.027

0.701

0813

0.725

0.007

0.000

0.038

0.001

0.356

0.044

Odds ratio

0.858

0.765

1.066

1.466

0.650

1.095

1.030

0950

0.698

1.844

0.786

1.680

114

1.293

Portugal

Coefficient

-0.645

-0.177

0.007

0243

-0.193

-0.053

0.131

0.008

-0.254

0.804

-0.048

0.163

-0.142

0.065

S.E.

0273

0.135

0.120

0.116

0.160

0220

0.0%

0.095

0.09%4

0.085

0.080

0077

0.088

0.093

P-value

0019

0.190

0.952

0.037

0229

0.808

0173

0937

0.007

0.000

0.549

0.035

0.107

0.484

Odds ratio

0.525

0837

1.007

1.275

0824

0948

1139

1.008

0.775

2234

0953

LIT7

0.868

1.067

Slovakia

Coefficient

-1.385

-0221

0401

0.039

0.120

0719

0.068

-0.068

0.106

0.566

-0.009

-0.035

-0.075

0179

S.E.

0251

0.183

0.162

0.145

0.187

0.260

0.114

0.115

0.117

0.086

0.116

0.107

0.090

0.103

P-value

0.000

0.229

0015

0.789

0522

0.006

0.548

0.555

0.365

0.000

0937

0.741

0.408

0.082

Odds ratio

0.250

0802

1.493

1.040

1128

2.053

1.071

0934

1112

1.761

0991

0.965

0928

1196
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Coefficient | -2301 | 0249 | -0.097 | 0.178 | 0.074 | 0.764 | 0.005 | -0.400 | 0.210 | 0.546 | -0.144 | 0522 | -0.038 | -0.039
SIES 0411 | 0.154 | 0.159 | 0.190 | 0229 | 0.346 | 0.132 | 0.146 | 0.112 | 0.133 | 0.105 | 0.136 | 0.098 | 0.I11
P-value | 0.000 | 0.108 | 0544 | 0.350 |0.746 | 0.027 | 0.972 | 0.007 | 0.06! | 0.000 | 0.173 | 0.000 | 0.696 | 0.724

Sweden

Odds ratio | 0.100 | 1283 | 0.908 | 1.195 | 1.077 | 2.147 | 1.005 | 0.670 | 1233 | 1.727 | 0.866 | 1.685 | 0.962 | 0.962

IGO0: Intercept, GRRS: limited teaching due to lack of reading resources , GEAS: academic emphasis in the school, GDAS:
school discipline, SEX: sex of student, HAPS: attendance at pre-primary school, GSSB: feeling of belonging at school, GERL:
student commitment to reading classes, GSLR: student enjoyment of reading, GSCR: reading confidence, HELA: early reading
skill activities before attending school, HELT: early reading comprehension activities, HPCS: family perception of school HPLR:
family enjoyment of reading

Source: compiled by the researchers..

Conclusions

This study had two objectives: establish a procedure to identify
academically resilient students in reading comprehension, and analyse the
associated individual, family, and school factors. With respect to the first
objective, we estimate that in the EU, one in five students is academically
resilient in reading. However, there were significant variations in the
proportion of resilient students in each country. In some cases just over
5% of the student population were resilient, while in others this figure
was over 35%.

In terms of the second objective, the results confirm that the impact
on resilience of each analysed variable varied by country, probably
due to cultural differences or perhaps as a consequence of the distinct
education systems in each country (Mullis, Martin, Goh & Prendergast,
2017; OCDE, 2016). Nonetheless, there were some common general
patterns, with one variable in each level standing out from the rest. At
the student level (Level 1) the variable related to reading confidence
(GSCR) was statistically significant in all countries, showing that students
who exhibited more self-confidence in their reading were twice as likely
to be resilient as those with less confidence. This is in line with Jacob
(2002) and Waxman, Huang and Padron (1997), who stated that resilient
students have more confidence in their reading potential and are more
industrious and persistent in their tasks. At the school level (Level 2), the
variable with the greatest effect is school discipline (GDAS), a high value
in the index of school discipline may mean more than a 50% chance of
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a student at that school being resilient, confirming findings from Agasisti
et al. (2018).

Apart from student reading confidence, it is worth noting other student
factors, either because they are high, or scarce. Having had early reading
comprehension activities (HELT) was significant in 11 of the countries
examined, where students who did these activities before attending
primary school were more likely to be resilient than those who did not.
The increase in probability of being resilient in this variable ranged
between 17.7% in Portugal and 94.5% in Ireland, which supports the
findings of the OECD (2018) in terms of the benefits of students starting
primary school with prior knowledge of reading. Student commitment
in reading classes (GERL) and reading enjoyment (GSLR) were also
significant in a number of countries, although the important thing to
note in this case is that the effect could be positive or negative depending
on the country. Students who did not enjoy reading and had little
commitment in reading classes may become resilient, probably because
the effect of other factors compensates for these variables, although to
confirm this it would be necessary to do more analysis in future research.
Attending pre-primary school (HAPS) was statistically significant in five
countries, where it at least doubled the likelihood of being resilient,
especially in Denmark, where those attending two or more years of pre-
primary school were four times as likely to be resilient as those attending
one year or less, which coincides with results from the OECD (2018). A
sense of belonging at school (GSSB) also influenced resilience, although
in those cases the increased probability of being resilient was no more
than 40%. Family perception of school (HPCS) and family enjoyment of
reading (HPLR) were not significant in this study, in contrast to other
research such as Martin-Lagos (2018), which did indicate the importance
of family motivation.

For school variables other than school discipline, academic emphasis
at the school, when it is significant, may increase the probability of being
resilient by 82.9%, as in the case of Austria. However, a lack of reading
resources at school was not significant in the analysis of resilience,
probably because, as indicated by Gaviria, Martinez Arias, and Castro
(2004), the resources variable would tend to have a greater effect in
developing than developed countries.

This data has significant implications which could guide education
policies, and seems to indicate that efforts to improve student resilience
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should be aimed at developing programs to improve reading confidence,
along with encouraging reading skill activities before primary school
as that would better compensate for situations of social, economic
or cultural disadvantage in terms of academic results. Pre-primary
development programs and early beginning of reading before attending
primary school will be key to improving the performance of students
in unfavourable situations, and it would also be useful to get the active
participation of families to improve the sense of belonging at school along
with their expectations for their children and the schools themselves.
One should not forget that a favourable school climate also brings with
it an increased likelihood that students will produce results above what
might be expected for their SECI.

The results of this study should be evaluated in light of some limitations,
which should be considered in future research. Firstly, and given the
nature of PIRLS studies, some student variables that may influence
resilience were not available, such as cognitive skills, personality profiles,
or learning styles and family involvement (Santos, Ferraces, Godas &
Lorenzo, 2018). Another limitation is that this study used a transversal
design which does not allow us to examine progression over time, which
would be extremely interesting. We do not know whether our results
for Reading Comprehension would be generalisable to other areas of
academic performance such as science or mathematics. Looking to the
future, it would be advisable to include recent methodological advances
in the construction and analysis of indicators (Byrne & van de Vijver,
2017; Suarez et al., 2018).
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3.2. Segundo articulo
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El principal objetivo de este articulo es comprobar como se comportan las
variables que tienen impacto en la condicidn de resiliencia (postiva o negativamente) en
aquellos estudiantes que se consideran de muy bajo rendimiento. La principal aportacion
de este articulo a la Tesis Doctoral es demostrar que el efecto estadisticamente
significativo en un sentido y en una de las probabilidades (resiliencia 0 muy bajo
rendimiento), en la otra podra ser estadisticamente significativo en sentido contrario o sin

efecto.
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Abstract

Background: Students’ academic achievement depends on their personal,
family and sociocultural characteristics. This study aims to identify the
personal and family factors of European students who do not perform
as expected, whether by surpassing expectations (resilient) or by failing
to meet them (low performers). Method: The sample was composed of
117,539 fourth grade students who completed the Progress in International
Reading Literacy Study (PIRLS) test, from 23 European Union countries.
Academic performance was evaluated via a reading comprehension test.
For each country, two binary logistic regression models were used, one for
resilient students and the other for low performers. Variables related to
the students and their families were used as predictor variables. Results:
Significant differences were found between European countries in terms of
the proportion of resilient and low performing students. The two variables
with the most predictive power were student confidence with reading, and
having done early literacy activities. Conclusions: Students’ personal
characteristics and family conditions are instrumental in students being
considered resilient or low performers.

Keywords: Resilience, academic low performing, reading comprehension,
PIRLS.

Resumen

Estudiantes resilientes y de bajo rendimiento: determinantes personales y
familiares en paises europeos. Antecedentes: el rendimiento académico
de los estudiantes depende de sus caracteristicas personales, familiares
y socioculturales. El presente trabajo trata de identificar los factores
personales y familiares de los estudiantes europeos que no obtienen el
rendimiento esperado, bien sea porque superan las expectativas previas
(resilientes), o porque rinden por debajo de lo esperado (low performers).
Meétodo: la muestra estd formada por 117.539 estudiantes de cuarto grado
que realizaron la prueba de Progress in International Reading Literacy
Study (PIRLS), pertenecientes a 23 paises de la Unién Europea. El
rendimiento académico se evalu6 mediante una prueba de compresion
lectora. Para cada pais se utilizaron dos modelos de regresion logistica
binaria, uno para los alumnos resilientes y otro para los low performers.
Como variables predictoras se utilizaron variables asociadas al alumno y
a su familia. Resultados: se han obtenido diferencias importantes entre
los paises europeos en relacion a la proporcién de alumnos resilientes y
low performers. La confianza de los estudiantes en la lectura y el haber
realizado actividades de alfabetizacién temprana son las dos variables con
mayor poder predictivo. Conclusiones: las caracteristicas personales del
alumnado y sus condiciones familiares son determinantes para que los
estudiantes sean considerados resilientes y low performers.

Palabras clave: resiliencia, bajo rendimiento académico, comprension
lectora, PIRLS.

A deep understanding of what personal, social and family
factors most affect academic performance is particularly important
in improving student achievement and reducing academic failure
(Barragdn et al., 2016; Berliner, 2009; Carrillo, Civis, Blanch,
Longids, & Riera, 2018; Henderson & Milstein, 2003; Jensen, 2013;
Stockton, 2011). In this context, resilient students are those who
achieve academic success despite adverse socioeconomic conditions,
and low performers are those whose performance is worse than
expected (Garcia-Crespo, Galidn, Ferndndez-Alonso, & Muiiiz,
2019; Organisation for Economic Co-operation and Development
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(OECD), 2011; Servicio de Evaluacion Educativa, 2017). Identifying
the variables that promote resilience and reduce the proportion of
low performers is fundamental in being able to help students and
improve how education systems work. Choi and Calero (2013)
indicated that students’ capacity for resilience comes from the
interaction between personal, family and school variables. Erberber,
Stephens, Mamedova, Ferguson and Kroeger (2015), using results
in science and mathematics from the TIMSS 2011, found that the
factors that most affect student resilience were individual, such as
the students’ own expectations, whether they liked mathematics, or
whether they were bullied at school, along with school-related factors,
such as expectations of student performance, percentage of students
with low socioeconomic levels, the school’s interest in academic
success, school safety and discipline, and the amount of academic
resources. In general, most researchers have indicated that student’s
personal characteristics are the most significant. Martin and Marsh
(2003) highlighted qualities such as self-confidence, the feeling of
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freedom and low anxiety accompanied by persistence and tenacity.
Veas, Lopez-Lépez, Gilar, Mifiano and Castejon (2017) had similar
findings, and Jacob (2002) highlighted the capacity for attention,
persistence, eagerness to learn and ability to work independently.
Gonzilez-Arratia and Valdez (2007) focused on a student’s ability
to maintain positive thinking about their vision of the future, which
gives them more confidence in themselves, maintaining their ideals,
and having autonomy and self-control. Kobasa, Maddi and Kahn
(1982) underlined the importance of personal fortitude, Castejon,
Gilar, Mifiano and Veas (2016) highlighted that the difference
lies in the student’s intrinsic motivation, and Anwar, Shamim-ur-
Rasool and Haq (2012) stated that creativity is decisive. Family can
also be instrumental in achieving good results, as an association
has been found with the academic expectations parents have for
their children (Martin-Lagos, 2018). Fernandez-Alonso, Alvarez-
Diaz, Woitschach, Sudrez-Alvarez and Cuesta (2017) proposed that
students who presented a more distant or indirect profile of family
involvement tended to have better results than students from more
controlling homes. For Waxman, Huang and Padron (1997), the
characteristics that make a student resilient were enthusiasm for
and dedication to reading and homework, the students’ academic
objectives, their academic self-concept, and not repeating a
school year. More specifically, what really marked the difference
between good and poor student achievement was their motivation
for reading, which also influenced their self-concept and general
motivation (Vaknin-Nusbaum, Nevo, Brande, & Gambrell, 2017).
Along similar lines, Garcia-Crespo et al (2019) demonstrated that
students’ confidence with reading and a favorable school climate
made it much more likely for a student to be resilient, but not the
extent nor what values make a student a low performer. Identifying
the variables associated with students getting lower than expected
results is extremely important in order to reduce academic failure
and improve education systems (Rodriguez-Rodriguez & Guzmdn,
2019; Valle, Regueiro, Rodriguez et al., 2015).

Within this context, the objective of this research is to thoroughly
analyze which personal and family variables are determinant when
it comes to identifying resilient students and low performers. This
general objective includes three specific objectives. First, examine
whether the frequency of resilient students and low performers are
homogeneously distributed in the 23 European Union countries that
participated in the PIRLS-2016 test. This analysis will allow us to
understand the behavior of European educational systems, and
identify those that foster resilience and minimize low performers.
Second, identify which personal and family variables are most
significant in explaining resilient and low performing conditions, and
check their invariance in relation to European Union countries. The
third objective is to see what values of the variables identified as being
significant make a student stop being a low performer and become
resilient. Apart from the intrinsic scientific interest in these objectives,
achieving them would have implications in application, which would
on the one hand help students, increasing the proportion of resilient
students compared to low performers, and on the other hand, improve
how education systems work, making them more effective.

Method
Participants

The sample was composed of 117,539 students at 4,324 schools
in 23 European Union countries (table 1).
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Table 1
Sample description
Country Number of students Number of schools

Austria 4360 150
Belgium (Flemish) 5198 148
Belgium (French) 4623 158
Bulgaria 4281 153
Czech Republic 5537 157
Denmark 3508 185
England 5095 170
Finland 4896 151

France 4767 163
Germany 3959 208
Hungary 4623 149
Ireland 4607 148

Italy 3940 149
Latvia 4157 150
Lithuania 4317 195

Malta 3647 95

Netherlands 4206 132
North Ireland 3693 134
Poland 4413 148

Portugal 4642 218

Slovak Republic 5451 220
Slovenia 4499 160
Spain 14595 629
Sweden 4525 154
Total 117539 4324

The sampling was two-stage, sequential stratified by clusters,
which is what is used in the PIRLS-2016 test. Each country
determined which strata best represented the object population
of the study, students who had had four years of compulsory
schooling (4" grade). The two-stage model selected schools in the
first stage, with a probability proportional to size. In the second
stage, classes within the school were selected to participate. In
this study, we used 24 samples, corresponding to the 23 European
Union participants in PIRLS-2016, as Belgium included two
samples, one Flemish-speaking and one French-speaking. Data
from England could not be analyzed as they do not provide data
from family questionnaires, which prevented us from creating
an indicator of student socioeconomic level, something which is
fundamental in this study to identify resilient students and low
performers.
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Instruments

Reading Comprehension test. In PIRLS, Reading aims and
reading comprehension processes are evaluated (Mullis &
Martin, 2015). To that end test booklets were created following
the theoretical framework designed by the TIMSS & PIRLS
International Study Center, Lynch School of Education, Boston
College, and IEA. Creating the test booklets begins with selection
of the readings, from which the items are created. There are
six literary readings and six informative readings with which
16 models of test booklets are constructed using an incomplete
partially balanced design (Ferndndez-Alonso & Muiiiz, 2011).
Each student is assigned one test booklet comprising one literary
text and one informative text, and the student must answer an
average of 17 items per text. Some of the items are dichotomous,
others partial credit, with three or four categories. Item Response
Theory (IRT) models were used to assign scores to each scale with
a mean of 500 and standard deviation 100, through five plausible
values (Martin, Mullis, & Hooper, 2017). This process gives better
population parameters than maximum likelihood procedures or a
posteriori Bayesian methods (von Davier, Gonzélez, & Mislevy,
2009). The psychometric properties of the test may be found in
Martin, Mullis, & Hooper (2017).

Index of Economic, Social and Cultural Status (ESCS). This
index was created from four variables included in the student
and home context questionnaires: a) Home possessions, which
has a value of 0 to 4 depending on whether the student responds
that they have a computer or tablet, study desk, their own room,
and internet connection, b) books at home, with five categories
depending on the number of books, ¢) parents’ highest education
level, with five values based on the level of education that the
students’ parents have completed, d) parents’ highest occupation
level, with six categories: 0 (never had paid work), 1 (unskilled
laborer), 2 (skilled worker), 3 (clerical), 4 (small business owner),
and 5 (professional).

The ESCS index was obtained via Principal Component
Analysis of the four variables, which explain 50.88% of the total
variance, meaning it may be considered essentially unidimensional
(Sudrez-Alvarez et al., 2018; Villegas et al., 2018). According
to this index, a student is resilient if they have an ESCS index
below the first quartile in their country, and their performance in
PIRLS 2016 is above the third quartile, once the individual ESCS
is discounted. If their performance is below the first quartile of
European Union achievement we can say that the student is an
academic low performer.

Predictor variables of academic achievement. Ten variables
were considered as predictor variables of academic achievement,
eight student variables and two related to the family.

Student variables:

— Gender: female and male

— Student attended preschool, with two categories: 1 year or
less, and two or more years

— Students’ sense of school belonging, students were asked
how much they agreed with five statements about their
attitude toward school, 1 (I like being in school), 2 (I feel
safe when I am at school), 3 (I feel like I belong at this
school), 4 (Teachers at my school are fair to me), and 5 (I
am proud to go to this school)

— Students engaged in reading lessons, students were scored
according to their level of agreement with nine statements
related to their reading commitment.

— Students like reading, students were scored on this scale
according to their level of agreement with eight statements
and how often they did two reading activities outside of
school

— Students confident in reading, students were scored
according to their degree of agreement with six statements:
1 (I usually do well in reading), 2 (Reading is easy for me),
3 (I have trouble reading stories with difficult words), 4
(Reading is harder for me than for many or my classmates),
5 (Reading is harder for me than any other subject), and 6 (I
am just not good at reading).

— Early preschool literacy activities, students were scored
according to their parents’ frequency of doing the nine
activities: 1 (Read books), 2 (Tell stories), 3 (Sing songs),
4 (Play with alphabet toys, e.g., blocks with letters of the
alphabet), 5 (Talk about things you had done...).

— Early literacy tasks, students were scored according to their
parents’ responses to how well their children could do the
six tasks: 1 (Recognize most of the letters of the alphabet),
2 (Read some words), 3 (Read sentences), 4 (Read a story),
5 (Write letters of the alphabet), and 6 (Write some words).

Family variables:

— Parents’ perceptions of child’s school. Students were
scored on this scale according to their parents’ responses
to six statements about the school: 1 (My child’s school
does a good job including me in my child’s education), 2
(My child’s school provides a safe environment), 3 (My
child’s school cares about my child’s progress in school),
4 (My child’s school does a good job informing me of their
progress), 5 (My child’s school promotes high academic
standards), and 6 (My child’s school does a good job in
helping them become better in reading).

— Parents like reading. Students were scored on this scale
according to their parents’ responses to eight statements about
reading, as well as how often they read for enjoyment.

Using IRT partial credit scaling, the variables were transformed
to a scale with a central point of 10, corresponding to the mean of
all the countries that completed the PIRLS test. The scale units
were chosen so that two points in the score on the scale would
correspond to the logit standard deviation in all countries (Martin,
Mullis, & Hooper, 2017; Mullis, Martin, Foy, & Hooper, 2017).
For the statistical analyses, all variables were normalized with a
mean of 0 and standard deviation of 1 for all European Union
countries participating in the study.

Procedure

The application of the PIRLS 2016 test followed the standards
of the International Association for the Evaluation of Educational
Achievement (IEA). The application was as follows: two 40-
minute sessions with a 30 minute break and a student context
questionnaire. (Martin, Mullis, & Hooper, 2017). It also included
a home questionnaire (Learning to Read Survey), a teacher
questionnaire and a school questionnaire.
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Data analysis

In order to ensure the accuracy of the estimations of the
combined distributions of populations or subpopulations,
the PIRLS test uses plausible values, combining IRT models
with latent regression techniques. The plausible values are not
used to estimate individual student achievement, although the
relative uncertainty is conserved. Therefore additional analytical
procedures are needed to estimate student scores. In order
to make estimations that are consistent with the population
statistics, the context questionnaires must be considered (Martin,
Mullis, & Hooper, 2017). To avoid bias and to be consistent with
the above, PIRLS uses the student and class context variables to
conserve the variability of the data. This variability is essential
to be able to apply the models used in our study. The analysis
procedures derived from the general classical linear model
assume that cases are selected through simple random sampling.
However, large-scale educational evaluations do not usually
comply with the assumption of independence of the collected
data (Ifiguez-Berrozpe, & Marcaletti, 2018). As previously
stated, PIRLS 2016 used a complex sample design (two-stage
stratified sequential sampling by clusters), where the observations
are not independent, as the students (stage 2) within a single class
or school (stage 1) are more similar to each other than to students
in other schools (De la Cruz, 2008). In nested designs, each level
of the hierarchy has a different variability and the errors are not
independent, but classical general linear models do not address
this interdependence of cases and so results from them will most
likely exhibit bias.

All models were made with IEA’s IDBAnalyzer© software
which allows analysis using plausible and replica values. The reason
for using replica values is determined by the correct calculation
of the standard errors of estimation, the sampling method used
brings with it a variability that is not found in simple random
sampling, called sampling variability (Martin, Mullis, & Hooper,
2016). The most common procedure for calculating sampling
variability in designs such as PIRLS is through a resampling
scheme with balanced repetition and Jacknife technique (Johnson
& Rust, 1992; Wolter, 1985). PIRLS uses a variation of Jacknife
called Jacknife repeated replication (JRR) to estimate sampling
variance. JRR is an easy to calculate method that gives unbiased
estimations of sampling variances for the sampling errors of the
means, totals and percentages. Because PIRLS uses probabilistic
sampling of schools and students, any calculation must be
weighted in accordance with the probabilities of selection, in this
way each student will be appropriately represented depending
on the probability of being selected in the sample. The variable
SCHWGT was taken from the PIRLS 2016 database, which gives
the student sampling weight, and will serve as the weighting for
the student. There are a large number of methods for recovering
missing data (Ferndndez-Alonso, Suz’irez—Alvarez, & Muiiiz, 2012),
and in this case we used the regression procedure implemented by
the Missing Value Analysis module in SPSS, taking the class the
student belongs to as the segmentation. In order to check whether
levels of resilient and low performing students are distributed
homogeneously throughout the European Union countries (the first
objective), the ESCS of the students must be estimated. As already
indicated in the measurement instruments section, the ESCS was
obtained via a PCA of the four variables collected in the student
and family questionnaires. Pearson correlations were calculated

366

between the variables making up the ESCS, along with the weights
of each variable in the extracted Principal Component.

In order to achieve the second objective, we used binary
logistical regression for both the analysis of resilience and
low performing students. The criterion variable was student
academic achievement in reading comprehension in the PIRLS
test, dichotomized in terms of resilience (resilient - not resilient)
and low performing (low performer — not low performer). The
predictor variables were all those related to the student and family
described in the corresponding section.

The following indicators were used for the analysis of the
statistical model used, along with its goodness of fit: Cox and
Snell’s R* (CSR) and Nagelkerke’s R* (NKR), which indicate
the part of the variance in the criterion variable explained by the
predictor variable, b) 3 and its sign. Positive values of § indicate
direct, positive impact of the predictor variable on the criterion
variable, negative values indicate an opposite impact, ¢) the Odds
ratio = e, which allows us to compare the odds of different values
of a predictor variable, indicating the magnitude of the impact,
with a value of 1 indicating that 3 has no impact. The further
from 1, in either direction, the greater the impact, albeit direct or
indirect (Garcia-Crespo et al, 2019), d) significance of 3, variables
were selected that were significant at 5% and 10%.

Results
Index of Economic, Social and Cultural Status

Table 2 gives the Pearson correlations between the variables
used to construct the ESCS.

The loadings for each of the four variables in the Principal
Component extracted are 0.134 for home posessions, 0.541 for
books at home, 0.709 for parents’ highest education level and 0.652
for parents’ highest occupation level, which explains 50.88% of the
total variance (table 3). The principal component was normalized
with a mean of 0 and standard deviation 1 for the combined 23
samples from the European Union.

Resilient and low performers in European Union countries

The results relating to the first research objective are presented
in table 4, showing the ESCS and the percentages of academically
resilient students and low performers by country, together with the
standard errors of the estimated parameters.

Poland (42.22%) and Italy (40.53%) had the highest proportions
of resilient students, while French-speaking Belgium (5.96%)
and Malta (6.45%) had the lowest. There is a large difference
in the numbers of resilient students between countries. When it

Table 2
Pearson correlations between the variables making up the “Index of Economic,
Social and Cultural Status”

1 2 3 4
Home posessions (1)
Books at home (2) 0.133™
Parents” highest education level 3) 0.172"" 0468
Parents’ highest occupation level 4) 0.167" 0395 0.575™

w5 p <001
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comes to low performers, Malta (59.24%) and French-speaking
Belgium (47.60%) had the highest proportion, while Italy (14.05%)
and Poland (14.52%) had the lowest. Table 5 gives the values of

Table 3
Variance explained by “Index of Economic, Social and Cultural Status”
Initial Eigenvalues Extraction Sun}s of Squared

C Loadings

‘'ompo-

nent Total % of Cumula- Total % of Cumula-

variance  tive % Variance  tive %

ESCS 2.036 50.888 50.888 2.036 50.888 50.888
2 0928 23.201 74.089
3 0.622 15.548 89.637
4 0415 10.363 100.000
Extraction Method: Principal Component Analysis

Cox and Snell’s R? (CSR) and Nagelkerke’s R? (NKR) for each
regression.

Taking the criterion variable low performer, the regression
explaining most variance was for Lithuania (20%, 31%), which is
very similar to Malta (19%, 25%) and Denmark (19%, 27%). The
regression with least variance explained was for Germany (5%,
8%), which is about the same as for Austria (7%, 14%). Taking the
dependent variable resilient, the regression with best fit was for
Ireland (20%, 26%), which is about the same as for Poland (16%,
21%) and Lithuania (15%, 23%), while the regressions with worst
fit were for Belgium (Fl.) (5%, 9%), Belgium (Fr.) (6%, 16%) and
Bulgaria (6%, 9%).

Table 6 presents the data to identify which individual and
family variables are most important for explaining the conditions
of resilience and low performing (second objective), and to assess
what values of those variables identified as important make a
student move from being a low performer to being resilient (third

Table 4
Index of Economic, Social and Cultural Status, and percentage of resilient and Low performer students for the European Union countries

Country ESCS

ESCS Low performer
s.e. percentage

Low performer Resilient percentage Resiliente percentage
percentage s.e. s.e.

Belgium (Flemish) 025 0.03 28.00 208 12.80 1.25

Bulgaria

France 001 0.03 3873 1.94 11.88 121

Hungary

Lithuania

Netherlands

Slovak Republic

s.e.: Standard error
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Table 5
Variance explained by the regressions

Low performers Resilients

Country

CSR NKR CSR.se NKR.se CSR NKR CSRse

NKR.se

Sweden 0.10 0.16 0.02 0.04

0.10 0.15 0.02 0.03

CSR: Cox & Snell R NKR: Nagelkerke R? se: Standard error

objective). Table 6 gathers together the regression parameters for
each country or region, for each dependent variable, which are:
the coefficients (3), the odds ratio (Expp=eP), the standard error
of both (B.se y Expf.se) and the significance of the coefficients
(B.sig). Setting the level of significance at 95%, variables are
statistically significant for the model when 0 =< f.sig < 0.05. In
Table 6 they are identified with **. Setting the level of significance
at 90%, variables are statistically significant for the model when
0.05 < P.sig<0.10. In Table 6 they are identified with *. In addition,
predictor variables with a negative effect are given in dark grey,
variables with a positive effect are marked in light grey.

Discussion
With respect to the first objective, the proportions of low
performer and resilient students have been estimated and exhibit

significant differences between EU countries or regions. Resilient
students vary from 6% in French-speaking Belgium to 42% in

Poland, and low performers vary from 14% in Italy to almost 60%
in Malta. In terms of the second objective, it is clear that the effect
of the predictor variables on the condition of being resilient or
a low performer differs markedly from country to country. This
may possibly be due to social and cultural differences, or the
different educational systems in each country (Mullis, Martin,
Goh, & Prendergast, 2017; OECD, 2018).

Table 7 gives a graphical indication of the effect of the predictor
variables on the condition of low performing or resilience. It
indicates whether the predictor variable has a positive impact
(increases the probability) using 11 if it is statistically significant at
95% and 1 if it is statistically significant at 90%. If the variable has
a negative effect (reduces the probability), that is indicated by ||
if it is significant at 95%, or | if it is significant at 90%. It is worth
noting that students having confidence reading is statistically
significant in every country for classifying students as resilient
or low performers, except in Germany. A student with confidence
in reading increases the likelihood of them being resilient by
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Table 6
Summary of results of binary logistic analysis for the European Union countries
Low Resilient
B Expf B.se Expfse Country Variable [} Expf p.se Expf.se
Students sense of school
belonging
Students like reading
Students confident in reading 0.84" 231 0.10 0.24
Austria
Parents like reading
Gender(f)
Student attended preschool(1y
or less)
Students sense of school
belonging
Students confident in reading 0.48” 1.62 0.11 0.19
Belgium(Fl.) Early literacy tasks
Gender(f) 0.57" 1.77 024 042
041° 151 022 034 Student attended preschool(ly 076" 047 038 0.18
or less)
Students like reading 038" 147 0.18 027
Students confident in reading 0.59" 1.81 0.17 0.31
Early literacy tasks
Belgium(Fr) | pyrens fike reading 031" 136 0.16 021
Gender(f)
Student attended preschool(1y
or less)
Students engaged in reading 028" 13 012 017
lessons
Students confident in reading 044" 1.56 0.12 0.18
Gender(f) 037 145 021 0.30
Studen.ts sense of school 027" 130 013 017
belonging
Students engaged in reading
lessons
Students confident in reading 0.64" 1.89 0.10 0.18
CrechRepublic | 4+ fiteracy tasks 0.16' 118 0.10 0.2
Parents like reading 025" 1.29 0.09 0.12
Gender(f)
099" 270 045 116 Student attended preschool(1y
or less)
Studen.ts sense of school 026" 129 012 016
belonging
036~ 143 017 024 Students engaged in reading
lessons
Denmark Students confident in reading 076" 214 0.11 024
Early literacy tasks 027" 131 0.13 0.17

111

3.05

0.50

1.54

Student attended preschool(1y
or less)
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Table 6

Summary of results of binary logistic analysis for the European Union countries

0.26"

129

0.15

0.19

Low Resilient
B Expp B.se Expp.se Country Variable p Expp fB.se Expp.se
Students sense of school
belonging
058" 179 0.18 033 Students engaged in reading
lessons
Like reading 0.25° 1.28 0.14 0.18
_ Finland Students confident in reading 063" 188 008 0.16
Early literacy activities before
school
Early literacy tasks 0.54™ 1.71 0.07 0.12
Gender(f)
Students confident in reading 0.63" 1.88 0.10 0.18
France
Early literacy tasks 0.54" 1.72 0.15 0.25
Gender(f) 048 1.62 0.26 042
Students sense of school
belonging
Students engaged in reading
lessons
Students like reading 0.24" 127 0.14 0.17
Germany Students confident in reading 041" 1.51 0.11 0.17
Early literacy activities before
school
Parents like reading 0.26 1.30 0.12 0.16
050" 165 019 03 Student attended preschool(1y
or less)
Studenj[s sense of school 031" 136 013 018
belonging
Students engaged in reading
lessons
Students confident in reading 0.82" 226 0.12 0.27
Hungary
021" 124 0l 013 Parents perceptions of child
school
Gender(f) 035" 142 0.17 0.24
091° 249 052 128 Student attended preschool(ly
or less)
SmdenFs sense of school 032" 138 012 016
belonging
Students engaged in reading
lessons
freland Students confident in reading 057" 178 0.09 0.15
Early literacy tasks 0.62" 1.86 0.12 022

Parents perceptions of child
school
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Table 6
Summary of results of binary logistic analysis for the European Union countries
Low Resilient
B Expp B.se Expp.se Country Variable p Expp P.se Expp.se
Studenj[s sense of school 016 17 0.09 o1l
belonging
Students confident in reading 0.62" 1.86 0.10 0.19
Ttaly
Parents perceptions of child 014 15 008 0.09
school
Parents like reading
Gender(f)
Students sense of school
belonging
lessons
0.57° 1.77 0.18 0.32 Latvia Students like reading
Students confident in reading 0.76™ 2.14 0.14 0.29
Early literacy tasks 0417 151 0.13 0.19
Gender(f) 0.54™ 1.71 021 0.36
Students engaged in reading
lessons
Students confident in reading 0.69™ 2.00 0.15 0.29
Lithuania Early literacy tasks 0.69 1.99 0.17 0.33
032 138 017 023 Parents perceptions of child
school
Gender(f) 038" 147 021 0.30
080" 204 027 0.60 Student attended preschool(1y
or less)
Students confident in reading 087" 2.38 0.13 0.30
Early literacy tasks
Malta Parents perceptions of child
school
Gender(f)
Studenjrs sense of school 029" 134 o1l 015
belonging
lessons
Netherlands Students like reading 045" 1.57 0.16 0.25
Students confident in reading 0.54" 1.72 0.10 0.17
Early literacy tasks 028" 132 0.15 0.20
Parents like reading 027 131 0.16 0.20
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Table 6

Summary of results of binary logistic analysis for the European Union countries

Low

Resilient

B Expf B.se Country

Expfse

Variable

p Expf fse Expf.se

0.32° 1.38 0.18 0.24

Poland

Students sense of school
belonging

Students engaged in reading
lessons

Students like reading

Students confident in reading

Early literacy activities before
school

Early literacy tasks

053" 1.70 0.16 0.27

Parents perceptions of child
school

Parents like reading

0.24" 127 0.12 0.15

Gender(f)

0.54™ 172 0.16 0.28

042" 1.52 0.12 0.18

Portugal

Students like reading

Students confident in reading

0.83" 2.30 0.11 0.24

Early literacy tasks

Slovak Republic

0.56" 1.75 0.30 0.53

Students confident in reading

055" 1.73 0.12 021

Early literacy activities before
school

Parents like reading

026" 129 0.11 0.14

Student attended preschool(1ly
or less)

047 1.60 0.12 0.20

Slovenia

Students engaged in reading
lessons

Students like reading

Students confident in reading

0.68" 198 0.11 022

Early literacy tasks

Parents perceptions of child
school

Parents like reading

Gender(f)

059" 1.80 022 0.40

Spain

021" 123 0.07 0.08

Students sense of school
belonging

0.18" 1.20 0.08 0.09

Students like reading

Students confident in reading

0.61" 1.85 0.08 0.14

Early literacy activities before
school

0.19" 121 0.08 0.10

Early literacy tasks

032" 1.38 0.08 0.11

Parents like reading
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Table 6
Summary of results of binary logistic analysis for the European Union countries

Low Resilient

B Expf B.se Expfse Country Variable

Students engaged in reading

0.24" 1.28 0.11 0.14
lessons

Students confident in reading

Early literacy activities before
school

Sweden

Early literacy tasks

Student attended preschool(1y
or less)

4 () < B.sig <0.05; * 0,05 < f.sig<0.10

Positive impact

Negative impact

Table 7
Effect of the variables on the probability of being low perfomer or resilient

!
i) ! Wi | n "
1 ! ! ) ! ! 1 |

Low performer Resilient
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at least 50 percentage points, as is the case for Germany, but it
could increase by up to 140 points, as happens with Malta. This
same variable also has a statistically significant effect in terms
of low performing, Bulgarian students with a high value in this
index are 40 percentage points less likely to be low performers.
The greatest reduction is for Portugal, where the probability of
being a low performer is as much as 70 percentage points lower.
This is in line with Jacob (2002) and Waxman, Huang and Padrén
(1997), who stated that resilient students have more faith in their
possibilities and are more consistent in their tasks. Having had
early pre-school literacy activities, parents liking Reading, and
parents’ perceptions of the child’s school exhibit no significant
effects, on either resilience or low performing, or show effects
only in a few countries. This contrasts with research from Martin-
Lagos (2018), who underlined the importance of motivation in the
home. This study, in line with the OECD (2018) indicating the
positive effects of having done early literacy tasks, also found a
positive effect, both increasing the likelihood of being resilient (11
countries), and reducing the likelihood of being a low performer
(14 countries). The increased probability of being resilient ranged
from the 18 additional percentage points in the Czech Republic,
statistically significant at 90%, to the 99 additional percentage
points for Lithuania. The reduction in the likelihood of being
low performers ranged from 16 percentage points for French-
speaking Belgium to 57 percentage points for Lithuanian students.
The OECD (2018) noted that attending preschool is beneficial
to students’ later academic performance, and in line with that,
our study found that attending a year or less of preschool had a
statistically significant impact on future resilience in 8 countries,
it also had a significant impact on low performing in 8 countries.
More specifically, attending a year or less of preschool practically
prevents students from being resilient in French-speaking
Belgium, and reduces the likelihood by at least 33 percentage
points in the case of Lithuania. The effect of attend a year or less
of preschool triples the likelihood of being a low performer in
Denmark and increases the probability by 51 percentage points in
Flemish-speaking Belgium. Gender has an impact on resilience in
8 countries, and being a low performer in 10 countries. Being a girl
increases the likelihood of being resilient by between 40 and 80
percentage points for students in those countries where the effect
is statistically significant, and reduces the probability of being a
low performer by between 26 and 52 percentage points. The results
of the variable students engaged in reading are difficult to explain
because the effect goes in one direction or the other depending
on the country. It is, therefore, a variable about which we do not
have sufficient information and would be a target for subsequent

research. Students’ sense of school belonging, on the other hand, is
also statistically significant in a good number of countries, which
indicates that a good school climate encourages resilience and
reduces low performing. The increase or decrease in likelihood in
either direction varies between 20 and 50 percentage points.

In relation to the third objective, we have confirmed that
when the effect is statistically significant in one direction in the
coefficient of a variable in one of the regressions (low performer or
resilient dependent variable), in the other regression it may have a
statistically significant effect in the opposite direction or not have
any effect. The contextual variable which stands out most in this
sense is students’ confidence in reading; the higher the value for this
index, the greater the likelihood of being resilient and the lower the
likelihood of being a low performer. Taking France as an example,
high values almost double the probability of being resilient and
halve the probability of being a low performer. Analyzing the
gender variable, we see that the results in those countries where the
effect is statistically significant are similar to reading confidence,
although this variable opens up three types of analysis. If we take
the example of Flemish-speaking Belgium, being a girl increases the
probability of resilience by 77 percentage points and reduces that of
being a low performer by 38 points. However, if we look at Finland,
being a girl does not increase the likelihood of resilience, but it does
decrease the likelihood of being a low performer by 33 percentage
points. And thirdly, in Poland, being a girl increases the probability
of resilience by 72 percentage points but has no significant effect
on reducing the probability of being a low performer. All of this
indicates that investing in educational policies aimed at increasing
student reading confidence will improve rates of resilience and
reduce low performing. Policies aimed at preschool schooling will
have the same impact, as will encourage early literacy tasks. All
of that should help compensate academically for a disadvantaged
socioeconomic situation at the beginning. Reducing the gender
gap is also an important task, as well as making educational
surroundings friendly, that students can identify with.

All of the results in this research are limited by the nature of
the PIRLS study, which lacks student variables such as cognitive
capacity and other non-cognitive skills that may have an impact
on resilience or low-performing (Santos, Ferraces, Godas, &
Lorenzo, 2018). Consequently it is not certain that these results
can be generalized to other competencies or other times.
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Development across a large number of countries and economies, have KEYWORDS

shown that socioeconomically disadvantaged students are almost three Resilience; science attitudes;
times more likely than advantaged students not to attain the baseline PISA 2015; multilevel logistic
level of proficiency in science. Some of those disadvantage students beat models; East Asian students;
the odds and perform better than expected according to their low socio- non-cognitive skills
economic background. They are called resilient students. Using data from

2015's science-focused assessment and a logistic multilevel model analysis,

this study examined the relationships between academic resilience and

other non-cognitive skills measured by the assessment across seven East

Asian countries and regions. Although there are significant disparities

between the countries and regions, the results indicate that enjoyment

and interest in science are positively related to science resilience. By con-

trast, when the student has an instrumental motivation for learning science

(he or she is interested in science because it is useful for his or her career

plans), the relationship is negative. This provides useful guidance for policy-

makers, educators, parents, and students on how to foster better Science

results for students, and especially for disadvantaged students.

Introduction

According to PISA 2015, socioeconomically disadvantaged students across the countries of the
Organization for Economic Co-operation and Development (OECD) are almost three times more
likely than advantaged students not to attain the baseline level of proficiency in science and, maybe
due to this fact, they do not envisage themselves working in science-related occupations (OECD,
2016a). Fortunately, some of those disadvantage students beat the odds and perform better than
expected according to their low socioeconomic background. They are called resilient students. In this
paper, we analyse who those resilient students are and how resilience can be developed stressing
the importance of the non-cognitive skills.

We found interesting the purpose of our study because resilient students are a sign of hope: their
performance is an indication that poverty does not necessarily replicate itself. It is evidence that poor
parents will not necessarily have poor children with poor academic performances and consequently
poor jobs that lead to them being poor parents themselves (Heckman, 2011).
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We used the large-scale PISA 2015 assessment, where the Science performance was the main
topic, to study the relationships between resilience and several other non-cognitive skills. If resilience
is an attitude, it must be related to other attitudes towards science. These attitudes towards science,
provided that they are related with academic resilience in science, are more easily changeable than
other aspects that influence academic achievement, such as socioeconomic background, type of
school, or the student/teacher ratio (see OECD, 2016b). If our findings are right, there is a shortcut to
improve science results trough the modification of the attitudes thus contributing to the solution of
skill shortages in STEM fields (Caprile, Palmen, Sanz, & Dente, 2015). For a recent summary of the
implications of that lack of qualifications on the labour market, the competitiveness of the countries
and the critical policy issues involved see Camilli and Hira (2019).

Given the outstanding results consistently reached by some East Asian and South-East Asian
countries or regions, and the high percentage of resilient students they have, we decided to base our
study on the PISA 2015 results in seven countries or regions of that region: Hong Kong, Japan, the
Republic of Korea, Singapore, Macao, the Chinese provinces of Beijing, Shanghai, Jiangsu, and
Guangdong (hereafter QCH), and Chinese Taipei.

The rest of the paper is structured as follows. In Section 2, we briefly present a literature review. Section
3 provides a description of the material and methods: we describe how non-cognitive skills were
measured through the PISA 2015 questionnaires and how we augment our analysis by adding other
information available in the PISA background variables, such as demographics, school conditions and
management, and classroom and teacher factors. Given that the information comes from two sources
(students’ questionnaire and principals’ questionnaire) and two levels of attribution (student level and
school level), we chose a logistic regression because of the dependent variable analysed (resilient or non-
resilient student) and we chose the multilevel approach due to the hierarchical structure of the data.
Section 4 reports the main results. Finally, in Section 5 we discuss our main conclusions.

Literature review

Resilience is one of the non-cognitive skills related not only to academic performance but also to
other life outcomes (Farrington et al., 2012; Heckman & Rubinstein, 2001). These non-cognitive skills
include a set of behaviours, skills, attitudes, and strategies (Clavel, 2018) that are crucial to students
but may not be reflected in their scores on cognitive tests. These skills form part of the knowledge
that is not valued in our narrow measures of ability, especially given the pressure on students to
perform in tests and the incorrect assumption that test performance must determine their intelli-
gence and identity (Chua, 2009).

Generally speaking, resilience is the ability to cope with adversity and to reach outstanding goals.
Academic resilience is just a facet of resilience itself. Perhaps the first document on academic resilience
and PISA was OECD (2011), which is based on PISA 2006. The report examined the influence of three
sets of factors on resilience: approaches to learning; participation in science courses and time spent
learning science at school; and school characteristics. It was found that taking more science courses
benefits disadvantaged students even more than it does their more advantaged peers. In addition, it
was suggested that exposing disadvantaged students to science learning at school might help close
performance gaps. The report also provides evidence that resilient students enjoy learning science and
display a series of positive attitudes towards learning science.

The most recent report on PISA and academic resilience may be the one by Agasisti, Avvisati,
Borgonovi, and Longobardi (2018). This paper, based on the PISA 2015 results, focuses on school-
level correlates of resilience, looking for the school characteristics that contribute more to the
probability that disadvantaged students will be academically resilient, and how much these factors
vary across countries. They found that resilient students attend schools with a positive school
climate, and that this climate, after accounting for demographic and social differences, is more
easily found in schools where the turnover of teachers is low and where principals adopt
a transformational leadership style (Tajasom & Ahmad, 2011).
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In every study on resilience (see, for example, Banerjee, 2016), the research methodology includes
two measures: how the disadvantaged situation is defined (the resilient student may grow up in
a lower socioeconomic environment, face a language barrier, belong to an ethnic minority, or be an
immigrant) and how the top performance is calculated; most of the time there is some sort of test or
exam that provides the results.

Previous studies focusing on East Asian education systems have found diverse results depending
on the type of resilience being measured and the instruments being used. For example, using the
TIMSS,' dataset, it was found that high academic expectation and time spent on mathematics at
home have a differential effect between disadvantaged and non-disadvantaged students in
Singapore (Sandoval-Hernandez & Bialowolski, 2016). For Korea, a study involving more than four
hundred students that received support from social welfare agencies, Kim et al. (2005) point out that
hope, teacher support, and what students consider the meaning of life distinguished resilient
students from their counterparts. Using data from PISA 2009, Shen (2012) found that compared
with disadvantaged low-achievers, resilient students tend to enjoy reading, develop reading strate-
gies, and have more high-quality reading activities at school. Li (2017), using a questionnaire among
693 11™"-grade students in China participating in the competitive college entrance examination,
found three factors from family and school settings that promote resilience: parental supervision,
school involvement and recognition, and school expectation of behaviour. He found that parents’
supervision and school involvement and recognition are significantly and negatively associated with
low school commitment and individual conflict attitude, thus they promote academic resilience. By
way of summary, studies generally show that disadvantaged students develop academic resilience if
they grew up in supportive families and it tended to be associated with better psychologic well-
being and social-emotional behaviours (Cheung, Sit, Soh, Leong, & Mak, 2014).

Our paper attempts to add to the current evidence on students’ academic resilience in two ways:
first, following Sandoval-Hernandez, we focus on several countries that, although there are differ-
ences between them, share some similar background (Sandoval-Hernandez & Bialowolski, 2016-
); second, combining school and student level, we focus on non-cognitive skills and their
relationships with resilience. It is easier to foster these skills than to try and change biographic or
collective factors that depend on high-level policymaking or cannot be changed at all. (Gorard, See,
& Davies, 2012). These skills have better “treatment” than biographic or collective factors that
depend on higher decision-offices or cannot be modified at all.

There are many non-cognitive skills that influence students’ science performance. Some of them are
measured in the PISA 2015 context questionnaire. A group of non-cognitive skills is especially related to
science, such as the students’ interest in scientific knowledge or the students’ pleasure when studying
science. Other measured non-cognitive skills are common mental dexterities, in the sense that they
influence a broad spectrum of young people’s capacities, not only science performance. In this second
group of attitudes, students’ self-motivation and their ability to deal with test anxiety are included, for
example.

Previous studies have already shown the influence of these non-cognitive skills on students’
performance. See, for example, Humphries and Kosse (2017) for an overview of what these non-
cognitive skills are influencing and why it matters, the literature review by Gutman and Schoon in
2013 for the Institute of Education, or Farrington et al. (2012). These skills form a group of
interconnected mental dexterities that helps the student to reach his or her goals. If there is one
species of bird in a forest, there are likely to be other species as well. If a student is resilient, he or she
will also be more likely to have skills such as persistence, self-contentment, and motivation. The
relationships within this set of non-cognitive skills are what we analyse in this paper.

Materials and methods

In the present study, there are two kinds of predictors of academic resilience: externally measurable
predictors such as grade repletion or school type and self-reported predictors such as interest or
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teaching behaviour. These serve as covariates in the logistic regression analyses in order to control
for the effects of demographic variables on the probability of a disadvantaged student being
classified as resilient in science literacy.

Three issues are dealt with in this section: (1) the characteristics of the large-scale PISA 2015
relevant to this study, (2) the definition of the dependent variable (i.e., a resilient student), and finally,
(3) which are the variables that do have some influence on a student’s resilience and how are they
measured.

The sample: PISA 2015

Data were drawn from PISA 2015, conducted by the OECD. The target for PISA was the 15-year-old
student population across 72 countries and economies. In addition to all OECD countries, the survey
has been conducted in the following Asian regions: Beijing, Shanghai, Jiangsu, and Guangdong
(China), Hong Kong (China), Indonesia, Macao (China), Malaysia, Singapore, Taipei, Thailand, and
Vietham.

The sample used for this study includes only socioeconomically disadvantaged students. It is
intended to compare disadvantaged students who are “resilient” with disadvantaged students who
are “non-resilient.”

As stated previously, in addition the assessment of science, reading comprehension, and maths,
PISA also covers information about the characteristics of schools, teachers, parents, and students. In
PISA 2015, the main focus was science, which provides extra information on science instruction,
including the measurement of some character skills that will be used in the analysis.

For the purpose of this study, analysis was limited to science performance in seven Asian
countries and regions: Hong Kong, Japan, the Republic of Korea, Singapore, Macao, QCH, and Taipei.

The students were not only tested on their knowledge of science, maths, and reading compre-
hension, but also completed several questionnaires that provide interesting contextual information.
The precise combination of several sets of information collected in PISA provides an index, the
Economic, Social, and Cultural Status (ESCS), which is widely accepted as a measure of the socio-
economic background of the student. The ESCS was created on the basis of the following variables:
the International Socio-Economic Index of Occupational Status (ISEl); the highest level of education
of the student’s parents, converted into years of schooling; the PISA index of family wealth; the PISA
index of home educational resources; and the PISA index of possessions related to “classical” culture
in the family home. See OECD (2017a) for detailed information.

PISA information is collected following several procedures that must be taken into account: the
sampling weights, the replicates of the estimation for computing the standard errors, and the use of
plausible values (see OECD, 2017b). This is worth mentioning here, because these procedures make
the analysis of the PISA datasets more sophisticated. In our case, a multilevel analysis has been used
as it includes the hierarchical structure of the data.

The weights used in this work were recalculated so that the sum of the weights of each student
corresponded to the total of disadvantage students in the analysed sample. In this way, the weight of
each school is the sum of the weights of its disadvantaged students. In this work, the weight of the
student within the school was used in level 1 of the analysis, and the weight of the school in
the second level (Rutkowski, Gonzalez, Joncas, & von Davier, 2010).

Dependent variable: who is a resilient student?

In this paper, a student who is resilient in science is someone with an ESCS in the lowest quarter
within his or her country and with a performance in science in the highest quarter, once the effect of
the ESCS has been considered.

From the PISA perspective, academically resilient students are those who come from an socio-
economic disadvantaged background but somehow perform much higher than what is predicted by
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their ESCS (OECD, 2011). Operationally, there are three steps in the identification of academic
resilient students. First, students located at the bottom quarter (i.e., below Q1, the twenty-fifth
percentile) of the PISA ESCS index within their own countries or economies are identified as ESCS-
disadvantaged students (see, for example, OECD, 2019, pag. 66 where the same criterion is used).
Second, science performance scores as assessed in PISA are regressed on students’ ESCS across all
participating countries or economies to find out the international ESCS-performance relationship.
Third, a student’s residual performance is obtained by comparing the actual performance of each
student with the performance predicted by the international ESCS-performance relationship.

Academically resilient students are identified as those ESCS-disadvantaged students whose
residual performance is amongst the top quarter (i.e., above Q3, the seventy-fifth percentile) of
students’ residual performance from all countries or economies.

We replicated this identification strategy. First, we estimated the ordinary least squares linear
regression by country or region that we have studied and the average regression within all those
estimated results. The dependent variable was the 10 plausible values in science performance of
each student. The independent variable was the ESCS index. The equation thus is:

PVSCIE, = BO + B1E5CS, + & (1)

where g;are the random errors that follow a distribution with mean equal to zero and variance equal

to 02. The estimated coefficients are denoted as ﬁo and ,31 . Thus, the expected students’ performance
given their level of ESCS could be estimated as:

E [PV/SEIE,»] = By + By. ESCS; )

In the second step, we translate the regression estimated to the third quartile, moving the centroid
to a new position on the horizontal axis: the third quartile of all the participant countries, Q3PVSCIE.
The model becomes:

Q3pyscie, = Q3pyscie + [31 .ESCS; + & 3)

Thus, the expected value is:
E [@PVSC/E,} = Q3pyscie + By ESCS; (4)

From now on, we use E @PVSC/E,,]Eto obtain the cut point as a function of the ESCS. We designate as
resilient those students with an ESCS in the lowest quartile of the students in their country and at

least six out of the ten plausible values are above the expected value (E [(/ﬁpvgag,}) according to their
ESCS.

Independent variables

In addition to science performance, PISA provides extra information obtained through the context
questionnaires that we will use as independent variables in our analysis. This kind of information can
be used as it is presented (i.e., gender or immigration status) or summarized in an index (i.e., science
self-efficacy or enjoyment of science). These transformed variables are constructed through the
scaling of multiple items. The index was scaled using the item response theory and the values of the
index correspond to Warm likelihood estimates. For details of how each scale index was constructed,
see OECD (2017b).

A second classification of the independent variables is related to where they are embedded. Some
of them are located at the student level, while others are located at the school level. The first level
(student level or Level 1) includes variables that collect information about student demographic
characteristics and students’ perception of personal aspects, including their attitudes towards
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science and their school environment. The second level (school level or Level 2) information is
collected from the principals of the schools. It includes information on school management and the
student/teacher ratio. We will describe each of these variables, which basic statistics are presented
on Table 1, for the entire dataset.

Independent variables at student level (Level 1): science-related non-cognitive skills

Student attitudes towards science collected in PISA 2015 have been summarized in four indices.
Three of them relate to students’ motivation for learning science: enjoyment of science, interest in
broad science topics, and instrumental motivation for learning science. A fourth index, students’
science self-beliefs, reflects student’s perceived ability to use their knowledge of science in real-world
situations.

Enjoyment of science (Joyscie) is an index constructed from students’ responses to a four-point
Likert scale containing the categories “strongly agree”, “agree”, “disagree”, and “strongly disagree”.
Higher values on the index reflect greater levels of agreement with these statements. The second
self-measurement of students’ science attitudes is the index of instrumental motivation to learn
science (Intscie). Students reported on a four-point Likert scale with the categories “strongly agree”,
“agree”, “disagree”, and “strongly disagree” about the statements like “Making an effort in my science
subject(s) is worth it because this will help me in the work | want to do later on” or “What I learn in my
science subject(s) is important for me because | need this for what | want to do later on”. Responses
were reverse-coded, so that higher values of the index correspond to higher levels of instrumental
motivation.

The index of science self-efficacy (Scieeff) was constructed with a similar four-point Likert scale.
The statements “I could do this easily”, “l could do this with a bit of effort”, “l would struggle to do this
on my own”, and “I could not do this”, were used to rate how they would perform in some science
tasks, like recognizing the science question that underlies a newspaper report on a health issue,
explaining why earthquakes occur more frequently in some areas than in others, or describing the
role of antibiotics in the treatment of disease. Responses were reverse-coded so that higher values of
the index correspond to higher levels of science self-efficacy.

Table 1. Description of the independent variables.

Name Description Type Min  Max Mean Sd
FIRST LEVEL: STUDENTS

Students’ personal Sex Gender categorical 0 1

issues Repeat Grade repetition categorical 0 1
Students’ percepction Adinst Adaptation of the instruction to the index -1.966 2.047 -0.037 0.892

students needs and knowledge
Teachsup Teacher support in a science classes of index -2.720 1.448 0.017 0.869
students choice
Disclisc Disciplinary climate in science classes index -2416 1.884 0.294 0.882
Science related non- Scieeff Science self-efficacy index —3.757 3.278 -0.367 1.175
cognitive skills Joyscie Enjoyment of science index -2.115 2.164 0.031 0.956
Intbrsci Interest in broad science topics index —2.547 2730 -0.015 0.938
Instscie Instrumental motivation for learning index -1.930 1.736 0.217 0.828
science
Common non- Motivat Achiving motivation index —-3.088 1.854 -0.173 0.89%4
cognitive skills Anxtest Anxiety before taking a text index —2.505 2.549 0315 0.940
Sociact  Students’ ICT as a topic in Social Interaction index -2.136 2.428 -0.095 0.892
Intict Students’ ICT interest index —2.988 2.680 -0.210 0.954
SECOND LEVEL: SCHOOLS
School nature Schooltype Public or private school categorical 0.000 1.000

Stchratio Students/teacher ratio continuous 1 100 13.088 7.802
Principals’ perception  Teachbeha Teacher behaviour hindering learning index -2.118 4259 0.140 1.187
Stubeha Student behaviour hindering learning index —2.387 3.891 —0.337 1.399

Descriptive statistics for the whole sample: minimum (Min), maximum (Max), sample mean (Mean) and standard deviation (Sd)
for the numerical variables.
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Finally, the interest in broad science topics (Intbrsc) was obtained from the interest expressed by
the students (“not interested”, “hardly interested”, “interested”, or “highly interested”) on several
topics relating to science like the biosphere (e.g., ecosystem services, sustainability), or motion and
forces (e.g., velocity, friction, magnetic and gravitational forces). A fifth response offered students the
possibility to report that “[they] do not know what this is”.

More information on the variables described above can be found in the PISA Technical Report
(OECD, 2017b).

Independent variables at student level (and school level): control variables

At student level, in addition to science attitudes, we worked with control variables. They include
gender, grade repetition (Repeat), the level of anxiety shown by students before a test or when
solving a school task (Anxtest), and achieving motivation (Motivat). We did away with Grade because
of its very low variance in the countries included in the analysis and its expected reiteration with the
information provided by Repeat.

In relation to their teachers, students were asked about the adaptation of the instruction to the
students’ needs and knowledge (Adinst), about the level of support, interest, and help in students’
learning (Teachsup), and the level of discipline in science classes (Disclisci).

Finally, as the countries and regions analysed chose to implement an international ICT familiarity
questionnaire (ICQ), we used, among the variables related to familiarity in ICT,? the students’ ICT
interest (Intict) and the students’ use of ICT as a topic in social interaction (Soiaict).

Independent variables at school level

At the school level (Level 2), we included four variables related to school environment: one to
distinguish whether it is a public or private school (Schtype); a second variable reporting the student/
teacher ratio (Stchratio); a third variable reporting the behaviour of a teacher making learning
difficult (Teachbeha), including teacher absenteeism, teacher resisting change, teachers who are
too strict with students, teachers who are not well prepared, and teachers who do not adequately
meet the needs of students. Finally, a fourth variable reports the students’ behaviour that hinders
their learning (Stubeha), including students’ absenteeism, students who do not respect teachers, the
use of alcohol or illegal drugs, and if students intimidate or bully other students.

Statistical analysis

First, the sample characteristics (i.e., demographic and other characteristics elucidated earlier) for the
resilient vs. non-resilient students in each of the seven East Asian countries or regions were
examined. Secondly, a logistic multilevel regression was carried out for the student classification,
as a function of the demographic and school characteristics.

A multilevel regression analysis was used to determine and distinguish the factors relating to
resilience. Readers interested in this method will find a complete but accessible explanation in de
Leeuw and Meijer (2008) or in Goldstein (2011).

Obviously, the students are nested within classes, which are nested within schools, which could
be nested within school districts or countries or regions. All these relations often imply a hierarchical
structure. In this paper, we will consider only two levels: students and schools. We are interested in
the variables that cause a student to be resilient. It also makes sense that different school character-
istics can have an impact. Different schools with different characteristics would affect students
differently.

Multilevel modelling provides a useful framework that recognizes the existence of such
a hierarchical data structure by allowing for residual components at each level in the hierarchy.
Observations are not independent within clusters. Students within schools tend to share similar
characteristics. One of the benefits of this methodology is that it distinguishes effects between and
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within schools. The multilevel models account this clustered sample design. It was used as an
alternative to the replicate weights provided by the PISA database.

The hierarchical logistic regression, based on maximum likelihood estimates, does not make
assumptions regarding normality, homoscedasticity, and measurement level of the variables.
However, it does require observations to be independent, and quite large sample sizes are needed
for the estimation of the parameters. To find out whether there is evidence of an association
between predictor variables and academic resilience or slackening, an odds ratio has been calculated
to describe the probability of the event occurring for each predictor variable in the logistic regression
equation. This ratio will be used as an effect-size measure to compare the influences of risk and
protective factors of academic resilience across countries and regions.

The multilevel analysis was performed, following OECD standards, using HLM6: Hierarchical Linear
and Nonlinear Modelling (Raudenbush, Bryk, Cheong, & Congdon, 2004). A two-level logistic regres-
sion analysis was carried out, with students serving as level 1, schools as level 2. The model
coefficients and statistics were estimated using a full maximum likelihood procedure. Normalized
student final weights were used, so that the sum of the weights was equal to the number of students
in the dataset, and each country contributed equally to the analysis. An uncentered model was used
as second-level coefficients provide correct estimates of the individual and the contextual effects
when the contextual predictor variable is included in the second-level model (Kreft, De Leeuw, &
Aiken, 1995). Measure of model fit was assessed using the negative log-likelihood and the Cox-Snell
statistics. These two goodness-of-fit statistics are testing whether one can do even better by making
the model more elaborate and complicated. The negative log-likelihood is an entropy-based
measure (Theil, 1970), and the Cox-Snell’s pseudo-R-squared attempts to mimic the OLS R-squared
statistic as a measure of improvement from the null model (i.e., a model with no predictor variable)
to the fitted model (Cox & Snell, 1989). A significance level of a = 0.05 was chosen as the criterion for
evaluating the statistical significance of the results. Because of the complicated rotated PISA 2015
questionnaire design, special treatment of missing data was needed. Based on the iterative Markov
Chain Monte Carlo (MCMC) method, missing values were imputed by the SPSS multiple regression
imputation procedures. Multiple imputations of five datasets were done in accordance with Rubin
(1987).

The intra-class correlation coefficient (ICC) measures the degree of data dependence. It describes
how strongly units in the same group resemble each other. If ICC = 0, the responses of students within
schools are uncorrelated; if ICC = 1, responses within schools are identical. Given that the variance of
the random variable depends on the values of the explanatory variables, some adaptation is needed

in our case. Following Hosmer and Lemeshow (2005) we fix that variance in 772 /3, thus the ICC is:
2

jcc=—2u

a+"A

where @2 is the residual variance in the second level of the general model:
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X
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m

where x, ; are the factors related to students’ characteristics (Level 1) and g, variables related with
school characteristics (Level 2). Random disturbances ug; are supposed to be independent and
identically distributed, following a N(0, y) distribution, independent of x;. Given ug and x;, we
consider that y; response from student j, in school j follows a Bernoulli distribution independent of
the others.
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The intra-class correlation coefficients (ICC) for the null model were obtained for each country
or region. We observed some variability between the results obtained, the ICC of Singapore
(0.061) being the lowest, which would indicate that there is practically no correlation between
the responses of the students within a school. On the opposite side is Japan, whose ICC is 0.294,
indicating a moderate correlation between the responses of students from the same school.

Results
Descriptive analysisPlease remove the number.

Table 2 includes, for each country and region, some descriptive statistics of the variables included in
the analysis: sample size of students and schools used for calculations, percentages of resilient
students, male students, students who had repeated at least one grade, and percentage of privately
owned schools.

For the rest of variables included in our analysis, we used the indices built through the responses
of students and principals (see Table 2) that are part of the PISA outcomes (OECD, 2017a). Each index
is constructed with mean 0 and standard deviation 1 for all OECD countries and economies, and
Table 2 shows the mean of each index for the countries and regions analysed.

High variability can be observed between countries or regions in almost all variables used in the
analysis. The percentages of resilient students range from 44% in Korea to 69% in Hong Kong,
whereas the share of students who have repeated at least a grade is practically nil in Japan but
reaches 45% of students in Macao.

As we have pointed out in the methodological description, it is resilience variability within
countries that we want to explain, using mainly the non-cognitive skills. The differences within
countries and regions are summarized in Table 2. Beginning with science-related non-cognitive skills,
all countries and regions analysed show on average low levels of self-efficacy in science (Scieeff),
ranging from —0.72 in Japan to —0.14 in Taipei. High variability between countries or regions can be
observed with respect to the other variables related with science and, in some case, also within
a country or region. For example, students in Korea show a high level of interest only in broad
science topics (Intbrsc) but not in enjoyment of science (Joysci) or in instrumental motivation (Intscie)
whereas Singapore shows positive figures 1 in these variables.

Regarding common non-cognitive skills, positive figures in (Motivat) and in (Anxtest) denote
relatively high levels of motivation and control of test anxiety, respectively. As can be seen in
Table 2, the variability in these two variables is high between countries or regions, but it may be
noted that in all countries and regions the average of anxiety is positive, showing that students
report feeling nervous or anxious when they have to do a school test or homework, ranging from the
lowest (0.07) in Korea to the highest (0.65) in Singapore.

Finally, high variability between countries or regions can be observed with respect to the general
non-cognitive skills dealing with the students’ ICT interest (Intict) and students’ use of ICT as a topic
in social interaction (Soiaict). Students in Japan report the lowest levels, similar to QCH only in ICT
interest, following Korea, whereas the highest levels are in Singapore, together with Taipei only in
the use of ICT as a topic in social interaction.

At school level, the indices come from the school principal questionnaire. In relation to school
climate, negative figures show that the learning of students is not hindered by the teachers’
behaviour (Teachbeha), as is the case in Korea, whereas positive figures indicate that teachers’
behaviour hinders, to some extent, students’ learning, such as in Macao and QCH. Student behaviour
(Stubeha) also influences their learning in different ways depending on the country or region:
relatively low in Japan or Singapore and highest in Korea and Taipei.

Other information from the school principals used in our models has to do with school ownership
and human resources. The lowest student/teacher ratios (Stchratio) are in Japan and Singapore
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Table 2. Descriptive statistics per country: Sample size of students and schools, percentages of resilient students, males, students
who have repeated at least a grade, and means for the rest of the variables included in the analysis.

HKG JPN KOR MAC QCH SGP TAP
FIRST LEVEL: STUDENTS
Sample size 764 1.434 1.153 977 1.501 1.340 1.573
% Resilient 69% 50% 44% 67% 55% 52% 48%
%Male Q1 53% 49% 51% 54% 53% 54% 51%
% Repeat 24% -- 4% 45% 29% 6% 1%
Adinst 0.01 —-0.36 —-0.08 -0.12 -0.04 033 0.03
Teachsup —0.01 —-0.20 —-0.10 —-0.08 0.1 0.22 0.03
Dsiclisc 0.32 0.73 0.56 0.14 0.17 —-0.04 0.12
Science related non-cognitive skills
Scieff -0.16 -0.72 —-0.30 —-0.25 —-0.27 —-0.22 -0.14
Joysci 0.38 —-0.52 —-0.08 0.18 0.20 0.43 —-0.25
Intbrsci 0.32 -0.24 0.56 0.04 0.37 0.19 -0.15
Intscie 0.36 -0.17 -0.05 0.23 0.52 0.49 0.18
Common non-cognitive skills
Motivat 0.14 —-0.67 —-0.10 —0.66 —0.00 033 —-0.25
Anxtest 0.26 0.21 0.07 0.42 0.26 0.65 037
Sociact 0.04 —0.63 —-0.54 0.13 —0.06 0.19 0.20
Intict -0.01 —-0.61 —0.46 0.12 —-0.64 0.43 —-0.02
SECOND LEVEL: SCHOOLS
Sample size 114 182 154 38 207 158 196
Schtype 8% 74% 68% 5% 91% 97% 71%
Stchratio 0.01 —-0.23 0.17 —-0.07 —0.03 -0.18 0.20
Teachbeha 0.32 0.30 —-0.51 0.71 0.81 0.07 0.06
Stubeha —-0.73 —0.55 —-0.25 0.06 0.27 —-0.56 —0.64

ISO codes: JPN: Japan; KOR: Korea; HKG: Hong Kong (China); MAC: Macao (China); SGP: Singapore; TAP: Taipei. OECD code: QCH:
refers to the four PISA-participating Chinese provinces: Beijing, Shanghai, Jiangsu, and Guangdong.

whereas the highest are observed in Korea and Taipei. Moreover, the school type (Schtype) shows
a high variability in the ratio of private/public schools between the countries or regions.

To conclude with this brief descriptive analysis, Table 2 shows the mean values reported by the
students about their perceptions on educational environment, such as the adaptation to the
instruction of their teachers (Adinst), the interest and support given by their teachers (Teachsup),
and the level of order and discipline in science classes (Disclisci). Except for Singapore, the students
reported a high level of discipline in science classes, being the highest in Japan. However, the
students in Singapore report the highest level of teacher’s interest and support and, in turn, the
students in Japan report the lowest level. Concerning the adaptation of instruction by teachers to the
students’ level, Japan has the lowest level and Singapore the highest.

Multilevel regression analysis

For each country or region, a model was selected that presented all the coefficients of the predictor
variables statistically significant to at least 90% (p-value<0.1). Table 3 shows the coefficients of the
independent variables of the multilevel regression for each country and indicates their level of
statistical significance. We only present the final models, although intermediate results are available
on demand.

The independent variables of the school level have a different behaviour depending on what they
measure and the country or region of the research (Table 3). A bad school climate (Stubeha) has
a negative impact on resilience in Hong Kong, Japan, Korea, and Singapore, while high values of the
student/teacher ratio (Stchratio) have a positive impact on resilience in Hong Kong, Macao,
Singapore, and Taipei. Attending a private school (School Type) has a positive effect on resilience.

With regard to the students’ science-related non-cognitive skills, the enjoyment of science
(Joyscie) and interest in science (Intbrsci) have a positive impact on the countries and regions
analysed. With regards to common non-cognitive skills: the social interaction (Soiaict) of students
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Table 3. Final selected resilient model for each country or region.

HKG JPN KOR MAC QCH SGP TAP
FIRST LEVEL: STUDENTS
Gender 0.605%** 0.4371%**
(0.219) (0.098)
Repeat —0.840*** —1.574*** —0.626*** —1.522%**
(0.240) (0.199) (0.176) (0.286)
Adinst —0.299** 0.247%** —0.226**
(0.116) (0.075) (0.101)
Teachsup ~ 0.248* (0.130) —0.365*** 0.236**
(0.089) (0.104)
Disclisc 0.212** 0.241** 0.2371** 0.393%*
(0.089) (0.102) (0.089) (0.077)
Science related non-cognitive skills
Scieeff 0.108** 0.228%*** 0.143** 0.187**
(0.050) (0.063) (0.072) (0.083)
Joyscie 0.518*** 0.280*** 0.705%** 0.379%** 0.588%***
(0.102) (0.089) (0.087) (0.087) (0.073)
Intbrsci 0.303*** 0.574*** 0.316*** 0.238** 0.269**
(0.088) (0.111) (0.094) (0.113) (0.109)
Instscie —0.235** —0.253* —0.261*** —-0.167*
(0.101) (0.146) (0.097) (0.099)
Common non-cognitive skills
Motivat 0.227** 0.234%** 0.453*** 0.457%**
(0.109) (0.065) (0.122) (0.088)
Anxtest —0.262*** —0.450*** —0.183*** —0.198**
(0.095) (0.115) (0.068) (0.084)
Soiaict —0.506*** —0.176** —0.196** —0.568*** —0.239** —0.520*** —0.319***
(0.126) (0.086) (0.087) (0.104) (0.105) (0.078) (0.104)
Intict 0.439%** 0.229** 0.462%*** 0.528*** 0.188*** 0.272%***
(0.081) (0.092) (0.127) (0.098) (0.072) (0.095)
SECOND LEVEL: SCHOOLS
Intercept1
Intercept2 0.726*** —0.860*** —0.267** 1.013%** 0.049 (0.358) —1.146***
(0.175) (0.208) (0.116) (0.227) (0.303)
Stubeha —0.372%* —0.652%** —0.495%** —0.193**
(0.153) (0.115) (0.080) (0.088)
Teachbeha 0.520%**
(0.152)
Stchratio  1.516* (0.856) 0.797%** 0.695%* 1.020%**
(0.213) (0.295) (0.339)
Schtype 1.043*** 0.717 (0.334) 1.507***
(0.215) (0.352)

*p < 0.1; % p < 0.05 ** p < 0.01.

is statistically significant and negative in all countries and regions analysed, the interest in ICT (Intict)
is also significant but positive in all except Hong Kong, and motivation (Motivat) has a positive impact
on a large number of countries and regions analysed. It is important to note that students’ anxiety
towards exams (Anxtest) has a negative influence on resilience.

Table 4 presents the odds ratio for resilience together with its 95% confidence interval for each of
the selected variables. The odds ratios reported here compare the probability of being resilient for
two groups of students. These two groups are identified by a one unit increase in the variable
measuring the factor of interest. Odds ratios over one indicate that higher values of a particular
factor are associated with a greater likelihood that a disadvantaged student will be resilient, while an
odds ratio below one is suggestive of a negative relationship between that factor and resilience.

After analysing the school level, it is observed that one additional point in the index of bad school
climate (Stubeha) reduces the probability of resilience in Japan by half and lowers it by 18 percentage
points in Singapore and 31 and 39 in Hong Kong and Korea, respectively. High values of the student/
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Table 4. Odds ratio for resilient together with its 95% confidence interval for each of the selected variables.

HKG JPN KOR MAC QCH SGP TAP
FIRST LEVEL: STUDENTS
Gender 1.831 1.539
(1.193; 2.812) (1.271; 1.863)
Repeat 0.432 0.207 0.535 0.218
(0.270; 0.691) (0.140; 0.306)  (0.379; 0.755) (0.125; 0.382)
Adinst 0.742 1.272 0.798
(0.591; 0.930) (1.097; 1.475)  (0.654; 0.973)
Teachsup 1.282 0.694 1.267
(0.993; 1.655)  (0.583; 0.827) (1.033; 1.553)
Disclisc 1.237 1.272 1.259 1.481
(1.039; 1.473) (1.042; 1.553)  (1.058; 1.499) (1.275; 1.721)
Science related non-cognitive skills
Scieeff 1.114 1.256 1.154 1.206
(1.011; 1.228)  (1.110, 1.421) (1.002; 1.329)  (1.026; 1.417)
Joyscie 1.679 1.324 2.023 1.461 1.801
(1.375; 2.051)  (1.111; 1.577)  (1.706; 2.400) (1.232; 1.733) (1.561; 2.079)
Intbrsci 1.354 1.776 1.372 1.268 1.308
(1.139; 1.609)  (1.428; 2.208) (1.141; 1.650)  (1.016; 1.583) (1.056; 1.621)
Instscie 0.790 0.777 0.770 0.846
(0,648; 0.964) (0.584; 1.033) (0.645; 0.920) (0.697; 1.026)
Generic non-cognitive skills
Motivat 1.255 1.264 1.572 1.570
(1.015; 1.553)  (1.112; 1.436) (1.239; 1.995) (1.321; 1.867)
Anxtest 0.769 0.637 0.833 0.820
(0.639; 0.927) (0.509; 0.798)  (0.729; 0.953)  (0.696; 0.967)
Soiact 0.603 0.839 0.822 0.567 0.788 0.595 0.723
(0.471;0.772)  (0.709; 0.992) (0.693, 0.974) (0.462; 0.695) (0.642; 0.967) (0.510; 0.693) (0.592; 0.892)
Intict 1.552 1.257 1.588 1.695 1.207 1.313

(1.325; 1.817)  (1.050; 1.504) (1.239; 2.035) (1.399; 2.055)  (1.048;1.391)  (1.091; 1.580)
SECOND LEVEL: SCHOOLS

Intercept1
Intercept2 2.066 0.423 0.766 2.753 1.050 0.318
(1.461; 2.922)  (0.281; 0.637) (0.609; 0.963) (1.740; 4.358) (0.519; 2.124) (0.175; 0.578)
Stubeha 0.690 0.521 0.610 0.825
(0.509; 0.934)  (0.415; 0.653) (0.521; 0.714) (0.694; 0.980)
Teachbeha 1.683
(1.248; 2.269)
Stchratio 4.554 2.206 2.005 2.774
(0.837; 24.778) (1.433; 3.398) (1.121; 3.586)  (2.256; 9.021)
Schtype 2.838 2.045 451
(1.856; 4.339) (1.062; 3.954) (2.256; 9.021)

teacher ratio (Stchratio) double the probability of student resilience in Singapore and multiplies this
probability by 4.5 in the case of Hong Kong.

Analysing science-related non-cognitive skills, the enjoyment of science (Joyscie) by students
increases the probability of being resilient in Japan by 32 percentage points and doubles this
probability in Korea. Something similar occurs in the case of the variable that measures the interest
in student sciences (Intbrsci); high values increase the probability of resilience by 26 percentage
points in QCH and it reaches 77 in Japan.

In the case of common non-cognitive skills, the probability of being resilient is reduced by
a minimum of 16 percentage points (Japan) to a maximum of 43 (Macao) when studying the social
interaction of students (Soiaict). However, when the interest in ICT (Intict) is taken into account, the
probability of being resilient is increased by between 20 and 70 (Singapore and QCH) percentage
points. High values in the motivation index (Motivat) translate to a variation of between 25 and 57
additional percentage points on the probability of resilience. Previously, the negative impact caused
by anxiety towards tests (Anxtest) on the condition of resilience was indicated; this is reflected in
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countries or regions such as Singapore, whose students who have high anxiety values are 17 percen-
tage points less likely to be resilient, and which reaches 37 points less in QCH.

The rest of the variables have a disparate impact from some countries or regions to others
(Table 4).

Discussion

We have seen that there are important differences on the level of non-cognitive skills within
countries and regions. Regarding those skills closely related with science, all the countries and
regions have in common a negative level of self-efficacy on science. This self-efficacy (measured
by Scieff) is used to describe students’ belief that they can, with their actions, achieve a particular
goal. These negative values mean that the Asia region’s level is below that of the OECD average, thus
the students underestimate their talents. Alternatively, they believe that science is so difficult that
they would not be able to accomplish their goal. It is important to change this perception of science
as this science self-efficacy is a powerful incentive to act or to persevere in the face of difficulties.

The influence of non-cognitive skills on resilience has been clearly demonstrated through the
model estimated. In every educational system except for the four Chinese provinces (QCH) and
Taipei the enjoyment of science (Joyscie) has a positive influence on resilience. The other two aspects
related to motivation for learning science (interest in broad science topics, Intbrsci, and instrumental
motivation for learning science, Intscie) follow an interesting pattern. For the broad interest in
science topics, the effect, when it is relevant (all the countries and regions but Korea and
Singapore), is positive, meaning that the chances of being an academic resilient student increase
when the student has a genuine interest on the topic. By contrast, when the student has an
instrumental motivation for learning science (he or she is interested on science because it is useful
for his or her career plans), the influence is negative. The finding that resilience is linked with the kind
of motivation related with scientific curiosity (Intbrsci) is an important message to educators, some-
time too focus on the utilitarian part of the students formation.

On the group of common (generic) non-cognitive skills, we would like to put the focus on the
impact of the ICT on resilience. The index Soiaict measures the degree to which ICT (information
communication technology) is a part of the daily social life of the students, an index informed by
question such as “I like to share information about digital devices with my friends” or “I like to meet
friends and play computer and video games with them”. In all the studied countries and regions, the
effect of this socialization through ICT on resilience is both significant and negative. Actually, it is the
only factor that all countries and regions have in common. But fortunately, to promote resilience the
authorities do not have to go against the grain on ICT. As the relation between Intict, a measure of
the student’s ICT interest shows, with positive coefficients for all the countries and regions but
Hong Kong, the resilient students are interested on ICT but, we can conclude, they prefer not to use
technology in their daily interactions with their friends. This is an interesting finding for parents and
teachers for the times to come: the ICT is already part of the daily life on schools. Indeed, due to
external circumstances, it might be the only available solution. But, having said this, if we want to
promote resilience students, we have to promote people caring for others. And not only caring but
also “physically” interacting with them.

Although resilience is an individual property, the finding that resilience varies across schools
suggests that their environment also have influence. Consequently, the policymakers have a key role
in mitigating the risk of low achievement for disadvantaged students, for example, promoting
education policies and school practices that promote a good disciplinary climate (Stubeha and
Disclisc).

Countries need qualified students on STEM careers wherever they might be found. It is known the
role that social class plays in choosing a career, and how disadvantage families do not have the
resources to allow adequate orientation of the students. The promotion of resilience by education
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authorities could allow students to obtain good results in science despite their low socioeconomic
status, promoting equity and, in the long run, quality on the education system.

The results of this study should be evaluated in light of some limitations, derived from the
adequacy between our data, and the purpose of our research. Being the academic resilience
a multifaceted subject, we decided to focus just in the non-cognitive surface, leaving many others
aspects for future research. Even for such a limited approach, not all the potential explanatory
variables described on the literature were available in PISA. Specifically, the information regarding
personality profile or family background, not available in PISA for every country, might contain
information relevant to student resilience.

A second limitation of the study is derived from the lack of temporal perspective of PISA datasets.
We do not have longitudinal data where observations are for the same subjects. If we had, it would
be very interesting, once a student is identified as resilient, to follow the unfolding of her career and
answer questions like: if someone is resilient at 15, is then resilience forever? Or what is the impact of
resilience on the long run?

Finally, the model we have adopted study academic resilience based on science performance for
countries on East and South-East Asian zone. We do not know whether our results for science would
be generalizable to other areas of academic performance such as reading comprehension or
mathematics; neither we know which of the findings could be significative in other parts of the
world. These could be potentially interesting directions for future research to pursue.

Notes

1. TIMSS: Trends in International Mathematics and Science Studies.
2. ICT: Information and Communications Technology.
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3.4. Cuarto articulo

Garcia-Crespo, F. J., Fernandez-Alonso, R., & Muiiz, J. (2021). Academic
resilience in European countries: The role of teachers, families, and student
profiles. PLoS ONE, 16(7).

El objetivo de este articulo es analizar variables individuales y familiares del
estudiante junto con variables del maestro, tanto individuales como de practica docente
para conocer el impacto de la actividad docente sobre la condicion de resiliencia. La
principal aportacion de este articulo a la Tesis Doctoral es comprobar que en presencia
de variables del docente las variables del alumno se siguen comportando igual y se
concluye que la practica docente también puede potenciar que un estudiante tenga mayor

probabilidad de ser resiliente.
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Abstract

Academic resilience is a student’s ability to achieve academic results significantly higher
than would be expected according to their socioeconomic level. In this study, we aimed to
identify the characteristics of students, families, and teacher activities which had the great-
est impact on academic resilience. The sample comprised 117,539 fourth grade students
and 6,222 teachers from 4,324 schools in member states of the European Union that partici-
pated in the PIRLS 2016 study. We specified a two-level hierarchical linear model in two
phases: in the first level we used the students’ personal and family background variables, in
the second level we used the variables related to teaching activity. In the first phase we
used the complete model for all countries and regions, in the second phase we produced a
model for each country with the highest possible number of statistically significant variables.
The results indicated that the students’ personal and family variables that best predicted
resilience were the reading self-confidence index, which increased the probability of student
resilience by between 62 and 130 percentage points, a feeling of belonging to the school,
which increased the chances of being resilient by up to 40 percentage points, and support
from the family before starting primary school (Students from Lithuania who had done early
literary activities in the family setting were twice as likely to be resilient than those who had
not). The teaching-related factors best predicting resilience were keeping order in the class-
room, a safe and orderly school environment (increasing chances of resilience by up to 62
percentage points), and teaching focused on comprehension and reflection, which could
increase the probability of resilience by up to 61 percentage points.

Introduction

Evaluations of education systems are a key tool for describing the development of students’
skills and how schools help in improving learning [1]. Identifying the contextual factors of the
teaching process that have the greatest impact on academic performance may help to prevent
school failure, and may also help to guide policy decisions towards the continual improvement
of the education system [2-5]. Because of their usefulness, more and more countries are partic-
ipating in comparative studies of education systems run by international organizations such as
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the Organization for Economic Co-operation and Development (OECD), the International
Association for the Evaluation of Educational Achievement (IEA), and the European Commis-
sion (EC), among others [6]. In this context, the study of academic resilience is a thriving area
of growing interest in current educational research [7-13].

Academically resilient students are those who achieve academic success despite adverse
socioeconomic conditions [14, 15]. As Choi & Calero [16] noted, students’ capacity for resil-
ience comes from the interaction between personal, family, and school variables. Academic
resilience is closely connected to the student’s personality characteristics such as socio-affective
variables, self-concept, academic expectations, causal attributions, and confidence in their own
abilities [17-22]. There is also a broad consensus among researchers that academic resilience is
strongly linked to motivational variables such as effort, persistence, personal strength, the abil-
ity to work autonomously, enthusiasm for learning, and enjoyment of reading [19-21, 23-25].

The family context also seems to be associated with the likelihood of being academically
resilient, and parents’ academic expectations have been shown to be a key predictor of educa-
tional results [26]. Fernandez-Alonso, Alvarez-Diaz, Woitschach, Suérez-Alvarez, & Cuesta
[27] found that students whose parents had a more distant or indirect profile of family involve-
ment tended to demonstrate better results than students from homes with more controlling
styles. Using the TIMSS 2011 database, Sandoval & Bialowolski [28] found that high academic
expectations and time spent on mathematics in the home had a positive effect on Singaporean
students. In a sample of Chinese students participating in university entrance exams, Li [29]
found that supervision by parents and school involvement and recognition strengthened resil-
ience. Studies such as Cheung et al. [30], reported that students with family support tended to
have better psychological wellbeing, and were more likely to be resilient.

Educational research has accumulated evidence relating the school learning context to aca-
demic resilience. Erberber et al. [17], found that the school factors most strongly related to
resilience in mathematics and science subjects included teacher expectations of student perfor-
mance, the school’s interest in academic success, a safe school atmosphere, school discipline,
and the amount of educational resources available. On similar lines Garcia-Crespo et al. [14],
found that a favorable school environment notably increased student academic resilience.
Another line of research that has produced very consistent results indicates teachers as a key
factor in academic resilience [31-35]. Although the concept of teaching quality is multidimen-
sional [36-39], researchers have been able to summarize a set of teaching practices and didac-
tic strategies with real potential for improving student motivation, and improving their
learning outcomes [33, 40-47]. Variables such as teachers satisfaction with their work also play
an important role in their performance, and consequently in the students’ academic perfor-
mance [48-50]. In addition, better quality education systems are able to attract highly trained,
skilled teachers, offering them careers which recognize and enable teacher development and
training [51-53], which suggests that initial and continued teacher training would also be asso-
ciated with students’ academic resilience. Consequently, there is great political interest in
assessing whether participation in continual professional development activities is driving
changes in teaching practices and in student performance, and whether some types of activities
are more effective than others [33, 54-56]. Research has found that participation in profes-
sional development activities is linked to individual motivation and the desire to improve
teaching skills in order to be able to help students [57]. This participation has a direct positive
impact on improving student performance [56], and increasing the likelihood of resilience
closing the gap between students [58].

Within this context, the main objective of this current study is to identify and assess the
influence of two types of variables on students’ academic resilience: students’ personal and
family variables, and the teachers’ teaching practices.
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Materials and methods
Participants

We defined the target population as students in the 4" year of compulsory education in the
European Union countries and regions taking part in PIRLS 2016. PIRLS is designed to
describe and summarize student performance, which is why it aims for the target population
to have complete coverage. However, in some cases, for political, geographical, or operational
reasons, complete national coverage is not achieved. For this reason, in some exceptional situa-
tions, they permit schools to be excluded (inaccessibility due to a geographically remote loca-
tion, extremely small size, offering a radically different grade structure or curriculum to the
mainstream educational system or providing instruction solely to students in the student-level
exclusion categories below) or the exclusion of students within schools (students with func-
tional or intellectual disabilities) [59]. Within each country, the sampling, which was in accor-
dance with international test standards [59], was stratified, sequential by cluster, and two-
stage. In the first stage, schools were selected with a probability proportional to their size
within each stratum. In the second stage the class or classes to participate within the school
were selected. The sample was made up of 117,539 students and 6,222 teachers from 4,324
schools (Table 1). Table 1 gives a description of the sample. In this study, we used 23 samples

Table 1. Sample description.

Country Number of Number of Number of Number of home Coverage of the national target Coverage of
Students Teachers Schools questionnaires population home
Austria 4,360 257 150 4,074 94.4% 94.2%
Belgium 5,198 277 148 4,560 98.4% 87.6%
(Flemish)
Belgium 4,623 254 158 3,971 94.0% 85.6%
(French)
Bulgaria 4,281 214 153 4,206 95.7% 97.8%
Czech Republic 5,537 269 157 5,202 96.6% 94.4%
Denmark 3,508 186 185 3,214 91.2% 91.0%
England 5,095 210 170 0 96.3% 0.0%
Finland 4,896 295 151 4,535 97.6% 93.2%
France 4,767 284 163 4218 94.6% 89.6%
Germany 3,959 221 208 2,668 95.8% 66.8%
Hungary 4,623 209 149 4,374 95.5% 94.4%
Ireland 4,607 219 148 4,254 96.9% 92.3%
Ttaly 3,940 217 149 3,586 95.1% 91.3%
Latvia 4,157 218 150 3,882 92.1% 93.4%
Lithuania 4317 243 195 3,623 95.8% 86.4%
Malta 3,647 207 95 3,155 92.1% 86.5%
Netherlands 4,206 226 132 2,246 96.9% 53.4%
Northern 3,693 160 134 1,445 97.0% 37.7%
Ireland
Poland 4,413 246 148 4,290 96.1% 97.4%
Portugal 4,642 318 218 4,514 92.5% 97.4%
Slovak Republic 5,451 334 220 5,210 95.2% 95.7%
Slovenia 4,499 253 160 4,256 97.6% 95.1%
Spain 14,595 678 629 13,402 95.2% 91.1%
Sweden 4,525 227 154 3,758 94.8% 84.8%
Total 117,539 6,222 4,324 98,643

https://doi.org/10.1371/journal.pone.0253409.t001
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from 22 EU countries, as Belgium has two samples, one Flemish-speaking and the other
French-speaking. England was not included in the analysis as they did not provide data for the
family questionnaire, which prevented the creation of student socioeconomic and sociocul-
tural indices, something that was essential for identifying resilient students.

Procedure

The PIRLS 2016 test was applied following the standards outlined by the International Associ-
ation for the Evaluation of Educational Achievement (IEA) [59]. The test was applied on a sin-
gle day, structured in two 40-minute sessions with a 30-minute break in the middle. Each
session involved reading a literary text and an informative text (not necessarily in that order)
and answering a series of items about them. The test was specified according to the theoretical
framework established in Mullis and Martin [60], and comprised a total of 12 readings (half
informative, half literary) distributed in 16 different test booklets following a partially balanced
incomplete block design [61]. Because each student only completed a single test booklet, when
the test was given, test-booklets were distributed so that each item was answered by a similar
number of students. Once the reading sessions were finished, the students completed a back-
ground questionnaire (Student Questionnaire) which would be used to complement the infor-
mation about student reading comprehension. The process also included a Home
Questionnaire (Learning to Read Survey) for families, a Teacher Questionnaire which was
completed by the language teacher, and a School Questionnaire which was completed by the
heads of the schools. It should be noted that due to the data collection procedure for the Home
Questionnaire, it was not available for all of the students who participated in the study because
some families did not return a completed questionnaire. Regardless of this, the number of
questionnaires available was sufficient to perform the analysis for this study as it achieved suffi-
cient coverage with the application of missing data recovery techniques detailed below.

Measurement instruments and variables

Academic resilience. A student is considered to show resilience if they meet two condi-
tions: a) their score in the Index of Economic, Social and Cultural Status (ESCS) is in the lowest
quarter of the ESCS in their country, and b) their score in the PIRLS 2016 Reading Comprehen-
sion is higher than the third quartile of overall achievement once the individual ESCS is dis-
counted. The full method of calculation may be found in Garcia-Crespo et al. [14].

The ESCS index is essentially unidimensional [62-65] and is constructed from four items
in the student context and family questionnaires: home possessions, books at home, parents’
highest education level, and parents’ highest occupation level.

The score in Reading Comprehension was calculated from the responses to the cognitive
reading tests and information in the background questionnaires. It was constructed by apply-
ing models derived from Item Response Theory (IRT), assigning five plausible values as scores
on a scale with a mean of 500 and standard deviation of 100 [59].

Predictor variables of academic resilience. We considered 24 variables to predict aca-
demic resilience, eight related to students, two to families, and fourteen to teaching practices.

Student-related variables. The variables Gender and Attended a preschool educational
program (less than 2 years; two years or more) are dichotomous, the remaining variables were
constructed using IRT partial credit scaling [59, 66]. For this analysis they were normalized
with a mean of 0 and standard deviation of 1 [N(0,1)]. The six remaining variables (and their
labels in brackets) in the student questionnaire were as follows:

Sense of school belonging (Sensebel). Students were asked how much they agreed with five
statements about their attitude toward school, 1 (I like being in school), 2 (I feel safe when I
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am at school), 3 (I feel like I belong at this school), 4 (Teachers at my school are fair to me),
and 5 (I am proud to go to this school).

Engaged in reading lessons (Engagedr). Students were scored according to their degree of
agreement with nine statements related to their reading commitment: 1 (I like what I read
about school), 2 (My teacher gives me interesting things to read), 3 (I know what my teacher
expects me to do), 4 (My teacher is easy to understand), 5 (I am interested in what my teacher
says), 6 (My teacher encourages me to say what I think about what I have read), 7 (My teacher
lets me show what I have learned), 8 (My teacher does a variety of things to help us learn), and
9 (My teacher tells me how to do better when I make a mistake).

Like reading (Likeread). Students were scored on this scale according to their degree of
agreement with eight statements and how often they did two reading activities outside of
school: 1 (I like talking about what I read with other people), 2 (I would be happy if someone
gave me a book as a present), 3 (I think reading is boring), 4 (I would like to have more time
for reading), 5 (I enjoy reading), 6 (I learn a lot from reading), 7 (I like to read things that
make me think), and 8 (I like it when a book helps me imagine other worlds).

Confident in reading (Confiden). Students were scored according to their degree of agree-
ment with six statements: 1 (I usually do well in reading), 2 (Reading is easy for me), 3 (I have
trouble reading stories with difficult words), 4 (Reading is harder for me than for many of my
classmates), 5 (Reading is harder for me than any other subject), and 6 (I am just not good at
reading).

Early literacy activities before school (Litactiv). Students were scored according to how often
their parents’ did the nine activities: 1 (Read books), 2 (Tell stories), 3 (Sing songs), 4 (Play
with alphabet toys, e.g., blocks with letters of the alphabet), 5 (Talk about things you had
done), ...

Early literacy tasks (Littask). Students were scored according to their parents’ responses
about how well their children could do the six tasks: 1 (Recognize most of the letters of the
alphabet), 2 (Read some words), 3 (Read sentences), 4 (Read a story), 5 (Write letters of the
alphabet), and 6 (Write some words).

Family-related variables. We extracted two variables from the family questionnaire, con-
structed and scored in the same way [N(0,1)] as the variables from the student questionnaire.

Parents’ perceptions of child’s school (Parentsp). Students were scored on this scale according
to their parents’ responses to six statements about the school: 1 (My child’s school does a good
job including me in my child’s education), 2 (My child’s school provides a safe environment),
3 (My child’s school cares about my child’s progress in school), 4 (My child’s school does a
good job informing me of their progress), 5 (My child’s school promotes high academic stan-
dards), and 6 (My child’s school does a good job in helping them become better in reading).

Parents like reading (Parentsl). Students were scored on this scale according to their parents’
responses to eight statements about reading and how often they read for enjoyment: 1 (I read
only if I have to), 2 (I like talking about what I read with other people), 3 (I like to spend my
spare time reading), 4 (I read only if I need information), 5 (Reading is an important activity
in my home), 6 (I would like to have more time for reading), 7 (I enjoy reading), and 8 (Read-
ing is one of my favorite hobbies)

Teaching-related variables. We extracted 14 variables from the teacher questionnaire.
Gender was dichotomous, the others were expressed on a continuous, normalized scale [N
(0,1)].

Teachers’ basic training (Basictraining). Students were scored on this scale according to
their teachers’ responses (Not at all / Overview or introduction to topic / It was an area of
emphasis) to four statements about their formal education and training and the extent to
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which they studied the following areas: 1 (language of test), 2 (Literature), 3 (Pedagogy/teach-
ing Reading), and 4 (Educational psychology).

Teachers’ complimentary training (Complime). Students were scored on this scale according
to their teachers’ responses (Not at all / Overview or introduction to topic / It was an area of
emphasis) to three statements about their formal education and training regarding the extent
to which they studied the following areas: 1 (Remedial reading), 2 (Reading theory), and 3
(Assessment methods in reading).

School emphasis on academic success (Emphasis). Students were scored according to their
teachers’ responses characterizing twelve aspects of the School Emphasis on Academic Success
scale: 1 (Teachers’ understanding of the school’s curricular goals), 2 (Teachers” degree of suc-
cess in implementing the school’s curriculum), 3 (Teachers’” expectations for student achieve-
ment), 4 (Teachers’ ability to inspire students), 5 (Collaboration between school leadership
(including master teachers) and teachers for planning instruction), 6 (Parental involvement in
school activities), 7 (Parental commitment to ensure that students are ready to learn), 8
(Parental expectations for student achievement), 9 (Parental support for student achievement),
10 (Students’ desire to do well in school), 11 (Students’ ability to reach the school’s academic
goals), and 12 (Students’ respect for classmates who excel academically).

Safe and orderly school (Security). Students were scored according to their teachers’ degree
of agreement with eight statements on the Safe and Orderly School scale: 1 (This school is
located in a safe neighborhood), 2 (I feel safe at this school), 3 (This school’s security policies
and practices are sufficient), 4 (The students are well behaved), 5 (The students are respectful
of the teachers), 6 (The students respect school property), 7 (This school has clear rules about
student conduct), and 8 (This school’s rules are fairly and consistently enforced)

Teacher interaction (Interact). Students were scored on this scale according to their teach-
ers’ responses to four statements about different types of interaction with other teachers in
terms of how often they occurred: 1 (Share what I have learned about my teaching experi-
ences), 2 (Observe another classroom to learn more about teaching), 3 (Work together to
improve how to teach a particular topic), 4 (Work with teachers from other schools on the cur-
riculum), and 5 (Work with teachers from other grades to ensure continuity in learning).

Teacher job satisfaction (Satisfac). Students were scored according to how often their teach-
ers responded positively to the five statements on the Teacher Job Satisfaction scale: 1 (I am
content with my profession as a teacher), 2 (I find my work full of meaning and purpose), 3 (I
am enthusiastic about my job), 4 (My work inspires me), and 5 (I am proud of the work I do).

Classroom instruction limited by student attributes (Limitat). Students were scored accord-
ing to their teachers’ responses about seven attributes of their students that could limit how
they teach their class in the Classroom Instruction Limited by Student Attributes scale: 1 (Stu-
dents lacking prerequisite knowledge or skills), 2 (Students suffering from lack of basic nutri-
tion), 3 (Students suffering from not enough sleep), 4 (Students absent from class), 5
(Disruptive students), 6 (Uninterested students), 7 (Students with mental, emotional, or psy-
chological impairment), and 8 (Lack of support for using information technology)

Routine strategies for reading (Routinare). Students were scored on this scale according to
their teachers’ responses to three statements about reading activities regarding how often they
did them: 1 (Read aloud to students), 2 (Ask students to read aloud), and 3 (Ask students to
read silently on their own).

Systematic strategies for reading (Sistemat). Students were scored on this scale according to
their teachers’ responses to four statements about reading activities regarding how often they
did them: 1 (Teach students strategies for decoding sounds and words), 2 (Teach students new
vocabulary systematically), 3 (Teach students how to summarize the main ideas), and 4 (Teach
or model skimming or scanning strategies).
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Use of comprehension reading techniques (Comprehe). Students were scored on this scale
according to their teachers’ responses to three statements about how often they did things to
help develop reading comprehension skills: 1 (Locate information within the text), 2 (Identify
the main ideas of what they have read), and 3 (Explain or support their understanding of what
they have read).

Use of reflective reading techniques (Reflecti). Students were scored on this scale according
to their teachers’ responses to six statements about how often they did things to help develop
reading strategies: 1 (Compare what they have read with experiences they have had), 2 (Com-
pare what they have read with other things they have read), 3 (Make predictions about what
will happen next in the text they are reading), 4 (Make generalizations and draw inferences
based on what they have read), 5 (Describe the style or structure of the text they have read),
and 6 (Determine the author’s perspective or intention).

Homework tracking (Homework). Students were scored on this scale according to their
teachers’ responses to three statements about how often they did the following with the reading
homework assignments for their class: 1 (Correct assignments and give feedback to students),
2 (Discuss the homework in class), and 3 (Check whether the homework was completed).

Selection of adapted readings (Readings). Students were scored on this scale according to
their teachers’ responses to three statements about how often they did the following in teaching
reading to their class: 1 (Provide reading materials that match the students’ interests), 2 (Pro-
vide materials that are appropriate for the reading levels of individual students), and 3 (Give
students time to read books of their own choosing).

The variables Emphasis, Security, Satisfact, and Limitati were constructed using the IRT
partial credit scaling model [59, 66], while the remaining variables were constructed via Princi-
pal Component Analysis (PCA)

The TIMSS & PIRLS International Study Center thoroughly reviewed the items to assess
and evaluate their psychometric characteristics. This review allowed them to detect items with
unusual properties that could indicate problems or errors for a particular country. Countries
are expected to exhibit some variation in the item responses, however, when that variation is
large there is said to be item-country interaction, and measures need to be taken to resolve the
problem. To detect these interactions, the TIMSS & PIRLS International Study Center pro-
duced a graphical display for each item showing the difference between the Rasch difficulty of
a parameter for an item in a country and for the item in the international average. In each of
these item-by-country interaction displays, the difference in the Rasch difficulty for each coun-
try is presented as a 95% confidence interval, including a Bonferroni correction for multiple
comparisons between participating countries [59].

Data analysis

We used multilevel logistic regression models to analyze the influence of the predictor vari-
ables on the criterion (academic resilience) [67-69]. The use of hierarchical linear models is
due to the structure of the data matrices in the international evaluations of education systems.
Analysis procedures derived from the classical general linear model assume that the cases are
selected via simple random sampling, however, in large scale educational evaluations, the
assumption of independence of collected data is not usually met [70]. In fact, PIRLS 2016 used
a complex sampling design, in which the observations are definitely not independent, as the
students (level 1) within the same class or school (level 2) are more similar to each other than
to the students in other classes or schools [71]. In added designs, each level of the hierarchy
has a different variability and the errors are not independent. Because the analytical proce-
dures derived from the classical general linear model do not consider this interdependence of
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cases, their results may very well be biased due to underestimating standard errors which may
cause false significance. Multilevel models, by addressing this grouped sample design, are a
valid alternative to the replicated weightings offered initially by the PIRLS 2016 database. For
each of the countries analyzed, we specified two multilevel logistical regression models. In the
first iteration, the model included all of the predictor variables. It followed a non-centered
model, as the second-level coefficients provide correct estimations of individual effects and the
contextual effect when the contextual predictor variable is included in the second level of the
model [72]. In the second iteration, the model was specified which retained the predictors that
were statistically significant in the initial model for each country. This means that we produced
as many models as participating countries. That will allow a comparison of which variables
were significant in within each country and to what extent.

We considered the following parameters to analyze and evaluate the models obtained:

a. Coefficients (B;,i=1,...,10;Yojj =L, ..., 14) and their signs. Positive values would indicate
direct positive impact of the predictor variable on the criterion variable, negative values
would indicate an inverse impact.

b. P-value of the coefficients (B;,i=1, ..., 10; Yopj=1,..., 14): marginal level of significance.
We selected the variables that were significant at 10% and at 5%.

c. Odds ratio (efi, e’). This allows comparison of the odds of different values of a B; or vy
predictor variable, indicating the amount of impact, with a value of 1 indicating that 3; or
Yo have no impact. The further from 1, the greater the impact, whether direct or inverse
(Garcia-Crespo et al., 2019).

To specify the models, we used HLM6® software and cases were weighted by the original
weightings of students and schools in the PIRLS 2016 database. These weightings, which reflect
the probabilities of selecting students and schools in the study, allow proper reproduction of
the population size and optimize the representativeness of the results [73]. The response rate
of the questionnaires from which the indices were constructed was very high, over 95% for the
student, teacher, and school head questionnaires and over 85% for the family questionnaire.
There were no concentrations of missing data by country or school, which means it did not
bias the responses. Due to the construction of the indices, they did not give anomalous data, as
all of the continuous indices were from standardized distributions with a mean of 0 and a stan-
dard deviation of 1. Although there are many methods for recovering missing data [74], in this
study we used the linear trend at point process in the Missing Value Analysis module in SPSS,
using the class the student belonged to as segmentation.

Results

Table 2 shows the ESCS and the percentages of academically resilient students in reading by
country, along with the standard errors of the estimated parameters.

The countries with the highest proportions of resilient students, according to the estima-
tions produced from the definition of resilience used in this study, were Poland (42.22%) and
Italy (40.57%). The French-speaking area of Belgium (5.96%) and Malta (6.45%) had the lowest
proportions. This indicates a great variation in the proportions of resilient students between
the different countries analyzed.

Before presenting the results of this study, the bilateral correlations between the variables in
the model are provided, in order to reject excessive correlation that would prevent the true
impact of each variable from being seen independently. Table 3 shows the bivariate correla-
tions between the student and family contextual variables, while Table 4 shows the correlations
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Table 2. Index of economic, social and cultural status, and percentage of resilient students for the European Union countries.

Country ESCS ESCS s.e. Resilient percentage Resiliente percentage s.e.
Austria 0.09 0.03 16.43 1.80
Belgium (Flemish) 0.25 0.03 12.80 1.25
Belgium (French) 0.11 0.03 5.96 0.77
Bulgaria -0.24 0.06 27.48 3.40
Czech Republic 0.09 0.03 22.88 1.81
Denmark 0.65 0.03 17.45 1.56
Finland 0.49 0.02 32.76 1.95
France 0.01 0.03 11.88 1.21
Germany 0.01 0.04 20.00 1.86
Hungary 0.00 0.06 25.33 2.15
Ireland 0.23 0.03 36.23 1.90
Italy -0.45 0.04 40.57 1.88
Latvia 0.30 0.03 27.18 1.77
Lithuania 0.11 0.03 23.14 1.76
Malta -0.10 0.01 6.45 0.77
Netherlands 0.45 0.03 19.23 1.85
Northern Ireland 0.34 0.03 36.90 2.03
Poland -0.04 0.03 4222 2.20
Portugal -0.20 0.03 24.95 1.80
Slovak Republic -0.16 0.04 18.92 1.71
Slovenia 0.16 0.03 22.09 1.90
Spain -0.02 0.03 20.93 1.10
Sweden 0.66 0.03 18.80 1.61

s.e.: Standard error

https://doi.org/10.1371/journal.pone.0253409.t002

between the teaching process variables. Although the correlation was statistically significant in
all cases, the values, as shown below were almost all low.
The tables below provide the results of the models that only conserved the statistically sig-
nificant variables to the resilience condition by country, models from the second iteration.
Table 5 gives the contextual variables from the students and their families, and Table 6 gives
the teaching context variables. Both tables contain the parameters of the logistical regression
by country and dependent variable: the coefficients and their standard errors, the odds ratio,
and the p-value (level of significance).

Table 3. Correlations of student and family contextual variables.

SenseBelonging | EngagedReading | LikeReading | Confident | LitActivities | LitTask | ParentsPercep | ParentsLikeRead
SenseBelonging 1 .580** 428 .103** .051** .088** .183** .044**
EngagedReading 1 527+ .139%* .057** .075** 167 .032**
LikeReading 1 1717 .080"* .135%* 1147 .089**
Confident 1 .106** .139%* .0227* .074**
LitActivities 1 .290** .135%* 314%F
LitTask 1 .143%* .164%"
ParentsPercep 1 .101%*
ParentsLikeRead 1
** The correlation is significant at the 0.01 level (bilateral)
https://doi.org/10.1371/journal.pone.0253409.t003
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Table 4. Correlations of variables related to teaching.

BasicTraining | CompleTraining | Emphasis | Security | Interaction | Satisfaction | Limitations | Rutinare | Sistemat | Comprehensive | Reflective | Homework | Readings
BasicTraining 1 448" 103" 1317 119% .069** -.035%* .072** .099** 074 1047 042+ .104**
CompleTraining 1 .092** .064"* 1397 1207 .035"* .021** 155 .070** 157+ 077 .082**
Empbhasis 1 554" .380"* .345** 3424 .123** .146** .075** 1647 .057+* .209**
Security 1 .260"* .301%* 384+ .053** .058** 011 086" .012** .166**
Interaction 1 .339** 139" 179** 356" 248 3447 192** 224
Satisfaction 1 238" .148"* 227 144" 2127 .099** 223
Limitations 1 .005* .067+* .013** 0877 .066** .019**
Rutinare 1 376" .369"* 306" .163** 246"
Sistemat 1 S 6277 .346"* .324%*
Comprehensive 1 5917 275%* 273

Reflective
Homework

Readings

** The correlation is significant at the 0.01 level (bilateral).

* The correlation is significant at the 0.05 level (bilateral)

https://doi.org/10.1371/journal.pone.0253409.t004

295

.323**
.089**

Tables 7 and 8 show the percentages of countries in which the coefficient of the correspond-
ing variable was statistically significant.

The first notable result is that the teaching context variables had less impact on the proba-
bility of resilience than the student context variables. In this regard, in every country, students
with greater confidence in reading tended to be more likely to be resilient that those who did
not. It is also worth highlighting that in around half of the countries, the sense of belonging to
the school, positive attitudes in reading classes, liking reading, and having done reading tasks
in the family setting had a positive impact on the capacity for resilience. Teaching in secure set-
tings, having had complementary training, and greater emphasis on academic results were the
aspects of the teaching context that increased the chances of students being resilient in the
greatest number of countries.

Discussion and conclusions

The main objective of our study was to analyze the extent to which students’ personal and fam-
ily characteristics and their teachers’ teaching activities were linked to the students” academic
resilience. Students show academic resilience when, despite unfavorable socioeconomic and
sociocultural levels, they have good academic performance. Our results show that the weight
of the predictor variables in academic resilience varied considerably between countries, which
may be, as Mullis, Martin, Goh, & Prendergast [75], noted, due to social and cultural differ-
ences, and the differences between different countries’ education systems. The student-related
variable that was most strongly linked to academic resilience was confidence in reading, which
was statistically significant and positive in all countries, a finding that is in line with data from
Martin & Marsh [19], Vaknin-Nusbaum, et al. [20], Veas, et al. [21], and Wosman, et al. [22].
Nonetheless, it is worth noting that studies such as Marsh & Craven [76], via research based
on a reciprocal effects model and a meta-analysis showed that prior academic self-concept
(rather than self-esteem) and prior success had positive effects on subsequent self-concept and
subsequent success. The next most strongly linked variable was the students’ sense of school
belonging, which also agrees with previous results [17]. Other student personal characteristics
were statistically significant in a good number of countries, such as being a boy or girl, or hav-
ing attended pre-primary school. Students being engaged in reading lessons demonstrated
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Table 5. Coefficient, p-value, and odds ratio of student and family contextual variables.

Gender Preprimary Sensebelonging Engagedreading Likereading Confident LitActivities LitTask ParentsPercep ParentsLikeRead
Austria Coefficient -0.27 0.83 0.22
Coeff_s.e. 0.11 0.09 0.13
P-value 0.01 0.00 0.08
Odds Ratio 0.76 2.30 1.24
Belgium Flemish | Coefficient -0.61 0.71 0.19 0.48
Coeff_s.e. 0.21 0.38 0.11 0.10
P-value 0.01 0.06 0.09 0.00
Odds Ratio 0.54 2.03 1.21 1.62
Belgium French Coefficient 0.42 0.62 0.30
Coeff_s.e. 0.19 0.18 0.15
P-value 0.03 0.00 0.05
Odds Ratio 1.52 1.85 1.35
Bulgaria Coefficient -0.22 0.30 -0.24 0.48 0.15
Coeff_s.e. 0.11 0.09 0.09 0.11 0.09
P-value 0.05 0.00 0.01 0.00 0.09
Odds Ratio 0.80 1.34 0.79 1.62 1.16
Czech Republic | Coefficient 0.80 0.27 -0.38 0.66 0.21
Coeff_s.e. 0.28 0.11 0.10 0.10 0.09
P-value 0.01 0.02 0.00 0.00 0.02
Odds Ratio 2.23 1.31 0.69 1.94 1.23
Denmark Coefficient 1.71 0.18 0.76 0.31
Coeff_s.e. 0.75 0.09 0.09 0.12
P-value 0.02 0.06 0.00 0.01
Odds Ratio 5.51 1.19 2.14 1.36
Finland Coefficient 0.30 0.65 0.53
Coeff_s.e. 0.11 0.11 0.08
P-value 0.01 0.00 0.00
Odds Ratio 1.35 1.91 1.70
France Coefficient 0.68 0.57
Coeff_s.e. 0.09 0.13
P-value 0.00 0.00
Odds Ratio 1.97 1.78
Germany Coefficient 0.31 -0.23 0.54 0.22 0.23
Coeff_s.e. 0.19 0.11 0.09 0.13 0.12
P-value 0.09 0.04 0.00 0.09 0.07
Odds Ratio 1.37 0.79 1.71 1.25 1.26
Hungary Coefficient 0.25 0.79 -0.18
Coeff_s.e. 0.09 0.09 0.11
P-value 0.01 0.00 0.10
Odds Ratio 1.28 221 0.84
Ireland Coefficient 0.36 -0.26 0.59 0.68
Coeff_s.e. 0.11 0.10 0.09 0.12
P-value 0.00 0.01 0.00 0.00
Odds Ratio 1.44 0.77 1.81 1.97
Ttaly Coefficient 0.19 -0.24 0.71 0.16
Coeff_s.e. 0.11 0.12 0.11 0.09
P-value 0.08 0.05 0.00 0.07
Odds Ratio 1.21 0.79 2.04 1.17
Latvia Coefficient -0.57 0.22 -0.32 0.78 0.37
Coeff_s.e. 0.20 0.13 0.16 0.12 0.13
P-value 0.01 0.09 0.05 0.00 0.01
Odds Ratio 0.57 1.24 0.72 2.19 1.44
Lithuania Coefficient -0.38 -0.25 0.68 0.70
Coeff_s.e. 0.22 0.10 0.13 0.14
P-value 0.08 0.02 0.00 0.00
Odds Ratio 0.68 0.78 1.97 2.01

(Continued)
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Table 5. (Continued)

Gender Preprimary Sensebelonging Engagedreading Likereading Confident LitActivities LitTask ParentsPercep ParentsLikeRead
Malta Coefficient -0.39 0.27 0.82 0.23
Coeff_s.e. 0.24 0.12 0.12 0.14
P-value 0.10 0.03 0.00 0.09
Odds Ratio 0.68 1.31 2.27 1.26
Netherlands Coefficient 0.27 -0.53 0.61 0.50 0.34 0.29
Coeff_s.e. 0.13 0.17 0.15 0.09 0.15 0.13
P-value 0.03 0.00 0.00 0.00 0.02 0.03
Odds Ratio 1.31 0.59 1.83 1.65 1.40 1.34
Northen Ireland | Coefficient 0.19 -0.41 0.31 0.78
Coeff_s.e. 0.11 0.12 0.11 0.09
P-value 0.09 0.00 0.00 0.00
Odds Ratio 1.21 0.67 1.36 2.19
Poland Coefficient -0.58 -0.28 0.61 -0.26 0.57 0.28
Coeff_s.e. 0.18 0.11 0.09 0.10 0.14 0.11
P-value 0.00 0.01 0.00 0.01 0.00 0.01
Odds Ratio 0.56 0.76 1.84 0.77 1.77 1.32
Portugal Coefficient -0.23 0.83
Coeff_s.e. 0.07 0.09
P-value 0.00 0.00
Odds Ratio 0.80 2.29
Slovak Republic | Coefficient 0.83 0.60 0.17
Coeff_s.e. 0.24 0.07 0.09
P-value 0.00 0.00 0.06
Odds Ratio 2.30 1.83 1.18
Slovenia Coefficient -0.70 0.29 -0.50 0.74 0.29 -0.20
Coeff_s.e. 0.21 0.12 0.13 0.10 0.10 0.11
P-value 0.00 0.02 0.00 0.00 0.00 0.06
Odds Ratio 0.49 1.33 0.61 2.09 1.34 0.82
Spain Coefficient 0.15 -0.15 0.60 0.17 0.32
Coeff_s.e. 0.08 0.06 0.08 0.08 0.08
P-value 0.06 0.01 0.00 0.03 0.00
Odds Ratio 1.17 0.86 1.82 1.18 1.38
Sweden Coefficient 0.86 -0.34 0.62 -0.20 0.61
Coeff_s.e. 0.33 0.13 0.12 0.10 0.13
P-value 0.01 0.01 0.00 0.05 0.00
Odds Ratio 2.37 0.71 1.85 0.82 1.84

https://doi.org/10.1371/journal.pone.0253409.t005

divergent results, with different effects from one country to another, and something similar
occurred with reading for pleasure.

For the family-related variables, we found that in most countries (18 out of 23), at least one
of the following variables was statistically significant in the prediction of academic resilience:
having done early literacy activities in the family environment, having done literacy activities
before starting schooling, and parents’ reading for pleasure. The first of these was significant in
more than half of the countries.

In general, the results with regard to teaching-related variables indicated a smaller predic-
tive capacity for academic resilience than those related to students or their family characteris-
tics. The two variables demonstrating greatest predictive capacity were a safe and orderly
school environment and co-existence in schools, confirming the results reported by Erberber,
etal. [17]. There was a mix of instructional type variables which accumulated positive effects
in a notable number of countries, particularly classroom work being oriented towards achiev-
ing academic objectives and some characteristics of teaching practices. In this regard, teaching
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Table 6. Coefficient, p-value, and odds ratio of variables related to teaching.

Gender | BasicTraining | CompleTraining | Emphasis | Security |Interaction | Satisfaction |Limitation | Rutinare | Sistemat | Comprehensive | Reflective | Homework | Readings

Austria Coefficient 0.50 -0.21

Coeff_s.e. 0.16 0.12

P-value 0.00 0.10

Odds 1.64 0.81
Ratio

Belgium | Coefficient 0.27 0.21 -0.23 0.27 -0.20
Flemish

Coeff_s.e. 0.12 0.12 0.12 0.16 0.10
P-value 0.02 0.08 0.05 0.09 0.04

Odds 1.31 1.24 0.79 1.31 0.82
Ratio

Belgium | Coefficient 0.33 0.62 0.25
French

Coeff_s.e. 0.19 0.21 0.14
P-value 0.08 0.00 0.08

Odds 1.39 1.86 1.28
Ratio

Bulgaria Coefficient 0.41 -0.28 0.48 -0.34

Coeff_s.e. 0.18 0.17 0.21 0.16

P-value 0.02 0.10 0.03 0.03

Odds 1.50 0.75 1.61 0.71
Ratio

Czech Coefficient 0.27 -0.18
Republic | coeff e, 0.12 0.10
P-value 0.02 0.09

Odds 1.31 0.84
Ratio

Denmark | Coefficient -0.18 0.24 -0.28 0.17

Coeff_s.e. 0.11 0.14 0.15 0.09
P-value 0.10 0.08 0.08 0.08

Odds 0.83 1.28 0.76 1.18
Ratio

Finland Coefficient -0.27 -0.13 0.22

Coeff_s.e. 0.09 0.08 0.13

P-value 0.01 0.10 0.10

Odds 0.77 0.88 124
Ratio

France Coefficient 0.42 -0.31 0.20 0.24

Coeff_s.e. 0.12 0.12 0.12 0.11
P-value 0.00 0.01 0.10 0.04

Odds 1.52 0.74 122 1.27
Ratio

Germany | Coefficient 0.30 0.27 0.28

Coeff_s.e. 0.19 0.14 0.13
P-value 0.11 0.06 0.04

Odds 1.35 1.31 1.32
Ratio

Hungary | Coefficient 0.31

Coeff_s.e. 0.14

P-value 0.03

Odds 1.36
Ratio

Ireland Coefficient -0.40 0.15 -0.28 0.18

Coeff_s.e. 0.23 0.08 0.13 0.09

P-value 0.08 0.05 0.04 0.05

Odds 0.67 1.17 0.76 1.20
Ratio

Italy Coefficient -1.09 0.23 0.48 -0.25 -0.21 0.45 -0.22

Coeff_s.e. 0.41 0.07 0.15 0.10 0.11 0.15 0.11
P-value 0.01 0.00 0.00 0.02 0.06 0.00 0.06

Odds 0.34 1.26 1.62 0.78 0.81 1.57 0.80
Ratio

(Continued)
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Table 6. (Continued)

Gender | BasicTraining | CompleTraining | Emphasis | Security |Interaction | Satisfaction |Limitation | Rutinare | Sistemat | Comprehensive | Reflective | Homework | Readings

Latvia Coefficient 0.29

Coeff_s.e. 0.17

P-value 0.10

Odds 1.34
Ratio

Lithuania | Coefficient 0.46

Coeff_s.e. 0.24

P-value 0.06

Odds 1.58
Ratio

Malta Coefficient -0.39 0.33 0.32 -0.33

Coeff_s.e. 0.19 0.15 0.13 0.18

P-value 0.04 0.03 0.01 0.06

Odds 0.67 1.40 1.37 0.72
Ratio

Netherlands | Coefficient 0.34 0.33 0.33 -0.47

Coeff_s.e. 0.17 0.16 0.18 0.22

P-value 0.04 0.04 0.06 0.03

Odds 1.41 1.39 1.40 0.63
Ratio

Northen | Coefficient 0.20 -0.20 0.21 0.38 0.30 -0.28
Ireland

Coeff_s.e. 0.12 0.12 0.11 0.13 0.15 0.15
P-value 0.10 0.10 0.06 0.01 0.05 0.07

Odds 1.22 0.82 1.24 1.46 1.35 0.76
Ratio

Poland Coefficient -0.21
Coeff_s.e. 0.11
P-value 0.06

Odds 0.81
Ratio

Portugal | Coefficient 0.16 0.18 0.24
Coeff_s.e. 0.09 0.09 0.10
P-value 0.07 0.05 0.01

Odds 117 119 1.27
Ratio

Slovak Coefficient -0.56 0.30 0.30
Republic

Coeff_s.e. 0.27 0.14 0.17
P-value 0.04 0.03 0.09

Odds 0.57 1.35 1.35
Ratio

Slovenia | Coefficient -0.28 0.43

Coeff_s.e. 0.13 0.13

P-value 0.03 0.00

Odds 0.76 1.53
Ratio

Spain Coefficient 0.12 -0.28 0.16

Coeff_s.e. 0.08 0.07 0.07
P-value 0.10 0.00 0.03

Odds 113 0.76 118
Ratio

Sweden Coefficient -0.25 0.33 0.49 0.24

Coeff_s.e. 0.15 0.13 0.12 0.13

P-value 0.10 0.01 0.00 0.06

Odds 0.78 1.39 1.63 1.27
Ratio

https://doi.org/10.1371/journal.pone.0253409.t006
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Table 7. Percentage of countries where the coefficient was significant for student and family contextual variables.

Variable Percentage
Gender 26.1%
Preprimary 26.1%
Sensebelonging 52.2%
Engagedreading 47.8%
Likereading 43.5%
Confident 100.0%
LitActivities 26.1%
LitTask 52.2%
ParentsPercep 13.0%
ParentsLikeRead 26.1%

https://doi.org/10.1371/journal.pone.0253409.t1007

which more often used comprehension and reflective reading techniques predicted greater
likelihood of resilience than teaching practices for reading based on routine, systematic, repeti-
tive procedures. These results are in line with previous evidence indicating the importance of
teaching practices in school performance [33, 40-43, 45, 46]. Finally, it is worth noting that in
more than a quarter of the countries there was a positive, significant relationship between aca-
demic resilience and teacher participation in complementary training activities in areas such
as reading theory, corrective reading, and reading evaluation methods. These results are in line
with previous studies which have highlighted the role of continued teacher training in improv-
ing students’ learning outcomes [51-53].

In terms of the weight of the predictor variables, we saw that the confidence in reading
index increased the probability of student resilience between 62 percentage points (Belgium-
Flemish community) and 130 percentage points (Austria and Poland). Students who had a
strong sense of belonging to the school they attended generally had a better chance of being
resilient than those who did not, up to 40 percentage points higher, as in Ireland. Being a boy
was associated with lower likelihood of resilience, up to 50% lower in the case of Slovenia.
Early literacy activities in the family setting increased the chances of being academically resil-
ient, in Lithuania for example, students in unfavorable socioeconomic situations who had

Table 8. Percentage of countries where the coefficient was significant for variables related to teaching.

Variable Percentage

Gender 13.0%
BasicTraining 8.7%
CompleTraining 34.8%
Emphasis 34.8%
Security 39.1%
Interaction 26.1%
Satisfaction 17.4%
Limitation 34.8%
Rutinare 13.0%
Sistemat 13.0%
Comprehensive 30.4%
Reflective 30.4%
Homework 8.7%
Readings 17.4%

https://doi.org/10.1371/journal.pone.0253409.1008
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done these kinds of activities were twice as likely to be resilient than those who had low scores
in this index. Similarly, as in Denmark, attending preprimary school multiplied the chances of
being resilient by 5.5. With regard to the teacher-related variables, we estimate that working in
a safe environment can increase the likelihood of students being resilient by up to 62 percent-
age points, as we saw in Italy. In addition, students whose teachers had received complemen-
tary training, understood as improvements in understanding the theory of reading, reading
evaluation, and corrective reading procedures, were 40 percentage points more likely to be
resilient (Malta). Students attending schools with a strong academic emphasis were almost
twice as likely to be resilient (Belgium-French-speaking community). Teachers who reported
feeling limited by the characteristics of their students were associated with between 13 and 64
percentage points increase in the probability of students being resilient. Teaching practices
associated with reading comprehension and reflective reading were linked to increases in the
probability of resilience of up to 57 points (Italy) and 61 points (Bulgaria), which confirms the
results from Lavy [44] and Rjosk et al. [47].

In summary, educational measures aimed at increasing student confidence, studying in safe
environments that increase a sense of school belonging, and a strong academic emphasis,
increase students” academic resilience. Good initial training which allows teachers to deliver
teaching practices that encourage student learning will increase the number of resilient stu-
dents, and consequently will improve the education system. It is worth noting a limitation of
our study, which is that there are variables that we did not evaluate in this study but which
may be important when predicting and explaining academic resilience. These include grit,
emotional intelligence, and other non-cognitive variables [77, 78]. Similarly, there are variables
that were not collected in this study, such as IQ or a background of mental issues (mild intel-
lectual disabilities that do not stop the students from taking the test), which might have an
impact on the capacity for resilience, as well as the fact of having repeated a school year or not,
which is indicative of prior performance. Nor should it be forgotten that context question-
naires on very many occasions refer to a respondents’ perceptions which may not correspond
to the reality of the social surroundings, responses may be associated with social desirability,
or socio-cultural perceptions that are deep-rooted in the students’ environment.
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3.5. Quinto articulo

Garcia-Crespo, F. J., Suarez-Alvarez, J., & Fernandez-Alonso, R. (2022).
Resiliencia Academica en Matematicas y Ciencias: Datos de Europa
TIMSS-2019 [Academic Resilience in Mathematics and Science: Europe
TIMSS-2019 Data]. Psicothema.

En este articulo se fijo como objetivo analizar variables individuales y de centro
que tengan impacto en la condicion de resiliencia en matematicas y ciencias en alumnado
de la UE en 4° grado. También se afiadieron los Objetivos ET2020 para estimar el impacto
que tiene el grado de consecucién de estos objetivos. La principal aportacion de este
articulo a la Tesis Doctoral es comprobar que las variables individuales del estudiante se
comportan de manera similar al caso de analisis de la competencia lectora, excepto la
variable género cuya aportacion es en sentido inverso. Ademas, se observa que es
imprescindible orientar politicas educativas a la reduccion del porcentaje de alumnado de

bajo rendimiento.

Factor de Impacto JCR 2020 = 3.890; Q1

Factor de Impacto 5 afios = 3.551
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Resumen

Antecedentes. El alumnado académicamente resiliente es aquel que obtiene un alto
rendimiento partiendo de una situacion socioecondmica desaventajada. Esta
investigacion pretende identificar los factores personales, escolares y nacionales que
estan asociados a la resiliencia académica en la Unién Europea (UE). Método. La
muestra fue de 96556 estudiantes de 4° grado de 21 paises de la UE participantes en
TIMSS-2019. Para el conjunto de la muestra se ajustaron dos modelos de regresion
logistica multinivel de tres niveles. Resultados. La UE tiene un promedio de 25.67% de
alumnado resiliente en matematicas y 24.16% en ciencias. La confianza de los
estudiantes y haber realizado tareas linguisticas 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 paises europeos analizados compensan en buena
medida la situacion doblemente desaventajada del alumnado inmigrante. Aquellos
paises que poseen un mayor porcentaje de alumnado con bajo rendimiento tienen menos
estudiantes resilientes. Conclusiones. Las politicas educativas de los estados miembros
de la UE son capaces de compensar en gran medida las situaciones desfavorecidas de
partida. Fundamentalmente aquellas de caracter social como el apoyo al alumnado

inmigrante, a la familia o las instituciones educativas.

Palabras clave: resiliencia, rendimiento académico, competencia matematica y
cientifica, ET2020, TIMSS



Abstract

Background. Academically resilient students are those who obtain a 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 specified for the overall sample. Results. The EU has an average of
25.67% resilient student in mathematics and 24.16% in science. Student confidence and
having done prior linguistic tasks at school were the variables with the most predictive
power after accounting for gender and students’ immigrant background. The European
countries analyzed largely compensated for the doubly-disadvantaged situation of
immigrant students. Those countries with higher proportions of low-performing
students had fewer resilient students. Conclusions. The educational policies in the EU
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.

Keywords: resilience, academic performance, mathematics and science skills, ET2020,
TIMSS



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; Garcia-Crespo et al., 2019a; Garcia-Crespo et al., 2019b; OECD,
2010; OECD, 2011a; OECD, 2011b; Servicio de Evaluacion 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)
propose a revision to improve resilience in the face of failure and social disadvantage.
For their part, Edwards & Ashkanasy (2018) adapt a five-level emotion model and
explore 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 in International Mathematics and Science Study (TIMSS) 2011, found that the
variables with the greatest impact on resilience were enjoying mathematics, absence of

bullying at school, and academic expectations. Using an Asian sample from TIMSS



2011, Sandoval & Biatowolski (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 4™ 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 contributing most to 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-efficacy, a positive family
environment, and language attitudes at home favored 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 Lopez-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 (Garcia-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 & Bialowolski (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 first 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 first 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 work we intend to shed light on



the current situation regarding 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 defined as students in the 4™ grade of
compulsory education in the 22 European Union countries participating in TIMSS 20109.
The sample was made up of 96556 students with a mean age of 10.24 years (s.d. 0.48)
from 5714 classes in 3794 schools. The study also used responses from teachers (5649
mathematics teachers and 5487 science teachers) and 3665 questionnaires completed by

school principals (table 1).

Table 1

Study Sample Data (by Country and EU Total)

Country Schools Classes Students Math science Principals
teachers teachers
Austria 193 302 4464 303 303 192
Belgium (FI.) 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

Students were selected by two-stage stratified cluster sampling (Martin et al.,
2020). Schools were selected in the first 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
(Fernandez-Alonso & Muiiiz, 2011). Each student completed a test booklet with
approximately 40 items containing two blocks for each subject. Five plausible values
per student are 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.

Table 2

Home Resources for Learning Normalized Index

Mean Standard

error
Austria 0.04 0.03
Belgium (FI.) 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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Predictors of Academic Resilience

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

follows:

Student variables (Level 1):

Gender: (0-Female and 1-male)

Immig: (O-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_Confident: Students Confident in Mathematics and S_Confident: Students Confident
in Science. These scales measure how well students think they can do mathematics or

science. Greater self-confidence 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
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know what their teacher expects them to do, whether their teacher is easy to understand,
or has clear answers to their questions. Students who percieve 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.

Family variables (Level 1):

Perceptions: Parents Perceptions of Their Child’s School. TIMSS 2019 asked students’
parents about the extent to which they were satisfied 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 satisfied 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 reflected 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
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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_lInvestigation: Teachers Emphasis on Science Investigation. Those teachers
whose students participate more frequently in activities related to scientific

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.
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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_Scil9: 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 defined 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.
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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 first study objective required the identification 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
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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 first quartile for their
country. Once academically resilient students were identified, the percentages of this

group were calculated by country and for the EU as a whole.

To pursue the second objective, analyzing the influence 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; Ifiguez-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 specified for the set of EU countries (one for
each subject evaluated) with three levels: student, school, and country. Analysis of the
models considered the following parameters for each predictor: magnitude and
regression coefficient; p-value of the coefficients or level of marginal significance of the
variable; and odds ratio and its confidence interval (Garcia-Crespo et al., 2019a). The
models were specified with HLM6® and the cases were weighted with the original
school and student weightings. These weightings, which reflect 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 (Ferndndez-Alonso et al., 2012).

Results

Resilient Students in Mathematics and Science in European Union Countries

Responding to the first study objective, Table 3 shows the percentage (and
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standard error) of academically resilient students in mathematics and science by country

along with the EU average.

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 (FI.) 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 271.72 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
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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 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 (FI.) (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 coefficients for the predictors, together with
the p-value and the odds ratio with the 95% confidence intervals for the regressions

with criterion variables of mathematics and science resilience. They allow the

identification of which factors, for each of the three levels examined, had greatest

impact on the criterion variables.
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Summary of Results in Mathematics of Multilevel Binary Hierarchical Logistic Analysis

for the European Union

Mathematics Coefficient p-value  Odds Ratio Confidence
Interval

Level 1
Gender 0.34 0.00 1.405 (1.324,1.491)
Immig 0.87 0.00 2.377 (2.186,2.584)
Bullying 0.04 0.02 1.037 (1.006,1.069)
M_Like 0.07 0.00 1.069 (1.028,1.112)
M_Confident 0.24 0.00 1.267 (1.221,1.314)
M_Clarity -0.08 0.00 0.919 (0.888,0.950)
Task_Literary 0.14 0.00 1.146 (1.106,1.188)
Task_Numeracy 0.03 0.06 1.033 (0.998,1.069)
Perceptions 0.21 0.00 1.234 (1.195,1.274)
Level 2
M_Emphasis -0.21 0.00 0.811 (0.777,0.847)
M_Safe_Orderly 0.09 0.00 1.096 (1.050,1.144)
M_JobSatisfaction -0.01 0.73 0.993 (0.956,1.032)
M_Limited_St_Not_Ready -0.04 0.03 0.960 (0.926,0.996)
M_Shortage 0.04 0.02 1.042 (1.006,1.079)
Sc_Discipline -0.02 0.42 0.985 (0.948,1.023)
Enter_Lit_Num_Skills -0.05 0.02 0.947 (0.906,0.989)
Level 3
U_Mat19 -0.06 0.00 0.944 (0.935,0.953)
EarlyLeavers 0.00 0.93 1.001 (0.979,1.024)
Employment2019 -0.01 0.08 0.994 (0.987,1.001)
Adultlearning2016 -0.02 0.00 0.984 (0.978,0.990)
Tertiary -0.01 0.03 0.989 (0.979,0.999)
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Table 5

Summary of Results in Science of Multilevel Binary Hierarchical Logistic Analysis for

the European Union

. - . Confidence
Science Coefficient p-value Odds Ratio Interval

Level 1
Gender 0.22 0.00 1.247  (1.177,1.320)
Immig 0.60 0.00 1.822  (1.667,1.992)
Bullying 0.08 0.00 1.089  (1.057,1.121)
S Like 0.02 0.39 1.018  (0.978,1.059)
S_Confident 0.04 0.06 1.036  (0.998,1.076)
S_Clarity 0.02 0.20 1.023  (0.988,1.058)
Task_Literary 0.10 0.00 1.104  (1.066,1.144)
Task_Numeracy -0.02 0.16 0.976  (0.944,1.009)
Perceptions 0.17 0.00 1.187  (1.151,1.224)
Level 2
S_Emphasis -0.20 0.00 0.818  (0.783,0.854)
S_Safe_Orderly 0.09 0.00 1.095  (1.048,1.145)
S_JobSatisfaction 0.02 0.43 1.015  (0.977,1.055)
S_Limited_St_Not_Ready -0.08 0.00 0.922  (0.888,0.956)
S_Science_Investigation 0.07 0.00 1.067  (1.031,1.105)
S_Shortage -0.01 0.41 0.985  (0.952,1.020)
Sc_Discipline 0.03 0.17 1.027  (0.989,1.066)
Enter_Lit_Num_Skills -0.01 0.71 0.992  (0.949,1.036)
Level 3
U_Scil9 -0.06 0.00 0.937  (0.927,0.947)
EarlyLeavers 0.00 0.78 1.003 (0.979,1.028)
Employment2019 0.00 0.93 1.000  (0.992,1.007)
Adultlearning2016 -0.02 0.00 0.984  (0.977,0.991)
Tertiary -0.01 0.02 0.988  (0.978,0.998)




Table 6

Effect of the Variables on the Probability of Being Resilient

Mathematics Science
Level 1
Gender ) L)
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Note: 111 = statistically significant at 99%, 11 =
statistically significant at 95%, 1 = statistically significant
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 significant.
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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
impact (increases the probability) using 111 if it is statistically significant at 99% (0 <
p-value <.01), 11 if it is statistically significant at 95% (.01 < p-value <.05) and 1 ifit
is statistically significant at 90% (.05 < p-value <.10). If the variable has a negative
effect (reduces the probability), that is indicated by || | if it is significant at 99%, | | if

it is significant at 95%, or | if it is significant at 90%.

The resulting estimates reveal 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). Observing the results obtained for the variables in Level Two of the
analysis, we find that schools with a good educational environment increase 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 the
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 deficiencies, but that do not emphasize academic success as their main
value, are capable of obtaining 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 have 5.6% fewer resilient students in

mathematics and 6.3% less in science.
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Discussion

This study had two objectives. Estimate the percentage of academically resilient
students in the EU and identify the individual, school, and national factors which

promote academic resilience.

In terms of the first 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 (Garcia-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
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al., 2015; Sandoval & Biatowolski, 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 & Biatowolski (2016), but which was reported by Clavel et al. (2021).
Nonetheless, Garcia-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
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) about the variables that foster resilience in
immigrant students and validate the need for specific 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 definition 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 findings is that the effect of some of the
remaining variables in the model is statistically significant 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
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had a positive effect on 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; Martin-Lagos, 2018; OECD, 2018). The
statistically significant affective-emotional factors included self-confidence, 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 confirmed 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 Garcia-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
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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 finish 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’ final 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 significant negative effects, albeit with a very low impact (less than

2% of resilient students). This indicates that countries which have reached higher levels
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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 confidence in STEM subjects would 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 benefit 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 findings highlight the incremental effects of
individual and affective variables on academic outcomes, even after accounting for
family and background characteristics (Noftle and Robins, 2007; OECD, 2021a; OECD,
2021b; Suarez-Alvarez, Fernandez-Alonso and Mufiiz, 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 (Suarez-Alvarez et al., 2020)
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All of the results in this study are limited by the nature of the TIMMS study,
which lacks student-variables such as cognitive ability and other, non-cognitive, skills
which might have an impact on resilience (Santos et al., 2018). It would also be useful
to analyze whether these variables exhibit significance over time or for other sets of
countries with different sociocultural characteristics. In addition, the TIMSS study lacks
a proper measure of teachers’ self-efficacy according to student perceptions, according
to the proposal from Lera et al. (2021). Finally, defining socioeconomically
disadvantaged students using home based resources may create problems of non-
invariance across time 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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4. Discusion

Todas las naciones tienen como finalidad, en materia educativa, conseguir que sus
jévenes obtengan el maximo rendimiento académico del que sean capaces acompariado
de su bienestar social. Un sistema educativo sera mas eficiente cuanto mejor rendimiento
se obtenga de los recursos dispuestos a tal fin. En este sentido, los estados, a través de
politicas publicas en el &mbito educativo, deben compensar las carencias de partida del
alumnado desfavorecido socioecondémica y culturalmente para que la falta de recursos no
suponga una merma a la hora de conseguir competencias suficientes para una transicion

plena a la vida activa y adulta.

Es en este punto donde surge el concepto de resiliencia académica, entendida esta
como la capacidad que un estudiante tiene para sobreponerse a su situacion desaventajada
social, econémica y culturalmente y obtener un rendimiento educativo muy por encima
de lo que se esperaria por sus antecedentes. Concepto que ha ido evolucionando con el
tiempo y siendo cada vez mas motivo de estudio (Agasisti et al., 2018; Garcia-Crespo et

al., 2019a; OECD, 2010; OECD, 2011a; OECD, 2011b; OECD, 2018b).

La resiliencia, como la mayor parte de las habilidades no cognitivas de los
estudiantes, tiene un caracter multidimendional y complejo, y depende tanto de variables
individuales (personales o familiares) o como del entorno (centro educativo o

profesorado).

Esta Tesis Doctoral pretende desarrollar un procedimiento que clasifique al
alumnado resiliente y estimar el porcentaje de alumnado resiliente por paises. Una vez

conseguido esto, analizar un namero suficiente de variables de contexto para encontrar
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aquellas que tengan impacto significativo en la condicion de resiliencia y cuantificar el

mismo.

Se ha conseguido un procedimiento analitico que es capaz de diagnosticar si un
estudiante desaventajado socioecondmica y culturalmente obtiene un rendimiento
estimado muy por encima del que cabria esperar una vez descontado su ISEC individual
(Garcia-Crespo et al., 2019b). Aplicando este procedimiento se han estimado el
porcentaje de alumnado resiliente en lectura, matematicas y ciencias en 4° grado y en
ciencias en jovenes de 15 afios (Clavel et al., 2021; Garcia-Crespo et al., 2019b; Garcia-

Crespo et al., 2022).

La primera conclusion es que entre los estudiantes de 4° grado de la Union
Europea uno de cada cinco en lectura y uno de cada cuatro en matematicas o ciencias es
resiliente (20,53 % + 0,29 lectura, 25,67 % * 1,96 matematicas y 24,16 % * 1,87 ciencias)
(Garcia-Crespo et al., 2019b; Garcia-Crespo et al., 2022). No obstante, existe una gran
variabilidad en los porcentajes entre paises. En lectura, Bélgica (francés) (5,96 % + 0,77)
es el pais/region con menor porcentaje de alumnado resiliente, mientras que Polonia con
42,22 % (£2,2) es el pais que mayor proporcién de estudiantes resilientes presenta. En
matematicas y ciencias, Francia (8,34 % + 1,23 y 8,07 + 1,12) es el pais que menor
porcentaje de alumnado resiliente estimado tiene, mientras que en la situacion opuesta se
encuentran Letonia (37,23 % £ 2,50) y Finlandia (39,13 % + 2,02) como los paises que
mayor proporcion de alumnado resiliente estimado presentan en matematicas y ciencias
respectivamente. Estimados los porcentajes de alumnado de 15 afios académicamente
resiliente en ciencias en los paises del sudeste asiatico todos presentan porcentajes por

encima del 40 % (Clavel et al., 2021).

Los resultados obtenidos en esta Tesis Doctoral corroboran el hecho de que la

resiliencia académica es un fendbmeno multidimensional que parece estar asociado a
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factores socio-demograficos, familiares, personales, escolares y de politica educativa
(Day & Gu, 2013; Erberber et al., 2015; Henderson & Milstein, 2003; Henry et al., 2015;
Masten & Ciccheti, 2016; Sandoval-Hernandez & Bialowolski, 2016; Steward, 2014).
Sin embargo, se observa una gran variabilidad por pais en cuanto a las variables que son
estadisticamente significativas en el modelo construido, situacion que puede deberse a las
diferencias culturales o bien sea resultado de los distintos sistemas educativos
promovidos por los paises (Kelly et al., 2020; Mullis et al., 2017; OECD, 2016a). No
obstante, por un lado, si se encuentran patrones que son comunes a la gran mayoria de los
paises y que se discutirdn de manera conjunta, y por otro, se observan variables que son

significativas en un menor conjunto de paises y que se analizan en su propio contexto.

Para las evaluaciones analizadas la variable que mide la confianza en la
competencia es significativa en todas ellas y ademés lo es en la totalidad de los paises,
economias y regiones estudiadas. Una alta autoconfianza en lectura puede incrementar
hasta 140 puntos porcentuales la probabilidad de resiliencia (Malta) y puede disminuir
hasta en 70 puntos porcentuales la probabilidad de que el alumno sea de muy bajo
rendimiento (Portugal) (Garcia-Crespo et al., 2019a). La autoconfianza, también estima
incrementos del 27% en matematicas y del 4% en ciencias en el alumnado de 4° grado de
los paises de la UE participantes en TIMSS 2019 (Garcia-Crespo et al., 2022) y del 26 %
en ciencias en alumnado de 15 afios en Corea en PISA 2015 (Clavel et al., 2021).
Resultados en la linea de lo apuntado por Jacob (2002), Martin & Marsh (2003), Vaknin-
Nusbaumet al. (2018), Veaset al. (2017), 0 Waxmanet al. (1997), que afirmaban que el
alumnado resiliente confia mas en sus posibilidades y es mas esforzado y perseverante en
las tareas. En situacion coherente con los autores anteriormente citados, el gusto por las
ciencias y la motivacion intrinseca ofrece resultados que hacen pensar que estas variables

tienen un impacto positivo en alumnado de 15 afios del sudeste asiatico, pudiendo
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estimarse un aumento de hasta 100 puntos porcentuales en la probabilidad de ser resiliente
en paises como Singapur. Farringtonet al. (2012), Heckman & Rubinstein (2001) y
Humphries & Kosse (2017) estudiaron la influencia de habilidades no cognitivas sobre el
rendimiento de los estudiantes. Demostrando que forman un conjunto de destrezas
interconectadas que ayudan al estudiante a alcanzar sus objetivos. Si un estudiante es
resiliente, también sera mas probable que sea persistente, autosuficiente, motivado, etc.
Algunas de estas habilidades se estudiaron para esta Tesis Doctoral en el trabajo
Academic Resilience and Students’ attitudes toward Science in the Asia Pacific Area
(Clavel et al., 2021) y se observé que el alumnado con mayor motivacion general podria
Ilegar a ser mas resiliente (57 % mas en las regiones de China: Beijing-Shanghai-Jiangsu-
Guangdong o Taipei) todo lo contrario que aquellos estudiantes que muestran mayor nivel
de ansiedad antes de un examen (36 puntos porcentuales menos de probabilidad en las
regiones de China). Sin embargo, en lo referente a las habilidades no cognitivas, las bases
de datos con las que se ha trabajado carecen de otras, tales como el perfil de personalidad,
el grit, la inteligencia emocional o los estilos de aprendizaje, que podrian tener impacto
en la resiliencia académica (Fernandez-Lasarte et al., 2020; Morales-Vives et al., 2020;

Santos et al., 2018).

Reforzando la idea de la OECD (2018Db) al respecto del beneficio que proporciona
recibir estimulacion temprana fomentando los conocimientos de lectura antes de asistir a
primaria y encontrar un entorno familiar favorable, propiciando un incremento de la
probabilidad de resiliencia (Cordeo & Mateos-Romero, 2021; Martin-Lagos, 2018). Las
variables analizadas en este trabajo que miden en que medida el estudiante habia realizado
en el hogar actividades y tareas de lectura muestran ser significativas en un considerable
numero de paises y regiones y con un impacto positivo en todas las competencias.

Estimandose en 4° grado un impacto de 90 puntos porcentuales de incremento en la
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probabilidad de resiliencia en lectura en el alumnado de Irlanda y un 14,6 %y 10,4 % de
incremento de resiliencia en matematicas y ciencias respectivamente en el promedio de
los paises de la Union Europea. Las estimaciones también nos dicen que el alumnado que
ha realizado actividades tempranas de lectura puede llegar a tener 57 puntos porcentuales
menos de probabilidad de ser de muy bajo rendimiento, tal es el caso de Lituania.
También en la linea de la OECD (2018b) que afirma que asistir a preescolar tiene un
efecto positivo en el rendimiento académico posterior del alumnado y en la posibilidad
de resiliencia, se ha analizado esta variable en la competencia lectora en primaria y se ha
estimado que asistir 1 afio o menos a preescolar reduce la probabilidad de resiliencia
considerablemente, como minimo 33 puntos porcentuales como ocurre en Lituania y
practicamente a 0 en el caso de Bélgica (francés). Sin embargo, multiplica por 3 la
probabilidad de que sea un estudiante de muy bajo rendimiento (Dinamarca). Las
estimaciones para el alumnado que asistié 2 0 mas afios son significativas para un menor
namero de paises, no obstante, cabe destacar que los estudiantes de Dinamarca que

asistieron 2 0 mas afios a preescolar tienen 4 veces mas probabilidad de ser resilientes.

La variable sexo se ha mostrado como variable individual diferenciadora en los
resultados de los estudiantes (Moffitt et al., 2001). Analizada dicha variable, las
estimaciones nos dan resultados coherentes con los rendimientos que se observan en las
evaluaciones internacionales, las chicas obtienen mejor rendimiento que los chicos en la
competencia lectora, mientras que en matematicas y ciencias ocurre lo contrario (Mullis,
et al., 2017; Mullis et al., 2020; OECD, 2016a). Sandoval & Biatowolski (2016), no
observaron en sus trabajos que la condicion de género resultara ser significativa respecto
a la resiliencia académica. Sin embargo, en los trabajos para esta Tesis Doctoral se ha
estimado que los chicos tienen mayor probabilidad de ser resilientes en matematicas y

ciencias en primaria (40 % mas de posibilidades en matematicas y 25 % en ciencias) y
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también mas probabilidad en ciencias en algunos paises analizados de Asia-Pacifico en
estudiantes de 15 afios, en la linea de lo observado por Agasisti et al. (2018). En sentido
contrario, se ha estimado que los chicos pueden llegar a ser casi la mitad de proclives a
ser resilientes que las chicas en lectura, coherente con Jacob (2002) y Kotliarenco et al.
(1997). Asi pues, la respuesta no puede ser Unica y es probable que estos resultados se
deban a la brecha de género existente entre las materias STEM (Science, Technology,
Engineering and Mathematics) y las competencias linguisticas (Garcia-Crespo et al.,

2022).

Los estimadores muestran que el alumnado inmigrante presenta mayor proporcion
de resiliencia en matematicas y ciencias que el nativo (130 % y 82 % respctivamente), lo
que es coherente con las conclusiones de Gabrielli et al. (2021) respecto a las variables
ya analizadas que propiciaban la resiliencia en el alumnado inmigrante como son la
autoeficacia y las actitudes linglisticas en el hogar, en la misma linea de resultados de la

OECD (2018b).

Las Gltimas variables analizadas del entorno individual y familiar son las que
relacionan al estudiante y su familia con el centro educativo. En este sentido caben
destacar tres que han resultado tener impacto positivo y estadisticamente significativo:
sentido de pertenencia al centro, ausencia de bullying y percepciones de los progenitores
del centro escolar de sus hijos. Al igual que resultados previos de Erberberet al. (2015),
aquellos estudiantes que presentan un alto sentido de pertenencia al centro pueden llegar
a tener casi un 50 % mas de probabilidad de resiliencia en lectura que sus comparieros o
disminuir la probabilidad de muy bajo rendimiento en la misma proporcion. En la misma
direccion de resultados, aunque con menor impacto, apuntan las estimaciones para las
competencias matematica y cientifica en aquellos estudiantes que no perciben bullying.

Percepciones positivas de los progenitores sobre el centro educativo de sus hijos tienen
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un efecto positivo en la posibilidad de resiliencia en matematicas (23 %) y en ciencias
(19 %) lo que confirma la importancia de la motivacion familiar y una vision favorable
del entorno educativo (Cordeo & Mateos-Romero, 2021; Martin-Lagos, 2018; OECD,

2018D).

En referencia al conjunto de variables del entorno individual y familiar del
estudiante y atendiendo a la probabilidad de resiliencia o de muy bajo rendimiento del
alumno, se ha comprobado que cuando el efecto es estadisticamente significativo en un
sentido y en una de las probabilidades (resiliencia 0 muy bajo rendimiento), en la otra
podré tener efecto estadisticamente significativo en sentido contrario o sin efecto (Garcia-

Crespo et al., 2019a).

En general, los resultados de las variables relativas al entorno educativo o a la
actividad docente han mostrado una capacidad predictiva de la resiliencia académica
menor que las relativas a los estudiantes y las caracteristicas familiares. No obstante, se
ha encontrado un buen nimero de ellas que con carécter general presentan con mayor o
menor grado significatividad, se discutirdn dos grupos de variables: las relativas al centro

y sus docentes y las relativas a la actividad docente propiamente dicha.

En este segundo nivel de analisis las variables asociadas al centro educativo y sus
docentes que mayor efecto tienen sobre la condicion de resiliencia son las relacionadas
con disciplina escolar de uno u otro modo. Resultados previos de Agasisti et al. (2018) o
Erberber et al. (2015) afirman que un clima escolar favorable, dentro de un entorno de
seguridad y convivencia en los centros favorecen la resiliencia. Las estimaciones de este
trabajo ofrecen resultados en el mismo sentido, pues aquellos centros con una alta
disciplina escolar pueden llegar a ser capaces de aumentar la probabilidad de resiliencia
de sus estudiantes en mas de 50 puntos porcentuales. En la misma proporcion, aquellos

profesores que dicen trabajar en un ambiente seguro también tienen méas alumnado
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resiliente. Respecto al tipo de alumnado de la escuela y lo que la escuela aporta, se ha
estimado que aquellos centros cuyos estudiantes comienzan primaria sin habilidades
basicas en lectura y matematicas tienen mas proporcion de alumnado resiliente en
matematicas y ciencias si este no presenta limitaciones para la instruccion en clase
(incremento de 5 %) vy el centro tiene suficientes recursos para la ensefianza (incremento
de 4 %), conclusion similar a la que Yeung & Li (2021) o Gaviria et al. (2004) que
afirmaban que para el alumnado desfavorecido los recursos de las escuelas serian muy
importantes para su éxito académico aunque con mayor relevancia en los paises en vias
de desarrollo que en los desarrollados. Asociado a estos resultados se encuentran las
conclusiones que obtuvieron Waxman et al. (2003) y Delpit (1996), respecto de los
docentes, afirmando que las relaciones afectivas, altas expectativas y oportunidades para

participar aumentan las posibilidades de resiliencia de los estudiantes.

Por otra parte, en el segundo nivel de anélisis hay un conjunto de variables de
caracter instructivo que presentan efectos positivos en una proporcion relevante de paises
respecto a la resiliencia acadéemica en lectura, destacando algunas caracteristicas de las
practicas de ensefianza. En ese sentido, aquellos docentes que llevan a sus aulas con
mayor frecuencia técnicas de lectura compresivas y reflexivas consiguen mayores
probabilidades estimadas de resiliencia que aquellas précticas de ensefianza de la lectura
basadas en procedimientos rutinarios, sistematicos y repetitivos, con incrementos de entre
20 y 60 puntos porcentuales (Garcia-Crespo et al., 2021). Estos resultados estan en linea
con la evidencia previa que sefiala la importancia de las practicas docentes en el
rendimiento escolar (Creemers & Kyriakides, 2008; Hattie, 2009; Isac et al. , 2015;
Kunter et al., 2013; Lavy, 2016; Lera et al., 2021; Nilsen & Gustafsson, 2016; Rjosk et
al., 2014). Algunos trabajos determinan la relevancia de la formacion continua del

profesorado para la mejora de los resultados academicos de los estudiantes (Barber &
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Mourshed, 2007; Darling-Hammond et al., 2017; OECD, 2019). En este sentido, se ha
estimado que la participacion del profesorado en actividades de formacion
complementaria en ambitos tales como la teoria de la lectura, le lectura correctiva, o
métodos de evaluacion de la lectura, tiene un impacto significativo y positivo en al menos
uno de cada cuatro de los paises analizados. Ademas, los alumnos cuyos docentes han
recibido formacidén complementaria durante su educacion llegan a incrementar 40 puntos

de probabilidad adicional de resiliencia.

Finalmente, en el nivel 3 de andlisis, aquel que hace referencia al grado de
consecucion de los Objetivos ET2020. El indicador de mayor relevancia es el porcentaje
de alumnado con bajo rendimiendo, que se relaciona negativamente con la resiliencia
académica. Las estimaciones apuntan que tanto en matematicas como en ciencias a mayor
porcentaje de alumnado con bajo rendimiento en primaria, menor tasa de alumnado
resiliente, alcanzandose 6 puntos porcentuales de diferencia en ambas competencias. Por
otra parte, el porcentaje de poblacion de entre 30 y 34 afios con educacion superior y el
porcentaje de poblacion adulta (25-64 afios) que participa en actividades de formacion
presentan efectos significativos y negativos, aunque con muy bajo impacto (menos del
2% de alumnado resiliente). Ello indica que los paises que han alcanzado mejor grado de
consecucion en estos indicadores clave poseen menor porcertanje de alumnado resiliente,

aunque minimamente.

Los resultados presentados tienen importantes implicaciones para orientar las
politicas publicas educativas y van enfocados en primer término a aumentar la
autoconfianza del estudiante, promover las actividades y tareas lectoras previas al ingreso
en primaria para incrementar la resiliencia. En segundo término, poner en valor los
centros educativos, convirtiendolos en espacios seguros, climas favorables vy

disciplinados para que las familias perciban que el entorno de aprendizaje de sus hijos es
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idoneo y propicie su participacion en la vida escolar del centro. También se ha observado
que la implicacion docente es importante y que la formacion continua, orientada a
actividades innovadoras repercute favorablemente en la condicion de resiliencia del
estudiante. Ademas, los resultados parecen indicar que deberian potenciarse politicas
educativas enfocadas a conseguir el objetivo ET2020 de reducir el porcentaje de

alumnado con bajo rendimiento.
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D.

Conclusiones

A continuacién, se enumeran las principales conclusiones obtenidas a partir del

conjunto de publicaciones incluidas en esta Tesis Doctoral:

Tomando como referencia las evaluaciones educativas a gran escala, se ha
propuesto una definicion de alumnado resiliente, con el rendimiento académico
asignado en dichas evaluaciones y el indice Social, Econémico y Cultural
obtenido de los cuestionarios de contexto de las mismas como indicadores
necesarios.

Se ha propuesto un procedimiento analitico robusto para clasificar al alumnado
resiliente segun la definicion dada a tal fin.

Aplicando del procedimiento propuesto, se ha estimado el porcentaje de alumnado
resiliente en 4° grado en las competencias lectora, matematica y cientifica en los
paises la Union Europea y de 15 afios en la competencia cientifica de los paises
Asia-Pacifico.

Se ha diagnosticado una bateria de variables individuales del estudiante, de la
familia, del contexto escolar, de la practica docente y de Objetivos ET2020 y se
han seleccionado aquellas que presentan significatividad estadistica con respecto
a la resiliencia académica.

Para las variables que se han mostrado significativas se ha cuantificado el impacto

que tienen.
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