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Abstract 
Given the increasing expansion and use of the results of PISA studies on 

the evaluation of the scienti c  athe atical and linguistic co petences of 
the students  this paper ai s to anal se the effect of a set of predictors of 
perfor ance in Science in Spanish students participating in PISA  or the 
stud  a sa ple of  ear olds fro   Autono ous o unities has 
een ta en and hierarchical linear odels have een used that allo  the anal sis 

of the possi le effect of the different predictors conte plating the nesting of the 
data at different levels Students  School entre and Autono ous o unit  

 predictors ere selected as independent varia les  so e of the  included in 
the uestionnaires of PISA  students and centres and the data ase provided 

 the inistr  of ducation  ulture and Sport a  such as anxiety of the 
student, teacher-student relationship, sports habits, interest in science, resources 
of the centres  percentage of foreign students and number of students per teacher 
in each Autono ous o unit  a ong others  In addition  varia les considered 
as classic  ere included in this t pe of studies gender, academic level of the 
parents, ownership and size of the centre  economic investment  Autono ous 
o unit  etc  A ong the ain results e found that  varia les  of 

Student and  of entre and none of Autono ous o unit  ere signi cant 
predictors of Science perfor ance  anal sing the explained variance  he paper 
concludes ith the discussion ased on other coincident studies or ith contrar  
results on the varia les that have een signi cant and not signi cant in the 
proposed odel
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Resumen 
ada la creciente expansi n  uso de los resultados de los estudios de PISA 

so re la evaluaci n de los alu nos en sus co petencias cient cas  ate ticas 
 ling sticas  el presente tra a o tiene co o o etivo anali ar el efecto de un 

con unto de predictores del rendi iento en iencias en los alu nos espa oles 
participantes en PISA  Para el estudio se ha to ado una uestra de  
alu nos de  a os de  o unidades Aut no as  se han utili ado odelos 
er r uico lineales ue per iten el an lisis del posi le efecto de los distintos 
predictores  conte plando el anida iento de los datos en distintos niveles 
Alu nos  entro  o unidad Aut no a  o o varia les independientes se 

han seleccionado  predictores  algunos de ellos incluidos en los cuestionarios 
de alu nos  de centros de PISA   de la ase de datos facilitada por el 

inisterio de ducaci n  ultura  eporte a  co o ansiedad del alumno  
relación profesor-alumno  hábitos deportivos, interés hacia la ciencia, recursos 
de los centros  porcentaje de alumnos extranjeros  cantidad de alumnos por 
profesor en cada o unidad Aut no a  entre otros  Ade s  se inclu eron 
varia les consideradas co o cl sicas  en este tipo de estudios sexo, nivel 
académico de los padres, titularidad  tamaño del centro  inversión económica 
por o unidad Aut no a  etc  ntre los principales resultados encontra os 
ue  varia les  de Alu no   de entro  ninguna de o unidad Aut no a  

resultaron predictores signi cativos del rendi iento en iencias  anali ando la 
varian a explicada  l tra a o conclu e con la discusi n funda entada en otros 
estudios coincidentes o con resultados contrarios sobre las variables que han 
resultado signi cativas  no signi cativas en el odelo propuesto

Palabras clave  PISA  ducaci n bligatoria  studio Predictivo  o petencia 
en iencias  odelos er rquico ineales  

Introduction

he concern for qualit  is an increasingl  evident fact in the orld 
of education  both at national and international levels  In the last fe  
decades  assess ent in the eld of education has been a priorit  for all 
education authorities around the orld  and it has beco e a useful tool 
to guide education polic  a echanis  for accountabilit  and a eans 
to advance in the search for acade ic excellence
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PISA Progra e for International Student Assess ent  is an  
rgani ation for cono ic ooperation and evelop ent  stud  

conducted ever  three ears hich evaluates hat ear old students 
can do ith hat the  have learnt  eighing their choices and a ing 
decisions  in the areas of eading  athe atics and Science  as ell as 
an innovation area the  edition assessed the s ill ollaborative 
Proble  Solving  i e ise  each edition exa ines an area of no ledge 
in detail  and in  it as Science  

he spread and i pact of this assess ent has been such that several 
countries have carried out education refor s based on their results in 
the PISA tests Pongrat   ver  students fro  ore than 

 countries participated in PISA  ith Singapore  apan 
 stonia  and inland  getting the best results in Science  

Spain obtained a ediu  score in Science of  the sa e as the  
average  and  points belo  the uropean nion average 

 Spanish Autono ous o unit  astilla  e n  o unit  
of adrid  avarre  and Galicia  had the highest scores 
in Science  he anar  Islands  xtre adura  and Andalusia 

 obtained the lo est scores inistr  of ducation  ulture and 
Sports  b  able I

he existence of these differences bet een the various Autono ous 
o unities is nothing ne  in the  edition  and it has otivated 

nu erous studies since Spain participated in the rst edition of  
appl ing diverse statistical techniques for anal sis  including different 
variables in the studies illar   heater   Stace   et 

e ust not onl  consider and anal se the differences bet een the 
Autono ous o unities  e should bear in ind that students  the 
ulti ate unit in the stud  are e bedded or clustered in schools hich  in 
turn  are clustered in Autono ous o unities  Given the hierarchical 
structure of the data  one of the ost appropriate techniques for this t pe 
of studies is the one applied here  hierarchical linear odelling

his t pe of assess ents such as PISA  I SS  rends in International 
athe atics and Science Stud  and PI S Progress in International 
eading iterac  Stud  etc  have both defenders and detractors  So e 

people ustif  the usefulness of these studies given the otivation 
generated b  the ensuing co parisons necessar  to assess one s o n 
situation  or because the  allo  conducting studies that go be ond the 

ore li ited and less representative local scope inistr  of ducation  
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ulture and Sports  b  ern nde a  odr gue antilla   
art ne ar uelo   thers consider that these assess ents and  

in particular PISA  have no value to guide teachers or i prove schools 
araba a   he intention  therefore  is to give the  their fair due  
ithout either den ing their usefulness or tr ing to turn the  into a 
eans to eclipse the political debate on education over  Prats  
illa or   he ob ective of this paper as not to delve into these 

argu ents  but rather to tr  to anal se the effect hich several predictors 
Student  School and Autono ous o unit  variables  have on Science 

perfor ance

TABLE I. Science Results by Autonomous Community

 
SCIENCE

Mean SD

Castilla y León 519.69 79.13

Madrid 516.42 81.55

Navarre 512.41 79.78

Galicia 512.24 82.64

Aragon 508.39 81.23

Catalonia 504.71 84.38

Asturias 501.79 83.64

La Rioja 498.51 87.20

Castilla-La Mancha 497.09 80.90

Cantabria 496.21 80.06

Community of Valencia 494.37 76.47

SPAIN 493.35 83.09

Balearic Islands 485.71 82.36

Murcia 484.06 82.76

Basque Country 483.38 80.74

Canary Islands 475.13 83.99

Extremadura 474.60 83.83

Andalusia 473.27 84.22
 
Source: Ministry of Education, Culture and Sports (2016b)
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ased on the data provided b  the inistr  of ducation  ulture 
and Sports a  and the questionnaires ad inistered to students and 
school head asters in PISA  the ai  as to stud  the possible effect 
on Science perfor ance of Autono ous o unit  characteristics GDP 
per capita, public expenditure on education, etc  school characteristics 
(ownership, location, number of students and teachers, etc   and personal 
and fa il  Student features (sex, parents’ level of education, absenteeism, 
etc  hese are all classic  variables included in the a orit  of ultilevel 
education studies  o ever  this paper paid special attention to other 
Student  School and Autono ous o unit  variables

A ong the Student variables  e anted to include student 
anxiety about assessments as a predictor  understood as the concern 
about delivering a lo er perfor ance than expected and the possible 
consequences thereof  According to urlan (  anxiet  can lead 
students to reach negative conclusions regarding their failure  hich 
could lo er their self estee  generate feelings of inco petence  and 
lead the  to drop out of school  As a result  the student s motivation 
towards achievement a  disappear  hich could cause dissatisfaction 

ith life or frustration ( ens  atos   ansteen iste  
An ele ent related to otivation is student interest  an  studies have 

sho n the relationship bet een school perfor ance and interest in the 
sub ect  stating that interest is the true driver that generates the necessar  
engage ent to achieve adequate perfor ance ( ational Institute for 
ducation valuation   lug  rause  Schober  inster ald   Spiel  

Another interesting variable is sports and healthy habits  Since there 
are so an  studies evidencing the effect hich sports have on student 
cognitive and acade ic develop ent ( odr gue  elgado   a ieva  

 Gon le   Portol s   ui Ari a  ui  de la orre ru  
atorre o n   art ne pe   it as dee ed appropriate to 

include it in the stud  
egarding science lessons and teacher-student relationships  odr gue  

antilla and ern nde  a  (  pointed out the i portance of pa ing 
attention to ele ents such as classroo  cli ate  the a  teachers treat 
students or the clarit  of their presentations  a ong others  so that the 
learning process is successful  hat is  aside fro  correct teaching practices 
b  teachers  it is necessar  to ta e care of the affective environ ent in 
the classroo
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In relation to the School variables  e paid attention  rst  to the 
amount of resources and equipment as possible predictors  since not 
all specialised literature agrees on the effect hich these variables have 
on acade ic perfor ance ( ordero  anch n   Si ancas   lores  

 ediavilla  scard bul   ern nde ru   Second  
having underscored the i portance for learning of certain features such 
as otivation and interest  e dee ed it necessar  to include variables 
in the stud  related to activities organised by the school (co petitions 
and sports  usic and science activities  etc  as ele ents that could be 
bene cial ( ieur   enouillet  

A ong the Autono ous o unit  variables  aside fro  the nancial 
ones listed above  e ai ed to stud  the possible effect of the percentage 
of students lagging behind in primary education  of foreign students or 
the average number of students per teacher  

herefore  the general ob ective of this paper as to anal se the 
si ultaneous effect of a set of predictors on Science perfor ance of the 
Spanish students ho participated in PISA  for each data aggregation 
level ( evel  Student  evel  School  and evel  Autono ous 
o unit  b  using hierarchical linear odelling  

Method 

Design and Methodology 

his paper s research ethodolog  is quantitative  ith a non
experi ental design  along the lines of ex post facto studies

Sample

or this stud  e used the databases provided b  the  on the 
PISA  assess ent  ta ing onl  data fro  Spain  he total sa ple 

as ade up of  students  in  schools of the  Autono ous 
o unities ( able II  of hich  ere ale and  fe ale  

 of the participating schools ere public   private ith state 
subsidies  and  private  
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TABLE II. Sample composition

Autonomous Communities Schools Students

Andalusia 54 1,813

Aragon 53 1,798

Asturias 54 1,790

Cantabria 56 1,924

Castilla-La Mancha 55 1,889

Castilla y León 57 1,858

Catalonia 52 1,769

Community of Valencia 53 1,625

Extremadura 53 1,809

Galicia 59 1,865

Balearic Islands 54 1,797

Canary Islands 54 1,842

La Rioja 47 1,461

Madrid 51 1,808

Murcia 53 1,796

Navarre 52 1,874

Basque Country 119 3,612

Total 976 32,330
 
Source: Compiled by the authors

Variables

he dependent variable e used as scienti c literac  an area exa ined 
in greater detail in the  edition of PISA  understood as the abilit  to 
explain pheno ena scienti call  evaluate and design scienti c enquir  
and interpret data and evidence scienti call  (  

he data of the dependent variable ere scaled ith the asch odel 
and expressed b  assigning ten plausible values (   sho n on 
a continuous scale here the  countr  average equalled  points 
and standard deviation as  points ( inistr  of ducation  ulture 
and Sports  b  
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egarding independent variables  for evel  Student  e used as 
predictors  of the ite s co prising the questionnaire ad inistered to 
the PISA  students  hose di ensions and evaluated features are 
sho n in able III  he values of each variable ere recoded for their 
proper inclusion in the odel

TABLE III. Variables of Level 1: Student

Dimension Item Name Recoded values

Personal, 
school 

and family 
characteristics

1- Sex 0=Male      1=-Female

2+ Education level completed by your mother
0=Primary Education

1= Lower Secondary 
Education

3+ Education level completed by your father
2=Intermediate level VET

3=Upper Secondary Education

4- Number of school changes

0=No change

1=1 Change

2=2 or more

5- In the last two weeks, school absences

0=None
1=1 or 2 
2=3 or 4 
3=5 or more

In your home, 
there is:

6 A room of your own 

0=No
1=Yes

7 A quiet place to study 

8+ A computer you can use for school work 

9+ A link to the Internet 

10- Television sets 0=None     1=1
2=2            3=3 or more

11 Books 
0=0-10       1=11-25
2=26-100   3=101-200
4=201-500 5=More than 500

Anxiety and 
Achievement

12- Even when I am well prepared for an exam, I feel 
very nervous 0=Totally disagree

1=Disagree
2=Agree
3=Totally agree

13- I feel very tense when I study for an exam 

14+ I want to be one of the best students in class 
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Relationship 
with teachers

15- Teachers give me the impression they think I am 
less intelligent than I am 

0=Never/almost never
1=A few times a year
2=A few times a month
3=Once a week or more

16- Teachers have punished me more harshly than 
others

17 Teachers have made fun of me in front of others 

18- Teachers have insulted me in front of others 

Sports practice

19 How many days a week do you go to physical 
education classes? 0-7 (days)

20 After school I do exercise 0=No
1=Yes21- Before school I do exercise

22+ In the last week, outside school, I have done 
moderate physical activities

0-7 (days)
23 In the last week, outside school, I have done 

intense physical activities

24+ I have breakfast before going to school 0=No      1=Yes

Science 
Lessons

25+ Number of lessons per week 
Sample mean-centred

26 Additional hours per week 

27- It is noisy and disorderly 

0=Never/almost never
1=In some classes
2=In most classes
3=In all classes

28 Students can express their ideas 

29 We spend time in the laboratory doing 
experiments

30+ The teacher clearly explains the importance of 
science concepts for life 

31 We do research to prove certain concepts 

Interest in 
science and 
technology

32+ I watch science programmes on television 
0=Never/almost never
1=Sometimes
2=Regularly
3=Very often

33+ I visit science websites

34+ I read science journals or articles 

35+ I like to use digital devices

Source: Compiled by the authors. Note: -Items which have shown a significant negative effect.  +Items which have shown a 
significant positive effect 

or evel  School  e too   of the ite s co prising the questionnaire 
ad inistered in PISA  to head asters  he di ensions  evaluated 
aspects and recoded values are sho n in able I



Revista de Educación,380. April-Jun 2018, pp. 71-96
Received: 09-05-2017    Accepted: 12-01-2017

80

Rodríguez-Mantilla, J. M., Fernández-Díaz, Mª J., Jover Olmeda, G. PISA 2015: PREDICTORS OF SCIENCE PERFORMANCE IN SPAIN

TABLE IV. Variables of Level 2: School

Dimension Item Name Recoded values

Ownership 
and location

36- Type of school
0=Private
1=Private with state subsidies
2=Public

37 Location

0=Rural Area rural (less than 3,000 
people)
1=Small town (3,000-15,000 people)
2=Town (15,000-100,000 people)
3=City (100,000-1,000,000 people)
4=Large city (over 1,000,000)

Number of 
Students

38 Total number of students

Sample mean-centred

39 Number of boys

40 Number of girls

Number of 
teachers

41 Number of full-time teachers

42 Number of part-time teachers

ICT resources

43 Total number of digital whiteboards 

44 Total number of projectors

45
Number of computers with Internet 
for teachers

Activities 
offered

46 Musical band, orchestra or choir

0=No
1=Yes

47 Computing/Technology

48 Sports

49+ Science Competitions

Science 
Classes

50+ There is enough laboratory equipment

51
There is additional laboratory support 
staff for science classes

52
The school spends additional money on 
updating equipment

Student 
assessments

53 Standardised tests are used

54 Tests prepared by teachers are used

Evaluation of 
school for 

improvement

55
We conduct internal evaluations or 
self-evaluations

0=No
1=Yes, on our own initiative
2=Yes, on a mandatory basis56 External evaluations are conducted 

Source: Compiled by the authors. Note: -Items which have shown a significant negative effect.  +Items which have shown a 
significant positive effect 
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or evel  Autono ous o unit  e too  the  variables ( able 
 (data provided b  the inistr  of ducation  ulture and Sports  

a  In order to facilitate interpretation of results  these variables ere 
sa ple ean centred

TABLE V. Variables of Level 3: Autonomous Community

Dimension Item Name

Economic

57 GDP per capita (euro)

58 Public expenditure per public and subsidised student (euro)

59 Public expenditure per public student (euro)

Proportion of public 
schools 60 % of public schools 

Students

61 % of students who lagged behind in Primary Education

62 % of foreign students 

63 Average number of students per teacher 

64 % of students participating in integrated content and foreign language 
learning experiences in Lower Secondary Education

 
Source: Compiled by the authors

Data Analysis

o achieve the stud  ob ective set  e used hierarchical linear odelling 
as this allo s collecting the e bedded data structure at various levels 
(in this case  Student  School and Autono ous o unit  he use 
of this ethodolog  helps distinguish ore precisel  the effects due to 
each one of the levels above  o anal se the data  e used the soft are 

in  

Results

elo  is part of the odelling process for the ultilevel anal sis   the 
null odel and the de nite odel  upon hich the nal interpretation 

as based  
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Estimate of null model 

he null odel ( able I  helps evaluate appropriateness of using 
ultilevel odels  he xed para eter indicates the intercept value ( ean 

perfor ance in Science for all the sub ects in the sa ple  

TABLE VI. Estimate of null model

FIXED PART

Parameter Estimate (Standard Error)

Constant 489.967(3.083)

RANDOM PART

Level 1: Student

Science Variance 6,225.496(45.068)

Level 2: School

Science Variance 590.640(35.754)

Level 3: Autonomous Community

Science Variance 154.936(56.966)

Likelihood Ratio 453,611.400

Number of parameters 4

N 32,330
 
Source: Compiled by the authors

he rando  part of the odel sho ed variances in the residuals at 
the three levels  he para eters obtained ere statisticall  signi cant 
in the different levels considered  and therefore Students differed in 
Science perfor ance (    Schools and Autono ous 
o unities also differed in their ean perfor ance (  

and  respectivel  are higher than  he signi cance 
of these para eters indicates there is unexplained variance in the three 
levels  hich usti ed continuing expansion of the odel to explain the 

(   In accordance ith Gaviria and astro (  the criterion e follo ed to decide hether a 
para eter as signi cant or not (for alpha  as if the quotient bet een the para eter 
esti ate and its standard error as higher than  
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greatest a ount of variance possible  herefore  e included rst  second 
and third level predictors in the xed and rando  parts of the odel

he i elihood atio had a value of  for a odel ith  
para eters  a value to be co pared ith the one obtained in the de nite 

odel  hich allo s evaluating the ad ust ent of the nal odel  

Expanded model

irst  e entered the rst level variables (included in able III  in the xed 
and the rando  parts of the odel  discarding an  ith no signi cant 
para eters  he procedure as repeated for the second and third level 
variables (included in ables I  and   rst level variables   second 
level ones and none in the third level  sho ed signi cant para eters (see 
able II  

TABLE VII. Definite model

FIXED PART

Parameter Estimate (Standard Error)

Constant 446.326(4.895)

Item

1 - 12.104(0.915)

2 6.669(0.505)

3 6.665(0.460)

4 - 16.202(0.726)

5 - 12.242(0.792)

8 13.199(1.917)

9 12.271(2.745)

10 - 4.185(0.620)

12 - 7.956(0.498)

13 - 7.199(0.533)

14 12.083(0.500)

15 - 4.314(0.502)

16 - 4.604(0.603)
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18 - 2.882(0.762)

21 - 31.953(0.931)

22 2.242(0.180)

24 4.383(1.266)

25 8.037(0.247)

27 - 3.517(0.502)

30 2.905(0.485)

32 3.317(0.676)

33 8.319(0.702)

34 3.055(0.740)

35 10.150(0.660)

36 - 3.868(0.923)

49 5.981(1.146)

50 3.334(1.111)

RANDOM PART

Level 1: Student

Science Variance 3,552.683(37.049)

Level 2: School

Science Variance 205.196(47.906)

Item

3 22.696(7.641)

5 49.189(16.192)

25 4.162(1.045)

33 49.784(11.109)

Level 3: Autonomous Community

Science Variance 72.403(26.526)

Likelihood Ratio 236,126.100

Number of parameters 35

N 32,330
 
Source: Compiled by the authors

onsidering the xed part of the odel  average perfor ance 
in Science has dropped to  his value refers to the average 
esti ated perfor ance of male students hose parents completed 
Primary Education  ithout changing school throughout their school life  
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without having been absent from school in the last t o ee s  ithout a 
computer at ho e  ithout Internet connection and ithout a television 
set at ho e  i e ise  this average corresponds to students ho do not 
feel nervous or tense hen stud ing for an exa  ho want to be one 
of the best in class  ho do not suffer an  contempt  harsh punishments 
or insults fro  their teachers  ho have breakfast and practice sports 
moderately before going to school  ith a nu ber of Science lessons per 

ee  equal to the sa ple average (  ho belong to classes hich 
are orderly but here teachers do not explain clearly the importance 
of scienti c concepts applied to everyday life  these are students ho 
show no interest in science and technology  and ho belong to private 
schools here there are no science competitions nor enough laboratory 
equipment

In the rando  part of the odel  there is still unexplained variance 
in Science perfor ance and at the three levels   onetheless  the rando  
para eter values have been reduced co pared to the initial values of the 
null odel  his aspect is anal sed belo

he results sho ed the signi cance of so e of the predictors  In the 
variables related to Personal, family, school and home characteristics  the 
Science perfor ance average as  points less for girls  or ever  
higher level of education completed b  the other or the father  the 
student s average perfor ance increased  points in both cases  and 
for ever  change of school and absence from class the average in Science 
fell  and  points  respectivel  Students ho had a computer at 
ho e ith hich to stud  increased their average b   points  and if 
the  had Internet   points ore  hile the nu ber of books present 
in the household sho ed no signi cant value in the odel  students ith 
a television set at ho e di inished their average b   points (and 
double in the case of students ith  television sets and triple for those 

ith  or ore
egarding Anxiety and Achievement  for ever  degree of increase in 

the student s level of tension when studying and level of nervousness 
before an exam, average perfor ance dropped  and  points  
respectivel  o ever  for ever  degree of increase in the student s ish 
to be one of the best students in the class  the average rose  points

In the case of Teacher-student relationship  the predictors hich 
ere ost signi cant have all sho n a negative effect  hus  average 

Science perfor ance fell  points for ever  degree of increase in 
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the students  perception of having their intelligence underestimated by 
teachers  it ent do n  points for ever  level of increase in the 
students  perception of being punished more harshly than their peers 
and it dropped  for ever  degree of increase in the use of insults b  
teachers to ards students

egarding Sports practice  for ever  da  hich students did physical 
activities moderately outside school  there as a  increase in average 
Science perfor ance (for intense physical activities no signi cant effect 

as found  o ever  results sho  that those ho did exercise before 
going to school di inished their average b   points  n the other 
hand  e found that those ho had breakfast before going to class 
increased their average b   points

In relation to Science Lessons  for ever  additional session above the 
sa ple ean (  sessions ee  perfor ance rose  points ( ith no 
signi cant result fro  the effect of additional hours outside school  or 
ever  degree of increase in the noise and disorderliness in the classroom  
the average fell b   points  In turn  hile variables such as the chance 
given students to express their ideas, doing practical experiments in the 
laboratory and research sho ed no signi cant values  for ever  degree 
of increase in the clarity with which teachers explain the importance of 
science concepts for everyday life  average perfor ance rose  points  

All predictors related to the Interest in science and technology have 
been signi cant and ith a positive effect  hus  for ever  degree of 
increase in watching science programmes on television  visiting science 
websites and reading science journals or articles  the average rose  

 and  respectivel  i e ise  the average ent up  points 
for ever  degree of increase in the use of digital devices

egarding the School variables  e found signi cance in Ownership  
ith  points less in the Science average for students fro  private 

schools ith state subsidies and  less for those fro  public schools 
co pared to students fro  private schools  Students fro  schools 
that organised science competitions and that had enough laboratory 
equipment obtained  and  ore average points  respectivel  
All other school variables (location, number of students and teachers  
technology resources, type of student assessments conducted  school 
evaluations  etc  sho ed no signi cant values

Si ilarl  none of the Autono ous o unit  variables (GDP per 
capita, public expenditure per student, percentage of public schools  etc  
have sho n to be signi cant predictors in the odel
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o deter ine ad ust ent of the de nite odel co pared to the 
null odel  e co pared the Likelihood Ratio of the t o odels  he 
difference sho ed a drop in the ad ust ent statistical value in the nal 

odel  hich indicates a chi squared difference of  ith  
degrees of freedo  a value hich is signi cant at  con r ing the 
better ad ust ent of the de nite odel co pared to the null odel

o understand ho  uch variance of the dependent variable is 
explained b  all the predictor variables of the odel and to anal se the 
proportion of variance associated to each one of the three levels  it as 
necessar  to co pare the rando  para eter values of the de nite odel 
and the null odel  through the quotient (Sni ders  os er   
he  predictors included in the odel help explain nearl   of the 

differences bet een students (   of the differences bet een 
schools (  and  of the differences bet een Autono ous 
o unities (  hile the explained variation in Science 

perfor ance as  (

Discussion and Conclusions 

he ain ob ective of this paper as to produce e pirical evidence of 
Science perfor ance predictors for the Spanish students participating in 
PISA  o this end  e esti ated a ultilevel regression odel that 
helped identif  a series of factors hich  as a hole  sho ed a signi cant 
effect on the attain ent of Science literac  

he nal odel  ade up of  variables for evel  Student and  for 
evel  School  helped explain  of the differences bet een students  

 of the differences bet een schools and  of the differences 
bet een Autono ous o unities  ith no signi cant variable being 
found for evel  Autono ous o unit  Although these values ere 
not excessivel  high  neither ere the  negligible  since  aside fro  
allo ing identi cation of signi cant predictors  the  allo ed ruling 
out others hich could have appeared substantial  elo  are the ain 
conclusions dra n fro  this stud

In relation to Student variables:

  he student s sex as a signi cant predictor for Science perfor ance  
ith fe ales obtaining a lo er average (results hich atch those 
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of ui  de iguel   and odr gue  et al   In this regard  
specialised literature highlights the i portance of the variables 
personalit  interests  s ills acquired in the ears prior to schooling 
and possible sociocultural li itations  for the perfor ance of bo s 
and girls (Inda aro  odr gue en nde   Pe a alvo   
therefore it is necessar  to further exa ine the factors related to 
these different results in order to bridge an  existing gender gaps 
in the eld of education

  Although studies such as those b  ordero et al  (  sho  
there is no relationship bet een parents’ education level and 
acade ic perfor ance  this stud  found a signi cant effect 
both in the case of the education level of others and fathers  
he higher the education level of parents  the higher the student 

Science perfor ance  herefore  and given the signi cant eight 
of fa il  sti ulation and otivation on their children s acade ic 
perfor ance ( an i   Sleegers   oledo  ego  tero  

 hile the education level of parents is not an ele ent that 
can be odi ed  collaborative and or  strategies ith the fa ilies 
should be established    

  he number of school changes  as ell as absences from class, 
sho ed negative effects  It see s evident that having students 
change schools ( hether for disciplinar  reasons  parents  or  
or other  is detri ental to the Science literac  assessed in PISA  
perhaps due to a certain lac  of adaptation (Arrebola   Also  

an  studies insist on the negative effect of school absenteeis  on 
education ( hoi de endi bal  alero art ne   ediavilla 

 scard bul   I quierdo   and thus these are t o aspects 
that need to be considered  essentiall  b  schools and fa ilies

  As for certain basic ho e possessions  e found that as the 
number of television sets rose in the household  students  Science 
perfor ance dropped signi cantl  n the other hand  having or 
not their own room, a quiet place to study or the number of books in 
the house sho ed no signi cant values  his could be an indicator  
as pointed out b  ordero et al  (  that the fa il s purchasing 
level need not condition students  acade ic perfor ance  even 
though other authors believe other ise ( ui  de iguel   

o ever  e found that having a computer to study with at ho e  
as ell as Internet connection  had a positive effect on learning 
Science ( hich atches the results of ern nde ru  



Revista de Educación, 380. April-Jun 2018, pp. 71-96
Received: 09-05-2017    Accepted: 12-01-2017

89

Rodríguez-Mantilla, J. M., Fernández-Díaz, Mª J., Jover Olmeda, G. PISA 2015: PREDICTORS OF SCIENCE PERFORMANCE IN SPAIN

  he feelings of tension, insecurity and anxiety about studying or 
before an assessment test  signi cantl  di inished student Science 
perfor ance  hile those students ho felt highl  motivated and 
wished to be one of the best students  had higher averages  In this 
sense  student self i age and self estee  pla  an obvious role  as 
the  are factors hich can help di inish anxiet  and nervousness 
regarding assess ents and stud ing (Alegre   herefore  it 

ould appear advisable to develop student strategies to strengthen 
these traits  through or shops  se inars or other school activities   

  Student perception of poor relationships with teachers 
(underesti ating  punish ents and insults  di inished Science 
perfor ance  as ell as the perception of disorderliness in the 
classroom (results hich atch those of ui  de iguel   In 
turn  the greater the clarity in the teachers’ explanations and the 

ore weekly hours of Science  the higher the perfor ance  his 
a es anifest the i portant role of affective variables (treat ent 

of and respect for students  and teaching variables (control over 
classroo  cli ate and clear explanations  ( odr gue  antilla 

 ern nde  a   ern nde  a  odr gue  antilla   
ern nde  ru   hese are variables that can be changed to 

reinforce attain ent of Science literac  a ong students   
  egarding sports or health  habits for students  hile it struc  
our attention that those ho do sports before going to school had 
signi cantl  lo er results  having breakfast before going to school 
and doing sports moderately outside school during the ee  had 
a positive effect on Science perfor ance  Along these lines  there 
are several studies that sho  the positive effect of doing ph sical 
activities on acade ic perfor ance ( ui Ari a et al   brain 
function  concentration ( odr gue  et al   Ardo  et al   
and on educational otivation and health  behaviours (Gon le  

 Portol s   so it ould see  necessar  to tend to ph sical 
develop ent at school as a factor related to a proper student 
learning process  

  Students ho en o ed using technology devices  ho read articles  
atched television programmes and checked science websites, 

obtained better results in Science  If e consider that interest is one 
of the co ponents of intrinsic otivation and one of the reasons 

h  students en o  learning ( inistr  of ducation  ulture and 
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Sports  b  it akes sense that students ith a greater interest 
in Science achieve higher results  herefore  the reco endation is 
for schools to ork on developing strategies to strengthen student 
engage ent and otivation ( a acho i ano  

In relation to the School variables  ownership as a signi cant 
predictor  ith private schools obtaining the highest results  here are 
several studies along these lines ( lores   inistr  of ducation  
ulture and Sports  b  hile others  such as ordero et al  (  

have sho n there are no differences bet een the various t pes of 
schools  Authors such as hoi de endi bal and alero art ne  (  
or I quierdo (  have explained the existence of these differences 
b  relating school o nership to the t pe of students the  ad it  their 
independence to anage resources and budgets  hire teachers and 
conduct assess ents  egarding these aspects  our stud  has dra n the 
follo ing conclusions: 

  hile ediavilla and scard bul (  noted in the PISA  
assess ent that the I  (Infor ation and o unication 
echnolog  variables had an i pact on attain ent of athe atics 

( ore than on the other co petencies assessed: eading and 
Science  in this stud  the amount of technology resources at the 
school sho ed no signi cant effect on Science perfor ance  In this 
sense  e believe the state ent b  ern nde ru  (  is of 
i portance hen he asserted that the ere presence of technolog  
resources at schools as not enough to develop various student 
skills  and rather that it as ore i portant to use said resources 
properl

  Students fro  schools that conduct Science competitions and that 
have enough laboratory equipment, signi cantl  increased their 
perfor ance in scienti c literac  assessed in PISA  here is an 
evident relationship bet een this variable and undertaking science 
co petitions  as several studies sho  the bene ts of this t pe 
of activities for student otivation  learning and interest in the 
sub ect ( ieur   enouillet   Arrebola  arreiro  G e   
hocr n   onetheless  it is striking that incurring additional 

expenditure to update equipment or having additional laboratory 
staff ( hich explicitl  or i plicitl  entail ore nancial spending  

ere not signi cant  his could indicate  once again  that proper use 
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of basic resources to deliver Science lessons is ore advantageous 
for student learning than additional nancial invest ents

  Si ilarl  there as no signi cance in the variables related to the 
school s nancial resources  such as school location (rural area  
s all to n  cit  large cit  etc  or size (based on the nu ber of 
students and teachers  therefore the differences of large  ediu  
or s all schools  in rural areas  cities or large cities  are not due to 
these variables   

  egarding the type of assessments used b  the school  results indicate 
that not using assess ents prepared b  teachers or standardised 
assess ents are signi cant factors in Science perfor ance  he topic 
of assess ents has been idel  covered in specialised literature 
and  at ti es  has generated ore controvers  than agree ent  he 

 (  has pointed out that a deter ining factor for schools 
to perfor  better acade icall  is having assess ent independence  

ith advantages in the use of results in external and standardised 
assess ents  onetheless  authors such as opkins (  note that 
in order for these assess ents to be useful  the  need to provide 
relevant and updated infor ation that helps detect the educational 
response required b  each student  Perhaps then e should ask 

hether the proble  lies in the qualit  of the infor ation provided 
b  these external assess ents or in the incorrect use of the 
infor ation obtained

  According to I  ational Institute for ducation valuation  (  
one of the factors in uencing student perfor ance is the qualit  
and i prove ent of the school s internal procedures (such as level 
of independence and ef cient anage ent of organisational and 
educational procedures  a ong others  o this end  it is necessar  to 
conduct internal evaluations (or self evaluations  and external ones 
to deter ine strengths and eaknesses and thus design continuous 
i prove ent plans for the school  In this stud  the use of internal or 
external evaluations for this purpose did not sho  signi cant values 
on student Science perfor ance  therefore e should ask hether 
application of these assess ents and i prove ents plans has a real 
i pact on student acade ic perfor ance

hus  results do not appear to sho  a clear positive and signi cant 
effect on student perfor ance of increasing school resources ( ndings 

hich atch those of scard bul and alero  
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egarding the Autono ous o unit  variables  authors such 
as art ne  everte and an ano (  stated that the existing 
differences bet een Spanish Autono ous o unities ere related 
to the sociocultural  econo ic labour and educational characteristics of 
each region  thers  such as ol var and pe  (  indicated that the 
education invest ent of the various Autono ous o unities as a 
deter ining factor for the acade ic success of their students  o ever  in 
this stud  none of the variables ere signi cant as predictors of student 
perfor ance in Science (neither GDP per capita  public expenditure per 
student, average student-to-teacher ratio  etc  hese results  in addition 
to the fact that onl  the Student and School variables included in the 

odel helped explain ore than  of the existing variance bet een 
Autono ous o unities  sho  the need for a greater re ection on 
the real i pact hich education and econo ic policies in the area 
of education have on the student learning process  o ever  caution 
should be exercised hen interpreting the results found  since e ere 
never able to identif  underl ing causal relationships as this as a non
experi ental stud  

inall  and be ond the above statistical anal tical li itation  e 
should highlight the contribution of this paper to the speci c area of 
research on school perfor ance and PISA assess ents  in general  
having  further ore  provided results that are consistent ith previous 
studies and that point to ards ne  lines of research   

References

Alegre  A  (  Ansiedad ante ex enes  estrategias de aprendi a e 
en estudiantes de secundaria de i a etropolitana Propósitos y 
representaciones, (  

Ardo    ern nde odr gue    i ne Pav n   astillo   
ui     rtega    (  A Ph sical ducation trial i proves 

adolescents  cognitive perfor ance and acade ic achieve ent: 
the I  stud Scandinavian journal of medicine & science in 
sports, (   http: dx doi org s s



Revista de Educación, 380. April-Jun 2018, pp. 71-96
Received: 09-05-2017    Accepted: 12-01-2017

93

Rodríguez-Mantilla, J. M., Fernández-Díaz, Mª J., Jover Olmeda, G. PISA 2015: PREDICTORS OF SCIENCE PERFORMANCE IN SPAIN

Arrebola  I  A  (  l abandono escolar te prano en elilla  Diversidad 
cultural y educación intercultural, 6  

Arrebola  I  A  arreiro    G e       hocr n    
(  as orientaciones de eta en el alu nado de secundaria: un 
an lisis en un contexto ulticultural Publicaciones,  

ol var  A   pe   (  as grandes cifras del fracaso  los 
riesgos de exclusi n educativa  Profesorado. Revista de currículum y 
formación de profesorado,  

a acho i ano     (  I pacto de la otivaci n intr nseca 
en el rendi iento acad ico a trav s de traba os voluntarios: n 
an lisis e p rico Revista omplutense de Educación, 6(   
http: dx doi org rev v n

araba a   (  La inutilidad de PISA para las escuelas  adrid: 
atarata

ordero    anch n    Si ancas   (  An lisis de los 
condicionantes del rendi iento educativo de los alu nos espa oles 
en PISA  ediante t cnicas ultinivel Presupuesto y Gasto 
P blico, 6  

hoi de endi bal    alero art ne   (  eter inantes del 
riesgo de fracaso escolar en spa a en PISA   propuestas de 
refor a  Revista de Educación, 6  

scardibul     alero   (  o qualit  factors in the education 
s ste : teaching staff and school autono  he current state of 
research Regional and Sectoral Economic Studies, (  

ern nde ru    (  os docentes de la Generaci n   sus 
co petencias digitales omunicar, (   http: dx doi
org

ern nde  a    odr gue  antilla     ern nde  ru   
 (  valuaci n de co petencias docentes del profesorado 

para la detección de necesidades for ativas Bordón. Revista 
de pedagogía, 6 (   http: dx doi org

ordon
ern nde a    odr gue antilla     art ne ar uelo  A  

(  PISA  A IS congruencia o discrepancia RELIEVE-Revista 
Electrónica de Investigación y Evaluación Educativa, (   
http: dx doi org relieve

lores   G  (  actores asociados a la brecha regional del 
rendi iento espa ol en la evaluación PISA Revista de Investigación 
Educativa, (  



Revista de Educación,380. April-Jun 2018, pp. 71-96
Received: 09-05-2017    Accepted: 12-01-2017

94

Rodríguez-Mantilla, J. M., Fernández-Díaz, Mª J., Jover Olmeda, G. PISA 2015: PREDICTORS OF SCIENCE PERFORMANCE IN SPAIN

urlan   A  (  cacia de una intervención para dis inuir la ansiedad 
frente a los ex enes en estudiantes universitarios argentinos Revista 
colombiana de psicología, (  

Gaviria    astro   (  Modelos Jerárquicos Lineales  adrid: 
a uralla

Gon le    Portol s  A  (  Actividad f sica extraescolar: relaciones 
con la otivación educativa  rendi iento acad ico  conductas 
asociadas a la salud Revista iberoamericana de psicología del ejercicio 
y el deporte 9(  

opkins   (  Cada Escuela una Gran Escuela: El potencial del 
liderazgo Sistémico. uenos Aires: Santillana

Inda aro   odr gue en nde      Pe a alvo    
(  PISA : la in uencia del g nero en los conoci ientos  
co petencias cient cas  Revista Iberoamericana de Educación, 

(  
(I  Instituto acional de valuación ducativa (  PISA . 

Informe español. adrid: inisterio de ducación  ultura  eporte  
I quierdo   (  u  hacen los directores de centros escolares  as 

pr cticas de dirección en spa a a partir de los estudios internacionales 
PISA  A IS Revista Complutense de Educación, (   http:
dx doi org rev v n

over  G  Prats    illa or  P (   ducational Polic  in Spain  
et een political bias and international evidence  n  r a an   
 Schneider  ( ds  Evidence and Public Good in Educational Policy, 

Research and Practice  eidelberg  ordrecht  ondon  e  ork: 
Springer

lug   rause   Schober   inster ald    Spiel   (  
o  do teachers pro ote their students  lifelong learning in class  
evelop ent and rst application of the  Intervie  Teaching 

and Teacher Education,   http: dx doi org
tate

ens   atos    ansteenkiste   (  l profesor co o fuente 
de otivación de los estudiantes: ablando del qu   del porqu  
del aprendi a e de los estudiantes  Revista Digital de Investigación en 
Docencia niversitaria, (   http: dx doi org ridu

ieur  A   enouillet   ( Motivación y éxito escolar  uenos 
Aires: ondo de ultura conó ica



Revista de Educación, 380. April-Jun 2018, pp. 71-96
Received: 09-05-2017    Accepted: 12-01-2017

95

Rodríguez-Mantilla, J. M., Fernández-Díaz, Mª J., Jover Olmeda, G. PISA 2015: PREDICTORS OF SCIENCE PERFORMANCE IN SPAIN

art ne    everte  G    an ano    P (  l fracaso 
escolar en spa a  sus regiones: isparidades territoriales  Revista de 
estudios regionales,  

ediavilla    scard bul    (  Son las I  un factor clave 
en la adquisición de co petencias  n an lisis con evaluaciones por 
ordenador acienda P blica Española,  

inisterio de ducación  ultura  eporte ( a  Las cifras de la 
educación en España. Estadísticas e indicadores. 6  adrid: 
Secretar a General cnica

inisterio de ducación  ultura  eporte ( b  PISA . Programa 
para la Evaluación Internacional de los Alumnos. Informe Español  

adrid: Secretar a General cnica
oledo    ego   A  S   tero  A  G  (  In igración  educación  

In u e el nivel educativo de los padres en el rendi iento acad ico 
de los hi os  eor a de la ducación  Revista Interuniversitaria, (  

 (  PISA  results: hat makes a school successful (volume 
IV): Resources, policies and practice. Paris:  Publishing

 (  PISA . Resultados clave. Par s:  Publishing
Pongrat   (  a refor a educativa co o estrategia guberna ental  

Profesorado. Revista de Currículum y Formación del Profesorado, 
(   

odr gue  antilla     ern nde  a    (  ise o  
validación de un instru ento de edida del cli a en centros de 
ducación Secundaria  Educación , (   http: dx doi

org educxx
odr gue    elgado  P S   akieva   (  Actividades 

extraescolares  rendi iento acad ico: diferencias en autoconcepto 
 g nero Revista de Investigación Educativa, 9(  

ui  de iguel   (  as escuelas e caces: un estudio ultinivel 
de factores explicativos del rendi iento escolar en el rea de 

ate ticas Revista de educación, , 
ui Ari a  A  ui    de la orre ru   atorre o n  P   art ne

ópe    (  In uencia del nivel de atracción hacia la actividad 
f sica en el rendi iento acad ico de los adolescentes Revista 
Latinoamericana de Psicología, (  

Sni ders   A   osker   ( Multilevel Analysis: An Introduction 
to Basic and Advanced Multilevel Modeling  ondon: Sage Publishers



Revista de Educación,380. April-Jun 2018, pp. 71-96
Received: 09-05-2017    Accepted: 12-01-2017

96

Rodríguez-Mantilla, J. M., Fernández-Díaz, Mª J., Jover Olmeda, G. PISA 2015: PREDICTORS OF SCIENCE PERFORMANCE IN SPAIN

Stace   (  he international assess ent of athe atical literac : 
PISA  fra e ork and ite s  In Selected Regular Lectures from 
the th International Congress on Mathematical Education (pp  

 S it erland: Springer International Publishing
an i k    Sleegers  P (  he effect of peer socioecono ic 

status on student achieve ent: A eta anal sis  Educational Research 
Review, (   http: dx doi org edurev

illar  A  (  endi iento  esfuer o  productividad: an lisis de los 
resultados en ate ticas de los estudiantes espa oles seg n PISA 
(  PISA  

heater   (  Achievement of  year olds in England: PISA 
 national report (OECD Programme for International Student 

Assessment). ngland: ational oundation for ducational esearch

Contact address: es s iguel odr gue  antilla  niversidad o plutense 
de adrid  acultad de ducación  eparta ento de Investigación  Psicolog a 
en ducación   ector o o illanova  S   adrid  ail: esus ro
uc es


